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Prerace

Advancesinscie？Ceandtechnology（S＆T）resultinexpandingrolesfbr璧ientificand
technologicalactlVitiesinsocioeconomicdevelopment・ItistherefbrelmPOrtanttO
objectivelyassessS＆Tactivities．S＆Tindicatorsareseenasameansofassistlngln

theseassessnTentS・ThepublicationofthisreportonJapaneseS＆Tindicators，the丘rstof
itskind，islnreSPOnSe tOthispresslngSOCialneed・Indicators aredevelopedto

quantitativelyexa煎りeCOuntrytrendsinS＆Tactivitiesfromdiverseチngles・Moreover，
becauseS＆TactlVltleSarerelatedincomplicatedwaysandcompnseextensiveand
diverseactivities，aSSeSSmentmuStbefromalong－termViewpolnt．Theobjectiveofthis
macroanalysistherefbregoesbeyondtheinappropnatecompilingoffragmentary
indicators．ThemaJOrObjectiveofthisreportisthusthedevelopmentofsystematically
StruCturedindicators．

InprepanngthisreportefR）rtShavebeenmadetosystematicallyconstruCtS＆Tindicators

bycollectlngandclassifyingrelateddatabasedonthissystem．S＆Tindicatorshave

alreadybeenpublishedintheU．S．，OECDandbyothergovernmentSandorganizations・

UNESCOstudiesarealsoavailableinprovidingindicatorscovenng，inparticular，

developing？Ountri9S・However，Classificationisoftenininput／outputform，and
moreoveranlntegratlngSyStemisoftenlacking．Thereforetherehavebeencriticismssuch

asthecriteriaforselectlngOfindicatorsisnotclearorthatonlyeasy－tO－COllectdataare

used．ThedevelopmentofindiCatorsattemptedinthisreportisdesignedtorespondto

SuChcriticisms．Theindicatorsystemandthespecificindicatorsthemselvesarebelieved

toexceedmanyofthosenowavailable．ThepresentindicatorsystemstructurerefblTedto
hereis called the cascade structure．TheIntroduction which follows outlines the

CharaCteristicsandobjectivesofthecascadestruCture．

Inadditiontodevelopmentofindicators，thisreportalsohasthefbllowlngCharaCteristics．

Basedonthe system，neWindicators aredevelopedwhichwerepreviouslynotin

existence・Forexamplemostoftheindicatorspresentedinthechapteron・SCience，

technologyandsociety（Chapter8）arenotfoundin similarworks．AIso，inother

Chaptersseveralnewindicatorshavebeendevelopedandaddedandnovelanalyses

regardingexistlngindicatorsispresented．Forexample，Japanese R＆D trendsare

Clarifiedinthecontextoftheinternationalcommunityfromamultilateralviewpolnt・

Moreover，inconductinglnternationalcomparisons，thereportattemptstoadhereto

intemationalstandardsasmuchaspossible．

MuchtimeandefforthasbeenspentindeveloplngSPeCincindicatorsandpreparlngthis
report・Collectlngdiverseandacqulnngup－tO－datestatisticaldataandprepanngand
analyzlng tables basedon such datais a time consumlngPrOCeSS．Desplte these
COnStraints，thisindicatorreporthasbeenpublishedfbrthe丘rsttimeinJapan．Science
andtechnologyindicatorswouldbemeanlnglessifthey arepublishedonly once，

therefbrethewriterswouldliketoreceivefrankopinionsandcriticismsfromreadersfbr
futureeditions．Thehopeistoreceivetheoplnionsofothersinordertoimprovefuture
editions・Fortunatelythisreportwillbepublishedregularlyallowlngbrthisexchangeof
OPlnionsandsuggestionstocontributetofuturereports・

Inpreparlngthisreport，aScienceandTechno10gyIndicatorsStudyGrouphasbeen

establishedwithintheNationalInstituteofScienceandTechnologyPolicy（NISTEP）as

OfJanuaryl990．Membersexaminedandpresenteddiverseop‖110nSandcooperatedin

manywayssuchasreadingandcheckirlgthepreparedmanuscnpts．Theirnamesare

listedonthefollowlngPage．We wouldliketoexpressourappreciationfbrtheir
assistanCeandadvice．
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INTRODUCTION

HISTRY OF S＆TINDICATOR DEVELOPMENT

0．1System of S＆TIndicators

O．1．1Indicators

AnindicatorisagroupofstatisticalvaluesthattogetherglVeanindicationofanobject－sstate・
PopulationisawellknownindicatorofnationalpowerandGNPofeconomicactivides．Hence，
ifascalarquantltySuChaspopulationorGNPcanrepresenttheobjecゼsstateitisconsideredan

appropnateindicator・However，thestateofaneconomycannotberepresentedusingasingle
quantity，thusthelimitationofGNPasanindicatorisrenectedinthefhctthatitisnottx：ingused
asohenasbefbre．

Thesameapplieswhentryingtounderstandthestateofacounuy’sscienceandtechnology

（S＆T）agiytties・S＆Tactivitiescannotpossiblybegraspedusingasingleindicator・Because
S＆TactlVltleS areCOmPlicatedandtheirsupportlnginfrastruCtureandscopeofinfluence
extensive，theymustbeviewedfromalong－termViewpolnt．

GivensuchcircumstancestheobjectTsmanyfacetsmustberepresenteduslnganumberof
quantities．TheS＆TindicatorsdevelopedintheU．S．orbyOECDhavebeenconstruCtedbased

OnSuChanidea．However，understandingthenatureofanobjectinquestionuslnganumberof
indicatorsrequlreSeXaminationofthefbllowlnglSSueS：坤PrOPnateneSSOfindicators，mutual
relationships，COmPrehensivenessofmeasurement，meaSurementO叫ectivesandconstruCtion
PnOrities．InsatiSfyingsuchrequlrementSitisnecessarytoestablishindicatordevelopment
PrlnCiples・RequiredissystemadcdevelopmentofS＆Tindicators．

IfindicatorsaTeSyStemadcal1ydeveloped，eaChindicator’sslgnificanCeCanbeclari伝edbasedon

itsrelativepositioninthesystem．Evenifitbecomesimpossibletodeveloptheinitiallyplanned

indicator，itbecomespossibletojudgewhatthebestalternativeindicatorwillbe．AIso，by

COmbiningindicators according to anintegrated systemit becomes possible toconstruCt

integratedindicatorswhichmeasuresuchthingsasinternationalizationorharmonybetween

SCience，teChnologyands∝iety．Infactindicatorusersoftendemandintegratedandconcise

representation．Yet combiningindicatorsin this way requlreS utmOSt Care and detailed

examination．Forexamplethemostextremeexampleofsimplificationistorepresentthestateofa

COuntry－sS＆Tusingasingleindicator．

TheimportanceofdevelopingaS＆Tindicatorsystemisoutlinedbelow．

（1）TheincreasingimportanceofS＆Tactivitiesisnotonlycon丘nedtoissuesofindusBial

growthbutalsotosocialdevelopment．Anindicatorsystemwhichaccuratelyreflectsthemacro

aspectsS＆Tactivitieswillnotonlycontributetowardquantitativeassessmentsbutwillalsobe

usefu1infbrmuladngandevaluatingS＆Tpolicies．

（2）ThegrowinginfluenceofJ叩anTsS＆Tactivitiesareincreasinglyinternational．Withthis

growlnginnuencecomehigherexpectationshTOmabroadforJapantocontributeintheareaof
S＆T．JapanCanCOntributeintheareaofpolicystudiesandaidinseekingappropnatesolutions
forS＆TissuesbyconductingquantitativeinternationalcomparisonsorpresentlngO旬ectivedata．
Moreover，Whilethereisrecognltl0nOftheimportanceofS＆TindeveloplngCOuntries，the
realityisthereisalackofnecessarystatisticaldata・Japancanconのbutebyexchanglng
inR）rmationonS＆Tindicatordevelopment anduseofS＆Tindicators．

（3）TherehasbeenastrongtendencyfbrexistingS＆TindicatorstobeconstruCtedusingeasy－
to－COllectdata・ManyhavedealtwiththeinputsideofR＆DsuchasR＆Dexpendituresand
numberofR＆DscientistsandenglneerS．ThesedonotallowabalancedassessmentofS＆T
activitiesasawhole．AIso，duetolackofasystemicviewpointtherehasbeenatendencytolack
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COnSistencylneValuatingindicatorimportance・Inapproachingtheseproblemsitismeaningfulto

SetfbrththeconceptofsystematlZlngindicators・Moreoversystematizationwillserveofcharting

andanalyzlngtherelationshipamongindicators・Iftherelationshipamongagreatmany

indicatorscanbeclari丘ed，theuseofanindicatorsystemisbelievedtobeofgreatslgni丘cance・

0．1．2ninciplesinSystematlZlngS＆TIndicators

WhatmustfirstbeconsideredinsystematlZlngS＆TindicatorsareObjectiveandFunction．

Indicatorusecanroughlybedividedthemintoreportlng，judgementandevaluationtype
indicators．

（1）Rep？蕪ng墾e：＿The璧j勲CatPr戸＿．aredesi甲1号d！竺PreS聖taPFlanced．an亘quantitative
representatlOnOfthestateofS＆TactlVltleSaSaWhole．Theywillenablequantitativeassessment
Ofthestateanddirecdonofchangeofacoun吋SS＆Tactivides．Theseindicatorsareblievedto
beusefulinidentifyingproblemsatanearlystageandthusbecomebasicdatainfbrmulating
S＆TpoliciesandinunderstandingS＆Tacdvides．

（21．JudgenlenttyPl．：Thispurp？Seisa顛evedby90mりnirtgindic聖rSuS顛a聖umPerof
indicatorsfbrspecificpurposes（suchasfbr．measunngthedegreeofintematlOnalizationor

hamonybetweenscience，teChnologyandsocletyOrforcomprehenstveasses？ment）・Thevalue

Ofsuchindicatorswillrepresentfbr．examplethedegreeofinternatlOnalizqtlOn（intemational
COmParison）orharmonybetweensclen？e，teChnologyandsKiety（time－SeneSanalysis）・Such
indicatorsareexpectedtocomprehensIVelyrepresentthelevelofS＆Tactivitiesorpolicy
O叫cctives．

（3げOlicy号Valuation択：Thfsrequ顛SチSOPDisPca申kpowledg？Oft聾rela無nship．aplOng
indicators（e・g・CFuSal）・Basedonsuchknowledge，implementationofspecificpoliciesIS
understoodquantltativelyandtheindicatorsareexpectedtoenableevaluatlOnOfthepolicy’s

efftctsandprogress．

TableO－A showsthe叫ectivesandlikelyfunctionsofS＆Tindicators．

TableO－A．0句ectivesandFunctionsofS＆TIndicators

F U N CT IO N

O B JE C TIV E

G enerd

m CrO
understandin g

E訂ly
ide痛点Cadon

Ofissues

E stablishm ent

Ofpolicy god s

Evd uadon

Ofpolicy

R EPO R T IN G ○　　　　　　　 ○　　　　　　　 ×　　　　　　　 ×

JU D G EM E N T 〇　　　　　　　 〇　　　　　　　 〇　　　　　　　 ×

EVA LU A T IO N 〇　　　　　　　 〇　　　　　　　 〇　　　　　　　 〇

Notc：A（○）indica随theindicatort脚光rVeSthegivenfuncdon，

8（×）h血地山ei皿血catOrtyPdoesnot比Ⅳe血egiven短肺om
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SincethisisthefirstattemptinJapantosystematizescienceandtechnologyindicatorsand
becausethetypeOfindicatorstoreportthepresentstateisthebasictypethisreport presentsa
reportlngtyPeOfindicatorsystem・ThebasicideasinsystematlZlngindicatorscanbesummedup
asfbllows．

（I）RatherthanjustdealingwithR＆Dactivitiesthereportsoughttocoverscienceandtechnology

activitiesingeneral．

InthepastscienceandtechnologyindicatorshavemainlydealtwithR＆Dactivities・Theactual
R＆Dactivitieshoweverarecarriedoutbasedonextensiveandmulti－layeredS＆Tsupport

in丘astruCture・Thescopeoftheinfluenceoftheseachievementsarelongtermandextensive

includingdirectoutcomessuchasacademicpapersandpatentsaswellasindirectoutcomes

whichgiveimpactonsocietythroughproductionprocessesandmayevenpublicoplnlOn・While
theindicatorsystemmainlycoversR＆DactivitiesitalsocoverstheinfrastruCtureandinfluences．

（II）Classificadonschemeofo叫ecdvesshouldbebuiltintotheschemeofactivities・

S＆Tactivitiesaremadetoachievediverseo旬ectives．ItisnotpossibletoviewS＆Tactivities
apartfromtheiro叫ectives．ThestudyhasattemptedtoclassifyindicatorsbyinffastruCtureand

impact（suchas’’S＆TinfrastruCture’’or’’contributiortsofS＆T’’aswillbementionedlater）・The

COnneCtionbetweeninfras仕uctureandimpactisalsovleWedintheformofahierarchicalstruCture

Ofendsandmeans．Onlysuchanapproachwillenableidenti且cationofproblemsatanearly
PhaseandfacilitatetheuseofindicatorsinevaluatlngS＆Tpolicies．

（III）S＆TactivitiesshouldbeanalyzedintermofinfrastruCtureandimpact．

TheconceptofinputandoutputisusedineconomiFS・However，SinceR＆Dactivitiesdealwith
theunknown，theinpuuoutputconceptisinappropnate．IncontrasttheconceptofinfrastruCture

andimpactsisbelievedmoreapp轡車teasitdoesnotestablishanxedinputhutputreladonship・
HencethereportdividesS＆TactlVltleSintoR＆DinfrastructureandR＆Dimpacts．

（IV）Dueconsideradonshouldbepaidtostockandsubjectiveaswellasflowand
Objectiveindicators．

Mostoftheindicatorsdevelopedtodatehavebeenobjective，quantitativeandflowindicators（for

exampleR＆DeモpendituresisanindicatorhavingallthreeofthesecharaCteristics）・These
indicatorsareeaslertOmeaSure，highlyreliableandeasytouse．Howeveritisdifnculttosee
S＆Tactivitiesinalargerframeworkusingonlytheseindicators．Itisnecessarytocompensate
fortheirdefbctsbyactivelyusingsu句ectiveindicators（suchaspopularq）inionregardingS＆T），

qualitativeindicators（SuChasevaluationregardingtechnologicallevels）andstockindicators
（suchasR＆Dfacilitiesused）．

（V）Theindicatorsystemshouldnotsolelyrelyontheavailabledata

ManyoftheavailableS＆Tindicatorshavereliedonstatisticaldatacollectedfbradministrative

Pu甲誓eS・SuchdatahoweverarecollectedfbrpurposesotherthantograspacountryTsS＆T
actlVltleSaSaWhole・Thisreportdevelopedanindicatorsystemwhichdidnotsolelyrelyon
availableadministrativepurposedatabutcollectedoriginaldata，uSlngOtheravailabledataand
internationaldatabases．

（VI）Indicatorsshouldbeclassi丘edaccordingtopurpose

Itisimpossibletoclassifyalltheindicatorsusingasingleclassi丘cationsystem（suchasindustrial

Classi伝cation）・Classificationsystemsmostpuitedfbrthetheparticularindicatorpurposeare
developed・Inconductinganalyseshoweverltisdesirabletouseaslngleclassi丘catlOnSyStem・

Henceaslngleclassi丘cationsystemwasusedforeacharea．Forexample，Classincationismade

byresearchareainthecaseofknowledgeproduCtionindicators，aCademicclassi丘cationinthe
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CaSeOfeducationalindicatorsandindustrialclassificationinthecaseofeconomicactlVlty
indicators．

0・1・3S＆TIndicatorSystemCascadeStruCtupe

ThereportdevelopsS＆Tindicatorssystematicallybasedontheirobjectivesandfunctionsand
includesbasicideasregardingtheirdevelopmentandonselectioncriteria・IncarrylngOutthe

WOrktwomethdswereused”thebottom－uPmethodofrandomlyproposlngindicatorsby

OrganizingastudygroupofexpertS（referenceslthrough8）andthetQp－downmethdofstarting
fromtheindicatortheo肺CalstruCtureWhichincludesclassincationbysubstruCture．Inaddition，
thereportalsousesavai1ableS＆Tindicators，Statisticsandpar紀rSOnS＆Tindicators．

Asaresultofsuchwork，thefollowingstruCtureOfindicatorswasobtained（Figure0－1－1）．

IndicatorsareamngedtotakeoncharaCteriSticsofawaterfhllswhereindicatorsarearrangedina
SeriesofstageswherebyeachstagederiveshT）mOraCtSuPOntheproductoftheprecedingstage・
HencethenamecascadestruCture（seeNote）．TheoriginalsystemconsistsofatotaloflO3
individualindicatcm．

AsthefigureshowsthestruCtureCOnSistsofthefollowlngSIXmaJOrCategOries・

（1）迦由迦建垣凶迦辿墜：Theindicatorswhichbelongtothismajorcategoryindirectlysupport
thecounBy’sS＆Tactivities．

（2）禦e一聖空無無攣聖聖禦CPfTeindiTtrSinthfscafegOrYinqrefdy聖PPV
thecountry’sR＆Dactivities．Thisismadeupofthreesub－CategOries；’’educatlOnal”，

economic，andculturalinfrastruCtureS．

（3）無聖や．叫De讐lppmeptinfrastruC聖re：Thegdipto輿nthisqategoryqrect！y．聖狸聖
R＆Dactivities・ThismaJOrCategOrylSCOmPrisedofthree sub－CategOries；（a）’’R＆D

elements”suchasmanpowerandfunds，（b）”institutionalframework，”whichorganizes

thesesystemelementsforaspeCincpurpose，and（C）”evaluationscheme，”whichdetermlneS

howeffbctivelyR＆Dactivitieswi11beperformed．

（4）墨壷塑』遥由迫：ThedirectresultsofR＆Dactivitiesarecomprisedofknowledgevalues．The

threesubcategoriesincludeHknowledgevalue”suchasscientificandtechnicalpapers，

一一pnvategoodsvalue”suchaspatentsand”publicg肺Value”suchasstandards．

（5）旦墓地由』由迎：TheindirectresultsofR＆Dactivities，madeupofindusbialconbibudons
arereflectedinthiscategory．Thisisdividedintothreelevelsofcontributions，i．e．industrial，
internationalandsocietal．

（6）旦9運感＿△越廼迎温度遡廷：Theindictorsinthiscategorymeasu柁theindirectimpactsof
S＆TonsocletyandtheiracceptanCe．
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Figure0－1－1CascadeStructureoftheScienceandTechnologyIndicatorSystem
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Thefo1lowingfivecriteriawereusedinselec血gS＆Tindicators：

（1）聖聖史埜堕一撃y史記㌢9fヱa？S址P，血？一聖的止記．些aや蕪無叫聖やec誓ter
Oftheindicatorsystem（Figure0－1－1）thecloseTitlSaSSOCiatedwithR＆Dactivities・AIso，
therelationshipbetweencausalityandrelevanCylSClosertheclosertheindicatorsaretOeaCh

Other・IntermsofrelevanCy，themoretheindicatorislocatedawayfromtheR＆Dactivities

atthecenter，thelessthedirectrelationshipandthemorethelong－termreladonship．

（2）Pi埜聖n望塑聖？聖一一㌢＿indi誓聖T9㌢響聖gedat聖CenPr？一dleSyStePan鱒SS
attheends・ThismeanSthatthenumberofindicatorswasdeterminedinproportlOntOthe
SizeoftheirreladonshipwithS＆Tactivides．

（3）興無to一1？Vel：聖．ingc聖OrS禦，altconstruC璽ugngd無C卑m？aSPred勲aanddo一？t
includeintegratedindicators．Efbrtsweremadetoemichthestockandflowquantlty
COmPnSlngtlmeSeriesofnowquandty．Effbrtswerealsomadetoemichsubjectivedata．

（4）迦迦由江』出出迫：effbrtsweremadetousetypicalclassificationmethods（SuChas
SPeCialityarea，CharacteristicsofR＆D，aCademicfield，industrialsector，Organizational

CategOriesi．e．indus打y，aCademiaandgovernment）．AIso，aPPrOPriateclassificationlevels
WCreuSed．

（5）迦虹The data usedinthis report are highly accurate，aCCeSSible andimpartial．In
COnStruCtingindicators newly collected data，aS Well as processed／available and

unprocessed／availabledataareused．

0．1．4RelevancetoS＆TPolicies

Beitapolicyreportlng，judgementorevaluationtypeofindicator，theS＆Tindicatorsystemis

expectedtocontributetowardfbrmulationandevaluationofS＆Tpolicies．Inexamlnlnghow

S＆Tindicatorscanconのbuteintheprocessofformulatingpolicyitis丘rstnecessarytoanalyze

thepohcies．

Needlesstosaypoliciesarealwaysfbrmulatedkeeplnglnmindthelimitsofasystem．Thisis

becauseapolicymustbestruCturedwithendsandmeansandbcauseitso句ectivehassomekind

Ofstructu托．Decision－maker（S）shouldbeclearlyawareoftheultimateobjectivesandhavesorted

Outthemeansofachievlngthoseo句ectives．Aclearawarenessoftheirrelationshipandthe
necessarycostandlikelihoodofachievementshouldtxBkeptlnmind．Anexaminationofthellth
RecommendationoftheCouncilfbrScienceandTechnologywillclarifysuchastruCture（see
FigureO－1－2）．TheCouncilisnowworkingonthe18thRecommendation，afo1lowuptothe
llth・Whilediffbringinfbrmat，the18thRecommendationfollowsthesamepnnciplesasthe
PreViousonethusallowingforcompatibility．

ThellthRecommendadonwaspresentedin1984andlateradaptedastheGeneralGuidelinesfor
ScienceandTechnologyPolicy．Figure0－1－2clarifiesthishierarchicalstruCturemadeupof

SOCialgoalS，SPeCincsocialissues，S＆Tfbcalissues，andmeasurementsandR＆Dfields．Inthis

StruCturetheitemsbecomemoregoal－0riented，generalandabstracttowardthetop，andmore

means－0riented，individualandspeci丘ctowardthebottom．SuchastruCtureisnothingbuta

SyStemOfendsandmeans．Italsoshowsthatfactorsotherthanscienceandtechnologybecome

moreinfluentialtowardthetopandthetendencythattheitemcanbhandledwithinthescopeof

S＆Tpoliciesstrengthenstowardthebottom．Forexample，SOCialgoalsareachievednotonly

throughS＆TpoliciesbutthroughintegratedmanagementOfdiverseeconomic，indusのal，S∝ial，

Cultural，internationalandreglOnaldevelopmentpolicies．Comparedtos∝ialgoalS，SPeCific

S∝ialissuesaremOreShort－termandspeci丘C，theyalsorequlrelnPutSfromdiversepolicies・In

COntraSt，While S＆Tfocalissuesormeasurementsaredesignedtoaddress socialgoalsor
nationalgoalS，theycantxhandledwithinthescopeOfS＆Tpolicies．
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Figure0－1－2AStruCtureOfScienceandTbchnologyPolicy

SocialGoals

（1）b tem誠ional
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（3）Heal血＆humanwe脆re
（4）Science＆technology

l
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（1）Com prehensivepolicies

（2）R＆D 知nds

（3）PeBαm d
（4）Suppor［

（5）h tem ational cooperation

（6）Public accepはnCe

R＆DFields

（1）Fundamentalandleadin gS＆T
（2）S＆T fbreconomi cactivation
（3）S＆T forlifequality’sim provement

SpeCificallyexamlnlngPOlicystruCtureShowsthatthellthRecommendationdoesnotusethe
term一，socialgoals一一evenonce・ThetermisalsoalmostneverusedinJapanesetheorieson

POlicies．Howevertherearetwoitemswhicharecloselyusedinthesamesensewhendiscusslng
’’socialgoalS”．Theseare’．improvingqualityoflifb”and”contributingintemadonally”．

Next，theRecommendationdiscussesspecincsocialissuesinthefbrmofm呵Orissuesor
PrOblemsass∝iatedwithJapan．Converselythesecanbeseenasthe ocialissuestobesoIved
byJapanesesociety．Theycanbeseenassomewhatmedium－temlissues．AsSpeCificamasthe
recommendationpolntSOuttheinternationalenvironment，theeconomy，healthandhuman

WelfhreaJldscienceandtechnology．

InaddressingtheseissuestherecommendationpolntSOutPrOmOtionofcreativenessinS＆T，

hamonizationofS＆Twithmanandsociety，andstrengtheninglnternationalcooperationas
beingtheS＆TfoCalissuesforJapan．SixmeasurementsandthreeR＆D丘eldsarealsopointed

OutinachievingtheseS＆TpolicygoalS．
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LookingattherelationshipofS＆TpolicywithS＆Tindicatorsshowsthatfirst，SOCialgoalsand
SPeCi丘csocialissuescannOtberepresentedsolelythroughS＆Tindicators．Perhapsitwillbe
necessarytOrePreSentthedegreeofsocialgoalachievementorthespeci丘cs∝ialissuesin
COmbinationwithotherindicatorssuchaseconomicorsocial．HenceitisbelievednecessarytO
examinethisissueafterthesystemofS＆Tindicatorshastxenestablished．

PendingquestionsrelatedtoS＆TindicatorsarefbundinthestrataofS＆Tfbcalissues．Key

yordsrelatedtoS＆Tftx：alissuesarecreativity，hampnywithS∝ietyandintemationalization・It
lSnOtaPPrOPnatetOrePreSenttheseconceptsuslngSlngleindicators．Thisisbecausetheycover
broadanddiverseareas．HenceitwillbenecessarytoconstruCtintegratedindicatorsuslng
StrOnglyrelatedones．Forexample，theindicatorreflectinglrlternationalizationmayhavetocover
threeareasof”openness’’fortheenvironmentalfactor，”conuibutionsHfortheresultsfactorand

’一publicgodsHforthedegreeofcontributionofS＆Tintheinternationalpublicgoods－1ikeama・

Basedonsuchanidea，thestruCtureaSShownbelowisanexampleofanintegratedindicator
renectingthedegreeofintemationalizationofS＆TinJapan（Seerefbrence3andFigureO－1－3）・

Figtm0－1－3AnExampleIntegratedIndicatorsfbrInternationalization

htemationalization
Indicator

Publicgoods

Crossborderresearchersnows

R＆Dinstitutesabroad

ForelgnR＆Dinstitutes

Studentsnows

Publicjoint－reSearCh

PaperCitations

InnovativetechnologleS

Patentsapplicationsabroad

Tradebyresearch－intensiveindustries

NationalR＆Dbudgets

Ratioofbasichppliedresearchbycountry

Perhapsitis appropnate todividethecreatlVltyindicatorsinto．．creatlVltydevelopment
infrastmctureHindicatorstorepresentthestateofdevelopmentoftheenvironmentreflecting

CreatlVltyand”creativeefftctsHindicatorstorepresentthe”results”ofcreatlVlty・Inmeasunng

hamonywithsocietyasu叫ectiveindicatorofhowpeopleunderstandthepositiveandnegative
effbctsofS＆Tisbelievednecessarylnadditiontoobjectiveindicatorssuchastherateof
recoveryfromhighlyfataldiseases．
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Suchissue－0rientedintegratedindicatorsoftencannotbeconstruCtedsolelyuslngtheindicators

includedintheindicatorsystem・Thisisbecausetheindicatorsystemdesignedforlong－termand
overallassessmentoftencannotcopewithissue－0rientedindicatorswhichareCOnStruCtedwith
clearproblem－aWareneSS・InsuchcasesitwillbenecessarytoconstruCttheindicator・by
includingthosenotincludedinthesystemandbycollectingdatamostsuitedfortheissue・

Lastly，POlicymeasuresandareascoveredcanmOreOrlessbeaddressedwithindividual
indicatorsbyspecificarea・ItbecomespossibletograspthepresentstateofS＆Tactivities・
assesstrendsandfuturepoliciesthroughtime－Seriesanalysis・AIsoitispossibletodiscover
prOblemslgnSthroughinternationalcomparisonandmeasurethepolicyeffbctsbycompanngthe
beforeandafterofpolicylmPlementation．

0．2　History or Development

TheimpetusfbrresearchinJapantodevelopS＆TindicatorswastheScienceandTechnology
IndicatorStudyGroup startedin Septemberof1984withinthe ScienceandTechnology

Agency’sNationalInstituteofResourceStudies（nowtheNationalInstituteofScienPeand

TechnologyPolicy）．ThegroupwaschairedbyProfbssorYoichiKayaofTokyoUniversltyand
PrOPOSedadraftoftheS＆Tindicatorsystempresentedintheprevioussection．Thegroupalso
Published’．ReportonDevelopmentofScienceandTechnologyIndicators”inOctober1985with

thecooperationoftheWatanabeMemorialFoundationforPromotionofNewTechnology．
Onthisbasisthecouncil’stechnologycommittee，anS＆Tindicatorssubcommitteewas

established（alsochairedbyProfessorKaya）inNovemberl985andfurtherdevelopedthe
indicatorsystemandexamineditsuse．ThecontentsweresubmittedandapprovedonNovembr
25，1986，aStheScienceandTechnologyAgency，”NationalInstituteofResources－ReportNo．

104日．WiththisbeginnlngtheScienceandTechnologyAgencybecameinvoIvedful1－SCalein

PrOmOdoninthedevelppmentofJapaneseS＆Tindicators．

ThereportmandatesathreeyearPrOgramtOeXaminethenatureandmethodofdatacollecdonin
COnStruCtlngthelO3indicatorswhichwouldcompnsetheindicatorsystem．Aninterimreport
WaSPublishedinOctoberof1987whichexamined440fthelO3indicators．Atthesamedmethe
groupstudiedtheS＆TindicatorsconstruCtedbytheNationalScienceFoundation（NSF）ofthe
U・S．andpublishedareporttitled”ReportofScienceandTechnologyIndicatorsintheUnited

States”inJanuaryOf1987alsowiththecooperationoftheWatanabeMemorialMeetingfor

PromotionofNewTechnology．The”StudyofComparisonofR＆DActivityStatisticsin

WestemCountriesandJapan”wasalsopublishedinMarchof1987bycommissionlngaStudy

OfS＆Tindicatorsin WesterncountriestotheInstituteofFutureTechnology．Finally，basedon
theseresultsthe’’StudyofMethodstoCompareR＆DActivityStatisticsinWesternCountries

andJapan’’waspublishedinMarch1988．

AsdataandknowledgeonS＆Tindicatorswere accumulated，inJuly1988theNationalIns由ute
OfResourceswasreorganizedintotheNationalInstituteofScienceandTechnologyPolicy

（NISTEP）・OneofthepurposesinestablishingNISTEPwastodevelopS＆Tindicators．andthis
WaSmainlytobecarriedoutbytheSecondPolicy－0rientedResearChGroup・EverslnCe，the
indicatorshavebeendevelopedmainlybytheS＆TindicatorstudygroupchairedbyProfbssor

KeichiNishikawaofKyotoUniversitybyobminingthecooperationnotonlyoftheSecond
Policy－OdentedResearChGroupbutallNISTEPmemtcrs．

0．3　Report Profile

Thisreporthasbeenpreparedintheh・ameWOrkdescribedabove・Compositionisconsiderably
diffbrentfromtheinitial1ysubmittedsystem．Therewereseveralreasons．Onewasthatsincethe

reportwasdesignedtoberead，thereforesoledescnptlOnisbelievedinappropnate・Forthesame
reasonsomeoftheproposedindicatorswereomitted・Thesecondreasonwasthatdatainitially
believedaccessibleproveddifficulttocollect・Moreover，aSareSultofreexamlnlngthecontents
OftheinitiallyproposedindicatorssomewerefbundinappropnateOntheotherhandnew
indicatorswereaddedthatwerenotintheoriginalstruCture．Throughouttheexaminationand

review，theindicatorsystem．scascadestruCtureWaSVeryuSefulbecauseindicatorslgni丘cance
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androlescouldbeunderstood丘・Omtheirrelativepositioninthesystemandsubsequently
alternadveindicatorscouldappropriatelybeevaluated（refbrtoFigureO－1■1）．

ThefollowingisabriefdescnptlOnOfeachchaptercontents．

OIntroduction：History ofS＆TIndicator Development

ExplanadonS＆Tindicatorsystem，Studyandresearchandreportcontents・

10verview ofScience and TechnoIogy ActivitiesinJapan

SummaryofChapters2through9．

2　Human Resources Deve10pmentin Science and Techno］ogy

PresentationofindicatorsrelatedtothemostimportantinfrastruCtureOfS＆Tactivitiesnamely
Pnmaryandsecondaryeducation，highereducationandcareersofthosecompletinghigher
education・Intermsofthischapterinrelationtotheindicatorsystem，（Figure0－1－1）thischapter
dealSwith（2）S＆TinfrastruCtureindicatorsrelatedtotheeducatlOnalinfrastructure．

3　Supports for R＆D

Analysisofthegovernment’sR＆DbudgetasaninfrastructuredirectlysupportlngS＆Taswell

aspresentationofindicatorsrelatedtolearnedsocietiesandrelatedfbundationsascompnslng

S∝ietalsupport・Asregardsthegovemment’sR＆Dbudget，thereportpursuesthepossibilityof

internationalcomparisonby，fbrexampleuslngtheOECDclassincationsbysocioeconomic

goals・Intermsoftheindic聖OrSyStemthischapterdealswith（2）S＆Tinh．astructureindicators
relatedtosocialandeconomlCinfrastruCture．

4　R＆D ActivitiesinIndustry，Academia and Government

IndicatorsforR＆Dhumanresources，R＆DexpendituresandnumberofR＆Dinstitutesare

COnStruCtedandpresentedasdirectlnPutSOfS＆T．thesearedividednationalinputsasawhole

（includingforinternationalcomparisons），businesses，aCademiaandgovernment．Thischapter
dealswithindicatorsrelatedto（3）R＆Dinfrastructure．

5　Regional R＆D Activities

PromotionofR＆DactivitiesinlocalareaShasbecomeanimportantpolicylSSue．Thischapter

COnStruCtSandpresentsindicatorsofR＆DactivitiesinlocalareaSWhichisanovelattemptnot

reportedpreviouslyinJapan．Intermsoftheindicatorsystemtheindicatorsirlthischapterreftr

to（3）R＆Din丘astructureandareanalyzedbyregion・

6　Achievements of R＆D Activities

NotmanyindicatorshavebeendevelopedregardingresultsofR＆D．Concertedeffbrtswere

madetodevelopresults－relatedindicators．Inparticulartheeisarichbaseofindicatorsrelatedto

SCienti丘candacademicpapercitationsandpatents．Moreover，byaddingindicatorsrelatedtoan

SCience and technology awards and standards，the report presentsindicators unlque

internationally．Intermsoftheindicatorsystemthechapterdealswithindicatorsrelatedto（4）
R＆DI℃Sults．

7　Internationalization of R＆D

IndicatorswereconstruCtedregardinglnternationalizationofR＆D．BothinfrastruCture－and

results－relatedindicatorsareincludedsuchasresearcherandenglneereXChanges，holdingof

internationalconventionsrelatedtoS＆T，numberofcorporateR＆Dfacilitie！abroadandof
foreigna瓜liatedresearchfhcilitiesinJapan，teChnologytradeandinternationalizatlOnOfacademic
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PaPerS．AquestionnairesurveyOffbreignnrmsconductlngR＆DactivitiesinJapanwasalso
COnductedandregardingotherindicators，innovativeapproachesweretakeninconstructlngthem
andrepresentlngtheresultsintables．Intermsoftheindicatorsystemthechapterdealswith
internationalizationindicatorsrelatedto（3）R＆Dinfrastructureand（4）R＆Dresultsaswellas（5）
S＆Tconbibutionindicatorsrelatedtointernationalissues．

8　Science，TechnoIogy and Society

WhilepartSOfChapters6and7reportondirectresultindicatorsofS＆T，thischapterdealswith
indirectI℃Sults・Chapter8ismadeupoffourpartsnamelycontributionstoindustry，impactson

lifbstyles，COntributionstowardconservationoftheglobalenvironmentandeffbctsofS＆Ton
Culture・SincethesealldealwithawiderarlgeOfeffbctsitisdifnculttoconstructintegrated
indicators・HencethechapterusedthemethcKlofselectlngrePreSentativeindicatorsandproviding

theexplanationuslrlgthem・MostoftheindicatorspI℃Sentedinthischapterreflectanfull－nedged

attempttobringtogetherindicatorsnotreportedinthiswaybefore．Intermsoftheindicator

SyStemthechapterdealswithindicatorsrelatedto（1）S＆TIssocialsupportinfhstructureand（5）
COntributionsofS＆Toftheindicatorsystem．

9　PubIic Opinion on Science and Technology

BasedonanoplnlOnPOllsofS＆T，thischapterconstructsandpresentsindicatorsrelatedto
understanding andpercept10nSregardingS＆TingeneralandinindividualareaSOfS＆Tsuchas
informationandlifesciences．IntermSOftheindicatorsystemthechapterdealswith（6）Societal
acceptanceofS＆T．

CONCLUSION：OutIook for Science and Techno10gyIndicator
Deve10pment

BasedontheexperlenCedevelQPlngS＆Tindicatorsandbywiththeexpectationthattheindicator
reportwill bepublishedregularlyinthefuture，thechaptersortsoutanddiscussesfutureissues
SuChasimprovementsofthestatisticaldatarelatedtoS＆T，furtheremichmentoftheindicators
themselves，developmentofdatabasesandinternationalcooperationindevelopingindicators．
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CHAPTERI

AN OVERVIEW OF SCIENCE AND TECHNOLOGY ACTIVITIESINJAPAN

ThischapterprovidesanoverviewofJapan’sscientificandtechnologiCalactivities．Itisa

SummaryOfCh叩terS2to9fromtheonglnalreport．Eachsectionnumberinthissummary
COrreSPOndstoitsrespectivechapternumberffomtheonglnal．Sectionl．lofthissummary
Chapter，however，COrreSPOndstoChapter4Section4．1”R＆DInvestmentsandActivities．．

thus，Sectionl・4correspondstoChapter4，Sections4－2to4－40ftheoriginal．Allother
SeCtionscorrespondtotheirrespectivech坤terS．

1．1　R＆DInvestments and Activities

This sectionlooks atthe basiccomponentsofnationalR＆D struCture：eXPendituresand
PerSOnnel．ThefocusisonR＆DexpendituresandthenumberofR＆DSciemistsandEngineers

（R＆DS／E）intimeseriesandalsothroughintemationalcomparison・Internationalcomparison，
howeve一，CallsforthemodificationofJapaneseR＆DdatauslngaFul1－TimeEquivalent（FTE）
COnVerSlOnrado；aCOnVentionusedinOECDS＆TdatatodetemlinetheactualnumberofR＆D

PerSOnnel・EstimatesofR＆Dexpenditur？SandnumberofR＆DS偲inJapanconvertedtoFTE
丘guresareprovidedattheendofthissectlOn．

NationalR＆DExpenditures

Since national R＆D expenditures are reportedin each country’s respective currency，

COmParisonsaremadebyconvertingthedatausingpurchasingpowerparities（PPP）．Figurel－

1■1indicatestheUnitedStatesspendsanamountfareXCeedingother？OuntriesforR＆D（26・5
trillionyeninl989）．Japanfbllowswith11．8trillionyen，rePreSentlng44．6percentofthe
R＆DintheUnitedStates．TheincreaseinJapaneseR＆Dexpenditures，almostnine－fbldinthe

PaSttWOdecades，SurPaSSeStheincrqas9Sinothercountries，Particularlyinthe1980fs・The
exceptlOnOf1985－86reflectsdepreclatlOnOftheyenrelativetothedollarwhichcauseda
decreaseinabsolutetermS．Theincreaseafter1986hasbeenfargreaterthanthepreceding

Period．Meanwhile，thegrowthrateofR＆DexpendituresintheUnitedStateshasstagnated
since1985．

TherelativeamountofR＆Dexpendituresinthenationaleconomycanbemeasuredbytheir

PrOPOrtiontoGNP（Figure1－1－2）・InthecaseofJapan，theratioofR＆DexpenditurestoGNP
lnCreaSedfroml．8　percentinl970to over2．5　percentin1983，and has remained
approximatelyatthatlevel．IntheUnitedStates，therati00fR＆DtoGNPhasbeendeclining
Slightlyinthepasttwodecades．TheresultinthisdeclineinR＆DexpendituresshowstheUS
being surpassed by Germanyin1974andbyJapanin1983．In theUnitedKingdom，
meanwhile，theshareOfR＆DtoGNPhasdecreasedbyO．2percentfrom1980to1982．Ithas
beenrecordingslightincreasessince1983，buthasnotrecoveredtothe1980level・

A Notedfeature ofR＆D expendituresinJapanis therelatively smallamountofR＆D

expendituresrelatedtodeknse．ConcernlngR＆Dexpendituresforcivilianpurposes，theUnited
States’amountofl8．4trillionyenismuchgreaterthanthatofothercountries．Japanesecivilian

R＆Dexpenditures（11．8trillionyen）arealmostequaltothetotalR＆Dexpenditures，butstill
lagsbehindtheUnitedStatestotalbyabout7tri11ionyen．ItisthusevidentthattheUnitedStates
isalsodominantincivilian－uSeR＆D．

R＆DExpendituresofIndusbial，AcademicandGovemmentSectors

IncomparingR＆Dexpendituresbysectors（industrial，aCademicandgovernment），tWOaSPeCtS

needtobeexamined；PrOVidersofresourcesforR＆D（sourFeS），andusersofsuch resources
（perfbrmers）・Focusing on R＆D sources，industrylS the majorcontributorinJap誓
（about70perCent）andirlGermany（about60percent）．TTLeimponanceofdleindusBialsectorln
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Figure1－1－1NadonalR＆DExpendituresinSelectedCounbies
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Figure1－1－2Rati00fR＆DExpenditurestoGNPinSelectedCounbies
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thosetyocountries（40－50percent）fhrexceedstheroleplayedbythissectorinotherWestem
COuntneS．GovernmentbearSthelargeStShareinFranceOustover50percent），followedbythe
UnitedStatesandtheUnitedKingdom．Thus，itbecomesclearthatinJapan，theproportionof
theR＆DbornebygovernmentissmallcomparedtootherWestemcountries・Furthermore，the
Japanesegovernment’sshareinR＆DhasfhllenalmostlO percentagepolntSinthepastlO

yearS・

IndusuyusesthelargestamOuntOfR＆DresouⅣeSbothinJapanandtheUnitedStates・InJapap，
indusby－sshareinR＆DhasincreasedbyalmostlO percent，uP負’Omjustover60percentln

l970tonearly70percentinl989．Thistendencyhasevenacceleratedsincel987，Whereasthe

Shareofacademia（COllegesanduniversities）hasbeenconstantlydecreasing，downby9

PerCentagePOintsinthesameperiod．IntheUnitedStatesontheotherhand，indusBytakesupa

SlightlylargersharethaninJ叩anWithover70percentin1989・Overtime，industry’ssharehas
eitherremainedstaticorhasrecordedminimalincreases．

R＆DexpendituresflowfromsourcetoperfbrmerasshowninFigurel－1－3・InJapan，industrial

R＆Dexpendituresa柁bornealmostentirelybyindustry・Thus，Whilealargepart OfJapanese

R＆Dresources now短mindustrytoindustry，intheUnitedStatesalargeamountofR＆D

Figurel－1■3SectorialFlowsofR＆DExpendituresbySourceandPerformer（FY1989）

Units：

100Million Yen
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resourcesflow仕omgovernmenttoindusはy・In1989，OVer50percentofgovernmentalR＆D

resourceswereprovidedtoindustry，rePreSentlngabout30percentoftotalindustrialR＆D
expenditures・ItcanthereforebeobservedthattheU・S・gOVernmentPrOVidesamuchlarger
PrOPOrtionofindustrylsR＆DexpendituresthaninJapan・Similarly，COnSiderableflowsofR＆D
resources飯）mgOVernmenttOindustryarerecordedinGermany，FranceandtheUnited
Ki喝dom．

NationalR＆DExpendituresbyCharacteriSticofWdrk

R＆Dactivitiescanbeclassi丘edintothreeworkcharaCteriStics；basicresearch，aPpliedresearch

anddevelopment．LookingatR＆DexpendituresbyR＆DcharaCteriSticsinselectedcounbies
（Figure1－1－4），basicresearchtakesupl3to14percentoftotalR＆DinJapanandtheUnited
States，WhileinW．Germany（1987）andFrance，theshareofbasicresearchamountstoalmost
20percentoftotalR＆D，largelysurpasslngthelevelsofthetwofbrmercounbies．

Figure1－1－4R＆DExpendituresbyCharaCteriSticsofWork
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SinceincreaslngattentionisbeingpaidthesedaystobasicR＆Dexpenditures，international
COmParisonsshouldlookatexpendituresbysectorfbrJapanandtheUnitedStates．First，

expendituI℃SforbasicresearChinindus江yrepresentabout6・5percentoftotalR＆DinJ坤an，
andabout3percentintheUnitedStates．Theshareofbasicresearchincollegesanduniversities
inJapanhasbeendecliningconstandyinthepastdecade，fallingunder50percentinl988・In
theUnitedStatesmeanwhile，theacademicsectorusesover60perCentOftotalbasicR＆D
expendituresandthesharecontinuestoincrease．

R＆DPersonnel

ThenumbersofR＆DS／Einm毎OrindusbializedcountriesareaSfollows；inJ叩an，535，㈱in
1989and560，α）Oin1990；intheUnitedStates，950，㈲Oin1988；inGermany，166，0（氾in
1987；andinFrance，115，∝X）in1988．ThesenumbersshowthattheUnitedStateshasfarmOre

R＆DS偲thantheothercounbiesshown・ConcemipgchangeSinthenumbersovertime（Figure
1－1－5），theUnitedStateshasnotonlybeendomlnaJltinthel970’sand1980’S，butiteven

acceleratedtheincreasesincethelate1970’S．JapanhasthesecondlargeStnumberofR＆DS偲，a

ngurewhichhasbeensteadilyincreasing．LookingatthechangesinthenumberofR＆DS／Eby

SeCtOrineachcountrythroughthe1970’sand1980．S，thenumberhasincreasedbothinJapan

andtheUnitedStatesinindustrybyabout2（泊，OW，thusconbibutingtotheoveral1expansionof

R＆DS偲personnel・Ontheotherhand，theincreas？SinGermany（50，（X沿）andintheUnited
Kingdom（lessthan30，αX））havebeenmuchsmal1erlnSCalethanJapanandtheU．S．InFranCe，

thenumberofR＆DS／Einbothindustry．andingovernmentfacilitieshasincre竺Sedby20，∝X）
duringthesameperiod．CollegesandunlVerSitiesinJapanhaverecordedamaJOrincreaseof
80，（X氾R＆DS偲inthepasttwodecades．

Figure1－1－5NumberofR＆DScientistsandEngineersinSelectedCounのes
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InmakinganinternationalcomparisononthenumberofR＆DS／E，theirrelativenumberin
relationtothelaborforceandtototalpopulationareasimportantastheirabsolutenumtx3r．Inthis
SenSe，thefollowingtwoindiceshavebeenadopted；thenumberofR＆DS／EperlO，胼）O
employees（hereinafterrefbrredtoasnumberofR＆DS偲perlaborfbrce）andnumberofR＆D
S偲perlO，∝X）persons（hereinafterreftrredtoasnumberofR＆DS偲perpopulation）・Japanis
aheadoftheUnitedStatesineachofthesetwoindices．In1988，thenumberofR＆DS／Eper
laborfbrcewas83inJapanand65intheUnitedStates，WhilethenumberofR＆DS／Eper
populationwas42and33respectively・IndicesinGermanyandinFrancealsoshowupward
tendencies．

Finally，becauseJapandoesnotadoptthesamemeasurementmethodsasundertakenin other

OECDcountriescopcemingthenumberofR＆DS！EpersonnelandtheamountofR＆D
expenditures，directlnternatlOnalcomparisonisdifncult・Infact，SimpleheadcountlngOfthe
numberofR＆DS／EisusedinJapan，WhereasotherOECDcountriesutilizearadorefbrredtoas
Ful1－TimeEquivalent（FTE）；thenumberofR＆DS偲calculatedonthebasisoftheir actualtime
devotedtoR＆DactividesandthustheFTEconceptdrawsadistinctionbetweenR＆Dandother
activities．TheresultisthatincounBieslikeJapan，WheretheFrEconventionisnotadopted，the

numberforR＆DS！EandR＆D聖Pendituresendupbeingcomparativelypverestimated・
However，Simple head－COuntlnglS aSimportant as FTE adjusted statistlCS．Itis thus
recommendedfbrJapantousetheFTEconceptinadditiontothetraditionalheadcountlng
method，andinturnfbrtheotherOECDmemberstoreportheadcountaswellasFTEadjusted

R＆DS偲perSOnneldata．

CalculationsapplyingtheFrEconversionratiotothelatestJapanesedatafbrthepurposeof
internationalcomparabilityareshown．ConversionofJapanesedatatoFTEadjustmentsfbr
numberofR＆DS／Eistentativelymadeusingthefbllowingcoefficients；0．7fbrR＆DS／Ein
industry，0．5forcollegeanduniversityR＆DS／Eandl．0forgovernmentSeCtOrR＆Dfacilities．

Asaresult，Japan’sR＆Dexpendituresfbr1990amounttoaboutlO．ltrillionyen，rePreSentlng

85percentofthenon－FTEmodihed ngureforR＆DS＆Ecitedpreviously．TheratioofFTE
adjustedR＆DS偲toGNPisabout2・5percent（2．9percentinthenon－FTEfigure），aSimilar

leveltothatoftheU・S・ThenumberofR＆DS／EconYPrtedtoFTEisabout360，胼）Oin1990，
65percentoftheoriginalnon－FTEcalculation，indicatlngthatthereareOVer50R＆DS／Eper
laborforce，andlessthan30perpopulation；bothfiguresdonotreachtheU．S．FTE－adjusted
levels．
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l・2　Human Resource DeveIopmentin Science and TechnoIogy

ScienceandTechnologyactivitiesarefundamentallynurturedbypromotionofhumanresources．
ThissectionlooksattrendsinthreccruCialaspectsofS＆Teducation：educationalachievementin
PnmaryandsecondaryschooIs，highereducationresourcetrendsandemploymentofgraduates
fromhighereducation．

PrimaryandSecondaryEducation

ScienceandTechnologyrelatedcurriculaareincludedinthemathematicsandsciencesubjectsof

elementary，JuniorandseniorhighschooIs．InrecentyearStherehasbeenlittlechangeinthe
numberoflessonsinthesetwosubjectareas，Whicharesupervisedinaccordancetothestudy

guidelinesestablishedbytheMinisbyOfEducation．

Aninternationalcomparisonofstudentperfbrmanceatthepnmaryandsecondarylevelsshows

Japanesestudentsoutperfbrmallothersinmathematicsbutthisfavorablepositionchangesin

SCiencewithperformanCedeterioratlngathighergradelevels．Ininternationalcomparisonsof
mathematicssu旬ects，JapaneseJuniorhighschooIstudentshavethehighestcorrectanswer
PerCentageSWhileseniorhighstudentsarerankedaclosesecond．Insciencerelatedsu句ects，
JapaneseandKoreanstudentperfbrmancesarehighestatthepnmarylevel，Whileatthejunior
highlevelJapanissecondtoHungarianstudentswhomaintainaslightlead．Attheseniorhigh
SChoollevel，althoughtheperbrmanceofstudentsintheSocialScienceandHumanities－Focus
GroupISrankedthirdinRequiredScience，NaturalScience－FocusStudentsarerankedonly
between5thandllthrespectively，WithconsiderablediffbrenceincorrectanSWerSCOmPared
Withthosewhorankedfirst（Figure1－2－1）．

Figure1－2－1PerformanceinScienceSu句ectsbyPhmaryandSecondary
SchooIStudents：InternationalComparison
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See Table　2－1－3
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TheinstallationofcomputersfbrpedagoglCPurpOSeSatthepnmaryandsecondarylevelsis

expectedtoglVeStudentsmoreinterestinandfamiliarizationwithcomputerstherebyralSlng
interestandknowledgeconcernlngSCienceandtechnology・Computerrelatededucationcanalso

comibutetomeetingtheincreaslngdemandfbrinformationenglneerSbypromotlngPrOfbssional
capabilitiesfromanearlystage・Subsidiesfortheinstallationofcomputersingovernment
elementaryandjuniorhighschooIshavebeeninitiatedbytheMinistryofEducationin1985and
agalnmOrereCently・Asaresultofthisgovernmentalsupport，aSOfMarCh1989morethan20
percentoftheelementaryschooIsandalmost50percentofal1juniorhighschooIsaJeequipped
withcomputers・Nevertheless，thenumberofcomputersinstalledinelementaryschooIsisonthe
averageonly3perelementaryschoolandjustover4forjuniorhighschooIs・Incommercialand
industrialseniorhighschooIs，introductionofcomputersfbreducationstartedalittleeadierthan
inelementaryandjuniorhighschooIs，andconsequently，OVer96percentofthoseschooIsare
nowequippedwithcomputers，thoughtheirnumberperschooIOustover25）isstillconsidered
tobemdest．

InfbrmationsCiencecoursesareeXPandingattheseniorhighschoollevelinordertomeet
changlngSOCialdemands・Atthislevelofeducation，boththenumberofcoursesrelatedto
informationscienceanddatapr∝eSSlngandthenumberofstudentsinthesecourseshavenearly

tripledh）m丘scalyear（FY）1980toFY1989・Furthermore，aSdemandsforinfbrmat与On
englneerStX：COmemOrePreSSlng，humanresourcedevelopmentneedsrelatedtohighereducatlOn
areexpectedtoincrease・Becauseoftheexpansionoftheseinformationscienceanddata
processlngSubjects，thefbcusofhumanresourcedevelopmentinvocationaleducationis

expectedtochange．

Technicalcourses at senior highschooIs，eSPeCially at technicalhighschooIs play a
fundamentallycruCialroleinthesupportofeducadonanddevelopmentofenglneerS・Thenumber
OfstudentsintheseschooIspeakedin1965，SurPaSSlng620，0（氾due greatlytothelarge
enrollmentofstudentsborninthebaby－boompericKlafterWorldWarII・Whiletheradoandthe
enrollmentnumbersinseniorhighschooIshavebothincreasedrapidlyinthe1960’S，the

PrOPOrtionoftechnicalhighschooIstudentstototalstudentshasshownadownwardtrendafter
hittingapeakin1970．Atimelagofnveyearsbetweenpeaksofabsolutenumberandrelative

PrOPOrtionseemstoreflecttherelativeemphasisplacedon vocationaleducationincertain

Pre缶ctu記SandthegeneralattractivenessoftechnicalhighschooIsingeneral．

ThedeclineinthenumberofstudentsandcoursesintechnicalhighschooIsiscomlngtOa
temporaryhalt，aSStudentsborninthesecondbaby－boomperiodarecurrentlyofhighschool
age．ButwitharapiddecreaseofhighschooIstudentsexpectedafter1995，enrOllmentin
technicalhighschooIsisexpeCtedonceagalntOdecline．

HigherEducation

AcademicdepartmentPrefbrencesbyasplrantStOCOllegeanduniversltyeducationcangagethe

POPularityofscienceandengineeringdepartmentSandingeneralreflectsthepopularityofS＆T

relatedprofbssions．Thenumberofstudentsseekingentrancetoenglneenngdepartmentshas

fluctuatedinthe1965－1989period；increaslnginthelate1960’S，reCOrdingaconstantdecline

unti1thelate19701S，thenexpandingrapidlyuntilthelate1980．S，Onlytomakeadownwardtum
afterhittingapeakin1988．Theincreaseinthelatel960．scantX：eXPlainedinpartbyaperidof
economicboomandexpanSion，theconstantdeclinefのmtheearly1970－sbyarecessioninthe

manufacturingindustryduetotheoilcrisis，andtheupwardtrendintheearlyl980－sby
COnditionsofeconomicprospenty．However，in1988and1989，despitefavorableconditionsfbr
manufacturersandconsequentlyforgraduatesfromenglneenngdepartmentS，aPPlicationsh）m
newstudentstoenglneenngdepartmentshavedecreased・SimilartendenciescanbeNotedfor
applicantsofnaturalsciencesdepartments・

Enrollmentstatisticsforcollegesanduniversities（Figure1－2－2）indicateanuPWardtrendinthe

late1970’S，aStatictrendafterapeakin1978，andarapidincreFSPSincel985・Factorssuchasa

Stable business climate andimprovedconditions forrecelVlng Studentsin colleges and

universitiesarereflectedintheseenrollmentchanges．
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Figurel－2■2NumberofStudentsinCollegesandUniversities
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See Tablc　2－2－2

Ofallthedepartmentsincollegesanduniversities，S∝ialsciencesdepartmentSI℃Ceivethelargest

numberofstudents，fbllowedbyenglneenng，humanities，medicalandphamaceutiCalsciences，

agricultureandnaturalsciences．Therearetwiceasmanystudentsenrolledins∝ialsciences

departmentsasthereareinthesecondrankingenglneenngdepartments．Statisticsalsosuggest
thatthenumberofstudentsinsocialsciencesandhumanideshaverecordedanincreasesimilarto

theincreaseinthetotalnumberofcollegeanduniversltyStudentsinthelate1980－S，Whilethose

OfenglneenngandnaturalscienceshaveremainedalmoststatiC．ThewanlngPOPularityof

SCienceandenglneennglSCOnVerSelyreflectedinanincreaseofstudentsentenngthesocial
SCiencesandhumanities．

Human resource developmentin higher education requlreSinffastructureinvestments．
EducationalinfrastruCtureCanbeassessedintermsofexpendituresbreducationandR＆D．As

fornationalandlocalgovernmentCOllegesanduniversities，grOWthinthescaleofhigher
educationishnslatedinincreasesofexpendituresfbreducationandR＆D．ThelargeStincI℃aSe

（about550billionyen）isseenintheperiodfrom1975to1980．In1987，eXPendituresfor
educationandR＆Dincreased5．1times．InnominaltermS，ithasincreasedby2．2timesthe1970
1evel・AIsothenumberofstudentsandrealexpendituresperstudenthavebothgrownl．5times．
Lookingatexpendituresbydepartment，hospitalsattachedtouniversitiesnotonlyspendan
increaslngamOuntOfresources，buttheirshareinexpendituresislargerthanthatofother
departments・Expendituresfbrallnaturalsciencesandenglneenngrelateddepartmentsare
increaslngCOnStantlybothinrealtermSandinproportiontoexpenditures，reflectingapolicy
WhichemphasizeseducationandR＆Dinnaturalsciencesandenglneenng．
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ExaminationofexpendituresforeducationandR＆Dbypnvatecollegesanduniversitiesshows
howtheseinstitutionsplayanincreaslnglyimportantroleinJapanesehighereducation・
However，itisonlyafter1980thattheirexpenditureshavecometosurpassthoseofnationaland

l∝融governmentCOllegesanduniversities・TheshareofR＆Dexpendituresbyscienceand

englneenngandothernaturalsciencerelateddepartmentsismuchthesameinnationalandlocal

governmentaSWellaspnvatecollegesanduniversities・

EmploymentOfUniversityGraduatesandEnrollmentsinGraduateSchooIs

Inl970，68perCentOfthegraduatesfbmhighereducationscienceandenglneeringdepartments
ofhighereducationwereemployedinthemanufhctunngsector・Thisproportiondroppedto43
percentin1980，reCOVeredto57percentin1985，butmadeadownwardturnafter1986to51
percentin1988・Trendsuntiltheearlyl980fsmaybeexplainedbyimprovlngeCOnOmic
conditions，butinthelate1980－S，theyreflectatendencyof alienationbyscienceand

englneennggraduates丘ommanufactunngtowardsservicesectoremployment・

Thenumberofstudentsenrolledinmaster’sdegreecourses（Figure1－2－3）showsan．incr？aSe

since1979，reaChing58，228in1989・Thetotalnumberofmaster．slevelstudentsinenglneenng－

relateddepartmentShasbeenincreaslngSlnCe1979to26，777in19890ra46percentincrease・
Thenumberofstudentsinagnculturaldepartmentshasfluctuatedconsiderablysince1980，but

afterpeakingat5，500in1987，theirnumbershavedeclinedto3，800in1989・Inother

departmentS，thenumberofstudentshasremainednearlysteady・

Thenumberofstudentsenrolledindoctoratecourseshasincreasedyearly，reaChingthe27，000

markin1989．MedialdepartmentShavealargeandsteadilyincreasingshare（43percentin
1989）inthetotalnumberofstudents（1，500in1989）．Withinthesedepartments，medical

SCiencestakesupthelargestproportion（79percentinl989）・Engineeringrelateddepartments
accountfor2，600studentsin1977，butonly2，2（氾in1982．Thisnumberiscurrentlyshowing

anupwardmovementandhasrisento3，9∝Iin1989・Thesetrendsindoctorateandmastets
COurSeSreflectfavorableconditionsinthemanufactunngsectorandtherisingdemandfbr

Studentswithsophisticatedprofbssionalknowledge．

Thenumberofdegl℃eSCOnfbrredtostudentsreflectstheresultsofdeveloplnghumanresources

fbrscienceandtechnologyandisusedasanindicatorofS＆Tactivities（Figure1－2－4）・The
numberofmaster’sdegreesconftrredtocandidateshasdoubledin15years；uPfromll，605in

1971to22，354in1986．EngineeringdepartmentsconftrthelargeStnumberofmaster－sdegrees
（10，361in1986），rePreSenting46percentofthetotal．

Asisthecaseofmaster’sdegrees，grOWthinthenumberofdoctoratedegreeshasdoubledinthe

SamePeriod；uPfrom4，407in1971to8，533in1986．5，281DissertationDoctoratedegrees

（61．9percentofthetotal）Wereconftrred，rePreSenting1．5timesthenumberofCourse－WOrk

Doctoratedegrees．DissertationDoctoratedegreesawardedinmedicalsciences（2，713）takeup

51percentofthetotalnumberofconferreddegrees，fbllowedbyenglneenng，agriculture，

dentistry，Pharmaceuticalandhealthsciences，andhumanitiesands∝ialsciences・
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Figure1－2－3NumberofStudentsinGraduateCourses
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Sec Table　2－3－2

Figurel■2－4NumberofDegreesConfbrred
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Source：Hiroshima Universlty　－Universlty Education Center，’’Compilation of Higher

Education Statistical Dataf’，1989

See Table　2－3－3　and Table　2－3－4
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1．3　Supports題br R＆D

S∝ialsupportsforR＆Drefbrsmainlyto丘nancialsupportprovidedtoinstitutionsengagedin

R＆Dactivities・AcharaCteristicofR＆DinJapanshowsthattheprlVateSeCtOrCOnductsR＆D

activitiesuslngPrimarilyindustryresourceswithlittlehelpfromothersectors．Infact，R＆D

resourcesprovidedbythegovernmentfbrthepnvatesectorrepresentlessthan2percentofthe

totalbudgetforscienceandtechnologyinJaparL．Incontrast，R＆Dactivitiesincollegesand

universities andinnationalR＆Dinstitutes aremainly supportedby governmentalR＆D

expendituI℃SWhicharesecuredinthebudgetforscienceandtechnology．MostR＆Dacdvitiesin

theseacademicinstitutionsarenotdirectlyregulatedbymarketpnnciples，thusacademicR＆D

CallsinprlnCiplefbrgovernmentSuPPOrt・Inaddidon，丘nanCialsupportfromfbundationsandthe

activitiesofacademiccommunitiessuchasleameds∝ietiesamconsideredsocialsupportsfor

SCienceandtechnology，SPeCincallybracademicR＆D．Inthecontextofsupportftomthe

Public，leamedsociedesprovidebothneeded丘nancialsupportandalsoareimportantinthatthey
PrOVide a fbrum forinfbrmation exchange among scientists andenglneerS．These R＆D
PrOmOtionfunctionsareconsideredtosupplementgovernmentSuPPOrtforacademicR＆D．

GovernmentalBudgetforScienceandTechnology

InJapan，thebudgetfbrscienceandtechnologyconsistsoftheGeneralAccountandSpecial
Accounts．ThebudgetforscienceandtechnologylnCludedintheGeneralAccountisdividedinto
ExpendituresfbrthePromotionofScienceandTechnology，R＆DExpendituresIncludedinthe
Energy－relatedExpenditures，and Other R＆D Related Expenditures．The fbllowlng are
descnptivedetailsofitemsincludedinthescienceandtechnologybudget．

（1）TheBudgetfbrthePromotiopofScienceandTechnologyconsistsofexpendituresfbr
nationalR＆Dfacilitiesandvanoussubsidies．

（2）TheEnergyBudgetforR＆Ditemincludesnewenergytechnologyandenergyconservation
technology．ThisbudgetareawaspartOfExpendituresfbrtheFtomotionofScienceand
Technologyunti11978，afterwhichitwasestablishedasanewbudgetcategory・

（3）Thecatego一yOfOtherR＆DRelatedExpendituresincludethe甲StSforeducationalsuppon，
foreconomlCaSSistance，andfbrsmall－t0－medium－Sizedenterpnses，amOngOthers．

（4）ScienceandTechnologyRelatedExpendituresintheSpecialAccountsconsistoftheSpecial
Account・fbrNationalSchooIs，fbrthePromotionofPowerResourceDevelopment，andfor

CoalandOilandAlternativeEnergy，aSWellastheExpendituresforR＆Dincludedinthe
SpecialAccountfbrIndusDialInvestment．

Thebudgetforscienceandtechnologyrepresentsabout3percentoftheGeneralAccountinthe
nationalbudget，aPerCentageWhichhaschangedverylittleinthepastdecade．TheS＆Tbudget
ratiotoGNPisO．4－0．5percent．IntheUnitedStates，W．Germany，FranceandtheUnited
Kingdom，therati00fscienceandteclm010gybudgettoGNPisbetweenl・Oandl・2perCent・

InJapan，implementationoflarge scaleprojeCtS SuCh as energydevelopment and space

develqpmenttakeupalargePOrdonofthebudgetforscienceandtechnology．R＆Dexpenditures

OfnationalR＆Dfacilitiesandcollegesanduniversitiesaredependentonthegovernmental

budget，andfundsspentonR＆Dactivitiesintheseinstitutionsrepresentsabout50perCentOfthe

totalbudgetforscienceandtechnology．CollegesanduniversidesareengagedinacademicR＆D
inbasicresearChaswellasinotheraspectsofhighereducation，Whilethepnncipaltaskof
nationalR＆DfhcilitiesistoconductexperimentalR＆Dinlinewithadministrativeneeds・R＆D
activitiesintheseacademicinstitutionsarenotdirectlydeterminedbymarketmechanismsand
thereforehaveadi蝕rentcharacmiStiCfromindusbialR＆Dactivides．Ontheassumptionthatthe
budgetofnationalcollegesanduniversitiesandR＆Dfhcilitiesrepresentadirectsupportforbasic

researChbythecentralgovernment，about50percentofthetotalbudgetforsciertCeand
technologylSeStimatedtobespentforbasicresearch．InFY1989，thissumwasapproxlmately
910billionyen，rePreSentlngOnly8percentoftotalR＆DexpendituresinJapan・
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Inthepasttwodecades，thebudgetforscienceandtechnology（intheGeneralandSpecial
Accounts）hasincreasedover6timesinnominalterms，uPfbm3（氾billionyeninFY1971to
l．9trillionyeninFY1990（Pigurel－3rl）．Consideringinflationinthisperiodandcalculating
expendituresinrealtermsusingGNPdeflators（benchmark：1980丘gures），inthelastnveyearS

（FY1985－90），theshaJebycontponentinthetotalbudgetforscienceandtechnologyhasbeenas
follows：14－15percentfbrnatlOnalR＆Dfhcilities，35－36percentfornatiorlalcollegesand
universities（includingsubsidiesfbrprivateandgovernmentschooIs），47－49percentforthe
CategOryOfvarioussubsidiesandgovernmentalinvestment，andlpercentfbradministrative

COStS．Theseshareshavechangedverylittleinthelastfiveyears．Asregardsallocationofthe
SCienceandtechnologybudgetamongministriesandagencies，theMinistryofEducationhasthe
largestshareWith47percent，fbllowedbyScienceandTechnologyAgencywith26　percent，

anddleMinistryofInternationalTradeandIndustrywith13percent・Ex甲ndituresbythesethree
governmentagenciesrepresentover80percentofthetotalbudgetforsclenCeandtechnologyln
Japan・Eachoftheotherministriesandagenciesusesnomorethan5percentofthetotalbudget
forscieTICeandtechnology：theDeftrlCeAgencywith5percent，theMinistryofMedicaland

WelfareWith3percent，theMinistryofAgriculture，Fores仕yandFisherieswith4p？rCent，the
MinistryofPostsandCommunicationswith2percentandtheMinistryof取anSPOrtatlOnWithl

PerCent・Thesengureshaveremainedalmostunchangedinthepastnveyears．

Figure1－3－1BudgetbrScienceandTechnologyinJapan
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PromotionofS＆TbyFoundationsaJldLearnedSocieties

SupportforR＆Dactivitiesfromvariousfbundationsandtheactivitiesoflearneds∝ietiesare

CqnSideredtohavefunctionscomplementarytogovernmentsupportforacademicR＆Drelatedto
SClenCeandtcchnology．

InFY1988，246incorporatedfoundationsarereportedtobemainlyengagedinsupportingR＆D
activities．Inaddition，OneCOrPOratejudicialbody andsixsocialwelfarecorporations are
PrOViding，Simi1arR＆Dsubsidies，Whichbringsthetotalnumberofincorporatedbodiesengaged

inthiskindofsupportto253（Figure1－3－2）・Thesefbundatio一SCOnCernedwithscienceand
technologylmPlementatotalof642prq3eCtS・However，takinglntOaCCOuntthefactthatsome
Prq）eCtStakemultipleexecutionfbrms，theaggregatenumberofsuchprqJeCtSCOmeSt0708
（Figure1－3－2）．FoundationsprovidingsupportfbrR＆Dareincreasinginnumberrecentlyas
Shownbythefactthat　87havebeennewlyestablishedsince1980．InFY1988，thetotal
OPeratlngeXPendituresofthesesupportfbundationsamountedto16．87billionyen，Ofwhich

7．27billionyen（about43percent）wasspentassubsidiesforR＆D．Thisamountissmallerin

SCalecomparedwiththeGranトin－AidfbrScienti伝cR＆DprovidedbytheMinistryofEducation，

butisconsiderednonethelesstoplayanimportantpartasasourcefbrbAsicresearchfunds．
EngineenngandmedicalsciencesarethetwomostprominentbeneficiariesoftheseR＆D
Subsidies，fbllowedbynaturalandagnculturalsciences，SOCialsciencesandhumanities．When
SubsidizedprqectsareclassifiedaccordingtotheirR＆Dsu叫ects，medicalsciencescomesouton

top（takingup39・6perpentofthetotalprqjectnumberand36・7percentofthetotalresourqesin
1989），fo110wedbyenglneering（24・l percentand24・7percentrespectively）andnaturalsclenCe
（10．5percent，13．9percent）．

ThenumberofreglSteredlearnedsocietiesin1976was785，1，胼）3in1980andl，236in1986
foranincreaseofover2（XHbreachperiod．Humanities－relatedarethemostnumerousleamed
SOCieties，Closelyfbllowedbymedicalsciences．Intotal，2，096，000individualsand90，0∝）
OrgamizationscomprlSethesesocietieswith151fbrnaturalscience，143forenglneenngand122
foragnculture．Concernlngthenumberofindividualmembersintheses∝ieties，medical
SCienceshasthemostwith870，000persons，fbllowedbyenglneenngWith520，000，humanities
With250，（X沿andnaturalsciencewith220，000．Thelearnedsocietieswiththehighestaverage

numberofmembersisengineering（3，6（氾members）fbllowedbymedicalsciences（2，5（氾）・

Figure1－3－2NumberofS＆TSupportFoundationsandScaleofActivities
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1．4　R＆D ActivitiesinIndustry，Academia and Government

IndusのdR＆D

IntramuralR＆Dexpenditu陀SbyJ叩aneSeindusbyinFY1989amountedtoalittlemo陀than8・2

trillionyen，rePreSentlng70percentoftotalR＆Dandlargelyexceedingtheamountsspentin

academiaandgovernment．

ThegrowthofR＆Dexpendituresinindustryhasbeenremarkable丘omthelatterhalfofthe

1970・S・Despiteaperiodofstagnationfrom1985－1987，grOWthofR＆Dexpendituresinindusby
since1988hasacceleratedoncemore．Theelectronicmachineryindus打ymaintainedthelargeSt

sectorialshare，Showingaconsiderableincreasesincel980，fbllowedbythechemicalproducts

andtransportadonmachineryindusbies（Figure1－4－1）・Thesethreeindus打iestakeup65percent

OftotalindustrialR＆DexpendituresinFY1989・

Figure1－4－1R＆DExpendituresinIndusけy（byIndustrialSector）
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WhenR＆Dexpendituresareexaminedbyproductcategories（Figure1－4－2），COmmunication
andelectronicsequlPmentPrOductstakeupalmost30percentoftotalwith2・25trillionyen，an
amountfhrexceedingothercategories・ThisR＆Dgrowthincommunicationandelectronics
equlPmentPrOduc怨isduetogrowthofR＆Dexpendituresonglnatlngfromitscorresponding
industry（i．e．communicationandelectronicsequipmentindustry）．Moreover，thisproduct

CategOryhasthelargeStamOtPtOf”penetratedR＆Dexpenditures”（expendittmsorigina血g蝕m

non－CPreindustries）・Themqorityofthesepenetratedexpendituresoriginatefromthehousehold
electncapplian甲Sandotherelecbicequipmentindusby・TwotechnologiCallysimilarindustries，
thecommun亨CatlOn．andelectronicsequlPmentindusByandthehouseholdelectricappliancesand

Otherelectnc equlPmentindustry，bothmutuallypenetrateeaChotherin terms ofR＆D
expenditu柁S．
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Figure1－4－2R＆DExpendituresbyProductCategories（FY1989）
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Thenon－COrebusinessratioofR＆Dexpenditures，Whichindicatesthediversificationlevelof
R＆Dexpendituresbyaspeci丘cindustry，formstheothersideofthecointothepenetratedR＆D

expendituresratiobyaproductcategory・Theelectricalmachinery，Chemical　andtransport
equlPmentindusbies；thethreeindustrieswiththelargeStR＆Dexpenditures，arealsothe
indusbieswiththelowestnon－COrebusinessrati00fR＆Dexpenditures（qlectriCalmachinery，
withabout8percent，ChemicalprductswithclosetolO percent，tranSPOrtationequlPment
machinerywithaboutll percent）．LThenon－COrebusinessratioofR＆Dexpendituresinthese
industrieshasbeenlow sincethelate1970’S．Itcanthusbeobservedthatthesethreekey

industriesintheJapanesemanufhctunngsectorspendlargeamountsofR＆Dfundspnmarilyfor
theircorebusinesses．
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In1971thenumberofmanufacturingindustryR＆DScientistsandEngineers（R＆DS／E）

SurPaSSedlα），∝X）．InthefollowlngtWOdecades，thenumberincreasedthree－foldto3∝），（X沿in

1990，afhctwhichreflectsaconstantupwardtrendandunderlinesagreatimportanceattachedto

R＆Dinthemanufactunngindustry．AccordingtoFigure1－4－3，Whichshowstrendsbyselected

industries，theshareoftheindustrialchemicalsandsynthetiC丘bersindustry，andtheelecBic

machineryequipmentandsuppliesindustrydecreasedin1990，despitehighlevelsinl970・The
COmmunlCatlOnS andelectronic equlPmentindustry，Onthe other hand，has witnessed a

SignincantincreaseinthenumberofR＆DS！E（byafactorof6）andinitsindustrialshare（by

l・6times），Whereasincre響eSinthemotorvehiclesindustrywerebyafactorof5inabsolute
terrpsandby3percentlntOtalshare・In1990，60percentofallR＆DS／Especializedin
englnecnng・

Figure1－4－3NumberofR＆DScientistsandEngineersinIndustry（byselectedindustry）

hdustrialClassinCation

（Sel∝記dhdはSのcs）

匿Non－M鳩u短加軸

［コ0血訂M8n止血血g

園知肺io恩h紺皿en也

匡ヨcenerdMd血町

［∃Trmspr融0m恥ipme山

田ch飢i“lPr血C臨

田ElcのαlM血の叩

Statistics Bureau，Management and Coordination Agency，Japan，一一Report onthe Survey of

Research and Development一一

胃31－



TheratioofR＆DexpenditurestosalesandtheratioofnumberofR＆DS！Ep？rlO，0（氾
employeesareadoptedinordertomeasure”R＆Dintensiveness”．Inallofmanufhctunng，R＆D

expendituresrelativetosalesremainedalmoststaticinthel970’sbutrecordedsignificant

increa更eSin thel980’S・The numberofR＆D S伍perlO，000employees has stayed
approxlmatelyatthesamelevelinthepasttwodecades．Asaconsequence，aCOnStantgrOWthof
R＆Dintensivenessinthemanufhctunngindustryisobserved．

TheR＆DintensivenessinR＆DexpendituresbyindustryindecreaslngOrderisasfbllows：
drugSandmedicines，COmmunicationandelectronicsequlPment，elecのcmachineryequlPment

andsuppliesandprecisioninstrumentS．TheorderofR＆DintensivenessinR＆Dexpendituresis
diffbrentfromthatofR＆DintensivenessinR＆DS瓜．R＆DS！Eintensivenessishighestinthe

OilsandpaintsindusBy，fbllowedbytheotherchemicalproductsindustry，thecommunication

andelectron手CSequipmentindustryandtheindustrialchemicalsandchemicalfibersindustry・

R＆DintensIVeneSSlneXPendituresishighestinchemica1－relatedindustrieswhichcanbe

Classi丘edasprocess－dominantindusbies．

Figure1－4－4R＆DIntensiveness
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Statistics Bu∫eau，Management and Coordination Agency，Japan，，．Rcport on the Survey of

Rcsea∫Ch and DevclopmentM

AnR＆DfacilitylSanindispensableelementintheinfrastructuresuppomngR＆Dactivities・A

largenumberofthesefacilitiescanbefbundinthechemicalsandelectricmachineryindustries・
ThenumberofR＆Dfacilitiesperenterpnseislargestinthecommunicationsandshipping
industries．The twodominantR＆D subjects areas ontheotherhand，are Chemistryand

elecbicityklectronics．
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R＆DinAcademia

AsregardstheamountofR＆Dexpendituresbyestablishingacademicbody，Since1974the

increaseinpnvatecollegesanduniversitieshasbeenlargerthanthatofnationalcollegesand

universities・FromFY1970toFY1980expendituresinnational，localgovernmentandprivate

collegesanduniversitiesincreasedbyafactorof5，4・5and7respectively・Thebreakdownof

R＆Dexpendituresatnational，1∝alandprivatecollegesanduniversitiesinFY1989wasO・9，

0・1，1・ltrillionyenrespectively・R＆Dexpendituresinpnvatecollegesanduniversitiesarethe

largeStfbrthethreecategories．TheseincreasesunderscorethegrowlngPreVal占nceofprivate
educationalinsdtutionsinthetotalR＆Deffbrt．

Figure1－4－5R＆DExpendituresinCollegesandUniversides

R＆DEx匹nditurcs

（TrillionYen）

19596163　65　67　69　7173　75　77　79　8183　85　87　89

円scalYear

Statistics Bureau，Managcment and Coordination Agency，Japan，’’Report on the Survey of

ReScarCh and Dcvclopmenピ

LookingatR＆Dexpendituresbyacademicfield，itbecomesclearthatgrowthinagricultureis

Stagnatlng．ComparedtotheFY19701evels，theFY19891evelsofR＆Dwerehigherbyfhctors

Of7innaturalsciences，6inenglneenng，4inagricultureand6inmedicalsciences．Inallnatural

SCiencesandenglneenngandinhumanitiesandthesocialsciences，COmParablelevelswere6

and5．5timeshigherinFY1989．R＆DexpendituresinFY1989werenearly2∝）billionyenin

naturalsciences，alittlelessthan5（氾billionyeninenglneenng，1∝）billionyeninチgriculture，
nearly550billion yenin medicalsciences．In other words，in allnaturalsclenCeS and

englneenng，tOtalR＆Dexpenditureswere1．3Billionyen．R＆Dexpendituresinagricultureare
lowestofallacademicfields．
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R＆DS！Einacademicinstitutions，includingteachingstaffandmedicalstaff，tOtalednearly

2（泊，（X氾in1990・Over70percentoftheseR＆DS／E（150，0胼）persons）areteachingstaffwith
thenumberofstudentsandmedicalstaffat30，αX）each．Thet陀ndinthetotalnumberofR＆D

S／EpersonnelshowsaconstantuPWardmovement．

Byacademicheld，130，（X氾R＆DS／E（about65percent）areen甲gedinnaturalsciences，While
70，000focusonhumチnitiesandsocialsciences・In1961，theratlOOfR＆D S偲inallnatural
SCiencesandenglneenngVerSuShumanitiesandsocialscienceswas48：52infavorofthelatter．

InthesubsequeptyeチrS，however，thisrati0．WaSreyerSed（54：46）andtheshareOfallnatural
SCきenceandeng望eer望gR＆DS／Ehasbeenl？CreaSlnggraduallyeversince・Withinallnatural
SClenCeandenglneenn畠Subjects，medicalsclenCeShavethelargeStShare（40p？Cent）with
80，0（X目礼＆DS偲，reCOrdinga6percentincreaseoverthelast15years．Engineenng，natural
SCiencesandagriculturefo1lowinorderwith30，（X泊，10，（X泊，and8，0胼）R＆DS／Erespectively．
Medicalscienceshaveahighgrowthrateaswellas ahighshare，Whilenaturalsciences，
notwithstandingasmallshare，areShowlnganeVenlargergrOWthratethanthatofmedical
SClenCeS．

Byestablishingbody，intrarTサralR＆DexpendituresperR＆DS偲haveincreasedrapidlyin
PnVateCOllegesanduniversltleSSincel971．IntheperiodfromFY1970toFY1989，these
expendituresincI℃aSed2．5timesfbrnationalandlocalgovernmentCOllegesanduniversitiesand

byalmost3．5timesfbrpnvatecollegesanduniversities．InFY1989，thisnumberamountedto
Only9．6millionyenand8．5millionyenrespectivelyfornationalandgovernmentcollegesand
universities，Whiletheirpnvatehighereducationcounterpartsspentllmillionyen．Intramural
R＆Dexpendituresincreasedalmost4timesinnaturalsciencesandenglneenngreSPeCtively，
doubledinmedicalsciencesandgrewover2．5timesinallnaturalsciencesandenglneenng・
Thesetrendsindicatemedicalsciencesgrewslowestbyacademicsu叫ectarea．Expendituresin
FY1989amountedto14millionyenforbothnaturalscienceandenglneenng，13millionyenfbr
agriculture，7millionyenformedicalsciencesandlOmillionyenfbrallnaturalsciencesand
englneemgⅢ℃aS・

The number ofdepartments，defined as a unit ofa R＆D organizationin colleges and
universities，eXCeeds2，0胼）．Am可0rityofdepartmentS（1，200）belong＿tO4－yearCOllegesand

universities，fbllowedbyjuniorcollegeswith600，anddepartmentSattaChedtouniversitieswith

2α）．Organizationally，OVer600departmentSbelongtonationalcollegesanduniversities，While
l，4（氾（over60percent）belongtoprivatecollegesanduniversities．ThereaJe9㈱humanities
andsocialsciencedepartmentS，Whichtakeup40percentofthetotalnumber，followedbyall
naturalsciences and englneerlng departmentS・The analysIS Shows，englneerlng－related
deparhentshavethelargeStShareWithinallnaturalsciencesandenglneenng・

R＆DinGovernmentalInstitutesandR＆DFoundations

Thiscat甲OryOfR＆Dorganizationincludes（1）nationalR＆Dinstitutes・（2）semi－gOVemmental
COrPOratlOnSWhichconductR＆Dastheirprincipalactivity（hereinafterreftrredtoassemi－

governmentalR＆D organizations）（3）public R＆D organizations established bylocal
governmentalauthorities，and（4）privateR＆Dinstitutesmainlyfbundations・

TheamountofR＆DexpendituresspentintheseR＆Dorganizationswasl．45trillionyenin
l989，rePreSentlngmOrethanlO percentoftotalR＆Dexpenditures，butthis percentagehas
beendeclininglnreCentyearS・Pdvateandsem1－gOVernmentalR＆Dorganizationshavealarge
amountofR＆Dexpenditurescomparedtolocalgovernmentinstitutes・ThegrowthrateofR＆D

expendituresishighamongpnvatefacilitiesandlowamongnationalandlocalgovernment
insnmtes．

40，（XOR＆DS／Eor7percentofthetotalworkintheseR＆Dfhcilities，butrecenttrendsshow
thattheirincreaseissmallestcomparedtoR＆DS！Einindustryandcollegesanduniversities・In

particular，R＆DS偲innationalR＆Dinstitutesareincreasingveryslightly，andthenumberof

R＆DS！Einl∝algove一nmentR＆Dfacilitieshasremainedalmoststaticsincel970・R＆DS偲in
PnVateR＆DinstituteslnCreaSedrapidly，Particularlyinthe1980’S・
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LookingatthenumberofR＆DS／EandtheamountofR＆Dexpendituresindetail，Self－
governmentR＆DorganizationsandprivateR＆Dinstituteshavecurrentlyalargershareinthe
totalamountofR＆D expenditures thaninthe numberofR＆D S／E・Nationalandlocal

governmentinstitutes，Onthecontrary，havealargFr．ratioofR＆DS／EthanofR＆D
expenditures．ThesefactsreflectthepartlCularCharactenstlCSOfR＆Dactivitiesineachtypeof

institute・Forexample，nationalR＆DinstitutesshowapropepsitytouseR＆Dexpendituresfbr
equlPmentandfhcilidesmorethanlocalgovemmentR＆DinstltuteS．

Thenumberofnationalandself一gOVernmentalR＆Dinstituteshaschangedlittleovertime．The

numberoflocalgovernmentinstitutes，however，hasnuctuatedtoacertaindegree，andis

Currentlyshowlngadownwardtrendafterapeakat642inFY1983．Thenumberofprivate

R＆Dinstituteshasbeenincreaslnggreatlywithaslgni丘cantincreasesirlCeFYl983・When

Classifiedaccordingtoacademicfield（naturalscien？eS，e車neering，agricultureandmedical
SCiences），enginee戸ngandagriculturearedominantlnnチtlOnalR＆Dfacilities，agricultureat
nationalR＆DinstltuteS，agrlCultureinlocalgovernmentlnStitutesandnaturalsciencesinself－
governmentR＆Dinsdtutes．
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1．5　Regional R＆D Activities

InterestinregionalscienceandtechnologyactivitiesisgrowlnglnreCentyearS．Policiessuchas

theFourthComprehensiveNationalDevelopmentPlanhavefbcusedonreglOnaldevelopment
Whereinthemaino叫ectiveistoreversethetendencytoconcentrateactivitiesinTokyoand
COnSequently to promote a multipolar pattern ofnationalland use throughoutJapan．
Concurrently，developmentsi？SCienceandtechnologyhavebeensigni丘cant，COntributingfbr
example totherapidfbrmatlOnOfnew socialinfrastruCtureSincludinginfbrmation and
COmmunicationnetworks・Inaddition，theimportantrOleoftechnologicalinnovationinthe
advancementofindusbialtechnologyandinthedevelopmentoftheeconomyasawholeare

galnlngWidespreadrecognltlOn，andasaconsequence，SCienceandteclm010gyamconsideredto
bemaincontributcmtotherevitalizadonofreglOnaleconomies．InrecentyearS，localgovemment
auth0ritiesaredrawingupregionaldevelopmentplanSCentereduponR＆Dactivitiesandare
implementlngregionallyorientedpoliciesforthepromotionofscienceandtechndogy，including
theestablishmentofcouncilsforthatpurpose．

Inthissection，thediscussionwillfocusonsomeofthefbaturesoftechnologicalactivitiesin
JapanbyadoptingindicatorsbasedonscienceandtechnologyrelateddataineachreglOn．

HumanResourcesfqR＆DinCollegesandUniversides

Thereisnoslgnificantregionalgapinthenumberofteachingstaffinenglneerlngdepartmentsat
nationalcollegesanduniversities，thoughcomparedwiththenationalaverage，thenumberis
SlightlysmallerinthereglOnSOfShikokuandKanto，eXCludingtheTokyoRegionalArea，and
SlightlyhigherintheHokurikureglOn．Forpnvatecollegesanduniversitieshowever，theTokyo

RegionalArea（TRA－TokyoMunicipality．andKanagaWaP陀fbcture）hastwicethenumberof
bothteachingstaffandstudentsasthenatlOnalaverage，indicatingaconcentrationofprivate
academicinstitutionsintheTRA．

While comparisonsofthenumberofstudentsinundergraduatecoursesshownom勾OrreglOnal

gapsfbrnationalcollegesanduniversities，aSlgnificantconcentrationofundergraduatesinthe

TRAisseenforpnvatecollegesanduniversities．Asforthenumberofstudentsatthegraduate
level，mOStStudentsindoctoratecoursesareconcentratedintheTRAandKinkireglOn，Whilein
masterscourses，trendsshowamixtureofundergraduateanddoctoratecourses，reflectinga

CertainextentofimbalanceamongreglOnS．Graduatestudents，alongwithteachingstaff，are

COnSideredtocontributetoR＆Dactivities；therefore，theTRAandtheKinkireglOnShowthe

highestpotentialfbrR＆Dac丘vitiesasesdmated丘omtheirhumanresourcesavailablebrR＆Din

COllegesanduniversities．

RegiorLalDisbibudonoffhvateSectorR＆DFacilities

Thereare3，179privateR＆DfhcilidesinJapanasofFY1989（Figure1－5■1）TokyoMunicipality

hasonequarterofthosefhcilities（763），followedbyKanagawaRefbcturewith13percent（417）
andOsakah曲cturewith12percent（374）・Takingint9aCCOuntthefhctthattheheadofncesof
mostenterpnsesareCOnCentratedinthesethreeareaS，ltCanbeunderstoodthatfactorssuchas

availabilityofinformation，humanresourcesandR＆DequlPmentareeSSentialindetermlnlngthe

locationofR＆Dfhcilities．AstudyontherelationshipbetweenindusのalproductionandR＆D

expendituresindicatesthatR＆Dactivitiesandprductionfacilitiesarenotalwayslocatedcloseto

eachother．Particular1y，R＆DfacilitiesinmetropolitanareaStendtobelocatedseparately鉦om

PrOductionfhcilities．nenumberofR＆DfacilitiesinmetropolitanareaSisl，554，rePreSentlng

almostone－half（49perCent）ofthetotalnumberofprivatesectorR＆Dfhcilities・

R＆Dfacilitiesinplacesotherthanm甜OPOlitan訂eaSareCOnSideredtohavesomewhatstronger

tiestoproducdonactivities，i．e．theytendtotxlocatedclosertoprductionfacilities・1，096R＆D

facilitiesarelocatedintheseareaS，rePreSentingoveronethird（34．5percent）ofthetotalprivate
R＆D触Ⅲides．
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Figure1－5－1Numberof扼vateR＆DFacilities
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NationalInstitute of Science and Technology Policy，一一Basic Survey of Regional Science

and Technology Promotion　－　Preliminary Report’’

R＆DActivitiesinPdvateR＆DFacilitiesbyRegion

41percentoftheR＆DScientistsandEngineers（R＆DS偲）inprivateR＆Dfacilitiesare
COnCentratedintheTRA，fbllowedbytheKinkireglOnwith21percent，Kantowith15perCent，
Tokaiwith14percent，Chugokuwith4percentandKyushuwith3percent．Eachoftheother
regions（Hokkaido，Tohoku，HokurikuandShikoku）havenomorethanl percenteachofthe
totalnumberofR＆D S／E（Figure1－5－2）．

LeokingatR＆DexpendituresbyreglOn，Ofallpnvate R＆Dfhcilityexpenditures，36percentis
SPentintheTRAfo1lowedbyKinkiwith20percent，Kantowith17percent，Tokaiwith15
PerCent，Chugokuwith7percentandKyushuwith3percent．AsshowninFigure1－5－3，the
Shareintheremainingregionsdoesnotexceedl percenIeaCh．ThusR＆D S偲andR＆D
resourcesareCOnCentratedtoaconsiderableextentintheTRA，andtheKinki，KantOandTokai

regions・TheshareofR＆DS／EisalmostproportionatetothatofR＆Dexpenditures，thoughthe
amOuntOfR＆DexpenditureperR＆DS偲aresomewhatlargerintheKantoandTokaireglOnS
血an也enadonalavcrage．
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Figure1－5－2RegionalSharesinTotalNumberofR＆DSciendstsandEngineers

National hstitute of Science and Technology Policy，nBasic Survey of Regional Science

and Technology Promotion　－Preliminary Reporピ’

Figure1－5－3RegionalSharesinTotalR＆DExpenditures
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R＆DS／Eagecompositionshowsimilaritiesinallregions．Onthenationalaverage，12percent
OfallR＆DS／Earelessthan25yearSOld，43percentare25－34yearSOld，29percentare35－44
yearsold，14percentare45－54yearsold，and2percentareOVer54yearSOld・IntheTRA，the
PrQPOrtionofR＆DS偲between25and34yearSOfageisslightlylargerthanonthenational
average，Whilethe35－45agegrouphasalargershareintheKinkireg10nCOmParedtothe
nationalaverage．Whenclassi丘edaccordingtocharaCteristicsofR＆D，Onthenationalaverage，

10perCentOfallR＆DS偲areengagedinbasicR＆D，36percentinappliedresearchand55
PerCentindevelopment．TheproportionofR＆DS偲engagedinbasicresearChisarOundlO
PerCentintheTRA，Kanto，TokaiandKinkireglOnS．Again，COmParedwiththenationalaverage，
theTRAhasahigherpercentageofR＆DS／Eengagedin叩Pliedresearch，WhereasintheTokai
region，mOreR＆DS偲areengagedindevelopment．

R＆Dsubjectscanbeclassifiedintochemicalsandfibers，bi0－medicalandpharmaCeuticals，
materialS－related，meChanicalenglneenng，electronicsandelectriCalenglneenng．41perCentOfal1
theR＆DS偲inJapanarelocatedintheTRA．InthenationaltotalofR＆DS／Eengagedin
ChemiCalsandfibers，bi0－medicalandphannaceuticalsandmaterials－relatedsubjects，30％are
COnCentratedintheTRA．40percentofthenationaltotalengagedinmechanicalenglneenngand
50percentofthoseinelectronicsandelectricalenglneenngarealsoconcentratedintheTRA．In
theKinki region，On the other hand，bio一medical and pharmaceuticals R＆D S！E are

underrepresented．

Onthenationalaverage，theshareSOfbasicresearch，aPpliedresearChanddevelopmentin total

R＆Dexpendituresare9percent，34percent．and57percentre？PeCtively（Figure1－5－4）・The
Shareofbasic andappliedR＆Dis higherlntheTRAthanlntheKinkireglOn，Whereas
developmentexpendituresindicatealargershareinthelatterreglOn．TheshareOfbasicR＆D
expendituresissmallerintheTokaireglOnthanthenationalaverage，Whileitisapproximatelyat
thenationalaverageintheTRAandtheKantoandKinkireglOnS．Asfhrasdevelopment
expendituresareconcerned，however，theshareismuchhigherintheTokairegl0nthanatthe
n叙ionalaver喝e．

Figure1－5－4R＆DExpendituresbyCharaCteristicofR＆D
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IntheKantoreglOn，mOreR＆Dexpendituresgotochemicalsandfibers，bi0－medicaland

PharmaCeuticalsandmaterialS－relatedsubjectsthanfbrmechanicalenglneenngandelectriCal

englneerlng．AnextremelyhighperCentageOfR＆Dexpendituresaretningspentfbrelectromics

andelecbicalenglneenngintheTRA．IntheTokaireglOn，meChanicalenglneeringR＆Dhasthe

largestshare，WhileintheKinkireglOn，Chemicalsand丘bersandmaterialS－relatedR＆Dhave

evenhighersharesthaninTTu．

Fromregionalstandpoints，R＆DactivitiesofprivatesectorR＆Dfhcilidesareconcentratedinthe

TRAandKinki．ThisseemstobebecausemetropolitanareaSPrOVidemoreadvantagesthan
0therreg10nSincarrylngOutR＆Dactivitiessuchasaccesstoscienceandtechnologyinfomation

andrelativeeaseinrecruitmentof・R＆Dpersonnel．
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1．6　Achievements of R＆D Activities

ThissectiondiscussesR＆Doutputindicators．TheseincludethenurnberofscientincpaperSand

theircitationfrequencies，thenumberofapplicationgrantsandnumberofnewbotanicalSpeCleS，
and the numberoftechnologicalstandards andawardsfor scientific andtechnological
achievement．

Scienti丘cPaperS

IndicatorsconcemmgscientificpapersamessentialinrevealingthelevelofachievementinR＆D
andthecontributionstoexpanSionofhumanknowledgeofscienceandtechnology・Thissection
employsindicatorsrelativetoscientincpapersbasedonadatabasecompiledbyComputer
HorizonsInc．（CHI）．

In1986，Japan ranked3rd behindthe United Kingdomin output ofscientific papers，

representing7・7percentoftheYOrldtotal・JapanistheonlycountryamongmaJOrindustrial
COuntriesthatiscurrentlyincreaslngltSWOrldshareofscientificandtechnicalpaperS，andits
growthhasbeensignificant（Figure1－6一1）．

Figure1－6－1Coun仕yShareT陀ndsintheOutputofScienti丘cPapers

Source：Computer Horizons，Inc．”Science＆Engineenng Literature Data Base1989’’
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JapanhasalargeShareOfscientificpapersintheso－Called－substanCeSeries・sciencessuchas

enginqering・Chemistryandphysics，Whileinmathematics．andearthandspacesciencelitsworld
SharelSrelativelysmall・TheJapaneseshareinenglneenngreCOrdedaparticularlyslgnificant
increaseinthe1976－86period，doublinginthatdecade・Inthesameperiod，theincreaseof
Publicationsinlifesciencessuchasmedicalsciencesandbiologysurpassedtheincreaseofthe
JapaneSeShareinallothersubjectscombined．

TheoutputofscientincandtechnicalliteratureconcernsonlyquantitativeaspectofR＆D
achievements・Itisthereforenecessarytopresentqualitativeindicatorsofscientificpublications・
Thepremise takenisthat theimpactofp叩erSdependsonthe numberoftimestheyarecited
inotherardcles，andthatthis鮎quencyofcitation

PerSCienti丘cpaperrepresentsrecognizedl．quality’Y．Japanesescienti丘cpaperSamthethirdmost

Citedintheworld，Citedmo陀thanthosefのmGermanyandothercounbies，reneCtingtheirlarge－

SCaleglobalimpact・Ontheotherhand，the丘cquencyperpaperisratherlow，thusindicatlngthat

theirqualityhasnotqultereaChedinternationalstandards・However，qualityseemstobe

improvingasJapanesepaperSarebeingcitedrecentlyfarmOrefrequentlythaninthepast（Figure
1－6－2）．

AseparateresultindicatorwhichreflectsthestatusandextentofinternationalizationinR＆Dis
thenumberofinternationalscientificandtechnicalpublicationsinacountry．Thefollowlngare

Statisticsconcernlngthenumberofsuchjournalsandmagazinespublishedineachcounuybased
OntheCHIdatabase．JapanTsshareinthenumberofscientificjoumalsandmagazinesdoesnot
reachevenonehalfofitsshareintheoutputofpaperS，Whichsuggeststhatonlyasmallnumber
OfinternationalscientificpublicadonsampublishedinJapan．Thus，itappearsthatJapanneeds
tomake greatercontributionsinpublishingofinternationalscientificliterature，Whichis
importantforglobaldisbibutionofR＆Dachievements．

Cross－bordersubmissionsofscientincandtechnicalpapersarefrequentlymadethesedays．The

levelofinternationalizadonofpapersandscientificmagazinesinacoun打ymaybente？Suredby
thenumberofpaperscarriedinoverseaspublicationsandthenumberofforeignonglnPaPerS

Carriedindomesticpublications．ManyJapaneSePaPerSarePublishedinforeignpublicationsand

their numberisincreaslng，Which means thatJapanis not onlylnCreaSlng butalso

internationalizingitsouq）utOfscience．Conversely，itcanalsobesaidthatonlyasmallnumber

Ofnon－JapaneseonglnPaPerSanCOntributedtoscienti丘cpublicationspublishedinJapan．

CitationfrequenciesofpapersattheinternationallevelshowthateventhoughmanyJapanese
PaPerSarebeingcarriedinscienti丘candtechnicalpublicationsoverseas，theyaremuChless

frequentlycitedinforelgnPublications．Thislowcitationfrequency，however，isreverslng
Signincantly，reflectingadramaticimprovementoftheintemadonalstatusofJapaninscienceand
technology．
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Figure1－6－2CitationFrequencyT陀ndsofScient前cPaperSinSelectedCounのes

CitedCountShare（％）

CitedCountShare（％）

DぬbrJaP鵬訂cbr鋤のyc紺丘om1973to1986

Dぬbro血訂cOunの鴎的br1975，1981，Ud1985

10　　pa匹rShare（％）

Source：Computer Horizons，Inc・一一Science＆Engineerlng Literature Data Base1989”
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Patents

AmongR＆Dachievements，PatentShaveacloserelationshipwithindustrialcompetitiveness・

StatisticsconcernlngPatentSarerelativelyreliable，aSaPPlicationsandgrantSOfpatentsaremade
throughgovernmentalorganizations・ThissectionanalyzespatentlnginJapanandotherselected
COunmcs．

ThenumberofpatentapplicationsinJapanreCOrdedaparticularlyremarkableincreaseinthe

1980ls，WhilethenumberofpatentgrantsremainedrelativelyunchangedoverthesamePeriod．
Bycategories，Patent坤Plicationswerehighestfbrbothphysicsandelectnclty，Whereasthetwo
CategOriesofchemistryhnetalS／nbers／treatmentandoperations／打anSPOrtationhavethelargest

Sha陀SOfpatent訂antS．

Eachc？untryhasitsownpatentsystem，thusdirectcomparisonofpatentsisdifficultatthe
internatlOnallevel．Comparisonhereismadeonthenumberofpatentapplicationssubmitted
externallybycountry（Figure1－6－3）．Mostpatent叩PlicationsinJapanaremadebyJapaneSe
applicantsandthenumberofpatentssubmittedabroadisrelativelysmal1．Intotalnumberof
externalpatentapplications，JapandoesnotreachthelevelsoftheUnitedStatesandGermany．
Morethan30percentofJapanese－OnglnPatentaPPlicationsmadeabroadareintheUnited
States，followedbyGermany，theUnitedKingdom，FranceandSouthKorea．

Figure1－6－3TheNumberDomesticandExtemalPatentApplicationsandGrantsinSelected
Counのes

NumberofDomesticPatents NumberofExtemalPatents

（Applicadons，Grants）　　　　　　　　　　　　（Applications，Grants）

3（泊，∝氾　　　2（泊，（X沿　　1（泊．∝氾　　　　0　　　　　0　　　　1∝），0（氾　　　2（泊．㈱　　　3∝I，（X氾

Source：Patcnt Agency，Japan，MPatent Agency Year Bookl989’’
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InordertoclarifythestatusofJapanese－OnglnPatentSaPPliedforincountrieswithdifftrent
Patemingsystems，aTlalysisisbycounbYShowingthenumberofpatentapplicationsandgrants
intheUnitedStates一・ahdtheEuropeanPatentOffices・Accordingtotheanalysis，20percentof

allpatentapplicationsmadeintheUnitedStateSarefromJapan，thelargestsourceofforeign
applicationsinthatcountry．TheUnitedStates hasthelargestshareofpatentapplicationsinthe
EuropeanPatentOfnce，followedbyGermany，Japan，FranceandtheUnitedKingdom・

ThegrowthinthenumberofforeignpatentsgrantedintheUnitedStatesis mainlyduetothe
increaseofJapanese－OnglnPatentS，reflectingtherelativeimportanceofJapanese－OnglnPatent
activityinthatcountry・InordertocornparePatentquality，analysisisonthefrequencyofeach
PatentCitedbyexaminersintheU．S．patentscreenlngPrOCeSS．Theshare：ofJapanesepatents
CitedwasgreaterthanintheshareOfpatentgrantS，reneCtingthehighqualityOfJapanesepatents
（Figurel■6－4）．

Figure1－6－4FrequencyofPatentsCitedintheUnitedStates

CitatedCountShare（％）

0　10　20　30　40　50　60　70

Pa随ntGrantSh訂e（％）

Source：ComputerHorizons・Inc・’’Science＆Engineerlng LiteratureData Base1989”
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R＆Dac丘vitiesinJapaneSeindus打ycanbemeasuredbythenumberofpatentapplicationsmade

byJapanesecompamies・Theanalysisshowsthelargestnumberofpatentapplicationscomefrom

theelectricmachineryindustry，followedbythetransporta丘on，PreCisionandgeneralchemicals
industries・Furthermore，theelectricmachineryindusuyhasaconsiderableshareinalmostevery
CategOryOfpatents，Particularlyinpatentcategoriesrelatedtoelectricity・Ontheotherhand，the
tranSpOrtadonmachineryandgeneralchemicalindustriesmakepatentapplicationsintheirrelated
industrialcategories・However，theintegratedchemicalsindustryandotherrelatedindustries
SuChasthemedicalproductsandoilandpaintsindustries，arereCentlyapplyingforpatentsin
non－relatedindusのalcategories．

RegistrationofBotanicalSpeCleS

AdiffbrentR＆DresultindicatorisreglStrationofbotanicalspecies．Thenumberofsuch
reglStration grantsincreased by200－300cases each yearfrom FY1984to FY1990．
Registrations aremademainlyfromindividuals，botanicalnurserycompanies andlocal
governments・Inrecentyears，theshareofindividualsandagriculturalcooperativeshasbeen
declininginfavorofbotanicalnurserycompanies，Whichareknowntohavespecializedand
OrganizedR＆Dactivities・Flowenngplantsrepresent50percentofnewlyreglSteredspecies，

followedbydecorativetreesandvegetables・Developmentofbotanicalspeciesinthepastwas
madepnncIPallythroughclassicalcrossbreedingmethods．Inrecentyears however，bio■

technologymethdssuchascellandtissueculture，embryoandovulecultureandcellfusionare
moreffequentlyutilizedandcouldresultinanevenlargernumberofreglSteredspeciesinthe
bI℃SCCのle知ture

IndusのdSmndards

ThenumberofJIS（JapaneseIndustrialStandards）canbeusedasanindicatorofthepublic

PrOPertyValueplaceonR＆DactivityachievementsbythegovPrnment・Bysectors：Chemistry，
generalmachinery，electronicsequlPmentandelectricalequlPmenthavealargenumberof
StandardsincludedintheJIS．Mostofthestandardsinthechemicalsectorwereestablishedinthe

early1950’S，butforthegeneralmachineryandpublicworksandconstruCtionsectors，the

establishmentofstandardsisspreadoutoverseveralyears．Alargenumberofstandardswere

establishedinthe1980’SforelectronicsequlPmentandelectricalequlPmentaSWellasfbrdata

PrOCeSSlng，afhctwhichindirectlyrevealstherapidchangesintheformsofindusbialproduction
CauSedbytheadvancementofelectronics．Alargenumberofstandardsfbrmedicalsafbty
deviceswerealsoestablishedinthe1980’S，POSSiblyreflectingthegrowlnglntereStinsafbty

relatedtechnology．

AwardsforScienti丘candTeclmologicalAchievement

Scienceandtechnologycanalsobeevaluatedthroughdiscussionofscientincawardsystems，
SPeCincallythroughtheHAwardfbrPersonsofScienti丘candTechnologicalMerit，”anaward

glVenbytheMinisterofStatefbrScienceandTechnology．Inthe31yearperiodfromthe
establishmentoftheawardsystemin1959to1989，637awardsrelatedtoscienceandtechnology
Wereincluded．Thetrendsineachdecadecanbeexaminedaccordingtoavailabledata．Inthe
1960’S，mOStOftheawardswenttotechniquesincategoriesofHprecisionmachinery，…organic

Chemistry，”Htransportmachinery一’and．．ironandsteel，”reflectingthefactthatscienceand

technologyinheavy

indusBiesplayedacentralroleinthatperiod．In the1970’S，”electronics andpartS’’of

telecommunicationequlPmentCameOntOPOfthelist，underscoringtheadvancementofelectronic
technologyascomparedtothe1960’S．Inthe1980’S，Chemistry－relatedawardsshowalow

representation．
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1．7InternationaIization of Research＆DeveIopment

ExchangeofR＆DPersonnel

ForseveralyearS，VOicesintheUnitedStatesandothercounbieshavepointedouttheimbalance
intheexchangeofresearChersandengineers（R偲）（SeeoriginaltextChapter7）Theargumentis

thatJapandispatchesalargenumberofR偲abroadwhileitselfbeingrelativelyclosedton9n－
JapaneseR偲・Thiscriticism，however，isnotbasedonthequantitative誓alysisonthesituatlOn
researChexchange・Thissectionanalyzestheactualconditionsc？nCermngtheexchangeofR瓜
betweenJapan andothercountries，aCCOrding tothe”StatistlCSOnImmlgration Control’一

PublishedbytheMinistryofJustice．

Figure1－7－1showsthenumbrofJap？neSeR伍leavingJapanandofnon－J叩aneSeR偲entering
thecourltry・ThenumberofbothleavlngandenteringR＆Epersonnelincreasedgradually丘om
the1970’stothemid－1980’S，hasbeengrowlngraPidlysincethelatel980’S．Althoughthe

increaseinthenumberofleavlngeXCeededthatofthoseentenng，therati00fthelattertothe
formerhasshiftedfiT）ml：1．1in1985tol：1．7in1989．

Figure1－7－1NumberofResearchersandEngineersLeavingandEnteringJapan
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Lookingatthedestinationsandorigins，JapapeseR庇almostalwaysgotoNorthAmerictOr
Europe，Whilemostnon－JapanPSeR瓜comモngtOJapancomefromotherAsiancountnes，
indicatingaconsiderabledispantyamongreglOnS・Bycountry，abouthalfoftheR偲perSOnnel
leavingJapanareboundfbrtheUnitedStates，WhereasR偲fromtheU・S・nPreSentlessthanlO
PerCentOfthepersonnelenteringthecounBy，underscoringthesignincantimbalanceinR佃

exchangetXtWeenthetw9COuntries・AsfhrasR虎魚umJapantoEur甲andNorthAmericaare
COnCerned，theU・S・reCelVeS60percentofthetotalfromthetworeglOnS・Ontheotherhand，

R瓜fromtheU・S・rePreSent50percentofthoseenteringJapFnffomEuropeandNorth
America・Thus，itcanbeunderst∝通thatJapanundertakesmoreactlVeeXChangeofR瓜withthe
UnitedStatesthanWithEurqpe．

ItshouldbeNotedthatJapanmakeseffbrtstoabsorbnewknowledgebydispatchingalarge
numberofR偲toindustrializedcounのes，ParticularlyinEuropeandNorthAmericatryingatthe
Sametime totranSfbrtechnologicalknowledgetootherAsiancounbies．

Cross－borderFlowsofResearChand＆Development

FlowsofR＆DareindicatedbytrendsintheR＆DactivitiesofJapaneSeCOmPanyaffiliates
abroad・FlowsofR＆DarealsoindicatedbyexamlnlngtheR＆Dactivitiesofforeigna爪liatesin
Japanandoftrendsinteclmologytradebyindustry．

Accordingtothe”StatisticsonForelgnInvestment．’publishedbytheMinisbyOfInternational

TradeandIndustry，367J叩aneSeaffiliatesabroad（almost6percentofthetotalJapaneラe
afnliatesabroad）Ⅲ℃engagedinR＆DactivitiesasofFY1989．ThetotalR＆Dexpendituresln
theseaffiliates amountedto64．6billionyeninthatsameyear，andalmost60percentwasspent
in electricalmachinery，generalmachinery，Chemistry and precisioninstrumentS．R＆D

expendituresofmanufacturingindustries車CreaSedby20percentin3years（fromFY1986to
FY1989）・Whilethoseofnon－m聖ufactunngindustriesdecreasedby20percent・Asaresult，
theshareOfmanufactunngindustnesintotalR＆Dexpendituresincreasedfrom76perCentinFY
1986to82percentinFYl989．

AsoftheendofFY1989，therewere222R＆DfacilitiesofJapaneseafnliates，Ofwhichabout
90　percentarelocatedinNorthAmerica，AsiaandEurope（Figure1－7－2）．Manufacturing
accountsfbr morethan90　percentoftheseR＆DfacilitiesinAsia，and70　percentofthe

fhcilidesinEurope．AsfbrfacilitiesinNorthAmerica，about50percentwereengagedinR＆Din
non－manufactunnginFY1986，butaccordingtoasurveyinFY1989，almost70percentof

themamnowengagedinR＆Dinmanufactunng．

Thus，JapaneSeR＆Dcorporatefhcilities，manufacttuersinparticular，arebecomlngmOreaCtively

invoIvedinR＆D．However，therati00fR＆Dsales fbrJapaneSeaffiliatesofmanufacturersis

muchlowerthanthesimilarratiofbrtheirparentCOmPaniesandevenfbrestablishmentsof

fonign－afnliatedcompaniesinJapan．

InJapan，foreign－affiliatedchemicalandelectroniccompaniesarealsoactiveinthecreationof
R＆Dfhcilities．

In1989，NationalInstituteofScienceandTechnologyPolicy（NISTEP）conductedasurveyof

theR＆Dactivitiesofl32foreign－affiliatedcompaniesinJapan．Mostofthefacilities（research

CenterS，teChnicalcentersetc．）offbreign－afnliatedcompanieshavebeenestablishedinthe

Periods丘omthemid－1960’stotheearly1970－S（lstperiod），andfromtheearly19801son（2nd

Period）；thesametwoperiodsinwhichJapaneseprivateenterpriseswereactivelyengagedinthe

establishmentoftheirownR＆Dfacilities．Itseemstypicaloffbreign－affiliatedcompanieswhich

establishedoperationsafterthemid－1970’S，tOSetuPR＆DfhcilitiesinrelativelyearlyyearSin

theirbusinessoperationsinJapan．Mostofthefbreign－afnliatedcompanies whichestablished
theirR＆Dfhcilitiesinthelstperiodstartedas．’business－type“COmPanies；engagedmainlyin

importlngandmarketdevelopment，andgraduallyexpanded．Thoseestablishedafterthemid－
1970’S，COmPaniesofthe2ndperiod，areincreaslnglybecomlng’’R＆D－typeHcompanies，OPtlng

forR＆DactivitiesfromthestartOftheirJapanpresence．
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Figure1－7■2NumberofR＆DFaCilitiesofJapaneseAfmiatesAbroad

North America Asia Europe ociana Central／South America
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Technologytrade（intemationalcommercialtransactionsinvoIvingcompensationsforpatents，
utilitymdels，know－how）isalsoanindicatorofflowsofR＆Dacdvities．Theratioofthetotal

amOuntOftradeintechnologytothebalanceoftotaltradeinJ叩anhasbeenincreaslng，indica血g

thatthegrowthofthefbrmerisexceedingtheincreaseofthelatter・Accordingtothedata
CalculatedbytheBankofJapan，Japaパsbalanceoftraderatiointechnology（exportsof
technologydividedbyimportsoftechnology）hasgradual1yincreasedinthepast15years，but
StillisatalowerlevelcomparedwiththatoftheUnitedStates，theUnitedKingdom，FfanCeand
Gemany．

L∝）bngatJapanesetechnologytradebyindusby，importsandexponsoftechnology tradehave
approximatelybalancedinthedrugsandmedicinesindustrysincethemid－1980’S．Itcan

therefbrebesaidthatcompetitivenessintechnologiCaldevelopmentinthisindustryreachedthe
h記madonallcvelat血atdme．

Asfhrasthemotorvehicleindus仕yisconcerned，aftertechnologyexportssurpassedtechnology

importsforthefirsttimeintheearly1980’S，therehasbeenalargetradesurplusinthis

technologyarea，OWlngtOaraPidincreaseintheexportssincethemid－1980’S．Fromthelate

1970－stotheearly1980’S，60－70percentofthemotorvehicletechnologylmPOrtSCamefromthe

UnitedStates．Thistendency，however，WaSreVerSedinFY1984，andJapanhasbeenholdinga

largetradesurplusinautomobiletechnologywiththeUnitedStates．Theincreaseintechnology

exports ffomJapan has been accompanied by the development ofJapanese automobile

PrのuctionintheUnitedStates．Theincreaseinthenumberofproductionfhcilitiesabroadas
Wellastheimprovementinthecompetitivenessintechnologicaldevelopmentaretherefore
COnSideredtobemainfactorsleadingtoalargetradesurplusfortheJapaneseautomobile
industry．
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Figure1－7－4JqpaneseTechnologyTradebyIndusけy（FY1989）
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1・8　Science，TechnoIogy and Society

IndusbialRobotUseandCorporateTechnicalExecutives

AccordingtodatapublishedbyJapanIndustrialRobotManufacturersAsSのation，thenumberof
industrialrobotsinJapanhasgreatlyincreasedsincethelate1970・S．In1988，55，900industrial

robots（5・5timesasmanyasin1978）wereshipped，foratotalvalueof324．5billionyen（12．8
timestheamountin1978）．

ThisremarkablegrowthhasoccurredagalnStthebackdrQPOftechnologicaladvancementwhich
hassubsequentlyledtoreductionsinrobotpnceS・Figure1－8－1，Whichshowsthepnceindexof
robots（aweightedaverageofpriceindicesbyrobottypesaccordingtotheirrespectiveshipment
Value），Clearlyillustratesthissituation・Itiswidelyunderstoodthatinthepastintroductionof

robotsimprovedqualityandtechnologydevelopment・ButatpresentinJapan，introductionof

robotsbymanufacturersISPnnCipallyfortheireconomicefnciency・

Amuchdiscussedquestioniswhetherrobotsinindustryareattalnlnggreaterimprovementsin

OPerationalsophistication・Accordingtoouranalysis，therecertainlyissuchatendencytowards

improvements，buttherateofimprovementsbeingobservedatpresentarenOtaSgreataSthosein
thepast．

Figure1－8－1WageIndexandRobotniceIndex
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This sectionalsoclassifiesexecutivesfrom2，064reglSteredcompanies according tothe

undergraduatedepartmentstheygraduatedfromandcalculatestherati00fgraduates丘omscience

andenglneenngrelateddepartmentS．Thisisusedasanindicatorfbranalyzingthelevelof

COIpOrateutilizationofscienti丘candtechnicalpersonnel．Theanalysisshowsarelativelyhigh

rati00fscientificandtechnicalpersonnelinthepnncipalmanufactunngindustriesinJapan，

namelyintheelecのCalandmachinery，tranSPOrtequlPmentandchemicalindusbies．
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ImpactonLifbStyles

InrecentyearS，Significantdevelopmentsintheneldofcommunicationshavebcn consideredto
becontributingtotheimprovementoflifbstyles．Therelationshipbetweenachievementsin
SCienceandtechnologyontheonehandandlifestylesontheothercanbemeasuredbythelevel
ofinformationmediause．

Firstexaminedisthetotalamountofinfbrmationsuppliedinfbrmsacceptabletoreceivers
（consumers）andtheamountofinformationactuallyconsumed．Thetotalamountofinfbrmation

SuPPliedhasgrownconsiderablyintheeightiesduetoalargeincreaseincommunicationsmedia

SuChasfacsimileandVAN／datacommunications・Thetotalamountofinfbrmationconspmed，
however，hashadaslightdownwardtenderlCy，aSagradualdecreaseintheconsumptlOnOf
informationfromterresbialTVbroadcastlngSerVices，Whichstillsupplyabout50percentofthe
totalinfbrmationconsumed，hasnotbeenfullyoffsetbyanincreaseintheconsumpt10nOf
informationsuppliedbynewspapers，magazinesandbooks．

Theimpactofchangesintheamountofinfbrmationonsocialactivitiescanbemeasuredbythe
numberofnewspaperarticlesonscienceandtechnology．Thenumberofspecializedarticleson

SCienceandtechnologylnCreaSedrapidlyinthemid－1980’S，Whilethoseofgeneralscienceand

technology－relatedarticleshasstayedatthesamelevel・Thisphenomenonrenectsincreaslng
demandfordetailedexplanationson scientificmattersand anincreased awareness by
Publishersoftheneedtosupplydetailedinformationtotheirreaders．Theresultsofsurveys，
alongwithpublicoplnlOnPOllsconductedbythePhmeMinister－sOffice，indicateincreaslng
OPPOnunidestoobminscientificandtechnologiCalinformation．

Figurel■8－2SupplyandCorlSumPtlOnOfScienceandTechnologyInfbrmation
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ConbibutiontoGlobalEnvironmentalConservation

InJapan，COnSumPtlOnOfpetroleumincreasedrapidlyinthe1960’S，duetotheexpansionof

industrialactivitiesparticularlyinheavyindustriessuchasmlnlngandmanufhctunng．This

industrialactivityhadalsol℃SultedinseriousenvironnIentalpollutioninthemid－1960’S・The

JapaneSegOVernmenthasaddressedtheproblemofenvlrOnmentalconservationbyestablishing

relevantlawsandregulationsaswellasbydeveloplngteChnologleSfbrthepreventionof
environmentalpollutionthroughindusbialtechnologydevelopmentschemes．

Figure1－8－3T陀ndsintheNumberandTotalCapacitiesofFluegasDesulphurizationUnits
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Onesuchpreventivetechnologyisfluegasdesulphurization・Figure1－8－3showstheprogressin

theinstallation offluegas desulfurization units・This technique andothermeasures for

environmentalpreservationsuchasuseoflow－Sulphurcrudeoilhaveresultedinalowerlevelof

SOxdischarges（inproportiontoprimaryen？rgy）incomparisontootherindustrializedcountries，
aswellasintheimprovementinlowerdensltyOfsulphurdioxideintheatmosphere（seeFigure

l－8－4）．NOxdischargeSfromfixedoriginssuchasfactorieshavedeclinedduetoimprovements
inburnlngmethodsanddenitrincationoffluegas，buttheincreaseinautomobiletraffichas
CauSedariseinNOxdischargelevels，CauSingNOxdensltyintheatmospheretoremainalmost
unchanged．Asforwaterpollution，despitedevelopmentofpreventivemethodsinfactoriesand
establishments，householdshaveincreaslnglybecomepollutersofwaterinrecentyearS．

AnimportantglobalenvironmentalissueisthephenomenonofglobalwamlngCauSed byrising

dischargelevelsofcarbondioxide．Sincetheoilcrisis，COunbieshavepromotedchangesintheir

energydependencystruCtureS（i・e・loweringdependenceon．petroleum）andhaveintroduced
energysavlngmeaSureS・However，inJapanandother countnes，theswitchtonon－fbssilfuelis

PrPCeedingveryslowlyasisreflectedinthedischargelevelofcarbondioxide（inproportionto
Pnmaryenergy）・EnergyconservationprogressedfbrlOyearSuntiltheearly1980’S，buthas

Sloweddown・ThisanalysisshowshowareductionincarbondioxidedischargeCOuldbemade
POSSiblethroughchangesintheenergysupplystruCture，andconcludesthataswitchtonon－
fbssilenergysourcesneedstobefurtherencouragedasapreventativemeasureof global
Wamlng・

Figure1－8－4ChangesintheAnnualAverageConcentrationofSO2andNO2
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See Table8－3－7
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Science，TechnologyandCulture

Thepublicisincreaslnglyexposedtothechangesin worldevents．Japanese newspaper
Publishingcompanies are nowprlntlngabroadthroughdatatransmission systems，uSlng
Satellites，thusenablingasteadyinformationsupplywithouttamishingnews”freshness”．In

addition，broadcastimagessenttoJapanviasatelliteareseendailyinTVnewsprograms，

indicatinglargeannualincreasesofimaFeSreCeived（Figure1－8－5）・J叩anPSebroadcastsare
alsobeingsentabroadandarefunctionlngaSeXCellentsourcesofinfbnnatlOn，eSPeCial1yfbr
ViewersinAsiawhowishtohaveopportunitiestogetintouchwithJ叩aneSeneWSandculture．
ThisgrowthintransmissionandreceptlOnOfbroadcastillustrateshowscienceandtechnology
COnのbutestointernadonalexchangeofinfbrmationandcultuJe．

InartiSticaspects，aChievementsinscienceandtechnologycanbeutilizedtopromote creative

televisio一Viewerinterpretatio一S・Inthissense，COmPPtergraphics（CG）whenusedin
broadcastlngPrOgramS，playanlmPOrtantrOleinaidingvleWerSCOmPrehensionandenabling
individualstounderstandhowmediadesignandillustrationwo止・

Figure1－8－5InternationalTIansmissionofImagesviaSatellite
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1．9　Public Opinion on Science and Technology

AnimportantindicatorrenectingscientincandtechnologicalactivitiesispublicperceptlOnOf

SCienceandtechnology・PublicoplnlOnPOllsonscienceandtechnologyareusedtomeasure

thesepercepdons・Manyofthesepollscon9ernePergy（atomicener等yinparticular），lifbsciences
includingorgantransplants，andinfbrmatlOnSClenCeSandtheenvlrOnment．Subjectsinpublic
OPlnlOnPOllsreflectparticularsocialproblemssurroundingthepollingperiod，aSCanbe
understocdfi・Omthefhctthatalargenumberofthesepollsconductedafterthe1985Exposition
OfScienceandTechnology丘x：uSeduponpublicperceptl0nOfscienceandtechnologylngeneral・

GeneralOpinionsonScienceandTechnology

PublicperceptlOnSOfscienceandtechnologywhicharereflectedintheseoplnlOnPOllsindicate
PublicinterestinscienceandtechnologyhasshiftedintoU－Shapedcurve，andisrecently

Showinganupwardtrendreflectinggreatefinterpst（Figure1－9－1）・Accordingtoasurvey
COnductedin1990，10・2　percentofthoselnterVleWedare’’verymuchinterested’’and45．7

PerCent”somewhatinte一eSted一一inscienceandtechnology，Whichmeansoverhalf（55・9percent）

OfthosepolledshowanlntereStinS＆Tissues・P陀Viouspollsalsoindicatementendtobemore

interestedinscienceandtechnologylSSueSthanWOmen．

Figure1－9－1InterestinScienceandTechnology

田VeryInterested　　　田Interested　　　　田Notinterested，n。t S。re

prime Minister．s Office，一．OpinionSuⅣeyOnScience・Technologyand Society・T1990
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Interestinscienceandtechnologyisdeeplyrelatedwiththecollectionanddisseminationof

information・Surveysindicateabout90percentofthosepolledobtaininfbrmationonscience

andtechnologyfromsuchmass－COmmunicationmediaasTV，radio，neWSPaPerSandgeneral
magazines（Figure1－9－2）．

Figure1－9－2SourcesofInfbrmationonScienceandTechnology
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AccordingtoasurveyconcernlngreCOgnltlOnOftermSrelatedtoscienceandtechnology，While
terms such asGNP andcomputer software are wellknown bythe public，Only a small

PerCentageOfthosepolledrecognlZethewordDNA．Asfarasknowledgeofscienceand
technologylSCOnCerned，mOrethan80percentofthosepolledthinkthat”condnentsammovlng

littlebylittleinaspanOfthousandsofyearS，Hwhilethosewhobelieve”anelectronissmaller

thananatOm’’representlessthan40percentofthepollees．Resultsofthesesurveysdependon

thelevelofeducationandnewnessofknowledgeaswellasthefrequencyofappearanCeinthe
mediaandlevelofspeCializationfbreachterm・
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Morethanhalfthosepolledreflectpositiveimagesofscienceandtechnologythroughexpressed
levelsofinterestandknowledge・However，theresultsofasurveyontherelationshipofthe
advancementofscienceandtechnologywithhumansatisfactionandindividualfulmlment
SuggeStSthatmoreandmorepeoplehavecometofbelthattheformerdoesnotnecessarilyleadto
thelatter（Figure1－9－3）．Furthermore，manyOfthosepolledin asurveyonthecontributionof
S＆TtoworkingandlivingconditionsseepositivecontributionsresultingbutconcernSabout
negativeimpactssuchasabusesandmistakesintheutilizationofscienceandtechnologywere
COnCurrendyexpressed・ItcanbeconcludedthateventhoughthepublichaspositiveoplnlOnSOn
SCienceandtechnologylngeneral，thereisalsoaconcemaboutsomeaspectsofscientincand
technologiCalprogress．

Figure1－9－3PublicPerceptlOnSOnAchievementsinScienceandTechnology

田憲蕊es因Bothsme　田霊ニ‡vantages冠Don・thow

Prime Minister’s Office，l’Opinion Survey On Science，Technology and Society’．1990
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DesiredpathsonthepromotionofscienceandtechnologyarerenectedintheanSWerStOthe
questionaboutwhatsortofscienceandtechnologyshouldbedevelopedinthefuture・Theresult
isthat’’developmentofproductstoassistelderlyandhandicappedperSOnS”and”developmentof

altemativeenergysourcesHhavebroadestsupportamongthepublic（Figure1－9－4）・

Figure1－9－4CategoriesofScienceandTechnologytotx3Developed
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OpinionsonIndividualCategoriesofScienceandTechnology

ThissectionexaminespublicoplnlOnOnfburselectedcategoriesofscienceandtechnology：

Infbrmation，Energy，LifbSciencesandtheEnvironment・

1′妙仰のの

ThetermMinfbrmationsociety”Uohoshakai）isnowrecognizedbyover80percentofthe

population，afigurewhich hasincreasedbymorethanlOpointsinthelast5yearS・Inaddition，
theideathatmodernS∝ietyisbecomlnganinfbrmationsocietyhascometobebroadlyshared

amongthepublic．However，thosepolledaredividedontheperceptlOnOfjustwhatan
infbrmations∝ietyis，aSthenumtxrofposidveopinionsismatchedbythatofnegativeones・

Developmentandspreadofcomputersamm可orfhctorscontributingtotheprogresstowardsan
infbrmations∝iety・AccordingtoasurveyconcemlngthenecessltyOfcomputers，aPPrOXimately

80perCentOfthere戸甲ndentsregardcomputersasindispenSableinmodems∝iety・Ontheother
hand，aPublicoplnlOnPOllontheuseofcomputers suggeststhatmanypeoplefeelthat
advantagesanddisadvantagesofcomputersarenotintrinsicto thetechnologyltSelfbutinthe
humanbeingswhousethem・However，thepollalsoindicatesthatalargenumberofpeOPlealso
agreewithopinionswhichpointoutnegativeaspectsofcomputers・

InvasionofindividualpnvacylSOnenegativeaspectpointedoutinpublicoplnlOnPOlls・More
than60percentofthosepolledaminterestedintheprotectionofprivacy，andthis percentageis
growlng．ThosewhopolntOutthattheincreaseofprivacylnVaSionsaregrowlnglnnumber，and
representalmost50　percentofthosepolled．Furthermore，OVer70　percentexpectfurther
increasesincasesofprivacylnVaSioninthefuture．Ifimprovementandspreadofcomputer
SyStemSleadtotheirusebymorepeople，eSPeCiallybytheyoungergeneration，theremaybea

SenSeOfgrowlngCrisisamongthepopulationconcernlnglnVaSionsofprivacy．

E／I（－r肘、

Manysurveyshavebeenconductedsincethelstoilcrisisregardingenergyconservationand

Otherenergyproblemsandtheirsolutions．Ingeneral，mOStOfthosepolledamoftheoplnlOnthat

energyconservationshouldproceedconcurrentlywithanimprovementinlivingstandards，and

thatpossibleenergyshortagesinthispr∝eSSareeXPeCtedtobecompensatedforbynewenergy
developments．

NuclearPOWergenerationisthemostfrequentthemeinoplnlOnPOllsonenergy．Accordingto

SurVeySOnthepromotionofnuclearPOWergeneration，agradualdecreaseinoplnlOnSSuPPOrtlng

PrOmOtionsincethelate1970’shasresultedinareversalofthesituationinthe1986poll，With

agalnStnuClearpowerpromotionbecomlngthemaJOntyandthegapbetweenthetwooplnlOnS

hasbeenwideningeversin9e（surveySCOnductedbyAsahiShimbun）・ItshouldbeNotedhere，
however，thatoplnlOnSagalnStthepromotionofnuclearPOWergenerationrepresentthosewho

donotsupporttheconstruCtionofnewnuclearPOWerPlants，andincludetheoplnlOnthatthe

Currentlevelofnuclearpowergenerationisacceptable．Infact，thesameAsahi－Shimbunpoll
indicatesthatm呵OntyOfthosepolledareoftheoplnlOnthatnuclearpowergenerationshould
remainatcurrentlevels．

IncidentssuchastheChernObyldisasterseemtoaffbctpublicoplnlOnSOnthepromotionof

nuclearpowergeneration・ThesameistrueWiththeanswerstoquestionsconcernlngthesafety

OfnuclearPOWergeneration．

Surveyresultsonfuturedesiredmethodsofelectricpowergenerationarealsoimportantin
determlnlrlgthepublicimageofnuclearpower．ulenumberofanswersindicatlngnuClearpower
asamainsourceofelectncltygenerationinthefuturehasshiftedinaU－Shapedcurve，tumlng
upwardafterhavingbottomedoutin1980，andaccountingformorethanhalfofthetotalanSWerS
inrecentyears・Accordingtoresultsmentionedabove，itcanbeconcludedthatthegeneral
Public，desplteOPlnlOnSagalnStthepromotionofnuclearpowergeneration，eXPeCtaC訂efu1
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developmentofnuclearenergy，admittlngthenecessityfornuclearpowergenerationtoplaya
CentralpartinlightoftheenergyresourcesituationinJapanandglobalenvironmentalproblems．

上的Jdg乃Ce∫

Surveyresultsindicatethat80percentofthosepolledrecognlZethetermH1ifbsciences．‖Asfor

moreconcreteterms，”in－VitrofbrtilizationT－and．，ard丘cialheartimplants．．arerecognizedbymore

than70perCentOfthepeople．

80percentofthosepolledhavehighexpectationsonadvanCementOflifbsciences，Particularly
fortreatmentofcancerandhereditarydiseases・Themedicalaspectsoftheachievementsinlifb
SCiencesconsistofcontributionstoprolonglnghumanlifb・However，mOrethan60percent
advocatedforanaturaldeathwithminimalartincialintervention，mOrethandoublethosewho

adv∝ateutilizingmaximummeansofscienceandteclm010gytOPrOlonghumanlift・

BraindeathandorgantranSPlantissuesarethemostdisputedsu旬ectsintheliftsciences．More
andmorepeoplehavecometoaccepttheconditionofbraindeathasdeathofahumanbeing

（accountingforover40percentofthetotalre？POnSeSinthe1985survey），andthosewhodonot
de丘nerealdeathatbraindeathareintheminonty・

ConcernlngR＆Dinliftsciences，Whichisalsoseelngbroadinterest，lessthanl percentof
thosepolledbelieveinthetotalfreedomofR＆Danduseoftechnology．ThemaJOntyOfthose
POlledwouldrequirebroadconsensusintheR＆Dprocessconcernlnglifbsciencesandinthe
effbcttheseachievementshaveons∝iety．

£〝Vfro′胼柁e〃J

GlobalenvironmentissuesarealsoofincreaslngPublicconcerninrecentyearS．Therearethus
increaslngeXPeCtationsforscienceandtechnologytohelpmakegreatercontributionstothe
PreSerVadonoftheenvironment．

AbouthalfthosepolledareOftheoplnlOnthatweshouldseekasymbiosisbetweenhuman

beingsandnature，SubjectlngOurSelvestothepnnciplesreguladngliftandnaturebutatthesame
timeuslngnatureforthebene丘tofall．Ontherelationshipbetweentechnologicalprogressand
environmentalproblems，those polled are divided among three oplnlOnS；those who are
COnCernedaboutpossibleenvironmentalproblemsresulting丘omtechnologiCalprogress，those
Whobelieveinthe”cleanliness”ofnewtechnology，andthosewhoftelobligedtopayacertain

PnCeinexchangeforthebene丘tsfromadvancementinscienceandtechnology．Thissituation，

PlusaconsiderablenumberofMdon’tknow”responsesillustratelackofconsensusregardingthe

PrOperreladonshiptx：tWeenteChnologicalprogressandtheenvironment．
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CHAPTER2

HUMANRESOURCEDEVELOPMENTFORSCIENCEANDTECHNOLOGY

Humanresourcedevelopmentisoneofthemostimportantfundamentalsinscientincand
technologicalactivities．EducationalinfrastruCtureisstrati丘edaccordingtotheageofstudents

intoprimary，SeCOndaryandhighereducation・Itstartswithelemen甲yeducation，atWhichpoint
thehumanI℃SOurCedevelopmentrelatedtoscienceandtechnologylSCOnSideredtohavealready

commenced，andendswithsuchinstitutionsashighschooIs，COlleges，universitiesandpost－

graduateschooIs，WhichprovidepersonnelfbrR＆Dintheindustrial，aCademicandpublic
SeCtOrS．

ThischapterdiscussestheindicatorsofeducationalinfrastruCture，Whichplaysanimportantrole

inscientificandtechnologicalactivities，inorderofageofstudents・Asindicatedinthe
introductorychapter，theindicatorswerechosenonthebasisofasolidsystemcalledcascade
struCture．Thus，thesechoicesweremadesystematicallythoughsubjecttotheavailabilityOf
Statisticaldata．

Thechapteriscomposedofthreesections；educationalachievementinprimaryandsecondary

education，highereducationresourcetrendsandemploymentgraduatesfromhighereducation・
Concernlngthepnmaryandsecondarylevel，aninternationalcomparisonofperformancein
scienceandmathematics，diffusionlevelofpersonalcomputersandtechnicalcoursesinsenior
highschooIsamongothersamprovidedasindicatorsrelatedtoscienceandtechnologyeducation
inelementary SChooIs andhighschooIs．Inhighereducation，SuChfactors as numberof
applicantsbradmissionandenrollmentandexpendituresforeducationareadoptedasindicators
OfscienceandtechnologylnCOllegesanduniversities・ThesectionconcernSemPloymentof
highereducationgraduatesanddiscussesemploymentofcollegeanduniversltygraduateS，
enrollmentinpost－graduateschooIs，andnumberofmaster’Sanddoctoratedegreesconftrred・

2．1Primary and Secondary Education

Thetotalnumberofstudentsattheprimaryandsecondarylevels（elementarySChooIsandhigh
SChooIs）iscurrentlyshowingadownwardtrend．Atthepeakofthesecondbaby－boomperiod，
almost2millionbabieswereborneaChyear，butsincethen，thedropinthenumberofnewly
bornchildrenhasbeenacceleratlng．Forexample，Onlyl．2millionchildrenwereestimatedtobe
bomin1990．

Thus，enrOllmentatthepnmaryandsecondarylevelshasbeendecreaslng．Attheselevels，
mathematicsandscienceareconsideredtotx3thesu旬ectshavingacloserelationshipwithscience
andtechnology．Thenumberoflessonsinthesesubjectsissupervisedinaccordancewiththe

StudyguidelinesestablishedbytheMinistryofEducation・Theseguideliness？emtObewell
ObservedthoughslightdifftrencesmayexistaccordingtoeducationalpolicieslneaChschool・
Thestandardteachinghoursspecifiedinthecourseofstudyhavechangedverylittleinthepast
asfarasthesetwosubjectsareconcerned．Lessonsinmathematicsaccountfbr175unithours
（seeNote）fromthe3rdthrough6thgradeinelementarySChooIsandl05－140unithoursinjunior

highschooIs．SituationsinseniorhighschooIsvaryfrom350to560unithoursaccordingto
WhethertheyaregeneralortechnicalschooIs．

Lessonsinscience，Ontheotherhand，aCCOuntforlO5unithoursinelementaryschooIsandlO5－
140unithoursinJuniorhighschooIs．InseniorhighschooIs，thetotallessonsinoptlOnal
SCienti丘csubjectssuchasphysics，Chemistryandearthscienceaccountfor210－350hoursinthe

threeyearS．

Note：Astandardunithourattheprlmaryandsecondarylevelscorrespondsto45minutesinclementaryschooIsand50
minutesinhighschooIs．
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2．1．1StudentPerformanceinMathematicsandScience

WhatistheperfbrmanceofJapaneseelementaryandhighschooIstudentsinmathematicsand
SCience？Aninternationalcomparisonofperformanceatthepnmaryandsecondarylevelsis

difncultduetothedifftrenPeSOfeducationalsystemsandpoliciesamo一gnations・TheIEA（See
Note（1））makes comparlSOnSin mathematlCS and science educatlOn．Thisinternational

COmParativeresearChindicatesthatJapanese studentshaverelativelygoodmarksinboth
Su叫ccts．

Inmathematics，Japanesejuniorhighstudentshavethehighestscoresineverycategory（Source
l，Figure2－1－1）．Comparedwiththeinternationalmedianscore（whichcanbeconsideredasthe

internationalaverage），Japapesestudentshavehighcorrectanswerpercentagesinalgebra・
geome町，prObability／statistlCSandmeasurement・Japanleadsthecou一tryrankedsecondbya
VeryCOmfortablemarglnineachofthesecategories．Therefore，JapaneseJuniorhighstudentscan

be90nSideredinternationallytohaveexcellentperforman？einalgebra，g？Ometry，PrObability／
StatlSticsandmeasurement．Incidental1y，DutchstudentsarelnSeCOndplacelnmathematics．

Figure2－1－1PerfbrmanCeOfElementaryandJuniorHighSchooIStudentsinMathematics：
InternationalComparison
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See Table　2－ト1
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AsfhrasseniorhighschooIstudentsanconcemed，Japanesestudentsarerankedsecondineach
CategOry（Sourcel，Figure2－1－2）．However，itcannotnecessarilybeconclude丘．omthisfactthat

theperformanceofJapanesestudentsdeclinesrelativelyastheymovefromJuniorhightosenior
highschooIs．Infact，Japanesestudentperfbrmanceexceedstheinternationalstandardineach
CategOry，eVenthoughitisonlyinsecondplace．Furthermore，JapanesestudentsareCloseto

HongKongstudents，ranked伝rst，inallcategoriesbutnumericalsystemsandanalysis．In

makingsuchcomparisons，diffbrencesincurriculaneedconsideration．Ifyouallowfbrsuch

diffbrencestoberepresentedbythepercentageofstudentsstudyingeachcategoryofsu叫ect，
COuntrieswithlargenumberofstudents studyingalgebraandanalysistendtohavegood
Perfbrmancesasregardsthesetworespectivecategories（Sourcel）．

Figure2－1－2PerfbrmanceofSeniorHighSchooIStudentS
inMathemadcs：InternatiorlalComparison
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Concerningperfbrmanceinscience（Sourcel，Figure2－1－3），Japanisranked丘rstattheprimary

levelalongwithSouthKorea，andsecondatthejuniorhighlevel，WithHungaryholdingasmall
edge・Attheseniorhigh1evel，JapanesestudentsintheSocialScienceandHumanities－Focus
groupareinthirdpositioninrequiredscience，WhereastheNaturalScience－fbcusedgroup
Students arerankedbetween5th andllth．Nointernationalscores are availablein science．

Comparedwiththecorrectanswerpercentageofthecountryatthetop，Jqpantrailsbymorethan
10polntSinallcategoriesbuttotalsciencesubjects，andinbiologyandchemisby，themarglnS
exceed20polntS．ThesefactssuggestthattheperfbmanCeOfJapanesestudentsisrelatively
lowerinscienceathighereducationallevels．StudentsintheU．K．，SingaporeandHongKong，
Onthe contrary，Show top－1evelperformance at the end oftheir secondary education，
notwithstandingfhidymediocpescoresinelementaryandjuniorhighschool（Sourcel）．

ItiscurrentlypointedoutthattheperformanceofJapanesestudentsdeclinesrelativelyasthey
growolder，andthattheircorrectanswerpercentagesareconsiderablylowerinsubjectscalling
fbrmuchthinkingthaninsubjectsfbcuslngOnCalculation．Itistruethattheperfbrmanceof
Japanese studentsis generally at a highlevel，but problems remainin maintainlng that
PerfbrmanceathighereducationallevelsandinnurtunnglnStudentsamorecreativeability・

Figure2－1－3PerformanCeOfPhmaryandSecondarySchooIStudents

inScience：InternationalComparison
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Note：

（1）TheIEA（IntemationalAssociationfortheEvaluationofEducationalAchievement）is anintemationalacademic

researchbody establishedin1960，COmPOSedofeducationalR＆D organizationsrepresentlngmembercountries and

speCiallyrecognizedindividualS．Currently，31organizationsin28countriesaremembersofthisacademicsocietywith

itsheadquarterlocatedatStockholmUniversityinSweden・

（2）OullineofresearchconductedbytheIEAisasfollows；

1乃〟の九g〝ltがicJ：

20countricsincludingJapan，theU・S・andFranceparticIPatedinthisresearchconcemingthefbllowingtwogroupsof
Students．

（a）Studentsinagradecomposedforthemostpartofl3year－01ds（correspondingtojuniorhighschooIstudents）・
（b）StudentsdirectlybeforeentranceintocollegesanduniversitieswhoregulaTlyreceivelessonsofatleast5unithours
perWeekinmathematics（correspondingtojtmioThighschooIsmdenlS）・

Theresearchwasconductedfrom1980to1982（inFY1980inJapan）．Thenumberofstudentssu句ecttotheresearch

differs by country・Inthe case ofJapan，8，091junior high schooIstudents and7，954senior highschooIstudents
participatedintheresearch．ThetotalnumberofpartlClpantSWaSabout80，000inJuniorhighschooIsandatnut45，000
in senior highschooIs．

1柁∫cig′妊gJ

22countriesincludirLgJaparL，dleU．S．，theU．K．andCanadapar（icipa［edintheresearchconceming血efollowing血ree

groupsofsmdents：

（a）StudentsinagradecomposedforthemostpartoflOyearTOlds（elementaryschooIpupils）．

（b）Studentsinagradecomposedforthemostpartof14year－01ds（juniorhighschooIstudents）．

（C）Studentsinthefinalgradeofthesecondaryeducation（seniorhighschooIstudents）．
Theresearchwasconductedfrom1983to1986（inFY1983inJapan）．Thenumberofstudentssu句ecttotheresearch

differsbycountry・InthecaseofJapan，7，924elementaryschooIpupils，7，610juniorhighschooIstudents aJld6，5胼）
SeniorhighschooIstudentsparticIPatedintheresearch．ThetotalnumberofpartlClpantSWaSabout72，000inelemen（ary
SChooIs，73，000inJuniorhighschooIs and54，000inseniorhighschooIs．Allofthe above datawere adoptedfrom
Sourccl．

2・1・2DiffusionofPersonalComputersin蹄imaryandSecondaryEducation

TheinstallationofpersonalcomputersforpedagoglCPurPOSeSatthepnmaryandsecondary
levelsis expected toenhance studentinterestin andfamiliarizationwithcomputers and
COnSequentlytostrengthentheirinterestandknowledgeinscienceandtechnology．Itisalso
usefulindeveloplngPrOfessionalskillsfromanearlystageinordertomeettheincreaslngSOCial
demandforinformationenglneerS．

Ithasonlybeenseveraly？arSSincetheMinistryofEducationadoptedthediffusionofcomputer
relatededucationatthepnmaryandsecondarylevelsasanationalpolicywithbudgetallocation．
Actually，gOVernmentalsubsidiesfortheinstallationofcomputersinpublicelementaryandjunior
highschooIsstartedinFY1985・Therefbre，aSOfMarChl989，21・6percentoftheelementary
SChooIsand44・8percentofthejuniorhighschooIsareequlPpedwithcomputersforpedagoglC
PurPOSeS・However，theaveragenumberofcomputersperschoolisonly3．Ofbrelementary
SChooIsand4・3forjuniorhighschooIs（Source2，Figure2■1－4）．

IntroductionofcomputersforpedagoglCPurPOSeSincommercialandtechnicalcoursesatthe
SeniorhighschooIsisgrowing・珊eabove－mendonedsupportactivitiesforpublicschooIsstarted
inFY1983fbrvocationalseniorhighschooIs，andinFY1985forotherhighschooIs．These
SuPPOrtaCtivitieswereextendedtopnvatevocationalhighschooIsinFY1985．Asaresult，96．3
PerCentOftheschooIsareequlPPedwithcomputersforpedagoglCPurPOSeS，buttheirnumber
remainsatarncdestlevelof25．5perSChool．

WiththeexpectationoffurtherexpansionofcomputerusefbrpedagoglCPurPOSeS，the
improvementofin－SerVicetralnlnghasbeeninprogressinordertodevelopcomputerrelated
abilidcsofteachers．
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Figure2－1－4InstallationofComputersfbrPedagogicPurposesinPhmaryandSecondary
SchooIs

∞

　

　

　

1

5

　

　

　

1

0

巴
台
邑
∈
O
U
u
O
h
苫
∈
ゴ
之
亀
巴
空
々

nimaけ
School

JuniorHigh

School

Source：Ministry of Education，

See Table　2－ト4

SeniorHigh

School

Schoolfbr

SpecialEducation

2．1．3Information－RelatedCoursesinSeniorHighSchooIs

AsaformOfvocationaleducationinseniorhighschooIs，eXPanSionofinformationscience
relatedcourseshasbeenpromotedtomeetsocialneeds．Thenumbersofcoursesrelatedto

informationtechnologyanddataprocesslngandofhighschooIstudentsinthesecourseshave
bothincreasedbyalmost3times丘omFY1980to1989（Source2，6gure2－1－5）．

SocialneedsforenglneerSininformationsciencerelatedsectorsanexpectedtoincreasefurther
inthefuture．BecauseoftheexpansionoftheseinformationscienceanddataprocesslngSu旬ects，
the短usofhumanreSOurCedevelopmentinvocationaleducationisexpeCtedtochange．
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Figure2－1－5NumbefsofInfbrmationScienceCoursesandStudentsinHighSchooIs

NumberofCources NumberofStudents

1980　　　　　1985　　　　　1986　　　　　1987　　　　　1988　　　　　1989

FiscalYear

Source：Ministry of Education，一・Report of Basic Survey on SchooIs一一・Various editions

See Table　2－1－5

2．1．4TechnicalCoursesinSeniorHighSchooIs

Oneoftheeducationalbasesforscience andtechnologylSenglneerdevelopmentcourse，

Particularlytechnicalcou誓eSinseniorhighschooIs・Figure2－1－6（Source2）showsuschanges
inthenumberofstudentslnteChnicalcoursesandtheirshareinthetotalnumberofhighschooI
Students．ThenumberofhighschooIstudentsinindustrialcourseshitapeakin1965atover
620，000．Atthistime，thosewhohadbeenborninthebaby－boomperidjustafterWorldWarII
Wereinhigh schooIs．Inaddition，thenumberandrateofenrollmentinhigh schooIsboth

recordedsharplnCreaSeSinthe1960’S．Thepeakreflectssuchsocialbackgroundatthattime．

TheratiooftechnicalhighschooIstudentstothetotalnumberofhighschooIstudentsincreased
unti11970，Whenithitapeak，andhasbeendecliningeversince．This5－yearlagbetweenthetwo

PeakscanbeexplainedbytheremalnlngattraCtivenessoftechnicalcoursesinthatperiod．

AstheJapaneseeconomygrewrapidlyalarge－SCaledemandinindus打yfbrengineersand

techniciansfollowed．Inordertorespondtotheseneeds，alargenumberoftechnicalcourses
WereneWlyestablishedatthatsametime（Source2，Figure2－1－7）．Thepeakintheestablishment
COrreSPOndstothatofenrollment，atWhichpolntthenumberoftechnicalhighschooIcourses
exceeded925，aCCOuntingforlO・7percentofthetotalhighschooIs．Thispercentagecontinuedto
Climbevenafterthat，hittingapeakatll・Opercentin1975・Personnelthusprovidedbytechnical
COurSeSCantXSaidtohaveplayedanimpqtantrole，fillingsocietalneeds．
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Figure2－1－6NumberofHighSchooIStudentsinIndusbialCourses

ThousandPersons Percentage
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Source：Ministry of Education，”Report of Basic Survey on SchooIs’．，Various editions

Scc Tablc　2－ト6
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Figure2－1－7NumberofTechnicalCoursesinSeniorHighSchooIs

NumberofCourses Percentage
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Sce Tablc　2－1－6
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Thesituationinthe1960．sisrepresentedbytheH7：3educationalpolicy‖adoptedbycertain

Prefbctures・The7：3policymeantplacing7studentsintechnicalcoursesfbrevery3studentsin

generalcoursesandisaclearreflecdonofstrongemphasisonv∝ationaleducationinthisperid・
However，aStheenrollmentrateincollegesanduniversitiesincreased，ahigherpercentageof
StudentscametoseekentrancetogeneralhighschooIs．Consequently，aSmentionedabove，the
numberofstudentsintechnicalcourseshasbeendeclining，CauSlngadropintheirshareOfthe
totalnumberofhighschooIstudents．

Thedeclineinthenumberofcoursesandstudentshascometoatemporaryhalt，aSthesecond
baby－boomgenerationiscurrentlyofhighschoolage・However，aSharpdropinthenumberof
highschoolagestudentsafter1995isexpectedtobringaboutarapidreductionofstudentsin
technicalhighschooIs，WhichinturnWillbringasevereshortageofenglneerSandtechniciansto

meetfuturesdemandinindustry．

2．2　Higher Education

2・2・l NumberofApplicantsfbrUniversityAdmission

Thissectionexamfneschoiceofacademicdepartment（SeeNote）madebythoseseekingeptrance
tohighereducatlOnalinstitutions（Referepce2，Source2，Figure2－2－1）・ApplicatlOnfor
departmentsrelatedtoscienceandenglneennglSanindicatorofcommitmenttoscienti丘cand
technologicalfields・Figure2－2－1showsfluctuationsinthenumberofapplicantsforenglneenng
departmentsfrom1965to1989，increaslnginthelate1960．S，graduallydecreaslngunti1thelate
1970．S，SharplyrlSlnguntilthelate1980’S，anddecliningafterhittingapeakin1988．The

increaseinthelatel9601scanbeexplainedbyaneconomicboomandexpansion，theconstant

declinefromtheearly1970’sbyarecessioninthemanufactunngindustryduetotheoilcr顛S・
andtheupwardtrendintheearly1980．sduringaperiodofeconomicprospenty．However，ln

1988and1989，despitefavorableconditionsfbrmanufacturersandconsequentlyforgraduates

ffom englneenngdepartments，fbwerstudentshave appliedtothesedepartments．Similar

tendenciescanbeNotedforapplicantsofnaturalsciencedepartments．Applicantsforenglneenng

departmentSareeStimatedtodecreasefrom133，000in1987to118，000in1989，downbyll

PerCent．AsfhrasnewhighschoolgraduatesareCOnCerned，aPPlicantsdeclinedby13percent，

downfrom93，OWto81，000．Applicantsfbrphysicalsciencedepartmentsarealsoestimatedto
decreasefrom17，0（泊in1987to14，OWin1989，downby15percent．Themoveawayffom
SCience andenglneerlngthereforbegins as early applicationforentrance to colleges and
unlVerSltleS．

Theshareofq）Plicantsforeconomics，lawandcommercedepartmentsinthetotalnumberof
applicantsfbrcollegesanduniversitiesshowedanupwardtrendintherecessionperiodfromthe
mid－1960’stothelatel970’S，butitremainedflatorevendeclinedslightlyaftertheearly1980’S．

Recentlyhowever，aPPlicantsforthesedepartmentShavebeenincreaslngagalnSince1986，
COntrarytOthecaseofscienceandenglneenngdepartments．

Note：NumbersofapplicantSforselecteddepartmentswereestimatedbasedonthestatisticsonthenumberofsubmitted

applications reportedin the”Report on Basic Survey on SchooIs・”The estimation concerns englneerlng，physical

SCienceandscienceandenglneenngfbrscienti丘cdepartmeIltS，andlaw，eCOnOmics，COmmerCeandmanagementforsocial

SCienceaJldhumanitiesdepartments．
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Figure2－2－1ApplicantsforCollegesandUniversitiesbyDepartments
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2．2．2HigherEducationEnrollment

EnrollmentstatiSticsforcollegesanduniversities（Source2，Figure2－i－2）showanupYardtrend
inthelate1970－S，aremalnlngStatictrendafterapeakinl978，andarapidincreaseslnCe1985．
Theupwardtrendinthelate1970－scanbeattributedtoexpanSionofcq）aCitiesincollegesand
universitiestocopewiththerisingenrollmentrates，Whereastheincreaseinthelate1980■sis

mainlyduetohighereducationalachievementespeciallyofwomenandofimprovedconditions
forrecelVlngStudentsincollegesanduniversities．Infact，thetotalnumberofstudentsinFY
1985wasll・5percentlargerthaninFY1980，Withwomenrecordingasharperincrease（25．1
PerCent）thanmen（6．9percent）．

Inexaminingthetrendbydepartment，thereare7groups；6departmentgroupsandothers（See
Note）・Figure2－2－3（Source2）indicatesnumbersofstudentscalculatedinthisway．Thesocial
SCiencegrouphasthelargeStnumberofstudentsfbllowedbyenglneenng，humanities，health
SCience，agricultureandphysicalsciences．ItischaraCteriSticinJapanthattheenrollmentins∝ial
SCiencedepartmentSistwiceaslargeaSinenglneeringdepartmentSWhichranksecond．StatiStics
alsosuggestthatthenumberofstudentsinsocialsciencesandhumanitieshaverecordedan
increasesimilartOtheincreaseinthetotalnumberofcollegeanduniversltyStudentsinthelate
1980’S・Inotherwords，theincrementinthetotalnumberofstudentsinthisperiodismostly

PrOducedbyincreasesinsocialsciencesandhumanities．Inthesameperiod，enrOllmentsin
englneenngandphysicalscienceshaverecordedrelativelysmallincreases．Thistrendbecomes
ClearerwhenwelookatthechangesinenrollmentfromFY1985to1989．Totalenrollmentrose
byll．2percentinthisperiod．Bydepartment，thenumberofstudentsincreasedby17．6percent
inhumanities，13．2percentin socialsciences；bothexceedingtheaveragerateofgrowth．
EnrollmentsrosebylO．2percentinenglneenng，8．2percentinagncultureand7．2percentin
Physicalscience，Whichareallbelowtheaverage．InthecaseofhealthsciencedepartmentS，
enrollmentdroppedbyO．1perCent．ThistendencyseemstoreflectthecapacltyOfeachcollegeor

universlty．

Note：DepartmentsaredividedintothefollowlnggrOuPS・

Humanitiesgroup：literature，history，Philosophyetc・

Socialsciencesgroup：lawandpolitics，COmmerCeandeconomics，SOCiologyetc．

Naturalsciencesgroup：mathematics，Physics，Chemistry，biology，earthscienceetc・

Engineermg group：meChanicalenglneerlng．electricaland telecommunication englneerlng，Civil and construction

englneerlng，aPPlied cherrlistry，apPlied mathematics，aPplied science，atOmic englneenng，mineralogy，metal

englneerlng，伝berenglneerlng，Shipenglneerlng，aViationenglneerlng，business englneerlng，teChnicalartetc・

Agriculture group：agnCulture，agrlCulturalchemistry，agrlCulturalenglneerlng，agrlCultural economics，forestry，

WOOdcraft，VeterlnaryaJldstockbreedingscience，fisheryetc．

Healthsciencesgroup：medicalscience．dentistry，Pharmacology，nurSlngSCience，SpeCializedmedicalsciencesetc・

0thers：merCantile marine，housekeeping（domestic science，fbod science，Clothing，housing，Child science etc・），
education，artetC．

2．2．3ExpendituI℃forEducationandResearchinCollegesandUniversides

EducadonalinfrastruCtureCanbeassessedintermSOfexpendituresforeducationandR＆D．The

e坤anSionofhighereducationinnationalandpubliccollegesanduniversitiesisreflectedinnslng
expenditures for education and research．Asshownin Figure2－2－4（Source2），SuCh
expenditureshaveincreasedmostslgnificantlyfrom1975to1980，uPbyalmost550billionyen
innominalterms．Rom1970to1987，theperiodinwhichdatahavebeencollected，eXpenditures
foreducationandresearchroseby5．1times．Innominalterms（Note2，Figure2－2－5），however，
ithasincreasedby2．2times，duemainlytotheinnationwhichaccompaniedtheoilcrises・In
lightoftheriseinenrollmentbyl．5times，eXPendituresperstudenthaveincreasedbyaboutl・5
tlmCS．

I．00kingatexpenditurebydepartment（Note3，Figure2－2－5），hospitalsattachedtouniversities

notonlyspendanincreaslngamOuntOfresourcesbuttheirshaminthetotalexpenditureislarger
thanthatoftheotherdepartmentS．Thisisbecausefundingfornationalcollegesanduniversities

comeshmtheSpecialAccountfbrNadonalSchooIswhichispperatedinpnncipleonthebasis
Ofself－SuPPOrtlngaCCOuntlng，andthatincreaslngamOuntOfresourcesarebeingmobilizedfor

activitiestoobtainmoreincome．EIsewhere，departmentsrelatedtonaturalsciencesincluding
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Figure2－2－2NumberofStudentsinCollegesandUniversities
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Figure2－2－3EnrollmentbyDepartmentGmups
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SCienceandenglneennghavesteadilyincreasedtheirshareinexpendituresfbrresearchand

educationsince1980，reflectingtheemphasisattachedtoeducationandresearChinthisdomain．
Ontheotherhand，thesharefbrresearchinstitutesattachedtocollegesanduniversitieshas
I℃mainedsmanandstadc．

ExpendituresfbreducationandresearChinpnvatecollegesanduniversitiesindicatesthatsuch

pnvateinstitutionsarenOlessimportantthannationalandpubliccollegesanduniversitiesin

highereducationirlJapan．Infhct，theyhavebeenspendinglargeramountofresourcesfbr
educationandresearchthannationalandpubliccollegesanduniversitiessincearoundl980

（Source2，SeeFigures2－2－6and2－2－7）．

TheshareofsciencearldenglneeringdepartmentSandothernatural－SCience－relateddepartments

inexpendituresfbreducationandresearChinpnvatecollegesanduniversidesisnotmuchsmaller

thantheirnadonalandpubliccounterparts・Rather，itisthelargeexpendituresinamountandin

ShaminotherdepartPtentS（includingjunior．colleges）that？nStitutesthechara9teriSticofprivate
collegesanduniversltleS・TheexpenditureslnreSearChinstltuteSattaChedtopnvatecollegesand

universitiesandinpnvatetechnicalcollegesareslgnificantlysmallerthaninnationalandpublic
lnStltutlOnS．

Notc：

（1）Thenodonofexpendituresforeducationandresearchisadoptedasitisdifficulttodistinguishbctweenexpenditures
foreducationandexpendituresforreseaTChintheReportofBasicSurveyonSchooIs（Source2）・Asfbrhighereducation，

0nlyexpendituresintheSpecialAccounlfbrNadonalSchooIs訂etakeTIintoconsideration・Asarcsult，Grant－in－AidfoT

ScientificResearch．scholarshipsandreimbursementofdebtsarenotincludedinexpendituresinhighereducation・For

researchex匹ndituresincollegesanduniversities，SeeChapter4・

Theclassificationstandardfor1970isdifferentfromthatofotheryears．Consequently，theclassifiedresultsfor1970

cannotbecomparedwithdataforotheryears・ThisalsoappliestoFigures2－2－6and2－2－7・

（2）GDPdeflatorsareusedaccordingtoEconomicPlanningAgencyrerK）rtS（basedurK・nthe19801evel，RefermCe3）・

（3）hcalculatingexpendituresforeducationatLdresearch，itisimpossibletomakeaSけictclassificationofdepattments，

fbrmanyofthemconcemtwoormoresu叫ects．Inthecaseofnationalandpublicinstitutions，deparbnentsaqeclassified
as bllows：

ScienceaJldenglneerlnggrOuP：Physicalscience，humanitiesandsciences，englnCerlng，basicenglneenng，teClmicalart，
art englneerlng，electricalenglneerlng，mineralogy，fiberlmerCantile marine，・SCience and englneerlng，information
englnecring．

0thernaturalscieTICeSgrOup：agriculture，horticulture，VeterlnarySCience，StOCkbreeding，fishery，lifeproduction，1ife

resources，medicalscience，dentistry，Pharmacology，nurSing－relatedsciences．

OdlerS：al1theodlerdepartmentsanddepartmentsinJuniorcolleges．

ExpendituresarcnotclassifiedaccordingtotheircomponerLtSineachdepartmentgroupsattheUniversltyOfTsukuba．

Thcreforeexpendituresforeducationandresearch丘omthedepartmcntandenrolhentineachofdlegrOuPSisestimated．

Asaresult，38perCentOftotalexpendituresgoestothescienceandcnglneerlnggrOup，28totheothernaturalsciences
group，aJld34perCenttOOtherdepartments・

（4）Reimburs響entOfdebtsisincludedintheexpendituresofprivatecollegesanduniversities，butnotinthatofnational
andpublicinstLbtions．InthecaseofprivatecollegesaJlduniversities，departmentsareclassifiedasfollows．

Scienceand englneermg grOup：humanities and sciences，physicalscience，SCience and engmecqmg，englneerlng，

productionenglneerlng，訂tenglneerlng．

0thernaturalsciencesgroup：hygienic，agriculture，horticulture．d血yfamlng，Veterlnaryandstockbrecdingscience，

Veterinaryscience，agriculturalaJldveterinaryscience，nshery，OCeanOgraPhy，medicalscience，dentisBy．health，

pharmacology，nurSlng，enVironmen【andhealth，aCuPunCmreandmoxaCautery．

0thers：alltheotherdepaTtmentSanddepartmentsinjuniorcolleges．
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Figure2－2－4ExpendituresforEducationandResearChinNationalandCollegesandUniversities
byDepartment（nominaltems）

Fiscalyear
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Figu陀2－2－5Expenditu陀SforEducationandResearchinNationalandPublicCollegesand

UniversidesbyDepartment（share）
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Figu柁2－2－6ExpendituresforEducationandResearchinPdvateCollegesandUniversitiesby

Department（nominalterms）
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Figure2－2－7ExpendituresforEducationandResearchinPrivateCollegesandUniversitiesby

Department（Share）
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2．3　Employment ofHigher Education Graduates

2．3．1EmploymentofUniversityGraduates

Educationincollegesanduniversitiescanbeevaluatedbylookingatemploymenttrendsof

graduates・AccordingtoresearChontheemploymentofgraduatesfromscienceandenglneenng

departmentsconductedfrom1965through1988，68percentofgraduateswereemployedinthe

manufactunngsectorinl970．Thispercentagedroppedto43percentin1979，reCOVeredto57

PerCentinl985，butdeclinedt051percentinl988．

Recenttrendsindicatethatrelativelysmallernumberofgraduatesfromscienceandenglneenng

departmentsareemployedinthemanufactunngsector，COmParedtothoseemployedinthe

bankingandinsurancesector．Thistendencyalsoemergedatthetimeoftheoilcrisisandthe

ensulngperiodofeconomicI℃CeSSion，formanufhcturerswereobligedtoreducetherecruitment

activities・However，itistypicalinrecentyearsthattheincreaseinemploymentofthose
graduatesinbankingandinsurancesectorsistakingplaceagalnStthebackdropofactive
recruitmentinthemanufactunngsector・ThisIeneCtSatendencyofalienationofscienceand
englneerlnggraduatesfrommanufacttnngsectortowardsservicesectoremployment・

Figure2－3－1EmploymentofScienceandEngineeringGraduates
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See Table　2－3－1
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2．3．2EnrollmentinGraduateSchooIs

EnrollmentinmastetsdegTeeCOurSeS（Source2，Figure2－3－2）hasbeenincreasingsincel979
to58，200in1989，uPbyl，600丘omthepreviousyear・Enrollmentoffbreignstudentsand
PreViouslyemployedstudentsismainlyresponsiblefbrtheincrease・BydepartmentgrOuP
（NOTE，Source2，Figure2－3－3），StudentsinengineeringdepartmentShaveincreasedsince1979
to26，800in1989，aCCOuntlngfor46percentofthe totalstudents．Unlike the caseof

undergraduates，thistrendapparentlyreflectsfavorableconditionsinthemanufhctunngSeCtOr
andtheriSingdemandforstudentswithsQPhisticatedprofbssionalknowledge・

EIsewhere，thenumberofstudentsinagriculturaldepartmentshasfluctuatedconsiderably；ithad
beengrowlngafterl980，butafterpeakingat5，5（泊in1987，hasdeclinedt03，8（泊in1989．This

SeemStObeduetotheadoptlOnOf6－yearundergraduatecoursesinvetennarydepartmentS・In
Otherfhcul丘es，thenumberofstudentshasremainedneadysteady・

Thenumberofstudentsindoctoratecourses（Source2）hasincreasedyearly，reaChingthe
27，（X沿markin1989，uPbyl，2（泊fromthepreviousyear．

BydepartmentgrOuPS（NOTE，Source2，Figure2－3－4），Studentsinhealth－relateddepartmentS

POtOnlyhavealargeshare（43percentinl989）inthetotalnumberofstudents，butarealso
lnCreaSingsteadily（1，500in1989）・WithinthesedepartmentS，medicalsciencetakesupthe
largeStPrOPOrtion（79percentin1989）．

Inotherdepartmentgroups，englneenngandphysicalsciencedepartmentshaveexperienced

Slightnuctuations．InthecaseofenglneenngdepartmentS，thenumberofstudentshaddropped
from2，600in1977to2，200in1987，buthasregaineditsupwardtrendandreached3，9胼）in
1989．Thesetrendsindoctoratecourses，aSinthecaseofmasterscourses，Seem tOreflect

favorableconditionsinthemanufacturlngSeCtOrandtherisingdemandforstudentswith

SOPhisticatedprofbssionalknowledge．AsfortheothergroupsofdepartmentS，therehasnotbeen

SignificantchangeSinenrollment．

Figure2－3－2NumberofStudentsinGraduateCourses
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Figu柁2－3－3NumberofStudentsinMaster－sCourses
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Figure2－3－4NumberofStudentsinDoctorateCourses
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Note：Consideringactualindus肺lstruCture・graduatecoursedepattmentsareclassi伝edintothefbllowlnggrOuPS；

Humanities＝literature，history，philosophyetc・

Socialsciences：lawandpolitics，COmmerCeandeconomicsetc．

Physicalsciences＝mathematics，Physics，Chemistry．biology，earthscience．atomistics．

Engineermg：meChanicalengmeerlng・electricalandlelecommunicationenglneerlng，CivilandconstruCtionengmeerlng，
applied chcmisBy・atOmisticengineering・mineralogy・metallography，fiber engineering，Ship engineering，aViation
englneerlng，businessenglneerlng．teChnicalartetc．

Agriculturalsciences：agrlCulture，agriculturalchemistry・agriculturalenglneerlng，agriculturaleconomics，forestry，
WOOdcraft，Veterlnaryandstockbreedingscience，fisheryetc．

Healthsciences：medicalscience，dentlStry．phamacologyetc・

Others：merCantile marine・housekeeplng，food science．clothing．houslng，Child science．pedagogy，teaCher
development，athletics，art，design，muSic，SOCialandnaturalsciences，humanitiesandsocialsciencesetc．

2．3．3NumberofDegreesConftrred

Thenumberofdegreesconfbrredtostudentsnotonlyshowstheextentofsuccessineducation
butisalsoanindicatorofhumanreSOurCedevelopmentforscienceandtechnology．Furthermope，
thenumberofdoctoratedegreesconfbrredisanindicatorofscientificandtechnologiCalactivities
inthattheyareconfbrredasrecognitionforachievementsofsophistiCatedresearch．

22，354master’sdegreeswereconfbrredinl986（Source3，Figure2－3－5），uPfromll，605in

1971，WhichmeanSthatthenumberhasdoubledin15years．Engineeringdepartmentsconferred
thelargeStnumberofmaster．sdegrees（10，361）in1986，fbllowedbyhumanitiesandsocial

SCiences，Physicalscience，agnCulture，PharmaCOlogyandhealthscience，andartandscience

（Figure2－3－6）．Theorderhasnotchangedsince1971，buttheshareOfengineeringdepartments
hasincreasedfrom43percentinl971to46percentin1986，reflectingachangeinenrollment．
Theincreaseinthenumberofmaster’sdegreesconferredinenglneenngWaSreVerSedin1973

andin1979，PrObablyasaresultoftheoilcrises．

8，533doctoratesdegreeswereconftrredin1986（Source3）．Doctoratedegreesinmedical

SCiencestakeupthelar亭eStShare（49percent）inthetotalnumberofconfbrreddegreeswith
4，215，followedbyenglneenng，Physicalscience，dentistry，agnCulture，Pharmacologyand

healthscience，andhumanitiesandsocialsciences（Figure2－3－7）．Asinthecaseofmasterls
degrees，thenumberofdoctoratedegreeshasalmostdoubledinl5years，from4，407in
1971．Thesharefbrmedicalscienceshasincreasedfrom41percentin1971to49percentin
1986．Asmallershareforhumanitiesands∝ialsciencesmaytxBeXPlainedbydiffbrenceins∝ial
needsandinthepracticeofconferringdegrees．

5，281dissertationdoctoratedegreesin1986（61．9percentofthetotal）wereconfbrredthrough

Submissionofadoctoratetheses（Source3，Figure2－3－8），rePreSentingl．5timesasmany
degreesconfbrredthroughactualcompletionofcourses・Medicalscienceshasthelargestshare

（51percpnt）inthetotalnumberofdissertationd∝tOratedegreeswith2，713，fbllowedby
enpineenng，agriculture，dentistry，PharmacOlogyandhealthscience，andhumanitiesandsocial
SClenCeS・Theshareofmedicalscienceroseby6pointsinl5yearS，fmm45percentinl971・
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Figure2－3－5NumberofDegreesConfbrred
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Figure2－3－6NumberofMaster’sDegreesConftrred
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Figure2－3－7NumberofDoctorateDcgreesConfbrred
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Figure2■3－8NumberofDissertationD∝tOrateDegrecsConfbrred
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Sources：

（1）NationalInstituteforEducationalResearch，’’InterimRepononthe正AInternadonalSurvey

OnEductioninMathematicsandScience，”1988．

（2）MinisbyofEducation，’’BasicResearchReportonSchooIs（HigherEducationInstitutions），

’－1965－1990．

（3）ResearchCenterfbrUniversityEducation，HiroshimaUniversity，．’CompilationofHigher

EducationStatiSticalData，’．1989．

Re缶rcnces：

（1）Minis叫OfEducation，”EducationPoliciesinJapan，FY1990，’f1991．

（2）NationalInstituteofScienceandTechnologyPolicy，HOnChoicesofHighSchooIGraduates
SeekingEntrancetoCollegesandUniversitiesH（NISTEPREPORTNo．12），1990．

（3）EconomicResearchInstitute，EconomicPlanningAgency，T’ReportonNationalAccounts．‖

（4）NationalInstituteofScienceandTechnologyPolicy，HOnEmploymentofScienceand
EngineeringGraduates”（NISTEPREPORTNo．1），1990．
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CHAPTER3

SUPPORTS FOR R＆D

SupportsforR＆DrefbrmainlytofinancialsupportprovidedtoinstitutionsengagedinR＆D
activities．AcharacteristicofR＆DactivitiesinJapanshowsthepnvatesectorconductsR＆D

activitiesuslngmOStlyindusBialresourceswithlittlehelpfromothersectors・lnfhct，R＆D
resourcesprovidedbythegovernmentfbrthepnvatesectorrepresentlessthan2percentofthe
totalbudgetforscienceandtechnologyinJapan・Bycontrast，incollegesanduniversitiesand
nationalresearchinstitutes，R＆dactivitiesare丘nancedbygovernmentalR＆Dexpenditures，

securedinthebudgetfbrscienceandtechnology・MostR＆Dactivitiesintheseacademic
institutionsarenotdirectlyregulatedbymarketeconomypnnciples・Promotlngthistypeof
academicresearchthereforecallsforpublic suppor（・Inaddition，丘nancialsupport丘om
foundationsandtheactivitiesofacademicorganizationssuchaslearnedsocietiesalsoconstitute

socialsupportsforscienceandtechnology，SPeCi丘CallyforacademicresearCh・Inthecontextof
non一丘nancialsupportformthepublic，learnedsocietiesareimportantinthattheyprovideaforum

forresearchexchangeamongscientistsandenglneerS・Thesefunctionsareconsideredto
SuPPlementpublicsupportforacademicresearch・Inthischapter，Sectionlcoversthebudgetfor
SCienceandtechnology，WhileSection2discussesnnancialsupportsforR＆Dactivitiesfbm
variousfoundations．

3．1Governmental Budget fbr Science and Technology

InJapan，thebudgetfbrsctenceandtechnologyconsistsoftheGeneralAccountandSpecial
Accounts・Thebudgetforscl？nCeandtechnologyincludedintheGeneralAccountisdividedinto
ExpendituresfbrthePromotlOnOfScienceandTechnology，R＆DExpendituresincludedinthe
Energy－RelatedExpenditures，andother R＆D RelatedExpenditures・The followlng are
descnptivedetailsofthescienceandtechnologybudget．

（1）TheBudgetfbrtheProm？tionofScienceandTechnologyconsistsofexpendituresfor
nationalR＆Dfhcilitiesandvar10uSSubsidies．

（2）TheEnergyBudgetforR＆DincludesexpendituresforthepromotionofresearChonatomic
energyforpeacefulpurposes，andoftheR＆Dexpendituresfbrnewenergytechnologyand
energyconservationtechnology．ThisbudgetitemhadbeenpartOftheExpendituresforthe
PromotionofScienceandltchnologyuntil1978，afterwhichitwasestablishedasanewbudget
ltem．

（3）ThecategoryofOtherR＆D－relatedexpendituresincludetheexpenditureforeducational
SuPPOrt，foreconomicassistanceandforsmal1－t0－medium－Sizedenterpnses，amOngOthers．

（4）ScienceandTechnologyRelatedExpendituresintheSpecialAccountsconsistoftheSpecial
AccountforNationalSchooIs，forthePromotionofPowerResourceDevelopment，andforCoal
andOilandAlternativeEnergy，aSWellastheExpendituresfbrR＆DincludedintheSpecial
AccountforIndustrialInvestment．

InJapan，thebudgetforscienceandtechnologyrepresentsabout3percentoftheGeneral
Accountinthenationalbudget，aPerCentageWhichhaschangedverylittleinthepastdecade．Its
ratiotoGNPisO・4－0・5percent・Ontheotherhand，intheUnitedStates，Germany，Franceand
theUnitedKingdom，th¢rati00fscienceandtechnologybudgettoGNPisbetweenl・Opercent

andl・2percent・AsimpleinternationalcomparisononbudgetsfbrscienceandtechnologylS
difnculttomakeaseachcountryhasitsownbudgetsystem．However，itcanbesa丘lysaidthat
inJapan，theratiooftheS＆TbudgettoGNPislessthanhalfthelevelofotherWestem
COuntries，WhichleadsustobelievethatscienceandtechnologylSSeVerelyunderrepresentedin
thenadonalbudget（Notel）．
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InJapan・implementationoflargescaleprq］eCtSSuChasenergydevelopmentandspace

developmenttakesupalargePartOfthebudgetforscienceandteclm0logy・R＆Dexpendituresof
nationalresearchfacilitiesandcollegesanduniversitiesareCOmPletelydependentonthe
governmentalbudget，andtheexpendituressetasidefortheR＆Dactivitiesintheseinstitutions

representsabout50percentofthetotalbudgetfbrscienceandtechnology・Collegesand
universitiesareengagedinacademicR＆Dintheneldofbasicscience，aSWellasinhigher
education，WhilethepnncipaltaskofnationalresearChinstitutesistoconductexperimental
researChinlinewithadministrativeneeds．R＆Dactivitiesintheseacademicinstitutionsarenot

directlyregulatedbymarketmechanismsandhavediffbrentcharacteriSticsfromindustrialR＆D

acdvities・Therefore，thepromotionofacademicresearchcallsaboveallforpublicsupport・

InrecentyearS，OneOfthemaJOrPreOCCuPationsinscienceandtechnologypoliciesinJapanhas
beentheneedtostrengthenbasicresearch・CollegesanduniversitiesareexpeCtedtotakeamaJOr
roleinbasicresearCh，Whereasnationalresearchinstituteshavebeenreorganizedfbrgreater
emphasistowardsbasicresearch・OntheassumptlOnthatthebudgetofnationalcolleges，
universitiesandR＆DinstitutesrepresentadirectsupportfbrbasicresearChbythecentral
government（Note2），about50perCentOfthetotalbudgetforscienceandtechnologyisesdmated
tobespentfbrbasicresearCh・InFY1989，itamountedtoabout910billionyen，rePreSentlng
Only8percentofthetotalR＆DexpendituresinJapan．

Note：

（1）TheBudgetforscienceandtechnologyintotalaccountsforl5perCentOfR＆DexpendituresinJapan．Accordingto

RecommendationNo・ll ofthe CounCilfor Science andTechnology（November，1984），reSearChinvestment should
represent3．5perCentOfnationalincome．

Thereladonbetweennationalincome（M）andgrossnationalproduct（GNP）canbeexpressedasfbllows．

Nl＝GNP－（capitalcorLSumption）－（indirecttax－Subsidy）

ThccomparisonofthescaleofthebudgetforscienceandtechnologywidlNIfollowsdleeXamPlesofthepast．However，
CaPitalcOnSumPtl0n，indirecttaxes・andsubsidiesarealsorelatedtoeconomicactivities，anditisdifficulttoconsiderNI，

Whichleavesoutthosefactors，aSPreCiselyreflectingnationaleconomicactivities．Inthissense，itisbettertodetermine

thescaleofthebudgetincomparisonwithGNP，amethodusedintemational1y．ForFY1989TotalR＆Dexpenditures

Were11，815．5billionyen，thebudgetfbrS＆Twasl，815．6billionyen，NIwas318，342．4billionyen andGNPwas

406，244・9billionyen・Researchinvestmentaccountsfor3・7percentofNI，aChievingthegoalsetbythecouncil，but

mostoftheinvestmentcomesfromtheprivatesector．

（2）The Budget for science aJld technologyis notclassifiedinto categories ofbasic research，aPPliedresearch and

development．Thebudgetfbrnationalcolleges anduniversitiesincludestheResearchGrantProgram andOtherR＆D

Expenditures，WhilesuchexpendituresasSubsidiesfbrCurrentExpendituresinPrivateCollegesandUniversitiesatenot
ClearlydelineatedintermsofchaTaCteristicofR＆Dactivity・

3．1．1GeneralT陀ndsintheBudgetfbrScienceandTechnology

InthepasttwodecadesfromFY1971to1990，thebudgetfbrscienceandtechnology（inthe
GeneralandSpecialAccounts）hasincreasedover6foldinnominaltermS，upfrom3∝用illion

yeninFY1971tol・9trillio一yeninFYl990伊igure3－1－1）・Consideringinnadoninthisperiod
andcalculadngexpenditureslnrealtermsbyusingGNPdeflators（benchmark：1980丘gures），the
growthratefallsdramatiCally．Theincreaseinthebudgethassloweddowninbothnominaland
realtermSinlastlOyearSCOmparedtothedecadeprecedingFY1981．Thisismainlyduetothe
ZerO－Ceilingpolicyadoptedtobalancethebudget，theeffbctsofwhichweremostremarkable
fnDmFY1982to1984．

InthepastfiveyearsfromFY1985to1990，theshareofeachcomponentinthetotalbudgetfor
SCienceandtechnologyhasbeenasfollows；14－15percentfbrnationalR＆Dfhcilities，35－36

PerCentfornadonalcolleg？Sanduniversities（includingsubsidiesforprivateandpublicschooIs），
47－49percent fbr varlOuS Subsidies and governmentalinvestment，andl percentfor
administrationcostandothers（Figure3－1－2）．TheseshareShavechangedverylittleinlast丘ve

yearS．SubsidiesandgovernmentalinvestmentareprovidedforcorporationshavingspeCialstatus

andfbrR＆Dactivitiesrelatedtoscienceandtechnology，andholdthelargeStShareinthebudget
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Figure3－1－1BudgetforScienceandTechnologyinJapan

2
　
　
0
　
　
0
0

1
　
1
　
0

u
U
ト
　
u
O
≡
叫
h
ト

l Nominal

O Real

7172　73　74　75　76　77　78　79　80　8182　83　84　85　86　87　88　89　90

Year
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forscienceandtechnology・Inthelast丘veyearS，eXpendituresfornationalreseamhinsdtutesand

fbrnationalcollegesandun手VerSitieshavebothincreasedslightlyinnominalterms，byaboutl

percentandby2percentrespectively．Butinlightofinflation，thesetwoexpenditureshave
decreasedinrealterms．

Asregardstheallocationofthescienceandtechnologybudgetamongministriesandagenciesin
FY1990，theMinistryofEducationhasthelargeStSharewith47percent，followedbyScience
andTechnologyAgencywith26percent，andtheMinistryofInternationalTradeandIndustry

With13percent（Figure3－1－3）・ExpenditurPSfbrthesethreegovernmentalagenciesrepresent
OVer80percentofthetotalbudgetfbrsclenCeandtechnologyinJapan・Eachoftheother
ministriesandagenciesusesnomorethan5percentofthetotalbudgetforscienceand
technology；theDefbnseAgencywith5percent，theMinistryofHealthandWelfhrewith3
PerCent，theMinistryofAgriculture，ForesbyandFisherieswith4percent，theMinisBYOfPosts
andTelecommunicationswith2percentandtheMinistryofTransportationwithlpercent・These
丘gu陀ShaveremainedalmostunchangedinthepastfiveyearS・
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Figure3■1－2BudgetforScienceandTechnologybyItem
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3．1．2BudgetforScienceandTechnologyinJapanandOECDClassi丘cations

Forthepurposeofintemationalcomparisons，theOrganizationforEconomicCooperationand
Development（OECD），Classi丘esbudgetforscienceandtechnologyinthenationalbudgetintothe
12itemsshowninTable3－A．

Table3－A OECDBudgetClassi丘cationsfbrScienceandTechnologybySocioeconomic

O旬ecdves

1 D evelopm entofagrlCulture，fo restry and nshing

2 Prom otion ofin dustri aldevelopm ent

3 Production and rational useofenergy

4 Transportand telecom m unications

5 U rban an d ru ralplannlng

6 Protection ofthe environm ent

7 H ed th

8 Socialdevelopm entand services

9 E xploration and exploitation ofear th and atm osphere

10 A A dvancem entofresearch

10 B G cneraluniversity funds

11 C ivilspace

12 D ek nce

Table3－B CorrespondenceofJapaneseBudgetforScienceandltchnologyby

GovernmentalAgencytoOECDS∝iocconomicClassifications

1 2 3 4 5 6 7 8 9 10A 10B 11 12

Dict

Science Council

NationalPoliceA gency

Hokkaido D evelop．Agency

D efbnce A gency

Econom ic Planning A gency

Science＆Technology A gency

Environm entA gency

N ational Land Agency

M inistry ofJustice

M inistry ofForeigh Affhirs

M inistry ofFinance

M inistry ofEducation

M inistry ofHealth ＆W elfhre

M inistry ofA gri．，F．＆F．（＊）

M ITI（＊＊）

M inistry ofTransport．

M inistry ofPosts＆Telecom ．

M inislry OfLatY）ur

M inistryofConstru Ction

M in istry ofHom eAぬirs

（＊）：MinistryofAgriculture，Forestry＆Fisheries

（＊＊）：MinistryofIntemationalTradeandIndustry
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AqjustmentsaremadebybudgetiteminordertomakeJapanesegovernmentalagencybudgets
COn℃SPOndtoOECDclassi丘cationsshowninTable3－A．Thisrecalculationisneededtx：CauSethe

itemsineachgovemmentalagencybudgetarenOtneCeSSarilythesameforeach丘scalyear・Table

3－B showsthe relation between the budget of each governmental agency and OECD

Classifications・（ForチneXPlanationoftheclassificationmethodinthecasewhereaministryor
agencybudgetfbrsclenCeandtechnologycorrespondstomultipleitemsseeNote，Reftrences4，

5）．

Figure3－1－4classi丘estheJapanesebudgetforscienceandtechnologyfroInFY1985to1991，

accordingtos∝ioeconomicpurposes．Generalexpendituresforcollegesanduniversitiesholdthe

largestshareinthetotalbudgetfbrscienceandtechnologywithabout50percent，fbllowedby

energywithabout30perCent．Thistendencyhasremainedalmostthesameinthelast丘veyearS・

Figure3－1－5compares budgets for science andtechnologyin OECD member countries

（accordingto1985data）・Eachcountry’sbudgetforscienceandtechnologyca一nOtbecompared

directly because ofdifferencesin financialsystems．Therefore，COmParlSOnis foreach

COmPOnentinthescienceandtechnologybudget．Itisnotablethattheshareofenergyinthe
JapaneSebudgetisthelargestamongmaJOrCOunのesandthatalargeperCentageOfthebudgetis
alsospentforpromotionofresearch．Here，PrOmOtionofresearchmeansitemslOA（promotion
Ofresearch）andlOB（generalexpenditureforcollegesanduniversities）inTable3－Bcombined・
PromotionofresearchhasthesmallestshareamongmaJOrCOuntriesintheU．S．，Wherethe

CategOryOfgeneralexpendituresfbrcollegesanduniversitiesdoesnotexist・Nationaldeftnse
hasthelargeStSharesintheU．S．，theU・K・andFrance，andJapanisrankedlastamongmaJOr
COuntriesinthiscategory．

Figu陀3－1－4BudgetforScienceandTechnologybySociocconomicPurpose
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Figure3－1－5BudgetforScienceandTechnologyinMajorCounbiesbySocioeconomicPurpose
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Note：

TheBudgetfbrscienceandtechnologylSreclassifiedasfollows．

（1）ScienceandTechnologyAgency

ThetotalofEnergy－RelatedExpendituresincludedinExpendituresfbrthePromotionofScienceandTechnologyand

SpeCialAccountfordlePromotionofPowerResourceDevelopmenトーー＞Energy

Sea－RelatedExpenditures andExpendituresforNationalResearchInstitutefbrEarthScienceandDisasterPrevention，

includedinEx四IdituresforthePromotionofScience3ndTeclm0logy一一一＞EarthandAir

Space－RelatedExpendituresincludedinExpendituresfordlePromotionofScicnccl註ndTechnology－”＞Explorationand

DevelopmentofSpaceforCivilianPurrDSeS

RemalnmgItems－一一＞PromotionofReseatch

（2）MimitryofForeignAffahs

Encrgy－RclaはdEx匹nditwe一一一＞Encrgy

RemammgItems－－－＞SocialDevelopmentandServices

（3）MinistryofFinanCe

ExpenditurefbrResearchInstituteofBrewing－－－＞PromotionofIndustrialDevelopment

ReseaqchInstituteofPrintingBu∬eau（SpeCialAccountofPrintingBureau）…＞SocialDevelopmentandServices

（4）MinisけyofEducation

NationalInstitutes（ExpenditureforthePromotionofScienceandTechnology）一一一＞SocialDevelopmentandServices

Contribution to htemationalDeep－Sea Excavation Programme and Expenditures for Observation Activitiesinthe
AntBLrCticArea－－－＞EardlandAir

SpeCialAccountsforPrivate，PublicandNationalSchooIs一一一＞GeneralExpendituresforCollegesandUniversities

RemalnmgItems一一一＞homotionofResearCh

（5）MinisByofIntemationalTradeandIndustry

ThetotalofSpeCialAccountsexceptforSpeCialAccountsfbrAIcoholandforIndustrialInvestment・一一＞Energy

SpeCialResearch（SpaCe）includedinExpendituresfbrthePromotionofScienceandTeclm0logy－－－＞Explorationand
DevelopmentofSpaceforCivilianPurrK）SeS

RemalnlngltemSminusthehalfoftheExpendituresforTheJapanKeyTechnologyCenter－一一＞PromotionofIndustrial

Devclopment

（6）Minis打yofTranSrK）Ttation

Space－RelatedExpendituresincludedinExpendituresfordlePromotionofScienceandTechnology－－－＞Explorationand

DevelopmcntofSpaceforCivilianPurposes

ExpendituresforMeteorologiCalResearchInstitute－－－＞EarthandAir

RemalnlngltemS－－－＞TransportationandElectricalTelecommunication

（7）MimiByofPostsandTelecommunications

Space－RelatedExpendituresincludedinExpendituresfbrdlePromotionofScienceandTechJlOlogy”－＞Explorationand

DevelopmentofSpacefbrCivilianPurposes

RemaimigltemSminushalfoftheExpenditurcsforTheJapanKeyTechnologyCenter－－－＞TrmSPOrtationandElectriCal
Telecommunication
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3．2　Public Support

Direct丘nancialsupportfromvariousfoundationsandindirectsupportfromlearnedsocietiesand
otheracademiccommunides，Whichprovideafbrumfbrresearchexchangeamongscientistsand

englneerS，areCOnSideredassocialsupportsfbrscienceandtechnology・Thesekindofsupports
havefunctionscomplementarytOPublicsupportfbrbasicresearchrelatedtoscienceand

technology．

Ithasonlybeenabout130yearsJapanfirstintroducedtheWestern－Styleacademicsystem・This
relativelyshortperidispartlyresponsiblefbrtheinsufncientpublicsupportandunderstanding
inJapanconcernlng aCademicresearch．Internationalcontributions throughscience and
technologycallfbradequatesocialsupportsinadditiontogovernmentalsupport・Thissection
analyzestheactivitiesoffbundationsrelatedtoscienceandtechnology，Whosepnncipaltaskare
toprovidehnancialsupport，andoflearnedsocieties，Whichprovideafbrumfbrexchangeof
OPlnlOnSOnSCienti丘cactivities．

3．2．1FoundationsRelatedtoScienceandTechnology

SupportfbrR＆DactivitiesfromvariousfoundationsisconsideredfunCtionscomplementarilyto
Publicsupportforbasicresearchrelatedtoscienceandtechnology．ThehistoryofJapanese
foundationsstartsin1914．However，thosefoundationsintheearlyyearswerepnncipally
engagedinsocialandculturalactivitiesandtheirsupportforscienceandtechnologyhadnotbeen
VeryaCtiveuntilWorldWarII．Support飯）mfbundationsfbrscienceandtechnologywasactive
inthe1960’S，andmanylargefbundationswereestablishedbypnvatecompaniesinthe1970’S．

InJapan，nOn－PrOntCOrPOratebodiesareClassi丘edintonon－PrOntfbundations，SOCialwelfare

COrPOrations，medicalcorporations，educationalfbundations，religiouscorporationsandothers．
Non－PrOfit foundations are usually formed as aggregate corporations orincorporated
fbundations．Incorporatedfbundationsarelargelydividedintosupportivefbundations and
actlVlty－0rientedfoundations．uleformerPrOVidesupportfbrnon－PrOfitactivitiesandarenot
themselvesengagedinactivities．InJapan，mOStOfthesupportivefbundationsprovidesupport
forresearch，butthoseengagedinsubsidizingculturalactivitiesarespnnglnguPreCently．
Activity－0rientedfoundationsconductactivitiesbythemselvesandcanbedividedintoresearCh
fbundationsandgeneralactivityfbundations．Thefbrmercorrespondtotheso－Callednon－PrO丘t
researchinstitutes，WhilethelatterareinvoIvedinactivitiesotherthanresearch．However，the

SituationbecomescomplicatedascertainfoundationsareinvoIvedinmultipletypesofactivities・
Therefore，adoptedisdatacollectedandanalyzedbytheFoundationCenterLibraryofJapan．
Recenttrendsindicatethatmorefbundationsarebeingestablishedthroughnnancingfromlocal
governmentS・SuchfbundationssometimesprovidesupponforresearChinordertopromotelocal
acdvitiesrelatedtoscienceandtechnology．Thissortofsupport，however，isnotincludedinthe

Center’sdata，renderingltCurrentlydifficulttograspthewholepICtureOfresearchsupportlng

fbundations．

ThefollowlngnOn－PrOfitbodiesareconsideredtoconductactivitiesrelatedwithscienceand
technology．

（1）Privatehighereducationinstitudons（establishedaseducationalfoundations）．

（2）Learnedsocietきes（establishedasaggregatecorporationsorcorporatefoundationsaswellas
VOluntarycorporatlOnS）．

（3）Non－PrOfitresearChinstitutes（mostlyestablishedasincorporatedfoundations）．
（4）Research supportingfbundations（establishedmostlyasincorporatedfbundations but
SOmetimesinotherfbrms）．

Foundationsfhllingunderitems（1），（2）and（3）correspondwithindicatorsforcollegesand
universities，leamedsocietiesandprivateresearchinstltuteSreSPeCtively・Therefore，thischapter

dealswithresearch－SuPPOrtingfoundationsfallin箪undercategory（4）・Indicatorsoflearned
SOCiedesinitem（2）willbediscussedinthenextsectlOn．
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Asoftheendofl989，thereareaboutll，800incorporatedfbundationsinJapan・Incorporated
fbundationscantx3dividedbetween”nationalfoundationsHunderthejurisdictiorl0fthenational

governmentand”localfbundations”underthejurisdictionoflocalgovernments．About96

PerCent（246）oftheincorporatedfbundationsarereportedtobemainlyengagedinsupporting
R＆Dactivities・Withinthese，224（about7percentofthetotalresearch－SuPPOrtingfbundations）
are”nationalfbundations”，While22（about4percent）are．．localfbundadonsM．Thetotalnumber

Ofsupportivefoundationsis253，includingoneaggregatecorporationand6socialwelfare
COrPOrations．

Thissectionanalyzes642prqeCtSimplementedby253fbundationsconcernedwithscienGeand

technology・However，takinglntOaCCOuntthefhctthatsomeprq）eCtStakemultipleexecution
fbrms，theaggregatenumberofsuchprqjectsbecomes708（Figure3－2－1）．

Figure3－2－1NumberofSupportFoundationsandScaleofTheirActivities
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□葦霊浩　匡鴫慧霊　－Num．。fOrgs．
Foundation Center Library ofJapan，”Grant－Making OrganizationsinJapan’．

Foundation Center Library ofJapan，一’The Directory of Grant－Making Organizationsin

Japan’’

Thenumberofsupportivefoundationsincreasedinrecentyears．Inparticular，87foundations
havebeenestablishedsincethe1980－Sforthepurposeofprovidingsubsidiesfbrresearch．（The
numberincludesonlythosefoundationswhichhavealreadystartedsubsidizingactivities．）The

totalcostofactivitiesbythesupportivefoundationsamountsto16．87billionyenasofFY1988，
Ofwhich7．27billionyen（about43percent）isspentforsubsidizingresearCh．Thescaleoftotal

acdvitiesisrathersmallcomparedwiththeRes？arChGrantProgramoftheMinistryofEducadon，
butthesefbundationsareaSSumlngamOrelmPOrtantrOleinprovidingresourcesforbasic
I℃SeaI℃h．

Engineenngandmedicalsciencearethetwomostimportantbene丘ciariesfromthesesubsidies

fbrresearch，followedbyphysicalandagnculturalsciences，SOCialsciencesandhumanities．
Researchonenvironment，educationandwelfareisalsorecelVlngSupPOrt．Whenclassi丘edby

SubsidizedprqeCtSaCCOrdingtoresearchsubject，medicalscienceishighest，takingup39．6
PerCentOfthetotalprq］eCtnumberand36．7percentofthetotalresourcesin1989，followedby

englneCnngWith24．1percentand24．7percentrespectivelyandphysiCalscienceatlO．5perCent
andl3．9percent．ThiscompositioninshareSisqulteSimilartOthatofgeneralresearchin
ExpendituresforScientificResearChoftheMinisけyofEducation，Whichprovidesapproximately
thesameamountofsubsidies．
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0therthanreSearCh－SuPPOrtingfoundations，PublictruStShavealsobeenestablishedincreaslngly

inrecentyearstoprovidesupportfbrresearCh・InFY1988，30millionyenwasspentfbr

supportlngSCienti5cresearchby84researChers・InthefieldofmedicalresearChandpromotion
ofmedicaleducation，thesubsidiesamountedtoabout90mⅢionyenfbrl64researchers（FiguI℃

3－2－2）．

Figure3－2－2ResearchFundingSupportSystembyPublicTruStS

Total

Others

ヨ　For schooleduc・
q）

G Scholarship

●J

菩　Environment
よInternational coop・

Medical res．／educ．

Scientific res．

0　100　　200　　300　　400　　500　　600

Million Yen

Source：Support Foundation Reference Center
See Table　3－2－2

鑑鐸FY1988

⊂］FY1987

細FY1985

ThefirstpublictruStWaSeStablishedonlyin1977，andthescaleoffundsandactivitiesofthe

truStSissmal1comparedwiththatofcorporatefoundations．However，thetaskofpublictruStSis

OftensimilartOthepromotionofscienceandtechnology，aStheyareengagedinfacilitatlng

internationalexchange，PreSerVlngtheenvironment，PrOmOtlngSChooleducationandsubsidizing

researCh．ManyPublictruStShavebeenestablishedsince1985，When’一J坤anTruStPrqiectfor

InternationalResearChCooperationHwaslaunchedbyboththeMinistriesofIntemationalTrade
andIndustryandofPostsandTelecommunications．FurthermOre，in1990，一’PublicTrustfbr

DevelopmentofAdvancedTechnologyEngineersH was establishedon the suggestion of
Keidanren．PublicThstsfbrthepromodonofscienceandtechnologyarethusgrowlngSteadily
inscale．

Thescaleofsupportactivitiesfbrscienceandtechnologythroughsupponfbundationsandpublic
truStSismuchsmallerinJapanthanintheU．S．Forexample，thescaleoftotalpropertiesand
activitiesofalltheJapanesefoundationscombineddoesnotevenmatchthatoftheFord
Foundation，thelargegtfoundationintheU．S．HoweverthegrowlnglntereStOfJapanese丘ms

indonatlngandsubsidizingactivitiesglVeSuSenOughreasonstobelievethatactivitiesofprivate
COmPanyfoundationsandpublictruStSWillgalnmuChimportanceinthefuture．Eventhough
theseinstitutionsdonotpossessjuridicalstatus，theyassumethesamefunctionsasthoseof
researCh－SuPPOrtingfoundationsinthattheyprovidepublicsupport．TheseformSOfsupportfor
SCienceandtechnologyareex匹Ctedtogrowinthefuture．
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3．2．2NumberofLeamedSociedesandMembers

TherearemanyreglSteredlearneds∝ietiesnumerousbodieswhichhave－fleamedsocietyHas

theirname，butitisdifnculttoidentifytheactuallyactivitiesascompletedataarenotavailable．
Therefbre，definedas’’learnedsocieties一．arethoseorganizationswhichhavebeenreglSteredas

academicresearchbodieswiththeScienceCouncilofJapan，eitherontheoccasionof－fSurvey
OnAcademicResearChOrganizations”，COnductedeverynveyearSOratthebeginnlngquarterly．

ThenumberofreglSteredlearnedsocietieswas785in1976，1，003in1980andl，236in1986，
foranincreaseofover200ineachperiod．Humanities－relatedsu叫ectsarethemostpopular
amongleamedsocieties，Closelyfo1lowedbymedicalscience．Intotal，2，096，（X氾individualsand
90，∝X）bodiescompnsesuchs∝ieties．Thesenumbersarebasedontheresultsofthe’’Surveyon

AcademicResearchOrganizations”conductedbytheScienceCouncilofJapan，anditmustbe

NotedthatonlythoseacademicresearchbodieswhichmeetcertaincriteriaareSubjecttothe

SurVey（Notel）．

AlargenumberoflearnedsocietiesareinvoIvedinhumanitiesandmedicalscience．Thenumbers

Oflearnedsocietiesengagedinothersu叫ectsamountto151fbrphysicalscience，143for
englneenngand122foragnculture．Concernlngthenumberofindividualmembersinthese
SOCieties，medicalsciencehasthemostwith870，000persons，followedbyenglneenngWith
520，（X泊，humanitieswith250，∝）Oandphysicalsciencewith220，000．Theaveragenumberof
memberspers∝ietyislargestinengineering（3，600members），fbllowedbymedicalscience
（2，500）（Tables3－2－3to3－2－5）．

ChronologlCaldataonlearnedsocietiesisusedintheanalysis．Dataonthenumberoflearned
SOCietiesandoftheirmemtxrsarebasedonsurveysconductedaftertherenovationofthesystem
adoptedbytheScienceCouncilofJapan，andareCOllectedthroughadiffbrentmethodfromthat
Oftheearlierperiod．ItisthereforedifficulttoanalyzechronologiCaltrendsindetail．Theanalysis
isbasedontheestablishmentandnumberoflearneds∝ietieswhichappearonthelatestdata・

TheoldestleamedsocietyinJapanwasestablishedin1878．AldlOughsomeleameds∝ietieshad
alreadybeenestablishedbefbreWorldWarII，themaJOrityhavebeenestablishedafterthewar・
Thepost－WareraCanbedividedintothreeperiods；thefirstperiodextendingfromdirectlyafter
thewartothemid－1950－S，thesecondfromthemid－1950’stoaround1970，andthethird丘om

1970tothepresentday（Figure3－2－3）．

Figure3－2，3TotalNumberofNewlyEstablishedLearnedSocieties
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Thefirstperidcorrespondstotheperidofreorganizationofacademiccircles，Whenthestartof

チneWCOlleglateSyStemWaSaCCOmPaniedbytheestablishmentoflearnedsocietiesinallthe
lmPOrtantSu句ects．Inthesecondperiod，manylearnedsocietieswerenewlyestablishedin

individualdomainssuchashumanitietandmedicalscience・Inthethirdperiod，Since1970，
almostallsu旬ectshaveexperiencedanlnCreaSeinthenumberoflearnedsocietiesinindividual，
neworinterdisciplinarydomains，butthepeakinthenumberofnewestablishmentdiffbrsfrom
bysubject．ForexamPle，inthephysicalscience，eStablishmentofnewlearnedsocietiesis
COnCentratedinthemid－tOlate1970’swhilealargenumberofthelearnedsocietiesinenglneenng

andagriculturewereestablishedintheearly1970－S・However，anincreaslngnumberofleamed

SOCietieshavealsobeennewlyestablishedsincethemid－1980’sconcernlngthelattertwo

Subjects．Alargenumberofnewlearnedsocietiesinmedicalscienceshavebeenestablished
COnStantlysincethemid－1970’S（Figure3－2－4）．

Figure3－2－4NumberofNewlyEstablishedLeamedSocietiesbySu句ect
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See Table　3．2－6

Nole：

（1）Dataareadopted丘omSource8，9・Thestandardforselecdonofleamedsocietiesisnotalwaysclear，butbodieswhich

COnSistofmorethaJlaCertainnumberofindiVidualmembers，havetheirownrules，holdmeetmgsatleastonceayearand

havecontinuedtopublishperiodicalsforacertainperiodareusuallyconsideredasleamedsocieties．Thosebodieswid1

1imitedmembership according tolocalities oralmamatterS arenOtincludedin the survcy・0lherthanthoseleamed
SOCietiescountedintheindicators，thereexistmanymOre SuChas thoserelated tocolleges anduniversities（leamed

SOCietiescomlX）SedofperSOnSCOnCemedwithSpeCificcollegesanduniversities），andthoseestablishedquiterecen［ly．

Classificationbysubjectsisalsobasedontheclassificationinthesourcesused，butthereareslightdiffbrencesindetails．
Compatibilitycanbeassuredonlyatthelargeclassificationlevelinthetext．

Yearofestablishmentisjudgedfromdescriptioninthelates［data．hthecasewhereanleamedsocietyhasbrokenupinto

manySOCieties，thetimeofsepara山）nisadoptedastheyearofestablishment．Forexample，TokyoMathematicsSociety，

theoldestleamedsocietyinJapanestablishedin1877，aflerhavingbeenrenamedasTokyoMathematicsandPhysics

Society andthenlatter renanled astheJapan Mathematics and Physics Socicty to separateinl946intoJapaJI

MathematicsSocietyandJapanPhysicsSociety．Therefore．1946isregardcdastheyearofestablishmenlfbrthesetwo

leamed socicties・Insome cases，dataconcernlng yearOfestablishment arenotaccurate．Forexample，dlelatestdata

includesthosesocieliesestablishedin1986，WhichistheyearinwhichdleSurVeyWaSCOnductedbytheScienceCounCil
OfJapan．Data made public are expeCted toinclude modification and supplemented．Therefore，data on ye訂Of

establishmentareconsideredtohaveonetotwoyearmarglnOferror．
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Sources：

（1）ScienceandTechnologyPolicyBureau，ScienceandTechnologyAgency，HBudgetfor
ScienceandTechnology．”

（2）ScienceandTechnologyPolicyBureau，ScienceandTechnologyAgency，”Scienceand

TechnologyHandbook．’’

（3）OECDScienceandTechnologyIndicatorsNo．3，OECD，（PariS，France，1989）．

（4）SupportiveFourldationsDataCenter，”SupportiveBodiesinJapanSupportive：Handbook，

1988，Commentary，”1988．

（5）SupportiveFoundadonsDataCenter，”SupportiveBodiesinJapan，1990，’’1990．

（6）SupportiveFoundationsDataCerlter，”ReportontheSurveyorlCurrentSituationsof

SupportiveNon－Pro丘tFoundations，’’1989．

（7）SupportiveFoundationsDataCenter，一’ReportonCurrentSituationsofSupportiveNon一

触丘tFoundations（2），”1990．

（8）SecretariatoftheScienceCouncilofJapaned．，’’AcademicResearchBodiesinJapan，

．1988，”PrintingBureau，MinistryofFinance，1988．

（9）SecretariatoftheScienceCouncilofJapaned．，’’EpitomeofLearnedS∝ietiesinJapan，

1981，．’PrintingBureau，MinistryofFinance，1981．

Re缶1℃nCeS：

（1）”WhitePaperonScienceandTechnology，1990，’fScienceandTechnologyAgency．

（2）’’ReportontheSurveyofResearch＆Development’1，StatiSticsBureau，Managementand

C∝血adonAgency．
（3）．’EconomyHandbook，1991，”ResearChBureau，EconomicPlanningAgency

Classincationofbudgetfbrscienceandtechnologybygovernmentalagenciesisbasedon
Re丘柁nCC4，5．

（4）HiroshiTsuboi，”ScienceandTechnologyBudgetinJapan，－ContentsandProcedures－，”

NationalExpertMeetingonScienceandTechnologyIndicators，OECD，December1988．
（5）MasakiTanaka，”RecentTrendsintheJapaneseScienceandTbchnologyBudget：’Nadonal

ExpertMeetingonScienceandTechnologyIndicators，OECD，Decembr1989．
（6）YujiroHayashiandYoshinoriYamaoka，’’FoundationsinJapan，”ChuoKoron，1984．

（7）TsuyoshiKato，”CurrentSituations andProblerTS ConcerningResearch－Supporting

FbundationsinJapan，”Research／Technology／Plannlng，Vol．6，No．1（recentpublication）．

（8）NationalInstituteofResources，ScienceandTechnologyAgency，’’BasicSurveyOnthe

DevelopmentofScienceandTbchnologyIndicators（interimrepwt），”1987．
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CHAPTER4

R＆D ACTIVITIESININDUSTRY，ACADEMIA AND GOVERNMENT

ThischapterpresentsindicatorsrelatedtoR＆Dexpenditures，R＆DscientistsandenglneerS

（R＆DS！E）andR＆DorganizqtionswhichcompriseelementioftheR＆DinfhstruCtサe・
Needlesstosaythesea陀themalnanddirectindicatorsofR＆Dactivities．ThischapterconsIStS

Offoursefdops・Section4・1（”OverviewofR＆DActivities’一）examinesthepresentstateofR＆D

inJapanlntlmeSeriesandattemptstoclarifytrendsthroughinternationalcomparisonthus
touchingontheissueofinternationalcomparisonofR＆Dcapacities．Sections4．2through4．4
analyzeR＆Dactivitiesbyindustry，aCademiaandgovernmentsectors byanalyzingR＆D
expenditures，R＆DS偲andR＆Dorganizations．

4．10verview of R＆D ActivitiesinInternationaI Comparison

ThissectionclarifiesthepresentstateandgeneraltrendsofR＆DactivitiesinJapanregarding
R＆DexpendituresandthenumberofR＆DS／E．TheaimistoclarifytrendsinJapaneseR＆D
activitiesthroughtimeseriesanalysisandintemationalcomparison．

InternationalcomparisonofR＆DactivitiesrequlreSuSlngValuesmeasuredunderidentical
COnditions・Identicalconditionsmeanthatthereisagreementinsuchthingsasdefinitionsand
datacollecdonmethds．HowevertheactualconditionisthatJapanandWestemcounのescannot

besaidtoberTe？SuringR＆DexpendituresandthenumberofR＆DS／E，Whicharethemost
basicR＆DstatlStlCS，inthesameway．JapanandtheWesternCOuntriescantnsaidtoagreewith
thede丘nitionofsuchexpendituresandR＆DS／E（SeeNoteandI℃fbrences3and4）．Howeverthe
twoarenotusingthesamemethodincountingthenumberofR＆DS／E．Hence，WhileJapan
COuntStheactualnumberofR＆DS／EWesterncountriesareuSingtheFul1－TimeEquivalent
（FTE）methodwherebythenumberofR＆DS／Eisestimatedbasedontheiractualworking
hours・FTFsideaistodistinguishbetweenR＆Dandotheractivitiesandmeasurethenumberof
R＆DS偲basedonthetimetheyareactuallyengagedinR＆Dactivides．

Inany sectorofacountry－s science andtechnology system，beitindustry，aCademiaor
governmentR＆Dorganizations，itisdifficulttothinkthatR＆DS／EareengagedinR＆D
activitiesallofthetime・Forexampletheyoftenusetimefbradministrativetasks，teaChingor
meetlngS，etc・WhicharenotdirectlyrelatedwithR＆D・Incalculatingtheactualtimespenton
R＆Dactivities，SuChtimeshouldbeexcludedfromcalculatingequlValentsfortheactualtime
SPentOnreSearCh・Furthermore，itisarguedthatpersonnelexpenditurespaidinrelationtosuch
timeshouldalsobeexcluded丘omR＆Dexpenditures．IfnotthenumberofR＆DS／EandR＆D

expendituresareSaidtobeoverestimated・HenceFTEisbasedontheideaofapproximatlng，aS
Closelyaspossible，thenumberofR＆DS／EandR＆Dexpendituresbymakingadjustmentsto
actual毎upes．

ForexamPle，incalcula血gFTE，areSearCherwhoisspendingallofhisworkinghoursfbrR＆D
activitiesissaidtorepresentl．Thatis，theresearcheriscountedasonewholeunitorissaidto

beworkingonR＆Dactivitiesfulltime・Incontrast，theFrEofaresearcherwhoisalsocanylng
OutOtheractivitiesduringhisworkinghourswillisrepresentedbyavaluelessthanl．Iffbr
example50percentofhisworkinghoursareSPentOnR＆D，theFI℃coefncientwillbeO．50f
thetotalworkinghours．

MostWesterncountriesareuslngFTEcoefncientsfollowlngreCOmmendationssetforthbythe
OECDinl975・Incontrast，JapanistheonlydevelQPedOECDcountrywhichhasnotbeenuslng
FTE・InfactthefiguresreleasedthroughtheJapaneseManagement＆CoordinationAgency
reponsarenotFn三■COnVerted．ThGyhavenotsubtractedthenon－R＆DtimefromtheactualR＆D

S偲activitytime・HencethenumberofR＆DS偲inJapanisanoverestimatewhenlookedatby
OECDguidelines・TheOECDreportofscienceandtechnologyindicators（refbrence5）pointsout
thatthenumberofR＆DS偲inJapanisoverestimatedandmakesaqjustmentsaccordinglyfbrit
andrelatedR＆Dexpenditures・AdjustedinparticulararethenumberofuniversityR＆DS／E．The
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reason glVenfbrthese adjustmentsisone basedonthedefinition ofR＆Dactivities that
educationalandR＆Dactivitiesshouldbeseparated（refbrence4）．

HowevertheOECDmethodisnotwithoutcriticism・Namely，theOECDonlyreportsFTE－
COnVertedfiguresandtheactualnumberofR＆DS！EengagedinR＆Dactivities．Theactual

numのrisimportantwhenexaminingsuchthingsastheeducadonofR＆DS／EandspeCificR＆D
potend止

Basedonthefbregolngdiscussionandinordertoconductinternationalcomparisoninsucha

WayaStOreflecttheactualconditions，thefbllowlngSuggeStionsareoffbred・

1・JapaneseR＆DorganizationscanobtainandreleaseonlyFTEdataortheFTE－COnVerted

numberofR＆DS偲inadditiontotheactualnumber．Thisismadeeasybecausethenecessary

techniqueshavealreadytxensetfbrthinanOECDguideline（refbrence4）．

2・TheOECDcanrecommendmembercountriestostudyandreporttheactualnumberofR＆D
S／EinadditiontotheFTE－COnVertednumbers．

FTE－basedR＆DstatisticshavenotbeenmadeavailableinJapaJltOdate．Thischapterappliesthe

OECDFIちconversionsforJapaneseR＆Ddatainordertoconductinternationalcomparisonsof

R＆DwhichmoI℃aCCuratelyreflectconditionssetfbrthininternationalguidelines．

（1）TheFTEconversionrチtiqsusedwillbeO・7forindustry，0・5fbracademiaandl・Ofbr
governmentalR＆DorganlZatlOnR＆DS！E．ThevaluefbrindustrialR＆DS／Eisbasedon

findings丘omasurveycoverlngPOrPOrateR＆Dorganizations（reference6）・Thevaluesfbr
universltyandresearchorganlZatlOnR＆DS偲arethoseusedbytheMinistryofEducation．

Howeverthese cannot be saidto be approprlate aS they are not basedon findingsfrom

90rPPrehensivesurveys・ForexamPle・inthecaseofR＆DS！Einacademia・Whenconsideration

lSglVent？aSurVeymethodsbytheInstituteofFutureTechnology（refbrence6）ortheMinistry
OfEducatlOn，PrOPerCOefficientscouldbeclosertoO．60rO．7thanO．5．Yetincomparisontol．O
theestimateusingO．5isbelievedtobemoreaccurate．Hence，SirlCethedefinitiveaccuratevalue

CannOtbeobtainedthemostrationalmethodistouseinfbrencebasedonsurvey丘ndingsand

eXperlenCe・

ThenumberofR＆DS／EisFTE－COnVertedthenR＆Dexpendituresareestimatedbyestimating

theR＆DS／E’perSOnnelexpendituresusingaconversionrate．

（2）Onlythem？Stup－tO－datefigur？SWereCOnVerted・ThiswasbecausetheFTE－C？nVerSion
COmPriSedanestlmate．AIso，eStimatlngthemostup－tO－datefigureswillenableestimatlOnOfthe
trendsovertimewithoutconvertlngOtherfiguresfbrotheryears．

（3）Fro聖SeCtion4・20n，analysisisbyindustrial・aCademicandgovernmentalsectorssothat
internatlOnalcomparisondoesnotbecomeimportant．Hencethe丘gureswerenotconverted．In

SeCtion4．1，StatisticssuchasR＆Dexpendituresflows，arenOtCOnVerted．

Nole：

InJapan’’scienceandteclmology”areoftenconsideredtorefertoonlynaturalsciences．Indliscasel’R＆DS偲’’wi110nly

includenaturalscientists．IntheuS．also，thenumberofindustrialR＆DS／Eincludesonlynaturalscientists・Thenumber

ofR＆DS！Einothercountrieshoweverincludesallnatural，Culturalandsocialscientists．

TheManagement＆CoordinationAgencystudy（reference3）definesR＆DS！Easthosewhohavecompletedcoursesin

COlleges（excludingjunior colleges）（Orthosehaving equivalent teclmicalknowledge），havehad atleast twoyears of

researchexperlenCe・乱ndareconductlngreSearChonspeCificthemes．Theyaredividedintofu11－timeandpart－timeR＆D

S／E・Thefu11－timeR＆DS／Ear？mainlyengagedinresearchinsideorgamiationswhileparHimeR＆DS／Earecngagedin
regulardutiesoutsidetheorgaJllZation．ThispapertreatSfu11－timeR＆DS／EasR＆DS／Eandrefbrstotheminconducting

intemationalcomparisons andother analyses．

TheOECD’sFrascatiMaJlual（refere一cc4）usesoccupationalandeducationallevelclassificationindefiningR＆DS偲・
Basedontheoccupationalclassificatl0nitdefinesR＆DS／Easscientistsorengineersengagedinoriginationorcreation

Ofnewknowledge．productsormanufacturlngmethodsandlistslhecorTeSpOndingcategoriesofthestandardintemational
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occupationalclassification・Withtheeducationallevelclassificationitrecommendstheuseoffourclassesbasedon
acqulSltlOnOfcollegedegreesbasedonthestandaTdintemationaleducationalclassihcation・

4．1．1R＆Dexpenditures

SincecountriesarerePOrtlngR＆Dexpendituresintheirowncurrenciesitisnecessarytomake
COnVerSionswhenconductingintemationalcomparisons．InJ坤antheannualexchangerate（IMF
rate）isgenerallyusedwhiletheOECDusespurchasingpowerparity（PPP）figures（SOurCeS2
and3）．DevelopedcountriesalsousuallyusetheOECDmethodininternationallycomparing
R＆Dexpenditures・Economistsandotherexpertshavebeenargulngtheprosandconsofthis
methdanditcannotbesaidthattherehasbeenaconsensus．HoweverthisreportusesPPP
COnVerSions by glVlngCOnSideration to such facts as thatthere are nootherappropnate

COnVerSionmethodsandthatthemethodcanavoidtheefftctsofspeculativeexchangerate
fluctuationsoftheexistingnoatingexchangeratesystemwhichconvertscoun打ycurrenCiesof

PurChasesforabasketofcomparablegoodsintoU．S．dollarS．

（1）R＆DExpenditu陀S

Figure4－1－1isapiechartshowingR＆DexpenditureSbythem可Orindustrialcountries（Notel，

SOurCeSl－6，referencel）．In1989theU．S．overwhelmedothercountriesbyspending￥26．5

trillion（Note2）forR＆D．Japanfollowedwith￥11．8155trillionwhichwasunderhalfthe

U．S．amount．ItwasfollowedbyWestGermany（Note3），FranceandtheU．K．WestGerman
expenditureswas￥5．5trillionwhichwasaroundhalfthengureforJapan．

Figure4－1－1TrendsofNationalR＆DExpendituresinSelectedCounbies
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HereFTE－COnVertedR＆D expenditureS areestimated．Sincepersonnelexpenditures by
COrPOrationswas￥3・2475trillion，multiplyingthisfigurebyO・3fornon－FTEexpendituresglVeS

anadjustedfigureof￥974・3billion．Totalpersonnelexpendituresbyuniversitieswas￥1．4224

trillion，thusmultiplyingitbyO．5fbrnon－FTEgives￥711．2billionfbranadjustedtotalof

￥1・6855tri11ion・Hence，SubtractlngthisfigurefromthetotalR＆DexpendituresglVeStheFTE－

COnVertedR＆DexpendituresbyJapanof￥10．1trillionwhichis85．7percentofthenon－FTE－

COnVertedfigurepreviouslyreportedbyofncialreports．Thisamountisslighdyunder40percent
（38・2percent）oftheR＆DexpendituresbytheU．S．

Inthelast20yearStheR＆DexpendituresbyJapanhasincreasedbyafactorofnine．The

increaserateinR＆Dexpenditureshasbeengreaterthanthatfbrothercountries．Particularly

markedhasbeenthegrowthinthe1980S．In1985－1986howeverthegrowthtemporarily

declinedduetotheeffbctoftheweakyenandstrongdollar．Thesubsequentgrowthhoweverhas

exceededthatofpreviousyears．IncontrastthegrowthofR＆DexpendituresbytheU．S．has

Slowedrapidlyafter1985．

Notes：

（1）InlhissectionR＆Dexpendituresarethetotalofexpendituresintheareasofnaturalsciences，humani血sand
S∝ialsciences．AIso，WhattheManagement＆CoordinationAgencyreportcalls”researchexpenditures．．are

refbreedtoas．．R＆Dexpenditures’’inthisreport．ThisisbecauseaswillbementionedinlheNotesfbrsecdon

4．1．3，itisbelievedmorereasonabletocal1’’developmentalresearch’’only”development．’’

（2）Thesurveyperioddiffbrsdependingbycountry．Japanusesthe丘scalyear（ApriltoMapCh）whiletheU．S．uses

thecalendarycar．SuchdifferenceshoweverarenottakenintoaccountsincedlerearenOaCCurateadjustment

methodsanddonot．becomem叫OrPrOblemswhenexamlnlngtrends．

（3）TodaytheGermanieshavebeenunited．Howeverthestatisticsusedinthispaperalldatebacktopre－
unification．Therefbrestrictlyspeakingwhilethecountrynameshouldbe’’Germany（formerWestGermany）．’’

Thishoweverhasbeenavoided．

（2）Rati00fR＆DExpenditurestoGNP

WheninternationalcomparisonsofR＆DexpenditureSareconducted，therati00fexpendituresto
GNP（grossnationalproduct）issignificantandisfrequentlyused（SOurCeSl，4，5andrefbrence

l）・BydividingR＆DexpendituresbyGNPitbecomespossibletounderstandtherelative．sizeof
expendituresinthecountry．stotaleconomyortothedegreeofeffortsitismakinginsclemific
andtechnologicalactivities．

Therati00fR＆DexpenditurestoGNPshowstendencieswhicharequitediffbrentfromthose
Observedwhencomparingtheactualfigures（Figure4－1－2）．ExpendituresbyJapanhasfhvorably
increasedfroml．8percentinl970tograduallyapproach3percentafter1983・

ExpendituresfortheU．S．havedeclinedthoughslowlyduringthelast20yearStObeoutpacedby
WestGermanyin1974andJapaninl983．Therati00fR＆DexpendituresbytheU・K・tOGNP
declinedO．5percentfrom1980to1982．Althoughtheratiohasgraduallynsenafter1982ithas
notrecoveredtothelevelin1980．

TheratioofR＆DexpendituresbyJapantoGNPhasnlPpedandtuckedwithWestGermany
afteritoutrantheU．S．in1984．In1989JapanappearStOhavepassedWestGermany．However
itisbelievednecessarylninternationalcomparisontoconverttoFTEfiguressoastobetter

reflecttheactualconditions．Hence，FTE－COnVertlngthenguresshowsthattherati00fJ叩an■s

R＆DexpenditurestoitsGNPin1989wasaround2．5percentlessthanthereportedngure・This

PutSJapanatthesamelevelastheU・S・

（3）Civilian－uSeR＆DExpenditures

R＆DexpendituresbyJapancancharaCterizedbyverysmallamountsrelatedtodeknse（sources
l，5－7andreftrencel）．Infact，arOundonly4percent，OrarOund￥100billionofthecountry’s

SCienceandtechnologybudgetgoestodefbnse－relatedR＆D．Whencomparedinternationally，lt

isnecessarytOCOmPareR＆DexpendituresbytheprlVateSeCtOrinadditiontothetotal・R＆D
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Figure4－1－2T陀ndsinRatiosofR＆DExpenditurestoGNPinSelectedCounのes
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0旬ectivesdiffbrsbetweenpnvateanddefbnsesothatitisnecessarytodistinguishbetweenthe
two．Hence，COmParisonofR＆Dexpendituresbytheprivatesector（Pigure4－1－3（A），SOurCeS
l－6）showsthattheU．S．faroutspentothercountriesat￥18．4trillion．SinceJapanSPendsvery
littleondefenseitspnvateR＆Dexpenditurescameto￥11．7trillionwhichwasnotmuch
diffbrentinrelationtototalR＆Dexpenditures．ComparisonwithWestGermany伴5．2trillion），
France（￥3trillion）andtheU．K．伴2．66trillion）showsthatJapan’sedgeoverthesem可Or
Europeancountrieshasbeenexpanding．HoweverthegapwiththeU．S．isaround￥7trillion
WhichclearlyshowstheU．S．edgeinpnvateaswelldefbnserelatedR＆Dexpenditures．

Theratioofdeftnse－relatedR＆DexpenditurestototalR＆DexpendituresinJapanissmall（0．85
PerCent）．HenceinFTEconversion，0．85percentoftotalR＆Dexpendituresisassumedtobe

SPentOndeftnse．UnderthisassumptlOn，FTE－COnVertedprivateR＆DexpendituresinJ坤an
COmeStOSlightlyover￥10Billion．

Toexaminetherelationshiptoeconomic scale，eXaminationoftherati00fcivilianR＆D
expenditurestoGNPshowspatternSCOnSiderablydiffbrentfromcomparisonoftheactualvalues
（Figure4■1－3（B），SOurCeSl－6）．ComparingtheratiobycountryshowscivilianR＆DR＆D
expenditurestoGNPbytheU．S．neverexceeding2percentduringthelast20yearSWhilethe
U．K．andFrancehaveremainedonthesamelevelastheU．S．Incontrast，eXPendituresbyWest
GermanyandJapanhasmoreorlessincreasedfrom1970to1989．In‾1982inparticular

expendituresforJapanexceededWestGermany’S，reaChingaround3percentinl989．InJapan

Onlydefbnse－relatedR＆D

expendituresbytheDefbnseAgencyarereftrencedinthescienceandtechnologybudget．The
growthofthescienceandtechnologybudgetisfarsmallerthanthegrowthofthetotalR＆D
expenditures・HenceintherecentyearSCivilian－uSeR＆Dexpendituresbeenincreaslngregularly．
Thesearebelievedtobefactorsbehindthetendenciesshownbythegraph．In1989theFTE－
COnVertedcivilian－uSeR＆Dexpenditures－ratiotoGNPwas2．5percentwhichwaslowerthan
WestGermany’S．
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Figure4－1－3（A）TrendsinCivilianR＆DExpendituresinSelectedCountries
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Sciencc and Technology Agency，MWhite Paper on Science and Tcchno10gyM

See Table4－1－3（A），Table4－1・3（B）．Table4・1・3（C）．

Figu陀4－1－3（B）TrendsinRati00fCivilianR＆DExpenditurestoGNP
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See Table　4・1・3（A），Table　4－1・3（D）．
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4．1．2R＆DExpendituresbyIndusby，AcademiaandtheGovernment

（1）R＆DExpendituresbySourceandPerformer

Figure4－1－4showsthesourcesandperformersofR＆Dexpendituresinthem呵OrCOuntriesby
SeCtOr（Note，SOurCeSl，4）．IntermSOfbearingoftheexpenditurestheshareoftheindustriesin
Japan（arOund70perCent）andWestGermany（arOund60percent）isconsiderablygreaterthanin
OtherWesterncountries（40－50percent）．In termsofthe governmenゼs share，theFrench

government’swasthegreatest（Slightlyover50percent）fbllowedbythatoftheU．S．andthe

U・S・Theorderisreversedfbrindustry・However，COmParingJapanandWestGermanywhose
industriesprovideagreatportiontototalR＆DexpendituresshowstheGermangovernmenゼs

Share was nearly twice theJapanese・This shows the smallshare born by theJapanese

governmentinpaylngSCienceandtechnologyR＆DexpenditurescomparedtothemajorWestem

goveTlm？ntS・IntermSOftheshareofotherorganizations（includinguniversities）such
OrganlZatlOnShadagreatshareintheU・K・fbllowedbyJapan・

Figure4－1－4SectorialShaJeOfR＆DExpendituTeSbySourceandPerformerinSelected
Counのes
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InJapanthesectorialshareOfR＆Dbornin1980forindustrywas60percent，gOVernment30
PerCentanduniversitiesandotherslOpercent．Subsequentlytheindustrialsharehasincreasedin

l989withindustryat70percent，gOVernmentat20percentanduniversitiesandothersremalnlng
atlOperCent・IntheU・S・thegovernmentalR＆Dshare，Whichexceeded60percentinthe1960S，
declinedeveryyearin thel970S．Incontrast，the shareOfindustrialR＆Dhasincreased，

exceedingthegovernmentShareinl980．Inthe1980sindustriesandgovernmentShareswere
moreorlessfixed．In1989theshareOfR＆Dexpendituresforindustryandgovemmentwas50
PerCentand45percentrespeCtively．

Ingeneral，industryisthemainperfbrmerOfR＆D．Its shareisparticularlylargeinWest
Germany，the U．S．andJapan and smallin France．InFrance the government’s share aS

perfbrmerOfR＆DislargeCOmParedtoothercountries．followedbytheU．K．，U．S．andJ叩an．

ThegovernmentTsshareisverysmallinWestGermany．

Lastly，tOSumuPthetrendsofsourceandperformerofR＆Dexpendituresbycountry，While
JapaneseindusのesarebothpaylngfbrR＆Dexpendituresandperform1nglargepartOfR＆D
activities，intheU．S．，WestGermanyandtheU．K．Governmentoftenprovidesfundingwhile
industrylSOftentheperformeroftheR＆Dactivities．ThisisthecaseinFrancewherethe
governmentisoftensourclngagreatPOrtionofR＆DexpendituresandindustrylSOftenthe
PCrbmer．

Note：

The’’0ther’’sources of R＆D expendituresinclude universities，prlVale R＆Dinstitutes and fbrelgn COuntries・

”Govemmentl’perfbrmers are”government R＆D organizations’’including publiCand special－StatuS COrpOrate R＆D

Org乱nizations．’．Others’’includes universitiesand private R＆Dinstitutes．Inthe case ofthe U・S・”0thers’’include

nonproGtR＆Dorganizationsotherthanfederaloruniversity．TheU．S．federalfundedoroperatedR＆Dorganizations

havebeenclassinedunderthecategoriestowhichtheirorganizationsbelongto．

（2）TrendsofR＆DExpendituresinJapanandtheU．S．bySector

Figure4－1－5comparesthetrendsofR＆DexpendituresbysectorbetweenJapanandtheU・S・

（SOurCeSl，2，3，6）・ThesectorcategoriesチreindusBy，aCademiaandothers，gOVemmentand
PrivateR＆Dinstitutes（seeNote）．TheprevIOuSfigure’S’’others”includesthis丘gure－sacademia，

0thersandprivateR＆Dinstitutes．

The丘gu陀ShowsthatinbothJapanandtheU・S・industriesarespendinggreatlyonR＆D・Italso
Showsthatoveralltrendsaregreatlyaffectedbyindustrytrends・InJapan，therateofR＆D
expendituresbytheindustrieshasincreasedninepointsinthe20yearSfrom1970（60・7percent）

to1989（69・7percent）・ThepaFeOfincreasehasquickenedafterl987・Expendituresby
universitiesandothershaveconsIStendybeendeclining．Infact，incontrasttotheindustryratio

whichwas27・Opercentin1970itdecreasedninepolntStO18・Opercentin1989・Theshareof
governmentR＆DorganizadonshasalsodecreasedbyslightlyunderthreepolntSinthesame20
yearS・CompensatlngforthisdecreasehasbeenspendingbypnvateR＆Dinstitutes・Hencein
JapanindusbyhasmarkedlyincreaseditsshareOfR＆Dexpenditures・

IntheU．S．theshareofindustrialR＆DexpenditureshasslightlybeenlargerthaninJapan，

reaching72・5percentin1989・Overtimeithasmoreorlessremainedonthesamelevelorhas
graduallyincreased，by3・4polntSffom69・1percentin1970・AsshownintheFigure4－1－5，in
absolutevalue，ithasgraduallylnCreaSedfromthelatterhalfof1985incontrasttoJapaパs
decrease．

IntheU．S．theshapeofacademiaandothersinR＆Dexpenditureshasbeenaroundhalfthatin
Japan・However，unlikeinJapan，thesharehasremainedatthesamelevelorhasgradually
increased．In1989itwas13．6percent．AIso，R＆DexpendituresbyU．S．governmentR＆D
organizationshasgradual1ydecreasedby4・5percentfrom1970to1989・neShareOfprivate
R＆Dinstitutes，WhichaccountforarOund3percentofthetotalR＆Dexpenditures，hasgradually
decreased・IngeneraltherangeofincreaseanddecreaseintheU・S・hasbeensmallerthanin
Japan．
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Figure4－1－5SectorialTrendsofR＆DExpendituresinJapanandtheU．S．
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Statistics Bureau，Management and Coordination Agency，Japan，．一Report on the Survey of

Research and Development．．

NSF，一’National Patterns of R＆D Resources：1990’’

See Table　4－1－5
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Figu陀4－1－6（A）SectorialFlowofR＆DExpendituresinJapan（FY1989）

TotalR＆D Expenditures＝11．8Trillion Yen
Units：100　Million Yen

Statistics Burcau，Management and Coordinalion Agency，Japan．’’Rcport onlhc Survcy of

Research and Devel0PmentM

See Table　4－ト6（A）、
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Figure4－1－6（B）SectorialFlowofR＆DExpendituresintheU・S・評Y1989）

Units：100Million Yen

NSF，nNational Patterns of Science and Tcchnology ResourceSq．

See Table　4－ト6（B）．
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Note：

Japanese Mgovernment R＆D organizations．．refer to national and public R＆D organizationsand special－StatuS

COrPOrationswhosemainoperationisR＆D・U・S・．．gOVemmentR＆Dorganizations．．includethoseofstategovenunents・

U・S・MuniversitiesandodlerS’’includeFederallyFundedResearchCenters（FFRDCs）．

（3）FlowsofR＆DExpenditures

InsectorialanalysisofR＆Dexpenditures，thethreesectorsexaminedareindustry，aCademiaand
thegovernment．Twoaspectsareanalyzed；PrOVidersofresourcesfbrR＆D（SOurCeS）andusers
Ofsuchresources（perfbrmers）．Figures4－1－6（A）and（B）comparethisflowbetweenJapanand
theU．S．（sourcesl，2，3，6）．

Asalreadymentioned，inJapanindustryisboththemaJOrSOurCeandperformerofaround70
PerCentOfR＆Dexpenditures，faroutpaclngOthersectors．Forexample，gOVernmentalR＆D
expenditurestoindustryin1989wasonly4．7percent．Thiswasonlyl．2percentofindustrial
R＆D．ThisratioisverysmallcomparedtotheU．S．orevenEuropeancountries．IntermSOf
bearingoftheR＆DexpendituresbyJapaneseuniversities，thegovernment－ssharehasdeclined
everyyearinthel980S．Incontrast，Whileindustry’ssharehasbeensmallcomparedtothatof

government’S，ithasincreasedeveryyearinthe1980S（theshareinl989waミOVertyicethatof

1980）．HencetheflowofexpendituresfromindustrytouniversitieshasbeenlnCreaSlng・

ExaminingR＆DexpendituresflowsintheU．S．shows alargeflowfrom government（45

perCentShare）toindustry・In1989slightlyover50percentofthegovernment－ssharqwe一ttO
industry．Thisfigurewasaround30percentofallR＆Dexpendituresbyindus甘y・Incompanson

totheJapanesegovernmentlsshareofR＆Dexpendituresbyindustry，theU・S・gOVernment’s

Sharehasbeenonaveryhighlevel．AsintheU．S．，thereisalargeflowfromthegovernmentto
industryinWestGermany，FranceandtheU．K．Infact，theratiooftheR＆Dexpenditures
PrOVidedbyindustryandpaidbyindustrywas67percentintheU・S・，83percentinWest
Germany，74percentinFranceand78percentintheU・K・WhilefbrJapanitwas97percent・

IntermsofR＆DexpendituresbyU・S・universitiesandothersthegovernmenピssharehas
declinedandindustryTsincreasedinthe1980S・ThistendencywassimilarinJapan・

4．1．3R＆DExpendituresbyCharaCteriSticofWork

R＆Dactivitiescanbeclassi丘edintothreeworkcharaCteristics；basicresearch，aPPliedresearch

anddevelopment（Note）・TherehasbeenanlOuntinginterestipinternationallycomparingthesize
ofexpendituresonbasicresearchinpartlCularanditsratlOtOthetotalR＆Dexpenditures
（re丘rences7，8）．

Figure4－1－7showstheshareOfR＆DexpendituresbythemaJOrCOuntriesbycharacteristicof
work（SOurCeSl，4）．InJapanexpendituresforbasicresearchaccountfor13－14percentofall
R＆D．IntheU．S．itismoreorlessonthesamelevelasinJapanwhereasinWestGermanyand

FranceitisonalevelhigherthanbothJapanandtheU・S．ataJDund20percent・

Figure4－1－8（SOurCeSl，2，3，6）compareSJapaneseandU・S・eXPendituresonbasicresearchby

industry，aCademiaandthegovernment・Whencomparlngindustrialbasicresearcheモpenditures

thereisnomajordifferencebetweenthetwo？Ountries・WhenconsiderationisglVentOthe
diffbrenceinthescaleoftheoveralleconomicactlVitiesinthesecountriesJapaneSeindusbiescan

besaidtobespendingrelativelymoreonbasicresearch・Infact，WhiletheratioofbasicresearCh

expendituresbyJapaneseindustriestototalR＆Dexpenditureswas6・5percentinl988theU・S・

ngurewas3・lpercent・

TheratioofbasicresearChexpendituresbyJapaneseuniversitieshasconsistentlybeendeclining

inthelastdecadetobelow50percentinl988・IntheU・S・ithasexceeded60percentandis
graduallyincreaslng・Thetendency ofincreasedexpendituresfbrbasicresearChinthetwo
COunbiesistheoppositeofthatindusBialR＆D・
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Figure4－1－7R＆DExpendituresbyCharaCteriSticofWorkinSelectedCounのes
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Statistics Bureau，Management and Coordination Agency，Japan，一’Report onthe Survey of

Research and Development”

See Table　4－ト7

Figure4－1－8SectorialTrendsinBasicResearchExpenditu陀SinJapanandtheUS

TrillionYen

1975　　　　　　　　　1980　　　　　　　　19851986198719881989　Year

Statistics Bureau，Management and Coordination Agency・Japan・一一Report on the Survcy of

Research and Development’’

Sce Table　4－1－8
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AnoverviewofJapaneseandU．S．patternsofbasicresearchexpendituresshowsthatthe
difftrencebetweenthetotalexpendituresonsuchresearchwasstilllargeinthe1980S．For
examplethetotalbasicresearchexpendituresbyJapaneSeuniversities，nationalrese訂ChinStitutes

andothers缶llfhrshortofthetotalexpendituresbyU．S．universitiesandR＆Dorganizations．

Notc：

TheManagement＆CoordinationAgencystudy（reference3）definesresearchexpendituresbycharacteristicofworkas

thoseintemallyspentbynaturalsciencedivisionsfbrnaturalsciencesandclassifiedbycharacteristicofworkintobasic

resea∫Ch，aPPliedresearchanddevelopment．

”Basicrcsearch．’isdefinedastheoreticalorexperlmentalresearchconductedtodevelophy匹thesesortheoriesorto

acqulreneWknowledgeonphenomenaorobservablefactswithoutdirectlyglVlngCOnSiderationtospeCificapplications
Or uSeS・’．Applied research’’refers to research whichaims to ascertain the possibility ofpracticalapplication by

establishingspeCificgoalsorthatwhichexploresnewapplicationsofmethodswhicharealreadyinpracticalapplication
usingknowledgediscoYerCdthroughbasicreseaqch・’’Developmentar．comprlSeSulilizationoftheknowledgeacquired

frombasicandappliedresearchandactualexpenenceandresearchdesignedfbrintroductionofnewmaterialS，equlPment，

SyStemS OrprOCeSSeS OrtheirimprovemenL Hencethedennitioncaptures’’reseatch’．inthebroadsensebyincluding

development・However，Whe71COnSiderationis glVen tO the definitionls contents orinternationalcomparisonitis

believedmorereasonabletotreat”developmentalresearch’’as’’development．”HencethispaperuSeSthelatter．

The Frascati Manualalso uses a∴mOre Orless similar definition．It however calls development’’experlmental

developmen．”

4．1．4T陀ndsintheNumberofR＆DScientistsandEngineers

（1）NumberofR＆DS！E

Figure4－1－9showsthetrendsofthemajorcountries’numberofR＆DS／E（sourcesl，4，6）．It
CanbeseenthatthenumberintheU．S．hasfareXCeededthatinothercountriesinthel970sand

thel980sandhasgreatlyincreasedfromthelatterl970S．ThenumberinJapanhasfbllowedthat
intheU．S．andhasbeenincreaslngSteadily．

SectorialexaminationofthenumberofR＆DS！Ebycountryinthe1970sandthe1980sshows
thatinJapanandtheU．S．industrialR＆DS／Ehaveincreasedbyaround200，000duringthelast
20yearS，greatlycontributingtotheincreaseoftheoverallnumberofR＆DS偲．Theincreaseof
industrialR＆DS／EinWestGermany（by50，（X拇）andtheU．K．（byslightlyunder30，（X氾）has
beensmallcomparedtoJapanandtheU．S．TheincreaseofindustrialR＆DS偲，Whichhas

チCCOuntedinallthesecountriesfbr60to80percentofallR＆DS／E，hasservedasafactorto
lnCreaSe the total number ofR＆D S／E．In France bothindustrialR＆D S／E and those of

governmentR＆Dorganizationshaveincreasedby20，000sothatinl987totalnumberofR＆D
S偲hasexceededthatoftheU．K．

InJapaneseuniversitiesthenumberofR＆DS／EhasincreasedgreatlybyarOund80，0（氾inthe
last20years．Thisisbelievedtohavebeendueinparttoestablishmentandexpansionofnew
andolduniversities．IncontrastthenumberofR＆D S偲belongingtogovernmentR＆D
Organizationshasnotfluctuatedperhapsduetoareductionofpositions．

Japanhad535，0（氾R＆DS／Ein1989and560，300in1990．TheU．S．had949，000in1988，
WestGermany166，（X沿in1987andFrancell5，（X氾in1988．FTE－COnVertlngthe丘guresfbr
internationalcomparisonshowsthatJapanhadarOund360，Ⅸ）OR＆DS偲in1990whichis
around65percentoftheactualreportednumber．

（2）NumberofR＆DS偲perlO，000Employees

InmakinganinternationalcomparisononthenumberofR＆DS／E，theirrelativenumberin
relationtothelaborforceandtototalpopulationareasimportantastheirabsolutenumtx：r．Inthis
SenSe，thefbllowingtwoindices have been adopted；thenumberofR＆D S！EperlO，000
employees（hereinafterrefbrTedtoasnumberofR＆DS／Eperlaborforce）andnumberofR＆D
S偲perlO，∝X）persons（hereinafterrefbrredtoasnumberofR＆DS偲perpopulation）．
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Figure4－1－9NumberofR＆DScientistsandEngineersinSelectedCountries

Science and Technology Agency・’．Whitc Papcr on Science and Technology”

Figures4－1－10（A）and（B）showthenumberofR＆DS／EperlO，000employeesandpopulation
（sourcesl，4，8）．IneithercasetheJapanesefiguresareonthesamelevelastheU．S．After1984
inparticulartheJapan－U．S．gapintheratioofthenumberofR＆DS／Ehaswidened．Whilein
1988thenumberofR＆DS／EperlO，000employeeswas83inJapanthatintheU．S．was65．
WhilethenumberperunltPOPulationwas42inJapanthatintheU．S．was33．InWestGermany
andFrancealsotherati00fR＆DS！Ehasbeenincreasing．Howevertheratiohasbeenaround

halfthatinJapanandtheU．S．IntheU．K．ithasbeenremalnlngatthesamelevel．Fromthese

findingsitappearsthatJapanhasrelativelymoreR＆DS！EthantheU・S・andothercountries
COmParedtoltSWOrkersortotalpopulation．However，FTEconvertedfigures showJapan．s

numberofR＆DS／EperlO，000employeeswasslightlyover50andthatperunitpopulationis

Slightlyunder30．TheseFTEadjustedfiguresfbrR＆DS！EpersonneldonotreachtheU．S．
1evcls．
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Figu柁4－1－10（A）NumberofR＆DScientistsandEngineersperlO，α氾Employees
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See Table　4－1－10（A），Table　4－1－10（B），Table　4－1－10（D），

Figure4－1－10（B）NumberofR＆DScientistsandEngineersperlO，0胼）Persons
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4．2hdusのalR＆D

4．2．1R＆DExpendituresbyIndustry

IntramuralR＆Dexpenditures（Notel）byJ叩aneSeindustryinFY1989amountedtoalittle
morethan8・2trillionyen，rePreSentlng70percentoftotalR＆Dandlargelyexceedingthe
amountsspentinacademiaandgovernment（SOurCel，thefollowinganalysisusesdatamade
availablebythissource）．

Figure4－2－1showsthetrendsofR＆Dexpendituresbyindus甲・Inmajorindustries（business
CategOries，SeeNote2）Figure4－2－1（A）showsthebreakdownlnValuesandFigure4－2－1（B）in
Shares．ExamlnlngreCentyearStrendsofindustrialR＆Dexpendituresasawholeindicates
Showsthatwhiletherewasafhvorablyincreasefromthelatterl970sitsloweddownafter1985
andagalnincI℃aSedconsiderablyin1988and1989．

IndustrialR＆D expenditures serve as anindicator of specific to totalindustry trends・

ExarpinationofR＆Dexpendituresbyindustryshowtheelectricmachineryindustryhas
COnSIStentlyhadalargeSham．After1980inparticularthesharehasfurtherincreased．Following
inshareWerethechemicalandtransportmachineryindustries．Thesetopthreeindustries
accountedfbr65percentofallindustrialR＆Dexpenditures．MoreovertheshareOfthesethree
indusbiesintotalR＆DexpendituresfbrJ坤anreaChed45perCentinl989．

Notes：

（1）IntramuralR＆Dexpendituresreftrtofundsspentbycompanies，R＆Dorganizalionsoruniversiliesfbr

perSOnnelexpenditures，raWmaterialexpenditures，forpurchaseoftangiblefixedassets（OrdleirdepreciaLion）and

Otherexpenditures（SOurCel）．TheyincludecorporatefundsinternallyusedasR＆DexpendilureSandexternally

SOurCedfundsusedasR＆DexpendituresbutdonotincludeR＆DexpendilureSpaidoutsideforsuchthingsas

COmmissioned（Orjoint）reseqch．

（2）Table4－Ashowstheindustrial（business）classi丘cation．

Table4－AIndustrialBusinessClassi丘cations
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Figure4－2－1R＆DExpendituresinIndustry
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See Tablc　4－2－1
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4．2．2IndustrialR＆D Expenditures by Product Area

nendsinJ坤aneSeindustrialR＆Dcanbeclari丘edbyanalyzingexpendituresinproductareaand

businessinadditiontotheexpendituresbyindusbY・InJapananalysisofR＆DexpPndituresby
businesscategoryandproductareahavebeenundertakensincel970．TheanalysisISCOnducted
usingthesedmeseriesdata（Notel）．

（1）R＆DExpendituresbyPrductArea

Figure4－2－2showsindustrialR＆Dexpendituresin1989byproductarea（Note2）．Product
areaswithR＆DexpendituresexceedingY100billionareindicated・TotalR＆Dexpendituresby
PrOductareaShowninthis伝gureare￥7．9trillionwhichisarOundtwo－thirdsofallR＆D
expendituresinJapanげ11．8trillion）．Thiscovered95．6percentofallR＆Dexpendituresby

COmPanteS，etc・伴8・2trillion）・Byproductarea，eXpendituresintheareaOfcommunications，

electronlCSandelectricequipmentinstrumentSeXCeeded￥2・26trillion（28・7percent）・ThiswチS
fbllowedbythemotorvehicles￥1．20trillion（15．2percent）．Followingthesewereelectr1c

machinerytotherthanCOPlmunications，electronicsandelectricequipmentinstrumentS伴840・4
billion，Ofwhichelectncq）Pliancesacc？untedfor￥496・8billion），generalmachineryand
equipment（￥642．5billion），PharmaceutlCals伴566．9billion）andorganic andinorganic
Chemicals，Chemicalftrtilizersandchemical丘bers（￥452．5billion）．

Figure4－2－3examinessharetrendsofmaJOrPrOductareasintotalR＆Dexpenditures．R＆D

expendituresintheareaofcommunications，electronicsandelectricequlPment hasnotonlyhad

thelargeStShareduringtheperiodcovered，buthasgreatlyincI℃aSeditsshareinthe1980S（byll

POints丘om1981to1989）．ItcanbesaidthatindustryhasbeenmakinggreatR＆Deffbrtsinthis

area・OverallR＆Dexpenditureshavealsogrownduringthisperiodwhichmeansthatthe

absolutevalueofR＆Dexpendituresinthisareahasalsogrowndramatically．Examinlngtrends

fbrotherareaSinthel980sshowsthatalthoughtherehavebeensomefluctuations，theshareof
R＆Dexpendituresintheareasofmotorvehicles，electricmachineryandequlPment，general

machineryandequlPmentandphamaceuticalshasremainedonthesamelevel．

Themarkedgrowthoftheshareofthecommunications，electronicsandelecbicequlPment訂eain

theI℃Centdecadeorsoneedstobeexaminedinmoredetail．Thegrowthhasnotbeenbecauseof

adeclineintheshareofaspeCificorasmallnumberofotherprcductareasbutbecauseofdecline

OftheshareSOfmanyotherareaS（includingthe”other’’productareainFigure4－2－3）・AIso，aS

Willbeshown，eXamlnationofR＆Dexpendituresintothisproductareaandtherati00fsuch

expendituresshowsthattheratioofexpenditureshasbeendeclining・Hencethemarkedgrowth

itsshareismoreascribabletoacontributionbythecommunications，electronicsandelectric

equlPmentindustryltSelfratherthanbyotherindustries・TheseshowthatR＆DinJapanese
indusbyiscenteredinelectronics．

No記S：

（1）ThisanalysisusestheManagement＆CoordinationAgencystudysecdonon．In－HouseR＆DExpenditures

byIndus打yandPr∝luctA陀a’’coveringnrmscq）italizedatover￥100million．

TherearesomeproblemsinclassifyingtheseexpendilureSaSbasicresearchwhichbydefinitionisconducted
”withoutdirccdygivingconsiderationtospeCincapplicadonoruse”byprductarea．However，ald10ughtheshare

Ofbasicresearchexpendituresbyfirmshasbeenincreaslngintherccentyears，eXpendituresonappliedand
developmentresearchstillaccountsfbrover93perCent（SeeChapter4，Section4．1．3）．Givendlissituationdle
C汀Orisklievのtobesmall．

ForreferenceexaminationisondleManagement＆CoordinationAgencystudy’一In－HouseR＆D－Expendituresby

IndusByandfYoductArea・’’Thecompanies（entities）surveyed，WereaSkedtoreportinb・amuralR＆Dexpenditures

（regardlessofwhetherdlefundwastheirownorexternallysourced）by’’ClassincationbyProductArea．’’Total

R＆Dexpendituresbyproductareawereassumedtocoincidewi血totalR＆Dexpendituresbylhecompany・When

thefundscouldnotbeclassifiedbyproductareacompanieswereaskedtorerK）rtthevaluebycalculatingltuSlnga
rationalproportionalmethodsuchasbytakingaccountofthenumberofR＆DS／E．
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FiguI℃4－2胃2R＆DExpendituresby恥ductAI℃a（FY1989）
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（2）Thestudy．sstatisdcaltableprovides31productarcas．Thisanalysis（Figure4－2－2）hasreclassifieddleminto29

fbrcorrespondencetobusinesscategories・HencethechemicalferLilizersandorganicandinorganicchemiCal
industryproductsandchemicalfit”rSWereCOmbinedinto一一chemicalandotherproducts．Tandelecbichomeproducts

andotherelecbicmachineryandequlPmentinto”elecbicmachineryandequlPment・．’

（2）TrendsofPenetration丘omotherBusinesses

ThissectionanalyzesR＆Dexpendituresfromtheaspectsofbusinesscategoryandproductarea・
Figure4－2－2showsR＆Dexpendituresintheproductareasbyclassifyingthembybusinesses
fbrwhichtheproductareaisthecorebusinessandentrantsascomlngfromotherbusinesses

（Note）・Thera900fR＆Dexpendituresinthepr∝luctareasbyentrantsfromotherbusinessesis
CalledpenetratlOnrati0anditsvaluepenetrationvalue・

Markedwiththelargestpenetrationvalueiscommunications，electronicsandelecbicequlPment・

OfthetotalR＆DexpendituresinthisareaOf￥2・258のllionarOund60percentor￥1・366のllion
wasspentbythecommunications，electronicsandelectricequlPmentindustryforwhichthearea
wascorebusiness・Theremaining￥892・1billionwasspentbyentrantsfromotherbusinesses・It
CanhencebeseenthatthereasonforthegreatR＆Dexpendituresinthisareaisnotonlybecause
Oftheexpendituresbythisindustrymarkedwithalargeindustrialscalebutbecauseoflarge
expendituresbyotherbusinesses．However￥387．8billionofthepenetrationvalueof￥892・1

billionwasspentbytheelectricmachineryandequipmentindustrybelongingtothesamemeso

Classincation（elecのcmachineryindustry）．Thepenetrationvaluelessthisamountwas￥504．2

billion．Further breaking down shows that￥227．9billion was spent by the transport，

COmmunicationsandpublicutilityindustrywhichiscloselyassociatedwiththisproductarea・

TherestwasmadeupofexpendituresamountlngtO￥55billionbymachinery，￥45・7billionby

theprecisionmachinery，￥35．1billionbythesteel，￥35．8billionbytheceramicsand￥34・3
bi11ionbythechemicalindus打y．

Theprductareamarkedwiththenextlargestpenetrationvaluewasthatofelecbicmachinery

andequlPment．Thepenetrationvaluewas￥576billionandthepenetrationrado68．5匹rCent．Of

thisamount￥384・9billionwasentryfromthetechnologicallyclosecomrpunications，electroni？S
andelectric equlPmentindustry．ThepenetrationvaluefromindustnesotherthanelectrlC

machinerywas￥191．1billion．

IfthesetwoelectricmachineryareasareCOmbinedintoonearea（R＆Dexpendituresof￥3．1

trillion）thetotalpenetratきOnValuefromindustriesotherthanelectricmachinerycomes￥695・3

billionandthepenetratlOnratio22．4percent．This shows the greatmutualentrybythe

COmmunications，electronicsandelectricequlPmentandtheelectricmachineryandequlPment
industdes．

0therproducta陀aSmarkedwithlargepenetradonvaluesweregeneralmachineryandequlPment，

Chemicalsandmotorvehicles．Thepenetrationvalueinthecaseofgeneralmachineryand
equipmentwas￥325．5billion．Entrywaslargefromthetransportmachineryindustryexcluding

automobile（￥107．5billion）．

Thechemicalproductareasmarkedwithlargepenetrationvalueswerechemicalandother
PrOducts伴175．9billion），Pharmaceuticals（￥152billion）andotherchemicalS伴216．8billion）．
Whenthesethreeareasarecombinedintooneproductarea（chemicals）byaddingoilsandfats
andpaintstheR＆Dexpenditurescomesto￥1．4292trillionofwhich21．4percentor￥305．2
billionwasentryfromindustriesotherthanchemicalS．Largeentriestothechemicalsareawere
fromtheplasticproducts伴67．7billion），foodstuffs伴63．9billion），Ceramics伴37．3billion）and
PetrOleumandcoal伴24．1billion）industries．

Themotorvehicleareapenetradonvaluewas￥166．1billion．Largeentrieswerefromtheelectric

machinery伴97・2billion）andmachirlery（￥27・7）indusBies・Althoughthisarea手Smarkedwitha

largePenetratioヮValueitissmallcomparedtoitsR＆Deモpenditures（penetratlOnratioof13・9
PerCent）・HenceltCanbeseenthattheareahashighlybeenlntenSified．
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Note：

TheManagement＆CoordinationAgencystudydoesnotdivideR＆Dexpendituresbypenetrated，COrreSPOndingornon－
COrebusiness・Also・initthereisnoone－t0－0neCOrreSPOndencebetweenproductareasandbusinesscategories・Hencethe

R＆DexpendituresinthefiveproductaTeaSOfships・aircraft，railwayvehicles－0thertransrK，rtmaChineryaJldelectrlClty

andgaswerenotcategorizedbasedonthebeliefthattherewerenosuitablebusinesscategoriesforwhichtheseproduct
areascomprisedcorebusiness．

（3）R＆DinNon－CoreBusinesses

TheManagement＆CoordinationAgency’sMIn－HouseR＆DExpendituresbyIndustryand
ProductAreaHtotalsR＆DexpendituresintheformofamatrixofindusbiesandproductareaS・
Therefore，ClassifyingR＆Dexpendituresbyproductareabyindustryprovides aviewof
Penetrationlevelsfromotherindustries．AIso，ClassifyingR＆Dexpendituresbyindustryinto
PrOductareaSindicatesindustrialtrends・Moreover，Sincethestudyhasaccumulateddata
COVenngaPeriodofaround20yearsitmakesavailablepreciousdatafbranalyzingthedynamics
OfR＆Dinindustry・Infhctdetailedquantitativestudieshavebeenconductedusingthesedata
（Notel，re丘rences9，10）．

This sectionexamines R＆Dtrends by uslngtheratioofR＆D expendituresinnon－COre
businesses as anindicatorofindustrialdiversification．The non－COre business ratioofR＆D

expendituresreferstotheratioofR＆Dexpendituresin non－COrebusinessestototalR＆D

expendituresbythegivenindustry．ItistheoppositemeasurementoftheforegolngPenetrated
ratioofR＆Dexpendituresbypr∝luctarea（Note2）．

Figure4－2－4showsR＆DexpendituresbybusinesscategorybydividingltlntOthatspentoncore

businessandnon－COrebusinessproductsaswellasthenon－FOrebusinessrati0（Note3）・In
termsofmesoclassification，thebusinesscategorieswithpartlCularlylargeR＆Dexpenditures
Weretheelectricmachinery，Chemicalandtransportmachineryindustriesinthisorder．Theorder
COincideswiththatofthebusinesseswithlownon－COrebusinessratios（electricmachinery8．3

PerCent，Chemical10・2percentandtransportmachineryll・3percent）・IntermSOfR＆D，these
threebusinessescanbe saidtobe supportlngJapanrsmanufactunngindustry．Theyareall
markedwithlargeR＆DexpendituresandarealsodirectlngmuChofsuchexpenditurestotheir
COrebusiness．

Trendsofbusinesscategoriesareexaminedbyseparatlngthethreebusinessesbasedonmicro

ClassificationandanalyzingR＆Dexpendituresbyproductarea．Thenon－COrebusinessratiofor

theelectricmachinefyindustryaPOneCategO一yWaS8・3percent・However，Whenitisdivided
intothecommunicatlOnS，electronlCSandelectncequlPmentbusinessandelectricmachineryand
equlPmentbusinessthevaluesincreaseto28．3percentand68．Opercent，reSPeCtively・This

Showsfrequentmutualentrywithintheelectricmachineryindustry・Infact，a甲und90percentof
theR＆Dexpendituresbythecommunications，electronicsandelectricequlPmentbusinessin
non－COrebusinesseswasintheelecbicmachineryandequlpmentbusiness．Likewise，theelectric
machineryandequlPmentbusinessspent￥387．8billioninR＆Dintheareaofcommunications，
electronicsandelectricequlPmentWhichwasgreaterthanitscorebusinessR＆Dexpendituresof
￥264．5billion．一

ThechemicalindustrylSmadeupofthephamaceutiCal，Chemicalandchemicalfibers，Oilsand

fatsandpaintsandotherchemicalindustries．InthepharmaCeuticalindusBymostoftheR＆D

expenditureswenttoitscorebusiness（￥414・9billion，94・8percent）henceitsnon－COrebusiness
rat10WaSVerylow．Inthechemicalandchemical丘bersindustry￥276．8billion（51・3percent）of

R＆Dexpenditureswenttothecorebusinessand￥175．1billion（32・5percent）tootherchemical

industry・OutsidethechemtFalindustryalargeportionofexpenditures伴29・lbillion，5・4
PerCent）wenttothecommunlCations，electronicsandelectricequlPmentindustry・Intheoilsand

fatsandpaintsindustry￥61．7billion（51．8percent）wenttothecorebusinessand￥44・9billion

（37．8percent）tootherchemicalindustries・Intheotherchemicalindustry￥118・8billion（76・3

Per？ent）wenttothecorebusinessand￥8・9billion（5・7percent）togeneralmachineryand
equlPmentand￥7．9billion（5・lperCent）toelecbicmachineryandequipment・Itcanbeseenthat
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FigWe4－2－4R＆DExpendituresandNon－CoreBusinessRatiosbyIndustrialCategory
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althoughthesebusinessesallbelongtothechemicalindustrytheyexhibitdi鮪rentcharaCterisdcs
intermsofnon－COrebusinessexpenditures．

InthetranSPOrtmaChineryindustrythemotorvehiclesindustrylnVeStedmostlyinitscore
businessarea伴1．281tri11ion，95．7percent）．InvestmentinotherareaSWaSVerySmallsuchas
￥28．1billion（1．9percent）intheareaOftl・anSPOrtmaChineryotherthanautOSand￥16billion

（1・5percent）inthatofgeneralmachinery，bothofwhicharerelativelycloselyrelated．Theother

transportmachineryindustryseesmoreR＆Dspentintheareaofgeneralmachinerythaninits
COrebusinessarea．

Inotherindustries，themachineryindustry－scorebusinessratiowaslargeat65．Opercent．The

machineryindusby甲PntmOreOnCOmmunications，electronicsandelecbicequipment（11・3
PerCent）thanonprecISlOnindustryproducts（5・9percent）ormotprvehicles（5・7percent）which
arebelievedtoberelativelyclose・ThisisbelievedtobeasucclnCteXamPleof”technological

fusion”（reftre一Cell）・Theラteelindustry’scorebusinessratiowas49・8percent・Itspentmore

OnCOmmunicatl0nS，electronlCSandelecbicequipment（13・2percent）than聖metalproducts（6・3
PerCent），nOnfbrrousmetals（3．4percent）orgeneralmachineryandequlPment（8．7percent）

Whicharebelievedclosertoitscorebusiness・Thepreci顛OnmaChineryindustrylscorebusiness
ratiowas41．9percent．ItmadelargeR＆DexpenditureslnSuChareaSaSgeneralmachineryand
equipment（29．1percent）andcommunicadons，electronicsandelecbicequipment（18．7percent）．
TheseamalsobelievedtoreflecttechnologiCalfusion．

Figure4－2－5showstrendsofmajorbusinesscategorynon－COrebusinessratios．Theelectric

machineryindustryandchemicalindustry’sn9n－COrebusinessratioshavealwaysbeenlow

duringtheperiodcoveredhencetheyhaveconsIStentlypouredenergylntOCOrebusinessR＆D・

The transport machineryindustry－s non－COre business ratioincreased unti11975but has

Subsequentlydecreasedstabilizingtoalowlevelinrecentyears．Themachineryindus打ynOn－

COrebusinessratiohasgraduallybeennslngSincethemid1970swhiletheratiofbrthesteel

industryhasmarkedlyincreasedinthel980S．Theprecisionmachineryindustryhasgreatly

fluctuatedbuthasnotgonebelow40percentafter1982andhasmarkedlyincreasedin1988and
1989．

Notes：

（1）Refbrencelisarq）reSentadveanalysisconductedwhichappliesdataonwhichthisindicatorisbased．Thenon－

COrebusilleSSradocouldalsobebasedonsalesiIISteadofR＆Dexpenditures．Re缶rence12usessales－basednon－
CO柁businessratios．

（2）Theindustriesmarkedwithlargenon－COrebusinessR＆Dexpendituresra60SCangenerallybesaidasthose
WhoseR＆Dexpenditureshavediversined．However，SinceitlSnOlpOSSibletotellifsuchexpendituresare

COnCentratedin asmallnumberofproductareas ordisperSed，theindicatorisinsufficientinrepresentlng

diversification．Therati00fentry丘omotherbusinesses（．’penetratedration）isalsoinsumcientasitlackslhe

infbrmadononthedisbibutionoftheenterlngbusinesses．

（3）AspertheManagement＆CoordinationAgencyreport，theanalysishasuseddleme90Classificationof
businesscategories．Howeverthechemical，elecbicmachineryandtransportmachineryindustnesweresutxIivided

intomicroClassincadons．DividingtheR＆DexpendituresintodlatindleCOreandnon－COrebusinessesinvoIves

SOmearbitmiessbecausetherewasnoperftctcorrespondencebetweenproductareasandbusinesscategories．
R＆Dexpendituresbydleplasticproductsindustryand thetransport，COmmunicationsandpublic utilities
businesseswasnotcategorizedasitwasbelieveddlattheydidnotproperlycorrespondtocorebusinessproduct
areaS．

4．2．3NumberofIndustrialR＆DSciendstsandEngineers

Itwasin1971thatthenumberofR＆DS／EinthemanufacturingindusはytOPpedlOO，0∝）
（Figure4－2－6）．Thenumber（excludingthosespecializinginthehumanitiesandsocialsciences）

OfarOund40，（XOin1960expanded2．5timesduringthedecade．Itthendpledto300，OWinthe
20yearSfrom1971to1990．Theoilcrisesoccurredduringthe1970sIand1980sandmanyOfthe
manufhcturingbusinessesinpardculargaVeuPhiringcollegegraduatesatthattime．Howeverthe
numberofR＆DS／Ehasconsistentlyincreasedsincethen．Thisshowsthetendencyforthe
manufhcturingbusinessestoemphasizeR＆D．ThissecdorleXaminesR＆Dinindusbiesfbmthe
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angleofR＆DS偲．ItwillexaminethetrendsofindustrialR＆DS／EusingManagement＆
CoordinationAgencystatistics（SOurCel）．Thatstudyhoweverdoesnotincludethehumanides

andsocialsciencesas聖eaSOfspecializationofindustrialR＆DS／Eunti11969・Hencethe
analysiswillusethestatlSticsdatedafter1970．

（1）　NumberofR＆DS偲byIndusのalCategory

ThenumberofR＆DS／Einmanufacturinggrew3．3timesduringthe20yearSfrom1970to
1990・ThegreatestincreasewasbyarOund50，（X氾duringthefiveyearSfrom1970to1975and
from1985to1990・Duringthefiveyearsfrom1975to1980theincreasewasslightlysmallerby

arOund30，∝X）（Figure4－2－6）・ByexaminingthenumberofR＆DS／EbybusinesヲCategOryit
becomespossibletobetterunderstandtheR＆DactivitiesintheJapaneSemanufactunngindustry．

Byindustry，in197013per？entOfallR＆DS／Ewereengagedinthechemicalandchemical
丘bers，12percentintheelectncmachineryandequlPmentand17percentinthecommunications，
electronicsandelectricequipment（Note）．Subsequendytherehasnottcenmarkedincreaseinthe
numberofR＆DS偲engagedinthechemicalandchemicalnbrsindus仕yeveninactualnumber
thustheirshareinthetotalnumberofR＆DS／Ehasdeclinedto6percentinl990．Similarly，
althoughtheactualnumberofR＆DS／Eengagedintheelectricmachineryandequipment
industryhastripledinthelast20yearStheirshare（11percent）hassomewhatdeclinedcompared

to20yers竺gO・Markedlyincreasingboththeactualnumberandsha陀OfR＆DS偲hasbeenthe
COmmunlCatlOnS，electronicsandelecBicequipmentindusけy．Theactualnumberhasincreasedby

afactorofsixduringthetwentyyearperiodandtheshareh）m17perCentin1970to28percent．
ItisclearthatthisindustryhasdrasticallybeenincreasingthenumberofR＆DS／EinJapaneSe
manufactunng・AsimilartendencycanalsobeseenregardingR＆Dexpendituresandcanbesaid
toshowthecharaCteriSticofR＆DinJapantofのusonelectronics．

Ontheotherhand，theshareOftheR＆DS偲engagedinthemotorvehiclesindustryhasbeen
growingffom5percentinl970to8percentinl990・Thegrowthhoweverhasbeensmall・The

actualnumberofR＆DS！Ehoweverhasgrownbyafactorofnveinthepast20years．The
numberinl990wasarOund25percentofthatinthecommunications，electronicsandelectric
equipmentindusけy．

Inthelast20yearsthenumberofR＆DS／EinthepharmaCeuticalandprecisionmachinery
industrieshasslightlyincreased・Howevertheirshareshavebeenverysmallcomparedtothe
COmmunications，electronicsandelecBicequlPmentindusby・

Note：

Theanalysis usesthemicroindustrialclassifications・Figure4T2－6howeverusesthemeso classification to avoid
COmplications．

（2）　NumberofR＆DSβbySpecialization

ExaminingtheshareofR＆DS／Ebyspecialtyshowsengineeringwiththegreatestshare，61
PerCent，in1990fbllowedbysciencewith27percent．AmongnaturalsciencestheshareOfthose
SpeCializinglnagricultureandhealthwasonlyaround3perCenteaChandthatofhumanitiesand

SOCialsciencesIp？rCent（Figure4－2－7）・TherefbretheoverwhelmingnumberofR＆DS／E
SPeCializedin englneeringorthe sciences．TheR＆D S／E areaofspecializationinthe

manufacturingindustryisoftendeterminedbystudentfieldofstudychoice中COllegeorgraduate
SChool・SinceinJapanmanyofthestudentsofsciencedepartmentsareenglneenngStudentsitis
naturalfbrthenumberofR＆DS偲SpeCializinginenglneenngtOincrease．
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Figure4■2－6TrendsofNumberofIndusbialR＆DS／E（byindus打y）
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See Table　4－2－6
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Figu∬e4－2－7TrendsofNumberofIndustrialR＆DS／E（byspeCialization）
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See Table　4－2－7
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4．2．4R＆DinResearch－IntensiveIndustries

TheU．S．CommerceDepartmentandtheOECDfbrexamplede丘neresearCh－intensiveindustries
OrPrOductsasthosewithR＆Dexpenditurespersalesofover2．5percent，thosewiththenumber
OfR＆DS／EpertotalemployeesofoveracertainlevelorspeCi丘cindustriesorproductssuchas
theaircraftindustry（refbrencesl，4，5）．Japandoesnotseemtousesuchadefinition・However
theindexofintensityOfhowmuchR＆Dexpendituresorresearchpersonnelarebeingplacedper
industryisimportant．HencetheanalysishasusedratiosfbrR＆Dexpenditurespersalesand
R＆DS！EperlO，（X沿employeesasindicatorsofR＆Dintensity．

CalculatingtheR＆Dexpenditurespersalesandindus甘yShowstheaveragefbrallindusのeswas
2．72percent．Itwas3．29perCentinthecaseofthemanufhctunng・Iftheindicatorisindicativeof
R＆DintensitytheresearChintensityofthemanufacturingindus打yfromtheviewpointofR＆D
expenditures wasl．21timestheindustry average．The numberofR＆D S／EperlO，000
employees was476fbrallindustries and577formanufacturlng・ManufacturlngreSearCh
intensity蝕）mtheviewpointofpersonnelwasl・21timestheindustrialaveragewhichisthesame
aswhenlookedatfromR＆Dexpenditures．

Figure4－2－8showsmanufhctunngresearchintensltyOVertime・ItshowsthatwhileR＆D

expendituresratiostosalesmoreorlessremainedatthesamelevelinthe1970sitgrew
Significantlyinthe1980S．Thenumbernearlydoubled（1・87times）duringthetenyears丘om

1981to1990・Incontraミt，unlikethecaseofR＆DexpenditurestheratioofR＆DS／EtolO，（X沿
employeesmoreorlesslnCreaSedatafixedrateduringthesameperiod・Ithasgrown2・73times
duringthe20yearsfrom1971to1990andbyl・65timesduringthelOyearsfrom1981to
1990．Thesetendenciescanbesaidtoshowthefactthatthemanufactunngindustryhassteadily
beenintensifyingitsR＆D．

Figure4－2－9showsresearChintensitybyindustry・ManifbstingthegreatestR＆Dexpenditures

与ntensityisthepharmチCeuticalindustry（7・50percent）・Thisindustryissaidtorequirelarge
lnVeStmentSinthetestlngPrOCeSSmainlyrelatedtosafttyintheproductdevelopmentprocess・

Thennding！SuCCinctlycorroboratethis・FollowlnginR＆Dexpendituresintensltyarethe

COrTmunicatlOnS・electronicsandelectricequipment（6・10percent），electricmachineryand

equlPment（5・47percent）andpregsionmachinery（5・16percent）industries・Itcanbeseenthat
theR＆DexpendituresintensltylSgreatamOnghigh－teChindustrieswhichspendgreatlyin

SOftwaredevelopment．Followingthesewerechemicalindustriessuchasotherchemical（4・11

PerCent），Chemicalandchemical丘bers（4．09percent）andoilsandfatsandpaints（3・93percent）・

Whiletheautomobileindustry．sintensityexceededthetotalmanufacturingindusはyaverageit

WaSOnly3．48percent．

Inten誓OfthenumberofR＆DS／EperlO・000employeesandindustry，manifbstinghigh
intensltPSaretheoils，fhtsandpaints（1，172），Otherchemical（1，088），COmmunicati？nS，
electronlCSandelectricequipment（1，094）andchemicalandchemicalfibers（938）industnes・
ThiswasconsiderablydiffbrentfromtheorderofintensitybasedonR＆Dexpenditures・Manyof

theindustrieswithhighemployee－reSearCherratioswerethoserelatedtochemistryandare
believedtotxprocessindustries・

TherelationshipbetweenR＆DexpendituresratiotosalesandofR＆DS偲toemployeesismore

Orlessproportionalexcept丘）rtheprecedingtoprankingindusbies・Hence，thereisatendency

fbrindustrieswithhighSales－R＆Dexpendituresratiotoalsomanifbsthighemployees－R＆DS／E
ratlOS．

ExaminationofresearChintensitybyscaleofcapitalshowsthatingeneral，thegreaterthecapital

SCalethegreaterthesalestoR＆Dexpendituresratioandemployee二researcherratio・However

theseratiosof丘mlSWiththesmallestcapitalscales伴5milliontounder￥10million）weregreater

thanthoseofthefirmsabovethembyonerank伴10millionto￥1（氾million）・Thissuggeststhat
thesearereseanh－CenteredfirmsorresearCh－intensivefirms．
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Figure4－2－8T柁ndsofResearChIntenslty
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See Table　4－2－8　and Table　4－2－9

Figure4－2－9ResearchIntensitybyIndustry
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4．2．5NumberofIndusのalR＆DLaboratories

IntherecentyearSJapaneSe丘rmSareaCtivelyestablishinglaboratories・Thistrendisrefbrredto

asthe’’secondlaboratoryboom・”InthehighgrowthperiodtherewasaHcentrallaboratory

boom一’andtherecenttrendissaida’’basiclaboratoryboom”（reftrencesl3，14）．Therearemany

reasons fbrestablishinglaboratories whichreflectthe firms．response to R＆D progress．
TherefbrethenumberoflaboratoriescanbeseenasanindicatortocomplementtheR＆D
expendituresandnumberofR＆DS／Ewhicharecpresentadveinfrastructureindicators．

TheJapanEconomicJournalInc．（Nihon KeizaiShimbun）has followedJapanesefirms－
1aboratoriesbyindustryandresearcharea（Note，SOurCe9）．Theanalysishas selectedand

analyzed470manufacturersfbrthisstudy・Figure4－2－10（A）showsthenumberoflabo聖0ries
byindustryinJapan．ThechemicalandelecbicmachineryindustrieshavealargePrOPOrtlOnOf
laboratodes．

Manyfirmsbelongedtotheseindustries．Thenumberoflaboratoriesperfirmwasobtainedby

dividingthenumberoflaborat0riesbythenumberoffirms（Figure4－2－10（B））・Publicutilities
businesses namely communlCations and gas had manylaboratories．For manufacturlng，

Chemicals，Steel，Shipbuilding，丘bersandotherexceededtheaverageforallindustries．

Figure4－2－10（C）showsthenumberoflaborチtOriesbyresearCharea・Theareasofchemicalsand
electncltyandelectronicshadmanylaboratones・Thesewerefollowedbybiotechnology・

Note：Theanalysis一aSCOnductedbytheNationalInstituteofScienceandTechnologyPolicy（NISTEP）usingsource9・
ThebusinesscategorleSWeredifferentfromtheonesusedintheManagement＆CoordinationAgencystudy・
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Figure4－2－10NumtxrofIndustrialR＆DLaboratories
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Sec Table　4－2－10
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4．3　R＆Din Academia

43．1R＆DExpendituresatUniversities

R＆Dexpendituresatuniversities（Notel）canbedividedintoordinary／standardexpenditures，
PaiddependingonthecontentandnecessltyOfresearch，and specificprqJeCt－0riented
e坤enditures・Expenditu柁SfbrdevelopingresearchfhcilitiesandequlPmentalsohasalargeShare
Ofthetoml．

TheseordinaryR＆DexpendituresaredesignedtodevelopthefoundationforR＆DS／Etofreely
COnductI℃SearCh・AtnationaluniversitiesitincludespersonnelandinstruCtOreXPendituresand

theirresearchandtravelingexpenditures・Inthecaseofprivateuniversities，thenational
governmentSubsidizesthepersonnelandothereducationalandresearChactlVltyeXPendituresin

geneml．

SpecialR＆Dexpendituresalsoincludemiscellaneousexpendi如℃S．Oneoftheseisbasedonthe

MinistryofEducation’sscientincresearchgrantsdesignedtomarkedlydevelopexcellent

academicresearChandtocontributetowardpromotionoflearnlnginJapan・Theyaregrantedto

researchvoluntarilyplannedbyuniversityR＆DS／Eorresearchergroupsdeemedespecially
lmpOrtantinviewoftheacademictrendsinJapan．ulisisexpectedtoprducehighlevelresearch
results．

ExaminingR＆Dexpenditures甲ndsinuniversitiesbytypeofinstitution（Note2，Figure4－3－1）
ShowstheamountfbrpnvateunlVerSitieshasgrownmorethanthatofnationaluniversitiesafter

1974．Ifthe1970nguresareconvertedtolOOtheindicesfor1980werenationaluniversities

332，Publicuniversities267andprivateuniversities420．Thosefbrl989were：nationa1502，

Public451andprivate691．0neofthereasonsforthelowgrowthoftheexpendituresfbr

nationaluniversitiesisbelievedtobeduetothetighteningofthenationalfinancesduetothe

recessiontnggeredbythenrstoilcrisis．In1989totaluniversltyeXPendituresarebrokendown

as follows；nationalY899．2billion，Public￥114．3and prlVate￥1．1158trillion．Private

universitieshavehadalargeshareoftheexpenditures．

Figure4－3－2showsR＆Dexpendituresforuniversitiesbyacademic丘eld．ConspICuOuShasbeen

alevelingoffoftheexpendituresinagnculture．1970丘guresconvertedtoindicesofl∝Ibasefor

1980werescience426，englneerlng360，agrlCulture309，health402，allnaturalsciences379

andhumanitiesandothers348．Thosefbrl989werescience728，englneenng576，agnCulture
435，health638，allnaturalsciences603andhumanitiesandother551．ItcanbeseenthatR＆D

expendituresinscientincareashasdrasticallyincreasedduringthisperiの．

Byacademicneld，R＆Dexpenditureswerescience￥187billion，englneenng￥481．8billion，

agriculture￥99．8billion，health￥543billion，allnaturalsciences￥1．3116trillionandhumanities

andother￥817．7．HenceR＆Dexpendituresinagricultureforin1989particularlysmall．

No記S：

（1）Universitiesasde丘nedintheManag？ment＆CoordinationAge聖yr印Ortincludecolleges，juniorcolleges，
technicalcolleges，universitylaboratories，lnter－universityreseeLrChinstltuteSaJldothers．

（2）R＆DexpendituresatuniversidesarethoseforperSOnnel，raWmaterialS，andforpurchaseoftangiblefixed
aSSelS．
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Figupe4－3－1T陀ndsofR＆DExpendituresbyUniversities（bytypeofinstitution）

R＆DExpenditures

（TrillionYen）

19596163　65　67　69　7173　75　77　79　8183　85　87　89

FiscalYear

Source：Statistics Bureau，Management and Coordination Agency，Japan，．tReport onthe

Survey of Research and Development”

See Table　4－3－1

Figure4－3－2TrendsofR＆DexpendituresbyUmiversities（byacademic丘eld）

R＆DExpenditures

（TrillionYen）

19596163　65　67　69　7173　75　77　79　8183　85　87　89

FiscalYear

Source：Statistics Bureau・Managementand Coordination Agency，Japan，f・Report on the

Survey of Research and Development．一

Sec Table　4－3－1
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4．3・2NumberofUniversityR＆DS／E

In1990universityR＆DS偲numbered205，509．Theseincludedthoseenrolledindoctorates

FOurSeSandmedicalstaffinadditiontoinstructors・ThegreatestnumberofR＆DS／Ewere
lnStruCtOrSaCCOuntingfor71．2percentor146，456．28，203（13．7percent）wereenrolledin
doctoratescoursesand30，850（15．Opercent）weremedicalstaff．

Figure4－3－3showstrPndsofthenumberofR＆DS／Ebytypeofinstitution・Thenumberat
nationalandprivateunlVerSitieshasincreasedatmoreorlessidentiCaland丘rmrates．Atonedme

however（from1978to1984）thenumberatnationaluniversitiesexceededthatofprivate
SChooIs．Thenumberatpublicuniversitiesrapidlyincreasedin1973andhasremainedonthe
Samelevelsince．

Byacademicfield（Figure4－3－4）thegreatestnumberofR＆D S／Ewerenaturalscientists

（134，133，aCCOuntingfbr65・5percent）・Thesocialsciencesandhum？nitiesaccountedfbr71，376
0r34．7percent．TheratiobetweennaturalscientistsandsocialsclenCeSandhumanitieswas
around2tol．Overtime，in1961thenatural－SOCialscienceratiowas48．4to51．6henceR＆D

S／Einsocialsciencesandhumanitiesweremorenpm？rOuS・Howeverthenextyeartheratio
reversedto54．1to45．9andtheratioofnaturalsclentlStShasgraduallyincreasedsince．For

example，in1973theratiodrasticallyincreasedfrom56．5percentto60．1percent．Thiswasthe

yearinwhichthetotalnumberofR＆DS偲drasticallyincreased．Itcanbeseenthattheincrease
WaSaSCribabletoincreaseofnaturalscientists．

Thenaturalsciences訂emadeupofscience，englneenng，agnCultureandhealth．Mostnumerous

WerehealthR＆DS偲numbering80，547andaccountingfor39・2per？entOfallR＆DS／E・They

haveincreasedby6・Opercentinthelast15years・Followingwereengl一eeringR＆DS／Etotaling
33，279andaccountingfbr16．2percentofallR＆DS／E．TheyhavelnCreaSedby2・2percent

duringthelast15yearswhichissmallcomparedtoR＆DS／Einhealth．ScienceR＆DS／E

numbered12，528（6．1percent）andagriculture7，779（3．8percent）fbranincreaseof3・4percent

andl・1percent・Recenttrendsinthenumberofn？turalscienceR＆DS／Eshowthatthehealth
R＆DS／EnotonlyhavehadalargeSharebuthavelnCI℃aSedatahighrate．Also，Whiletheshare
fbrscienceR＆DS偲hasbeensmalltherateofincreasehasexceededthatofhealthrelatedR＆D
S！E．

4．3．3R＆DExpendituresperUniversityR＆DS！E

R＆DexpendituresperuniversityR＆DS偲isanindicatorofthequanti9tiverelationshipktween

R＆DexpendituresandthenumberofR＆DS／E・Figure4－3－5exチTllneSthistrendbykindof
institution．After1971thegrowthofexpendituresbypnvateuniversltleSeXCeededthatatnational

universities．With1970丘guresindexedatlOOthe1980indiceswerenational219，public184

andprivate270．In1989theindiceshadgrowntonationa1265，Public252andprivate338・The

expendituresin1989werenational￥9．59million，Public￥8．52millionandprivate￥11．35

million．Privateuniversitiesarefbcuslngtheirexpendituresmostlyperresearcher．Before1970

nationaluniversitiesspentthemost．In1971thesituationdrasticallyreversedandeversince

PnVateuniversitieshaveconsistentlybeenspendingpmportl0natelythemost・

Figure4－3－6showstrendsofR＆DexpendituresperuniversltyreSearCherbyacademicfield・
ConspICuOuShasbeenlevelingoffofexpendituresintheareaofhealth・Ifthe1970figuresare
COnVertedtol（泊，indicesfor1980werescience267，englneenng269，agnCulture250，health
186，allnaturalsciences221andhumanitiesandothers271．In1989theindiceswerescience

388，englneenng365，agnCulture320，health208andallnaturalsciences269．Itcanbeseenthat
theexpendituresinthescienceareashavedrasticallyexpandedduringthisperiod・Intotal
amounts，eXPendituresin1989werescience￥14・93million，englneerlng￥14・48million，
agriculture￥12・83million，health￥6・74mi11ionandallnaturalsciences￥9・78million・Itcanbe
Seenthattheexpendituresinhealthhasbeensmal1．
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Figure4－3■3TI℃ndsofNumberofUniversityR＆DS偲（bytypeOfinstitution）
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Source：Statistics Bureau，Management and Coordination Agency，Japan，’’Report onthe

Survey of Research and Development’’

See Table　4－3－2

Figure4－3－4TrendsofNumberofUniversityR＆DS偲（byacademicfield）

NumbcrofR＆DS／E

（Thousandpcrsons）

Source：Statistics Bureau，Management and Coordination Agency，Japan，t’Report onthe

Survey of Researchand Development’’

See Table　4－3－2
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Figu1℃4■3－5TrendsofR＆DExpendituresperUniversityResearcher（bytyPeOfinstitution）

R＆DExpenditures

（MⅡlionYen）

60　62　64　66　68　70　72　74　76　78　80　82　84　86　88　FiscalYear

Source：Statistics Bureau，Management and Coordination Agency，Japan，’’Report on the

Survey of Research and Developmenピ’

Sce Table　4－3－3

Figure4－3－6TrendsofR＆DexpendituresperUniversityRese訂Cher（byacademic丘eld）

R＆DExpenditures

（MillionYen）

Source：Statistics Bureau，Management and Coordination Agency，Japan，”Report on the

Survey of Research and Development”

Sec Table　4－3－3
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AsmentionedumiversityR＆DS／EaremadeupofinstruCtOrS，thoseenrolledindKtOrateCOurSeS
andmedicalstaff．Comparingthesebykindofinstitution（national，Publicandprivate）shows

thatmanyofthenationaluniversityR＆DS／Ebelongtodoctoratecourses，ntanyOfpublic
umiverSityR＆DS偲aremedicalstaffandmanyofprivateuniversityR＆DS偲訂elnStruCtO椚Sand
fbwenrolledindoctoratecourses．WhencompanngtheR＆Dexpendituresperresearcheritwill

benecessarytotakethesefhctorsrelatedtothecompositionofR＆DS偲intoaccount・

4．3．4NumberofUniversityR＆DLaboratories

ThisanalysishasusedthedepartmentastheunitoftheuniversltyreSearChorganization．Thisis
thesameaswiththeManagement＆CoordinationAgencyreport．Accordingtothesaidreport，in
1990（sourcel）thenumberofuniversityandotherdepartmentstdtaled2，187．1，2310r56．2
PerCentOfthesewereuniversitydepartments．Thiswasfbllowedbyjuniorcollegedepartments
（588，26．8percent）．Universitylaboratoriesnumbered19lor8．7percentandothers1770r8．1
PerCent・

Bykindofinstitutionnationaluniversitieshad6470r29．5perCentOfalluniversitydepartmentS．

Publicuniversitieshad151（6・9percent）andprivateuniversitiesl，389（63・5percent）・Hence
PnVateunlVerSitieshadthegreatestnumberofdepartments．

Byacademicneldhumanitiesandsocialsciencedepartmentswerethemostnumerousat890
（40．6percent）．The breakdown wasliterature314（14．3percent），law98（4．4percent），
economics321（14．6percent）andotherl57（7．1percent）．TherearemOreOrlessequalnumbers
Ofeconomicsandliteraturedepartments．Secondnumerouswerenaturalsciencedepartments

（752・34・3pprcent）・ThebreakdownwassciencelO2（4・6percent），enginePring318（14・5
PerCent），agnCulture75（3．4percent）andhealth257（11．7percent）．Engineenngdepartments
Werethemostnumerousamongnaturalsciencedepartments・Amongotherdeprtments（545，
24・9percent）homeeconomicsdepartmentSnumbered208（9．5percent），educatlOnal178（8．1

PerCent）andother159（7．3percent）．

Atotalof538，554personsbelongedtothesedepartments．Bykindofinstitution441，8800r

82．0percentbelongedtouniversitydepartments．Whencomparedwiththeratioofuniverslty
departments（56・2percent）thisshowsthelargeSizeofuniversitydepartmentS・Nextinn？mber

W？rethosebelongiTgtOjuniorcolleges（66，125，12・2percent）fbllowedbythosebelonglngtO
unlVerSitylaboratones（14，404，3．3percent）．

Bykindofinstitution200，822（37．2percent）belongedtonationaluniversities．Thesizeof

nationaluniversitydepartmentscanbeinfbrredbycompanngthenumberwithwiththerati00f

nationaluniversitydepartmentS（29・5per9？nt）・Thiswasfbllowedbypublicuniversities（35，173

PerSOrtS，6・5pPrCent）andprivateuniversltleSandothers（302，559，56・lpercent）・Itcanbeseen
thatpnvateunlVerSitydepartmentSarerelativelysmal1．

4．4　R＆Din GovernmentalInstitutes and R＆D Foundations

HereR＆DorganizationsreftranyOfthefollowlng：

（1）　NationalR＆Dinstitutes

（2）　Semi一gOVernmentalcorporatiopswhichconductR＆Dastheirprincipalactivity

（hereinafk：rrefbrredtoassem1－gOVernmentalR＆Dinstitutes）

（3）　PublicR＆Dinstitutesestablishedbylocalgovernmentalauth0rides

（4）　PdvateR＆DinStitutesmainlyfoundations

UnlikeuniversitiesandindustriestheseR＆DinstitutesallspecializeinR＆D．Howevertheir

CharaCteristicisquitediffbrent・ThebelongtogovernmentOfncesandpromoteR＆DinareaS

mafkedwithstrongs∝ialoradministrativeneeds・Theresearchcorporationsaremainlyfinanced

OrSubsidizedbythegovernmentOrPnVatelyfunded・AlongwithnationalR＆Dinstitutesthey
PlaymaJOrrOlesinthenationalR＆Dsystem・BecauseresearChcorporationscanamasstalent

Widelyfromthegovernmentandprivatesectors，CanflexiblybeoperatedasanOrgaJlizationand
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Canintroducepnvatefunds，theyareinstrumentalinefncientlypromotlnggOal－0rientedR＆D・

TheyplaymaJOrrOlestodayasR＆Dgrowsinscaleandcomplexlty・PublicR＆Dinstitutes
COntributetowardsthepromotionofregionalareaSbyconductingR＆DinmeetlngWiththearea，s
actualconditions・PrivateR＆DinstitutesarenOnPrO丘torganizationsandareStillfbwinnumber
inJapan・Howeverthey are making contributions ofa kind difftrentfrom other R＆D

OrganizationsandexpeCtationsamplacedontheirfurtherdevelopmentinthefuture．Amongthese
OrganizationsthenationalR＆Dinstitutesandresearchcorporationsareusuallytreatedas
govemmentR＆Dorganizations．

4．4．1R＆DExpendituresbyR＆Dorganizadons

R＆Dexpenditure畠byJapaneseR＆Dorganizationsreached￥1．4523trillionin1989．Thiswas
l2・3percentofallR＆DexpendituresinJapan・Examlnlngtheratio－strendsintherecentyearS
Showsthatithasbeendecliningaswiththeexpendituresbyuniversities．

Figure4－4－1showsthetrendsofR＆Dexpendituresbykindofresearchorganization・Itshows
thatpnvateR＆DinstitutesandresearChcorporationshavebeenspendinglargeamountsinR＆D
andpublicR＆Dorganizationssmallamounts．

ConspICuOuShasbeenthegrowthovertheyearSOfR＆DexpendituresbypnvateR＆Dinstitutes．
IncontrastitcanbeseenthatthegrowthofR＆DexpendituresbynationalandpublicR＆D
Organizationshasbeensmallcomparedtootherorganizations．

4．4．2NumberofR＆DS偲atR＆Dorganizadons

In1990R＆DS！EworkingatR＆DorganizationsinJapannumbered40，819．Thiswas7．3

PerCentOfthetotalnumberofR＆DS偲inJapanthatyear（560，276）・Examintngtherecent
trendsshowsthattheirgrowthhasbeenonthelowestlevelcomparedtocorporatlOnS，etc・，and
universities．Inparticular，aSthetotalnumberofpositionshasbeenreduceddueto丘scalrestraint
SOthatthenumberofR＆DS／Eisalsobeingreduced．

Figure4－4－2showstrendsofthenumberofR＆DS偲atR＆Dorganizations．Itcaneasilybe
Seenthatthenumberathasbeenlevelingoff．AtpublicR＆Dinstitutesalsothenumbervirtually
didnotincreaseinthel970S．ThenumberatresearChcorporationshasalsobeenremalnlngOn
thesamelevel・IncontrastthatatpnvateR＆Dinstituteshasbeenincreaslng・Thegrowthhas

been望arkedinthe1980sinparticular・Itcane誓ntXBSaidthattheincreaseofR＆DS／EatR＆D
OrganlZationshasbeenduetotheirincreaseatpnvateR＆Dinstitutes．

ThenumberofR＆DS！EbykindoforganizationisshowninFigure4－4－2・OnlytheshareOf
PnVateR＆DinstituteshasbeenincreaslngWhiletheothershowndecreases．Whenlookedat
from theviewpolntOfR＆Dpersonnelitcanbe saidthatthe shareofgovernmentR＆D

Organizationsinparticularhasmarkedlybeendecreaslng．

TheshareofR＆DS／EiscomparedwiththatofR＆Dexpenditures（Figure4－4－1）・Inrecent
years the shareofR＆D expenditureshas beenlargerthanthatofR＆D S偲atresearch

COrPOrationsandprivateR＆Dinstitutes・Incontrasttheshar？OfR＆DS／Ehasbeenlargerthan
thatofR＆DexpendituresatnationalandpublicR＆DinstltuteS．Thissuccinctlyreflectsthe

CharacteristicofR＆DactividesattheseR＆DoTganizadonswheretheformerrequlrelargeR＆D
expendituresforequlPmentandfacilitieswhilethelatterdonotrequlreSuChexpenditures・In
ParticularitcantnseenthatresearChcorporationsareconductinglarge－SCaleR＆D．
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Figure4－4－1TI℃ndsofR＆DExpendit∬CSbyR＆DOrganizations
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Figure4－4－2T陀ndsofNumberofR＆DS偲atR＆DOrganizations
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Sec Table　4－4－2

－148－



4．4．3NumberofLaboratoriesinR＆DOrganizations

AlongwithR＆DexpendituresandnumberofR＆DS／Ethenumberoflaboratoriesisan

importantindicatorofR＆DinfrastruCture・TheManagement＆CoordinationAgencyreportdas
notcoverthenumberoflaboratories．HoweverinthecaseofR＆Dorganizationsitisbelieved

possibletoconsiderthenumberoforganizationscoveredasbeingalmostthesameinnumberto
thenumberoflaboratories．HencethenumberofR＆Dorganizationscoveredbythereportis
convertedintoanR＆Dindicator．In1989therewere97nationalR＆Dlaboratories，8research

corporationsand586publicR＆Dinstitutes・OvertheyearStherevirtuallyhavebeennochanges
inthenumberofnationalR＆Dlaboratoriesandresearchcorporations・Thenumberofpublic

R＆Dorganizationsincontrasthasbeenfluctuatlng・RecentlyithasbeendecreaslngeVeryyear
afterthepeakof6420rganizationsin1983・ThenumberofprivateR＆Dlaboratorieshassteadily
beenincreaslngdespitenuctuations・After1983inparticularithasdrasticallyincreasedevery

yearSOthatthenumberin1988wasaroundl・7timesthatinl982・

ClassifyingtheR＆Dorganizationsbyacademicfield（SCience，enginePring，agricultureand

health）showsthat．overhalfofthespecializedinqngineeringandagnculture，PublicR＆D
OrganizationsinagncultureandresearchcorporationslnSClenCe・

Sources：

（1）Management＆CoordinationAgencyStatisticsBureau，”ReportontheSurveyofResearch

＆Development．’’

（2）OECD，HMainEconomicIndicators，September，1989・’■

（3）OECD，”NadonalAccountsMainAggregatesVolumeII，1990・”

（4）OECD，’’ScienceandTechnologyIndicatorsReportNo．3，’’1989・

（5）NSF，一一ScienceandEngineeringIndicators－1989・‖

（6）NSF，”NationalPatternsofR＆DRe1989．”

（7）ScienceandTechnologyAgency，ffOutlineofBudgetfbrScienceandTechnology・’f

（8）Management＆CoordinationAgencyStatisticsBureau，”LaborSurveyYearbook・‖

（9）NihonKeizaiShimbun，Inc．，HCompanyData，1990－II，SPring・”

Re缶rences：

（1）ScienceandTechnologyAgency，’’WhitePaperonScienceandTechnology・”

（2）ScienceandTechnologyAgencyScienceandTechnologyPolicyBureau，HScienceand

TechnologyHandbook．1’

（3）Management＆CoordinationAgencyStatisticsBureau，”ReportontheSurveyofResearch

＆Development．”

（4）OECD，”TheMeasurementofScientificandTechnicalActivities’FrascatiManual’，”1980．

（5）OECD，”ScienceandTechnologyIndicators，ReportNo．3，一一1989．

（6）InstituteofFutureEngineering，”StudyofActualConditionofWestemR＆DStatisticsand

ComparisonwithJapanese，’’1987．

（7）YukihiroHiranoandChiakiNishigata，’．BasicResearchbyMajorJapaneseFirms，’’NISTEP

ReportNo．8，1990．
（8）YukihiroHirano，HWhatFirmsTrytoGeth）mBasicResearch，’’KagakuAsahi，1990．

（9）FumioKodama，’’TechnologicalDiversi丘cationofJapaneseIndustry，”Science，Vol．233，

1986．

（10）FujioNiwa，’’TheJ叩aneSeS＆TIndicatorSystemandIndusbialR＆DResource

Diversi丘cation，”edit．byHiroshiInose，etal．，”ScienceandTechnologyPolicyResearch，”

MitaPress，1990．
（11）FumioKodama，’’JapaneseInnovationinMechab’OnicsTechnology：AStudyof

TechnologicalFusion，一’ScienceandPublicPolicy，Vol．13，No．1，1986．

（12）EconomicPlammingAgency，”EconomicWhitePaper：1989．”

（13）NationalInstituteofScienceandTechnologyPolicyedit．，”HistoryofScienceand

TechnologyPolicyinJapan，”1990．
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（14）NationalInstituteofScienceandTechnologyPolicyNo．2StudyGroup，‖BasicStudyof

伽motionofScienceandTechnologyinLocalAreas（InterimRepcn），”1989．
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Chapter5

Regional R＆D Activities

InterestinregionalscienceandtechnologyactivitiesISgrOWlnglnreCentyearS．Policiessuchas
theFourthComprehensiveNationalDevelopmentPlanhavefocusedonreglOnaldevelopment
WhereinthemainobjectiveistoreversethetendencytoconcentrateactivitiesinTokyoand
COnSequently to promote a multipolar pattern of nationalland use throughoutJapan．
Concurrently，developmentsinscienceandtechnologyhavebeensignificant，COntributingfbr
example to therapidformation ofnew socialinfrastruCtureSincludinginfbrmation and

COmmunicationnetworks．Inaddition，theimportantroleoftechnologicalinnovationinthe
advancementofindustrialtechnologyandinthedevelopmentoftheeconomyasawholeare
galnlngWidespreadrecognltlOn，andasaconsequence，SCiencearldtechnologyareconsideredto
bemaincontributorstotherevitalizationofreglOnaleconomies．Inrecentyears，localgovemment
auth0ritiesaredrawingupreglOnaldevelopmentplanscentereduponR＆Dactivitiesandare
implementlngreglOnallyorientedpoliciesfbrthepromotionofscienceandtechnology，including
theestablishmentofcouncilsforthatpurpose．

Highereducationalinstitutionssuchasupiversitiesarethemainfacilitieswhichsupplyhuman
resourcesbytralnlngSCientistsandenglneerS・Theyalsoplaycentralroles．inJOlntindustry－
universityR＆DascanbeseenintheTechnopolisPlan・HencetheyoccupyanlmPOrtantPOSltlOn

asacoreinpromotlngSCienceandtechnologyinlocalareas・

AIsoimportantistheroleofprivateenterpnsesinmediatingbetweenR＆Dandregl0nal

developmentactivities・CorporateactivitiesinlocalareasarecharaCterizedbyabimodial

relationshipbetweenR＆Dandproductionactivities・Scientificandtechnologicalactivities

contributetotheareathroughproductionandthestateofreglOnaldevelopmentaffbctsthe

industrialproductionandR＆Dactivities・ThischapteranalyzesthecharacteriSticsofscientific

andtechnologlCalactivitiescarriedoutinJapanbyindexingbasicdatarelatedtoscienceand
technoIogybyreglOn．

5．1RegionalDistribution ofR＆D FaciIities

TheregionaldistributionofR＆DfhcilitiesareaStartlngPOlntinthequantitativeanalysisoflocal
scientincandtechnologicalactivities・RegionsareShowninFigure5－A・TokyoandKanagawa

Pre丘cturewereseparatedfromtheKantodistrictandcombinedintol．TRA・”

ー153－



Table5－ARegionalClassi丘cation

Region Prerectures

Ho仙 do Hbu【ddo

Tohob

Aomod
Iwate

M iy喝l

Akiは
Yamag叙a

F血Shima

Kanto

Ibaraki

Tochigi
Gum

Sai加na

Chiba
Yanl肌は血

TokyoRegiond Tokyo

Area Kan喝aWa

Hokurih
Niig乱a

Toy揖na

Ishib wa
Pukui

To血

Nagano

Gih
Shizuoka

Aichi

M ie

Reqion Prefecture＄

Kinki

Shi£a

Kyoto

Osaka
Hyogo

Nara

W akay孔m凪

Chl唱Oku

Tottori

S血 mc

Okayむna

Hiroshima

Y卸叫帥Chi

Shikoku

Tdb shima

K喝aWa

Ehimc

Kochi

Kyusyu

F山moka

Saga

Nagぉaki

Kumamoto
Oita

M iya疲i

Kago血ima

Okinawa
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5．1．1RegionalDistributionofUniversityDepartments

AcomprehensivestudyofreglOnaldistributionofuniversitydepartmentsshouldcoverall
departments and faculties．However，tO PrePare anindicatorfbcuslng On SCientific and
technologiCalactividestheanalysishasfbcuseditselfonscienceandenglneenngdepartmentsby
excludingculturalsciencedepartments．Forexample，themainrolbofhealthdepartmentsand
facultiesistoexecuteeducationalactivitiessuchastralnlngOfdoctorsandpharmacists・Forthis

reasonsomeofthedatawereexcludedinprepanngtheindex．

AsshowninTable5－BtheTRAhad28percentofal1universitydepartmentSandtheKinkiarea
18percent．Slightlyunder50percentofalluniversitiesinJapanwereconcentratedinthesetwo

re寧10nS・TheyalsohadlargeSharesofscienceandenglneerlngdepartmentS・Howevermany
SClenCedepartments arealsofoundintheChugoku，HokkaidoandTohokudistricts．AIso，
englneeringdepartmentSareWidelydistributedintheHokuriku，HokkaidoandKyushudistricts．

InactualnumtnrhowevertheywereoverwhelminglyconcentratedintheTokyoandKinkiareas．

Thecoefncientofvariance（Note）isusedtodeterminetheindicatorofregionalconcentrationof
universitydepartments．Itisobtainedbydividingthestandarddeviationoftheshamofthegiven
departmentbyitsshareinalldepartmentS．Thesmallerthecoefncientthemoreuniformthe
regionaldistributionandthegreaterthecoefncient，thegreatertheregionalconcentradon．

Thecoefncientsshowthathealth，englneenng，S∝ialscienceandculturalsciencedepartmentsare
relativelyevenlydistributedthroughoutthecountry．IncomparisonscieLICeandagriculture
departmentsareunevenlydistributed．Commerce，homeeconomicsandartdepartmentsa陀Very

unevenlydistributed．Thisisbelievedtoreflecttheresultsoftheeducationalpoliciessuchas

thoseestablishingandexpandinghealth－relateddepartmentsonanation－Widescaletoeliminate

theproblemofshortageofdoctorsortheestablishingenglneerlngdepartmentsthroughoutthe

COunbytotraintechnicians．

Note：

（l）　　Thecocfficientofvariationisobtainedasfollows・

（革（X『mi）2／N）1／2
J

Cocfficicntofvariance＝

（亭句／N）1！2
J

Where

i：depa爪ment

j：reglOn

mi：血edepartmentlsshareirLthetotalnumberofdepartments

Xii：ShareofdepartmentiinreglOnJ

N：numbrofreglOnS

ThecoefficientisobminedbyfirstobtainingtheaverageandstandarddeviationoftheregiondshaTeOfthedepartment
anddividingthestandarddeviationbytheaverage・ThemoreuneventhereglOnaldistributionthegreaterthestandard
deviation，hencegreaterthecoefficient・
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Table5－B NumbrofAcademicDepartmentSbyRBgion

H um ani［ies Social

SClenCe

N alural

SCICnCe

Engincenng A 伊icu】［Ⅳc H eal［h

H okkaido 5 14 1 6 5 8

T ohoku 7 12 3 7 4 1‾1

K anto 10 22 4

9

3

3

8

5

2

5

10 3

12

1

8

6

5

3

9

12

Tokyo R cgionalA rCa 56

5

20

96

6

30

29

7

11

41

H okuriku 10

Tokai 17

K inki 50 68 16 26

C hugoku 12

6

15

13

4

32

9

2

22

10

7

2 1

Shikoku

K yusyu

A llJapan 186 297 43 119 56 163

C oefficientofvari ation 0．81 0．9 1 1．47 1．03 1．76 0．77

M archanl

m am c

H om e

cCOnOm lCS

馳 ucation A n s 0 lhers Total

H oは aido 0

0

0

1

0

0

1

0

0

0

0

3

0

11

0

8

9

4

3

1

2

8

8

11

5

10

1

0

1

14

1

5

9

2

1

2

20 62

Tohoku 30 85

K an10 43 113

Tokyo R egionalA rea 152 432

H okudku 22 60

Tokai 63 165

K h ki 12 80 295

C hugoku 6

4

11

28 94

Shikoku 17 49

K yusyu 60 182

A u Japan 2 43 77 36 515 1，537

Cocfficientofvari ation 3．勤 2．44 1．53 1．48 0．32

Source：NadonalInstituteofScienceandTechnologyPolicy，”BasicSurveyofRegional

ScienceandTechnologyPromodon－PrelimlnaryReport’’1989

5．1．2RegionalDistributionofPhvateFirmR＆DFacilities

In1989therewere3，179privateR＆Dfhcilitiesthroughoutthecountry．Figure5－1－1shows
theirreglOnaldistribution．

A quarter（763）ofallR＆D facilities are concentratedin Tokyo．This was fbllowedby
Kanagawa’S417（13percent）andOsaka．S374（12percent）．Ascanbeinfbrredfromthefact

headomcefunctionsareCOnCentratedinthesepreftctures，theplaJOrreaSOnSfbrestablishing
R＆DfacilitiesinthesereglOnSarebelievedtobeeaseofinformatlOnCOllection，emPloymentand
acqulSltlOnOfresearchequlPmentandmaterialS．Examlnlngtherelationshipbetweenindustrial

OutPutandR＆DexpendituresshowsthatR＆Dfacilities．arenotnecessarilylocatednear
Prductionfunctions．TheR＆DfacilitiesinthesetwomaJOrurbanareasarebelievedtobe
locatedawayfromprductionbases・1，5540rarOundhalf（49perCent）ofallR＆Dfacilitieswere
locatedinthesea工℃aS．
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IncontrastR＆Dfhcilitiesinotherareasaretxlievedtobelocatednearproductionbases．Hence

theymanifbststrongproximitybetweenR＆Dandpr∝luctionbases・1，0960rarOundathird
（34．5percent）ofallR＆Dfhcilitieswerelocatedintheseareas・

Figure5－1－1Numt尤rOfhivateR＆DFacilitiesbyRegion
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and Technology Promotion　－　Prcliminary Reporピ．

5．1．3DisuibudonofR＆DFacilitiesbyYearOfEstablishment

ExamlnlngtheyearOfestablishmentofR＆Dfacilitiesshowstherehavebeentwopeaks，Onein
the1960swhen211（23percent）ofthefacilitieswereestablishedandtheotherinthe1980s
When283（26percent）wereestablished（Figure5－1－2）．

WhiletheTRAhasthegreatestnumberofR＆Dfhcilities，thenumtx：rSlowlyincreaseduntilthe
firstpeak，Slowlydecreased，andagainrapidlyincreasedtofbrmthesecondpeak（Figure5－1－3）・
EstablishmentofR＆DfhcilitiesintheKantodistricttookonapattemsimilartOTokyo■sbutthe

fluctuationshavenotbeensoslow．Inbothareasthesecondpeakwasgreaterthanthenrst．In
COntraSttheKinkiareaTspatternofestablishmentofR＆Dfacilitieshasbeentheoppositeof
Tokyo’S．AlthoughthenumberofR＆DfacilitiesestablishedwaslargerthanthatofTokyoor

KantOuntilthenrstpeak，inthesecondpeaktherewasnotonlyadecreaseinthenumber
establishedbutthetotalnumbergraduallydecreasedaswell．ThenumtxBrOffacilitiesestablished
intheTbkaidistricthasbeensmallerthaninTokyoorKantobutthepatternhasbeensimilar．
Howevermorewereestablishedinthefirstpeakandtheincreaseinthesecondhasnotbeenso
rapid．
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Figure5－1－2YearOfEstablishmentofPrivateR＆DFacilides（total）
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See Table　5－ト2

Figure5－1－3YearofEstablishmentofPdvateR＆DFacilities（byregion）
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5．2　R＆D PersonneJ at Universities

R＆DpersonneldistributionisanalyzedreglOnallybyfbcuslngOninstructorsandgraduate
Studentsatuniversities．AnalysisisondataforthenumberofinstruCtOrSandstudentsof
engineeringdepartmentsinstitution（national，Publicorprivate）andsizeofdepartment・

Nationaluniversitiesin the Kanto and Shikoku districts had slightly fbwer englneenng
departmentinstruCtOrSthanthenationalaverage．ForexampletheHokurikudistricthadslightly
morebuttheregl0naldiffbrencewasgenerallysmall．Inthecaseofprivateuniversitieshowever
Tokyo（TokyoandKanagawa）hadovertwicethenumberofbothinstruCtOrSandstudentsthan
thenationalaveragehenceshowingmarkedconcentradon・

Comparisonofthenumberofstudentsbyundergraduate，maSter－sanddoctoratecandidates
ShowsthatthereissmallreglOnaldiffbrenceinthenumberofnationaluniversltyundergraduates

Whilepnvateupiversltyundergraduatesa陀markedlyconcentratedintheTRA・Bothnationaland
PnVateuniversltygraduatestudentsenrolledindoctoratecoursesareCOnCentratedintheTokyo
andKinkiareaS．Graduate students enrolledin master’s courses also exhibitedreglOnal

COnCentrationbutitwasmidwaybetweenthelevelforundergraduatesanddoctoratecandidates．
AlongwithinstruCtOrS，graduatestudentsarebelievedtoshouldertheburdenofuniversityR＆D
activities．R＆DpotentiallookedatffomtheviewpolntOfthenumberofresearChpersonnelis
believedtobehigherintheTokyoandKinkiareas．

Figure5－2－1RegionalDisbibutionofEngineeringDepartmentsbySizeofDepartment
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Figu陀5－2－2RegionalDisbibutionofEngineeringDepar仕nentFaculty
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Figures5－2－1and5－2－2showthedistributionofenglneenngdepartmentSandtheirfacultyby
departmentsize．Inthecaseofenglneeringdepartmentswithover3（氾fhcultymembers，theTRA

had30percentofalldepartmentsand32percentoffacultymembrs．InotherareaS20percentof
theenglneenngdepartmentsintheKinkiandTokaidistrictsandlOpercentofthoseinthe
Hokkaido，TohokuandKyushudistrictshadover300facultymembers．Therewerenosuch
largeenglneerlngdepartmentSintheKantodistrictotherthantheTRAandtheHokuriku，
ChugokuandShikokudistricts．Theselargeuniversitiesareformerimperialuniversitiesand
SOmearePnVateuniversities．IntermsofthenumberoffacultystaffbelonglngtOenglneenng

departmentShavirlgOVer3伸members，theKinkiareahad70percentofthoseinTokyo，the
Tokaidistrict50perCentandtheHokkaido，TohokuandKyushudisbictsarOund30perCent．

5．3　R＆D Activities at Private R＆D Facilities

ThestudyexaminedprivateR＆DfacilityactivitiesbyreglOnintermsofR＆Dpersonneland
R＆Dexpenditures．R＆DactivitiesareconcentratedintheTokyoandKinkiareaS．Thisis
believedtoindicateadvantageOuSSituationssuchaseaseofaccesstoscienceandtechnology
informationandsecurlngOfpersonnel．The丘ndingshavehencenumericallycorroboratedthefhct
thatR＆DactivitiesinJapanareconcentratedinthemaJOrurbanareas．ThesetworeglOnS
OVerWhelmedothersintermSOftheactualnumberofR＆DS偲andR＆Dexpendituressothatit
becamedifficulttocomparewithotherreglOnS．Thefbllowlnganalysiswasthusconductedusing
SharestoidentifyregionalcharacteriStics．
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5．3．1DistributionofR＆DSノEandR＆DExpenditures

Figures5－3－1and5－3－2showregionaldistributionofR＆DS偲andR＆Dexpenditures．41
PerCentOftheR＆DS偲concentratedinTokyofollowedby21perCentinKinki，15percentin
Kantoand14percentinTokai．ThesewerefollowedbyChugoku（4percent），Kyushu（3
PerCent）andHokkaido，Tohoku，HokurikuandShikoku（lpercentorless）．Hencetheymost
COnCentratedinTokyofollowedbyKinki．

IntermsofreglOnaldistributionofR＆Dexpenditures36percentareCOnCentratedinTokyo
fbllowedbyKinki（20percent），Kanto（17percent），Tokai（15percent），Chugoku（7percent），
Kyushu（3percent）andHokkaido，Tohoku，HokurikuandShikoku（underlpercent）．Both
R＆DS偲andR＆DexpendituresareconcentratedinTokyo，Kinki，KantoandTokai．Hencethe
followlnganalysisfocusesonthesefourreglOnS．

Figure5－3－3showstherelationshipbetweentheshareOfR＆DS／E（horizontalaxis）andR＆D

expenditures（verticalaxis）・ThetwoaremOreOrlesspr？POrtional・InKantoandTokai，R＆D
expendituresperreSearCherwereslightlylargerthanthenatlOnalaverage．

Figure5－3－1RegionalShareofR＆DS／E

H。kkaid。T。h。k。Kant。蒜崇lH。k。rikuT。kai KinkiCh。g。kuSik。k。Kyusy。
Årea

NationalInstitute of Scicnce and Technology Policy，一一Basic Survey of RegionalScicncc

and Technology Promotion　－Preliminary Report－1
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Figure5－3－2RegionalShareofR＆DExpenditures

NationalInstitute of Science and Technology Policy，’’Basic SuTVey Of Regional Science

and Technology Promotion　－　Preliminary Report’T

Figure5－3－3RelationshipbetweenShamsofR＆DS／EandR＆DExpenditures
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Figure5■3－4shoYSthedistributionofR＆DS庇byage・TheR＆DS／Eagecompositionwas
SimilaraCrOSSreglOnS．Intermsofnationalaverage，12percentwereunder25，43percentfrom
25to34，29percentfrom35to44，14percerltfrom45to54and2percentover55・Nearlyhalf
theR＆DS／Ewere丘om25to34whichisconsideredtobetheresearCh－PrOductiveagebracket・
ByregiontherewereslightlymoreR＆DS／Eaged25－34intheTRAthanthenationalaverage・In
theKinkiamatheshanofthoseaged35－45wasslightlylargerthanthenationalaverage・

Figure5－3－4DisbibudonofR＆DS／EbyAgeGroup
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NationalInstitule Of Science and Technology PoIicy．PBasic SurYey Of Regional Science

and Technology Promolion　－　Preliminary Report’’

See Table　5・3－4

Figure5－3－5showstheshareofR＆DS／EbycharaCteriSticofresearch（basicresearch，aPPlied

researchordevelopment）・ThenationalaverageYaSbasicresearChlOpercent，叩PliedresearCh
36percentanddevelopment55percent．TheratlOOfR＆DS！EengagedinbasicresearChwas

arOundlOpercentinKanto，Tokyo，TokaiandKinki．TheshareOfthoseinvoIvedinapplied

researchwaslargestinTokyowhiletheshareofthoseengagedindevelopmentwaslargestin
Tokai．

Figure5－3－6showsR＆DexpendituresbycharacteriSticofwork．Thenationalaveragewasbasic

researCh9percent，aPpliedresearch34percentanddevelopment57percent．ATokyo－Kinki
COmParisonshowsthattheshareofbasicreseⅢ℃handappliedresearchexpenditureswaslarger

inTokyoandthatofdevelopmentexpenditureswaslargerinKinki．Therati00fbasicresearCh
expendituresinTokaiwassmallerthanthenationalaverageandthatinKanto，TokyoandKinki
moreorlessthesameasthenationalaverage・InTokaiwheretheshareofbasicresearch
expenditureswassmalltheshareOfdevelopmentexpenditureS短・exCeededthenationalaverage
ataround80percent．
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Figure5－3－5NumberofR＆DS／EbyCharaCteristicofWork
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Figure5－3－6R＆DExpendituresbyCharaCteriSticofR＆D
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NationalInstitute of Science and Tcchnology Policy，”Basic Survey of Rcgional Scicncc

and Technology Promotion　－　Preliminary Report”
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Figure5－3－7showsthenumberofR＆DS偲byresearcharea．Theareasusedwerechemicals
and丘bers，biologicalmedicine，materials，meChanicalenglneenngandelectronicsandelectriCal

engineering．IntheKantoareathereweremanybiologiCalmedicineandmaterialsR＆DS偲・
While41perCentOfallR＆DS／EwereconcentratedinTokyoonlyaround30percentof
Chemicalsandfibers，biologiCalmedicineandmaterialsR＆DSβwereconcentratedinTokyo・In
contrastmo陀meChanicalengineering（40percent）andelectronicsandelecbicalengineeringR＆D

S／E（50percent）wereconcentratedinTokyo．IntheKinkiareatherewerefbwerbiologiCal
me血cineR＆DS偲．

Figure5■3－7RegionalDisbibutionofR＆DS偲byCharacteriSticofR＆D

品
票
u
U
0
－
日
も

Chcmical BiolJMedical Maleria］

／Fiber　　／Medicine

Mechanical Electric／

engmeering Elcctronics

■Kanto　□TRA（・）薗Tokai mKinki　囲AIIJapan

（りTokyo RegionaI Arca

NaLionalInstilule Of Science and Techno10gy Policy，’’Basic SuTVey Of Rcgional Science

and Technology Promolion　－　Preliminary Reporド
See Table　5－3－7

R＆DexpendituresbyresearChareashowedclearerreglOnaldiffbrencescomparedtothenumber

OfR＆DS偲（Figure5－3－8）．IntheKantodistrictthesharesofchemicalsandfibers，biologiCal

medicineandmaterialswerelargestandthoseofmechaniCalenglneenng，electronicsand

electricalenglneenngSmallest．IntheTRAtheshareofelectronicsandelecbicalenglneerlngWaS
ParticuladylargeaswasthatofbiologiCalmedicine．Howevertheshamsofchemicalsand丘tx：rS

andmaterialsーereモmallerthanthatfbrKinki・IntheTokaiareatheshareofR＆DS偲fbr
mechanicalenglneenngWaSParticularlylarge．InKinkithesharesofchemicalsandfibersand

materialswereparticular1ylarge，eXCeedingthose丘）rtheTRA・HoweverR＆DworkinbiologiCal

medicinewasverysmal1，eVenSmallertharLtheKantOdistrict．
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Figure5－3－8RegionalDistributionofR＆DExpendituresbyA陀aOfResearch
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5．3．2Industria10uq）utandR＆DActivities

R＆Dandindustrialproductionactivitiesarebelievedtobecloselyrelated．Toexaminetheir
relationshipFigure5－3－9compares thevariousregionalsharesofindustrialoutput（Note，

SOurCeS3and5）andR＆Dexpenditure5・The TRA share ofR＆Dexpenditures was
OVerWhelminglylargerthanthatforotherreglOnS．R＆DactivitiesinJapanaremainlycarriedout
i11the TRA．In the Kinkiarea also R＆D activities were more active orconcentrated than

PrOducdonactivities．IncontrastprのuctionandR＆DactividesarebalancedintheKantoreglOn．
IntheTokaireglOnPrOductionactivitiesaremoreactivethanR＆D．InotherreglOnSPrOductionis
themainactivityalthoughitsshareisbelowlOperCent．

Notc：

IndustrialoutputmeansthefactoryshipmentvalueglVenOnMITrsindustrialstatisticstable．
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Figure5－3－9RelationshipbetweenIndusbialOutputandR＆DExpenditures
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Sources：

（1）MinistryofEducation，’’ReportofBasicSurveyonSchooIs（HigherEducation）．’’

AIsouseotherthandesignatedstatistics（Manageーent＆CoordinationAgencyNotincationNo・4・GazetteNo・
18545，D∝ember16，1988），ProVisionsofSub－Sect10m20fSection150fthCStadsticsLaw．

（2）MinistryofEducation．’’StahsticalReIX）rtOfSchooITeachers：’

AIso useotherthaJldesignated statistics（Management＆Coordination Agency NotificationNo．4，Gazette No．

18545，Decemberl6，1988），PrOVisionsofSub－Section20fSectionl50ftheStatisticsLaw．
（3）MinisはyofIntemationalTradeandhdustry，”IndustrialStatisticalTable（1986）・”

（4）Management＆CoordinationAgencyStatisticsBureau，”NationalCensus（1985）．1’

（5）NationalInstituteofScienceandTechnologyPolicyNo．2ResearchGroup，’’BasicStudyofPromotionofScience

andTechnologyinLocalAreas（InterimReport）：’March1989（reportconductedwithSpeCialCoordinatingFundsfbr

thePromotionofScienceandTechnology1988）．

（6）NationalInstituteofScienccaJldTechnologyPolicyNo．4StudyandResearchGroup，’’BasicStudyofPromotionof

ScienceBLndTeClm0logyinbcalAreas＜I＞），”March1990（reportconductedwithSpeCialCoordinatingFundsfbr

thePromodonofScienceandTechnologyl988）．
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CHAPTER6

ACHIEVEMENTS OF R＆D ACTIVITIES

IncomparisontotheinfrastructureindicatorsfbrR＆D，thoserelatedtoachievementsinscience
andtechnologyR＆Darenotasadvanced・Therecouldbetworeasonsfbrthissituation・One
reasonis technical・Comparedtoinfrastructureindicators，itisoftendifficulttoacqulre
appropnatedata・AnotherislackofunderstandingonJuStWhatR＆Dachievementsmeanand
specifically，Whatkindofquantitativemeasurementsshouldbeusedforindicators・Regardingthe
fomerissue，thedevelopmentofthecomputer－aidedtechnologyandofdatabasesinparticular，
hasconsiderablyreducedtechnicaldifficulties．Asねrthelatterissue，understandingregarding
theprogressofthes∝iologyofscienceandthestudyofscienceandtechnologypoliciesis
PrOgreSSlng・AIso，therehavebeenmanyachievementsintheaccumulationbyvariouscountries
OfexpenenCeandeffbrtregardingdesignlngOfscienceandtechnologyindicators・

ThischaptertherebrdiscussesindicatorsrelatedtoR＆Dachievementsinsomedetail・The
CaSCadestruCturefbrindicators，Whichservedastheguidelineinstructunngthischapter，divides
R＆DachievementindicatorsintothoseindicatlngdirectandindirectachievementsofR＆D
activitiesandcallstheformerHR＆Dachievernents”andthelatter’’contributionsofscienceand

technology．”Thischapterdiscussesthemaindirectindicatorsof’’R＆Dachievements．”Section

6．1refbrstosciemi丘cpaperSandtheircitations．Section6．2discussespatentsandplantvarieties・
Section6．3discussesstandards．Section6．4discussesawardingofscientincandtechnological
achievements．Thislastindicatorwillbediscussedbydistinguishingitfromtheothersasa
Su叫ectiveindicatorofthecontentsofR＆Dachievementswhichcannotbemeasuredusing

quantitadveorobjectiveindicatorssuchasthenumtxrofScienti丘cPaperS・

6．1Scientific Papers

TherecanbesaidtobetwomainobjectivesofR＆D．Oneistoexplorethecauseandeffbct
relationshipsandlawsrelatedtonaturalandsocialphenomenaandtheotheristodevelop
technologiesfbrtheapplicationoftheseaccomplishmentsinsociety．Achievementsoftenappear
intheformofscientincpapers．Theexperienceandknowledgegeneratedthroughthelatteralso
SOmetimesappearintheformofscientincpapers．Bythusbeingpublishedintheformofpq）erS，
R＆Dachievementstxcomecommonintellectualproperty．Indicatorsrelatedtoscienti丘cpapers
arebelievedtoindicatethelevelofR＆Dachievementsandtheircontributiontowardscientinc

andtechnologicalknowledge．

Inprepanngtheindicatorrelatedtoscientificpapersitisdifficulttodirectlydothecalculation

uslngtheenormousnumberofscientincandtechnicaljournals．Henceadatabaseoftheliterature
isused．Internationally，theScienceCitationIndexDatabase（SCI，referencesl，2）isoftenused．

SomeofthereasonsarethatitcoversallofareaSOfscierlCeandtechnology，istheonlydatabase
Whichmakesavailabledataonpaperscitedandappropnatelyselectsthejournalsfromwhichit
COllectspapers．Ontheotherhand，COmparedtootherdatabasesspecializinglnSPeCincareaSthe
CHIdatabasehasonlycollectedasmallnumberofpapersineachareaandthatithasmainly
COntainsEnglish－1anguagepapers．ThischapterhaspreparedtheindicatorsrelatedtoScientific
PapersmainlyuslngaSeCOndarydatabasepreparedbyCHICorporationbasedonSCIdata

（SOurCel，hereafterrefbrredtoasCHI）・CHIselectspapersfromSCIbychoosingcertain
JOurnalsandclassifiedthenumberofpapersandcitatlOnbycountryandacademicfield．Ithas
becomeaworld－WidestandardasadatabaseforcreatlngmaCrOindicators・

6．1．1NumberofPapers

ThemostbasicindicatorofScientificPapersissimplytheirtotalnumber・Duetoeffortsin
VariouscountriesinrecentyearswithR＆Danddevelopmentofscienceandtechnology，the
numberofpapersproducedworldwidehasmarkedlybeenincreaslng．Howeveritisdifficultto
accuratelycountthenumberofpapersproducedgloballyorevenJuStfbrJapan・Whilein
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COuntlngltltlSneCeSSarytOuSeadatabaseofliteraturebutthereisalimittowhatadatabasecan
COVer・Selectionofjournalsintoadatabaseisalsoaffbctedbythepolicyofthedeveloper．Asan
exampleofestimatlngthetotalnumberofpapers，in19821，741，（X沿paperswereproducedin
theworldand227，4（泊inJapan（refe柁nCe3）．

ThetotalnumberofpaperSanalyzedinthischapterasrenectedintheCHIdatabaseshowedthat

from370，（X氾to390，（X氾papersayearandarOund120perJOurnalarePrOduced．CHIcollected
datafbrapproximately25，α）OJapanesepapersin1981andaround30，㈱Oin1986andthe
numberwasincreaslng・Itmustberememberedthatthesefiguresdonotstandfbrtheactualtotal
numberofpapers（Notel）．Theyshouldbeseenasthoseindicatingthescaleoftheobjectof
analysisbeforegolnglntOthemoredetailedanalysisblow．

ExaminationofworldsharesofscientificpaperscanglVeaglobalandquantitativeviewofthe
levelofJapan’sR＆Dachievementsandtheirdegreeofcontributiontotheworld．Figure6－1－1

ShoYSyearlypr∝luctiontrendsofcountrypapershareS・Duringtheperiodcovered，theU・S・has
COnSIStentlyhadanoverwhelmingshareOfover30percentoftheglobalproduction．Theshare
howeverhasbeendecreaslng．WhileJapanrssharerankedsixthintheworldin1975ithas
exceededFrance’sin1976，WestGermanylsin1979andtheSovietUnionfsin1986torank

thirdfollowlngtheU．S．andtheU．K．InanearfutureitisexpectedtoexceedtheU．K：S．
Amongthecountriesshown，OnlyJapanhasbeenincreaslngltSShareanditsgrowthhasbeen
COnSiderable．SinceCHIisUS－based，thenumberofpapersproducedinJapanisbelievedtobe

underestimatedcomparedtothoseproducedintheEnglish－1anguageworld．Thereforeitis
POSSiblethatJapanhasalreadybecometheworld’ssecondfbremostproducerofscienti丘cpapers

aftertheU．S．afterthemid1980S．

Asforshareofpapersitisnecessarytoexaminetrendsbyscientincandtechnologicalareain
moredetai1．Figure6－1－2dividespapersintoeightareaSbasedonthekindofjournalandhas
CalculatedJapanandU．S．sharesproducedineacharea．In1986Japan’soverallshareOf

SCきenti丘cpublicationPWaS7・7percent（seeFigure6－1－1）・Incontrast，itssharesinthematerial
SClenCeSSuChasenglneering，Chemistryandphysicswerelargeratl2．7percent，10・7percent

and8・6percent，reSPeCtively・ShareswererelativelysmallerintheareFSOfmathematics（3・4

PerCent）andearthandspac？SCiepce（3・7percent）・IntermsofconcentratlOnbyarea，therewasa
threefoldgapbetweenenglneenngmarkedwithalargeshareandmathematicsandearthand

SPaCeSCiencemarkedwithsmallshares・IncomparisontothesharebyareatenyearSagO，in

1976Japan’ssharesofpaperprductionhasincreasedinallareasexceptmathematics・Theshare

growthofenglneenngPaPerShasparticularlybeenmarked，mOreOrlessdoublinghatdecade・

Thesharesforlifesciencespaperssuchasmedicineandbiologyhaveincreasedmorethanthe

OVerallshare・CompanngtheU・S・andJapan，eV？nintheareaOfchemistrywherethegapwas
thesmallesttherewasatwofbldgap．InmathematlCSandearthandspacesciencetherewasagap

OfamagnitudeoftenbetweenJapanandtheUS・

No【c：

SCIplacesemphasisbycovenngpaperSdeemedimportantradlerthanallpaperS・ItmustalsoberememberedthatCHI
collectspaperSbylimitingJOurnalstoaround3，1∝IbasedonSCI．Hencefiguresmentionedshouldnotbeseentheresults
OfcountlngtOtalnumberofpaperSprOducedintheworldorJapanbutratherasansamplenumberofpaperSPrintedin
SOmcOftheworld’smaJOrSCientificjoumals．
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Figure6－1－1CounByShareTrendsintheOutputofScienti丘cPapers

1973　1975　1977　1979　19811983　1985　Year
l974　1976　1978　1980　1982　1984　1986

Source：Computer Horizons，Inc・一一Science＆Engineerlng Literature Data Base1989T’

See Table　6－ト1

Figure6－1－2JapaneseandU・S・ShareofScienti丘cPapersbyAreaofResearch

C止血cdmediche

Source：Computer Horizons，Inc．．．Science＆Engineerlng Literature Data Base1989’’

Sec Table　6－ト2
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6．1．2Sciend丘cPaperCitations

Thetotalnumberofp叩erSPrOducedisinsufncientasanindicatorofR＆Dachievements．A
qualitativeexaminationisalsorequired・0氏cnusedasaquantitativeindicatorofthequalityof

PaPerSisthenumberoftimesapaperiscited・Behindthisistheideathatoften－Citedpapersare

deemedoutstandingpapers・There howeverare Criticisms・Criticismsincludepapers are

arbitrarilycited，generalreponSOrSO－CalledreviewpapersareOftencitedeventhoughtheylack
Originality，thereisatendencyforR＆DS／Eto9itecolleaguepapersonapri0ritybasisand丘nally
PaperSCOntalnlngmistakesarecitedjusttopolntOutthosemistakes．Regardingthesecriticisms

thefbllowlngideasareadoptedinthispaper．First，thenumberoftimesapaperiscitedis

indicativenoりuStOfqualitybutofinfluence．Alargenumberofpapersarebeingproducedandit

i更SaidthatmanyⅢ℃nOtreadbyotherR＆DS／EeveniftheyarePublished（Notel）・Givensuch
ClrCumStanCeS，ifpapersareCitedtheycanbeconsideredtohaveinfluencedthedevelopmentof

S9iepceandtechnologyirrespectiveoftheirquality（Note2）・Next，themacro－1evelnumberof
CltatlOnSatthenationallevelisbelievedtorepresentquality．Thsistx：CauSeitisdifnculttothink

thatonlypapersffomcertaincountriesareCitedtopolntOutmistakesorfbrhavingbeen

PrOducedbycloseassociates．ItishenceassumedthatthereisnomaJOrdifftrenceacross

COuntriesinthewayR＆DS偲citepapers．Whatdeterminesthefrequencyofcitationonthe
nadonallevelisbasicallytheaveragequalityofpapersproducedinthatcountry．AIso，individual

PaPerSWhichareveryoftencitedarealsobelievedtocompnsequalitypapers・ThereareCaSeS

Whereap叩eriscitedoverathousandtimesanditisnaturaltoassumethatthesearequality
PaPerS．Anattempttoselectthetenmostoftencitedpapersashigh－qualitypapersisbelieved

WOrthwhile（reftrence4）・Howevercarewillberequiredinusingthecitati？nfrequencyasa
yardstickinevaluatingindividualresearchesorR＆DS偲becauseoftheforegolngPrOblemssuch
ascitationbycloseassociates．

TheU．S．whichhastxenproducingthelargestnumberofpapershasacltlngSharelargerthanits

PaPerShare．AroundhalfthepaperscitedintheworldareUSorigin・Overtimehoweverthe
U．S．citingsharehasbeendecliningreflectlngarelativedeclineintheU．S・Publications・The
U．K．citingshareislargerthanthepapersharereflectinghighquality・HoweveritscltlngShare
hasbeendecliningmorethanitspapersharesoitsrelativecitationindexhasbeendecliningas

Wel1．Incontrast，Japan’scltlngSha陀hasexceededthatofWestGermany’salongwiththepaper

sharetorankthirdintheworld・Japanesepapersarethereforeconsideredtobehighlyinfluential

intheworld．HoweverthenumberofcitationsforJapanissmallcomparedtothatoftotalpaperS

PrOducedsothatthequalityofitspapersseemstobebelowtheworld－saveragelevel・However
numberofcitationshavemarkedlybeenincreaslngSOthatJapan．srelativecitationindexhas

approachedlin1986・AlthoughtheWestGermanandFrenchshareofpapershasbeendeclining
theircitationsharehasbeenincreaslng・AswiththeEnglish－1anguagecounのessuchastheU・S・
andtheU．K．，Canadianpapers’influenceintheworldhasbeendeclining・Sovietpapersare

seldomcitedcomparedtonumberofpapers．ItisknownthatintheSovietUnionhighlyexcellent
researChisbeingconductedincertainareaSbutitissaidthattheoveralllevelofR＆Disnotso
high・Thedataseemtosupportthisview・However，influencessuchassocialsystemsand

languagebarriersdonotmakeitpossibletomakeconclusionsthatpapersproducedbysome
countriesarelow－qualitysolelybasedonthesedata・HoweveritiscertainthatSovietpapers－
influenceintheworldissmal1．Althoughthisisnotshowninthedata，COunBiessuchasIndiaaJe
alsomarkedwithsmallcitatきOnSharescomparedtopapershareS（in1986itspapershamwas2・3

PerCentaSOpPOSedtoacitatlOPShareofO・8perCent）whichisalsoatendencymarkingtheSoviet
Union・Among”other．一countnesthosewithlargecitationsharesweremostlyWesternCOuntries・

ItcanhencebeseenthateventheNIESwhichhaveundergonerapideconomicdevelopmentin

therecentyearshavehadsmallinfluenceinthescientificpublicationsworld・Thesefindings
keenlyshowthatatthepresentpolntintimeatleastscientificendeavorsarestillcenteredin
WesternCOunuies．
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Figure6－1－3CitationFrequencyTrendsofScientificPaperSinSelectedCoumies

CitedCountShare（％）

CitedCountShare（％）

DataforJapanareforeachyear丘om1973to1986

Dぬbro血ercounのcsarebrl976，1981．訂d1986

10　　p叫妃rSh訂e（％）

Source：Computer Horizons，Inc．”Science＆EngineerlngLiterature Data Base1989’r

See Table　6－1－3
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No記S：

（1）Arecentsurveyshows55perCentOfpaperSCOllectedbySCIfrom1981to1985werenotcitedevenonce
dtqingthe伝veyearsaftertheywereprinted（reftrences6，7）．

（2）Toadd，Whenapaperiscitedfora”mistake’’fbrexample，eVenifthepaperwasnotcitedfbrqualityitcould

CreateaCOntrOVerSyintheresearchcommunlty．Ifsothepapercantnsaidtohaveinfluencedscienceand

technologyandindirectlycontributed・Thedegrceofsuchinnuencewillberepresentedbydlenumberof

Citations・汀0furtheradd，itisthereseaTChcommunitywhichdecidesifatheoryisrightorwrongandsuch
decisionisanimportZLntPrOCeSSOfR＆D．）AIso，Lheremaybecasesinwhichthenumbercitedofdubious

qualitypaperSareattributedtocloseassociates・However，mutualcitaLionbypaperSprintedbypasslng
SCreenlnglnaCademicJOurnalsbecomespossibleonlywhenthereareresearchgroupsofsomelevel・Hence
SuChpaperSareCOnSideredtorenectresemhac血idestx3hindsuchciting・

ThefbregolngSeCtionhasexaminedthetwobasicindicatorsnamelythenumberofpapersand

theircitationbycountry．Howevertherelationshipbetweenpapersandcountriesismore

COmPlex．WhenexamlnlngPaPerSfromanationalViewpolntitisalsousefultolookatthematter

fromdiverseanglessuchasinternationalco－authorship，COntributionacrossbordersorthe

relationshipbetweencltlngandcitedcountries．ThefbllowlngSeCtionattemptsseveralofthese

examinations・Basedontheseindicatorsitbecomespossibletocatchaglimpseofinternational

trendsofscienti丘Candtechnologicalactivities．AIso，aSmentionedJapan’spaperproductionand

CitationshavebeenincreaslngataPaCeunPreCedentedintheworld．Theindicatorsdiscussed

below show that greatly contributing to this phenomenon has been progress of

internationalizationofJapaneSePaPerS．

6．1．3InternationalityofScientincPaperSandJournals

ScientificpapersareusuallypublishedinacademicJOurnalS．Suchjournalsconstitutethemedia

forpresentlngPaPerSandarealsoverylmPOrtantaSmediafbrinternationallyspreadingthe

achievementsofR＆D・Thenumberofjournalspublishedinac9untryreflectsthatcountry’s
POSitioninR＆Danddegreeofinternadonalization．InternationalizatlOnisalsobelievedtoindicate

thedegreeofcontributionitmakesthroughpublicationofthescientificjournals．Thestudy
CalculatedthenumberofjournalscoveredinCHIbycountry．Figure6－1－4showsthenumberof
academicjournalspublishedbycoun打yontherightandthenumberofpapersproducedonthe

left．Thenumberofpaperscarriedwasusedastheunitofthenumberofjournals・SinceJOurnals

CarrydiffbrentnumtxrsofpaperSthe聖mberofpaperscarriedwasbelievedmoreappropnateas
aunit．AIso，uSlngitfacilitatescompansonwiththenumberofpaperSPrOduced・Bothinthecase
Ofthenumberofpapersproducedandofjournalspublishedcountrysharesareusedinsteadof
actualnumbers．IntermsoftheshareofscientificjournalsshowedtheU．S．overwhelmedwith
40percent（thelengthofthe bargraph on theright）．Itwas followedbytheU．K．，the
NetherlandsandWestGermany．ThesecountriesarePublishingmorescientincjournalsthan
theyareproducingpapers．TheU．S．andtheU・K：sshareOfpublishedscientificjournalscomes
toslightlyunder60percentwhencombined．AlthoughthisisgreatlyduetothefactthatEnglish
isthestandardlanguageofscienceandtechnologytheirinfluenceisqulteimpressive・What
requlreSattentionisthattheNetherlandshasbeenpublishingmanyJOurnals．Itcanbesaida
SuPerPOWerinthepublicationofacademicJOurnalS丘）llowlngtheU．S．andtheU．K．Incontrast
Japan’sshareofjournalspublishedisonlyunderhalfofitsshamofpapersproduced．Ofcourse

thisislimitedtothepFPerSCOllectedbyCHI（Notel）・Howeverthereisnodenyingthatfbw
internationalacademicJOurnalsarebeingpublishedinJapan．

NotallpapersarecontributedtoJOurnalsarepublishedinthesamecountry．Theyarealso

COntributedtoJOurnalspublishedinothercountries．InJapantherehasbeenatendencyto

COntributehigh－qualitypaperStOforeignacademicJOurnalS．Thiscompnsesan’’exportofpapers”

andisdesignedtopresentexcellentresearChachievementstothewodd，Obtainevaluationona
global1evelandcontributetowarddevelopingtheworld’sscienti丘candtechnologicalbase．In

COntraStWhencountriesmakeavailablemediafbrpresentingpapers（academicjournals）papers

arealsocontributedfromothercountrieswhichcorrespondto一一importsH．Theyareaffbctedbythe

90untry’spositioninR＆Dandtrendsofinternationalization・AIso，ifpublicationexportsand
lmPOrtSCanbemeasureditispossibletocalculatewhatamountsto’’scientificpapertrade

balanceH．Figure6－1－4showsthenumberofpaperSPrOducedbydividingthemintothose
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Figure6－1－4NumberofScientificPapersProducedbyandScienti丘cJournalsPublishedin

SelectedCounのes（aggregatefor1984－1986）

Shareofnumberofpapercontribution ShareofnumberofcarryIngPaPerSOnJOumals

50％　　40％　　30％　　20％　10％　　0％　　　　　0％　　10％　　20％　　30％　　40％　　50％

U．S．

U．K．

USSR

Japan

W・Gemany

France

Canada

Ne血edand

OdlerS

Notedlat（A）＝（C）

Source：Computer Horizons，Inc．’’Science＆Engineerlng Literature Data Base1989’’

See Table　6－1－4

Figure6－1－5TrendsofPapersConBibutedfromJapanToPublications（bycountry）

19811982　1983　19841985　1986

■JaPm

JIU．S．田Nethdand　田U・K・田W・Gmadly　田RestofWcstEtq甲　ロOtkS

Source：Computer Horizons，Inc・一一Science＆Engineerlng Literature Data Base1989一一

Sec Tablc　6－ト5
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COntributedinthecoun打yandabroad・ItalsoshowsthenumberofpapPrSCarried（PreViously
thiswastreatedas’’numberofacademicjournalspublished‖）byseparatlngthemintodomestic

andfbreign（Note2）・Thengureshowsthatma？yOfthepapersproducedintheU・S・are
COntributedtoU・S・journalS・AIso，althoughdomestlCPq）erSaremOrenumerOuSintermsofthe
numbercarried，aCOnSiderablenumberarealsocontributedfromabroadsothattheU．S．

f－scientincpaperbalanCe”isinthered・IntheU・K・manyPaperSareCOntributedtodomestic

JOurnalsbuttherati00fthosecontributedtofbreignJOurnalsishigherthanthatoftheU．S．In
termsofthenumberofpaperscarriedmol℃PaPerSareCOntributedfbmabroad，hencethe

90unbYisalsorunningalargedencit・IntheSovietUnionfbwpapersareCOntributedtofbreign
JOurnalsandevenfbwerarecontributedfromabroad・InJapanmanyofthepapersproducedare
COntributedtoforeignpublishedacademicJOurnalS・Inconb・aStfbwforeignpapersareconのbuted
toJapaneSePublishedjoyrnalshenceitspaperbalanceisrunnlngagreatSurPlus．

Figure6－1－4showsthatmanyJapaneSePaPerSareCOnbibutedtoforeignJOumalS・Thentowhich
COuntriesaretheybeingcontributedto？Figure6－1－5showstrendsofthedestinationsof

Japanesepapers・Evenduringtheshortperiodfrom1981to1986therati00fpaperscontributed
tofbreignJOurnalshasuppednearlylOpercent・ThegreatestdestinationhasbeentheU．S．and
therateofincreasehasalsobeenthegreatest・ItcanbesaidthatJapanisnotonlyincreaslngthe
numberofpqrx，rSPublishedbutalsointernationalizingltSPqperpublishingactivities・

AsmentionedJapanhasbeenquantitativelyincreaslngitsR＆Dachievements．Ithasalsobeen
increaslngltSinfluenceintheworldasshownbythecitationrates．However，aSthesetwo

indicatorssuggest，itisbelievednecessaryforJapantoemichitscontributionthroughpublicadon
OfinternationalacademicJOurnalswhichareimportantinspreadingtheachievementsofR＆D．

Notes：

（1）CHlhasnotmadethenamesofthejournalSfromwhichitcollectspaperSpublic．Howevertheyinclude
aqound80joumalspublishedinJapanwhichaTebelievedtoiT）CIIJdeJ坤aneSelanguageJOurnalS．ulisisbasedona
listofjoumalscollectedbySCIpublishedintheformofabodklet（refbrencel）andtherelateddataarealsomade
available．BycomparingtheseaJldCHrsdataitisbelievedthatCHIiscollectlngperhapsalloftheJapanese
academicJOun鳩lscollectedbySCI．

（2）Ifcontribudontofbreignacademicjoumalscanbelikenedtoexpor［SdlOSetOdomesticjournalscanbelikened

to”domesticshipments．’’Likewise，publishingofpaperscontributedfromabroadcorrespondstoimportsand

prin血gofdomesdcpqperstoMdoーeSticprocurements・一’ItshouldbeNotedlhatdomesticshipments（thenumber

OfpaperSCOntributedtodomesticJOurnalsintheleft－handgraph）equaIsdomesticpr∝urement（thenumberof
domesbcPaperSCarriedintheright－handgraph）．

6．1．4　CitationFlows

FlowsintheformOfpapercontributionsbetweenacountryproducingpaperSandtheone
PublishingacademicJOurnalsisonetypeOfinternationalflow．Papercitationscanalsobethought
OfasnowsthistimebetweenthecountrycltlngPaPerSandtheonebeingcited．Thisiscalled
citationflow．

Figure6－1－6showsthecitingshar？Orltheleftandcitedsha托Ontherightbycoun打y・Citations
aredividedintothosefbrdomestlCandfbreignpapers．Thenumbercitedisdividedintothe

numberofdomesticandbreignpaperS．First，inordertoshowcountrydifftrencesofpaper
Cltlng，thenumberoftimesonecountrylsauthorscitedtheirownpapersiscomparedtothatof

fbreignpap？rCitations（left－handgraph）・U・S・authors．moreoftencitedtheirownpapersthan
foreignonglnPaperS．Ontheotherhand，Othercountnesmoreoftencitedfbreignpapersover
domesticones．PartofthereasonisbelievedtobethefhctthattheU．S．hasanoverwhelming
Shareofthepapers．Moreover，aSanindicatoroftheinternationalpositionofaparticular
COuntrylspapersasobjeCtsofcitation，thisstudyhasmeasuredfbreignanddomesticpaper

Citations（right－handgraph）・IntermsofcitationbyforeignpaperStheU・S・naturallyoccupiesthe
toppositioninternationallyfollowedbytheU．K．CompanngJapanandWestGermanyshows
thatwhileJapanhastheedgeintermsofthetotalnumberofcitations，WestGermanyhasthe
edgeintermsofcitationsfromabroad．WhenconsiderationisglVentOthelargeneSSOfthe
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Figure6－1－6CitingandCitedShareCountsofScientincPapersbyCoun町
（agg叫伊tCSbr1984－1986）

Shareofcitingcount
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Shareofcitedcount
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■ （C）cited by dom esticpape rS

田 P ）citedby foreignpapcrs

Notethat（A）＝（C）

Source：Computer Horizons，Inc・1．Science＆Engineerlng Literature Data Base1989一一

See Table　6胃ト6

Figure6■1－7CitingandCitedTrendsofScientificPaperStOandFromCountryofOdgin

TotalnumberofJapan’scitingcount＝100％　　　　　　　TotaInumberofJapan’scitedcount＝100％

19811982198319841卵51986

（A）CitingtoCountryOriginPapers
：FromJapanOriginPapers

1（氾　　　　100

■J坤孤

口Others

田Canda

70　□Frmcc
認W．cmmy

60　EヨU．K．

198119821983198419851986

（B）CitedfromCountryOriginPapers
：ToJapanOriginPapers

Source：Computer Horizons，Inc・一・Science＆Engineerlng Literature Data Base1989”

Sec Tablc　6－ト7
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numberofJapanesepaperscontributedtofbreignjoumals（Figure6－1－4）thenumberoftimes
JapanesepapersarecitedbybreignpaperSissaidtotx：Small．

ItisdifficulttointerpretthetendenciesshowninFigure6■1－6anditisnotpossibleto

immediatelydrawtheconclusionthatJapanisclosed・Thestudyanalyzedtimetrendsfbrthe
numberoftimesJ叩aneSePaperSCiteothersandwerecited．Figure6－1－7（A）showsthetrendsof
thepaperscitedbyJapanesepq）erSbycountry・In1981nearly80percentofthep坤erSCitedby
JapanesepaperswerebyotherJapanese・Thisratiohaddeclinedtoamund40percentinl986
hencecltlngOfforeignpapershasdrasticallyincreasedinthisshortperiod・IncontrastFigure6－
1－7（B）showscitedtrendsofwhichcountryoriginpaperscitedJapanesepapers．In19810Ver
80percentofJapaneseonglnWereCitedbyJapanesepapers・By1986fbreignpapershadcome
toaccountforoverhalfofsuchcitings．AsalreadyshowninFigure6－1－3thenumberoftimes
Japanesepapersarecitedhasincreasedatapaceunprecedentedcomparedwiththatofother
COuntries．TherehavebeenstruCturalchangesnamelyanincreaseofcitadonsbyforeignsources

OfJ叩aneSePaperS．ItisnoexaggerationtosaythatthechangeinJapan’sinternationalposition
inthe1980shasbeendramatiC．

6．2　Patenting，Citations and Registration ofBotanicalSpecies

R＆Dachievementsfromtechnologiesconnectedwithindustrieshaveanimportanteconomic
Value．WhilesuchR＆Dachievementshaveapropnetaryvaluefbrthedeveloperitisbeneficial
thattheywidelybeused．Hencethepatentrightsystemhasbeenestablishedtoprotectowner

bene丘tsoftechnologieshavingeconomicvalueandpromotethedisclosureofinventioncontents・

ThePatentActcallsknowledgewhichcanexclusivelybepossessed’’patentinvention”and

de丘nesitascompnslnga一一prductoftechnologicalideaswhichusesnaturallawsandisofhigh－

1evel．”Ascompensationfordiscloslngthecontentsoftheknowledgethusdefined，theinventor

Ordeveloperisguaranteedtoexclusivelypossessthepatentedinventionfbracertainperiodof

time．ThsspreadstechnologyandpromotestechnologiCaldevelopment・

Basedonthispremiseofthepatentrightsystem，R＆Dachievementsrelatedtoindustrial

COmPetitivenesscanbeexaminedusingpatentstatistics・SuchstatiSticsarerelativelyreliable

becausetheproceduresforapplyingfbrandreglStenngPatentSarehandledbypublicagencies

（source2）・Howeverthepa！entSyStemgr？atlydifftrsacrosscountriessothatinconducting
internationalcomparisonsltlSneCeSSarytOlnterpretthefindingsbyfu11ytakingaccountofsuch
diffbrences．Itmustalsoberememberedthatthereisnoone－t0－0neCOrreSPOndencebetween
PatentS andinventions・When thesepolntS are Notedpatents become animportantand
indispenSableindicatorofR＆Dachievements・

InadditiontopatentsthischapteralsodiscussesthenumberofreglSteredplantvarieties・Thesaid
numberisindicativeofR＆Dachievementsintheareaofplants．Itisanindicatorsimilarinnature

with the numberofpatents andisimportantinexaminlng SuCh trends as oftherise of

bioteclm0logyintherecentyearS．

6．2．1NationalPatentApplicationsandGrants

InJapan351，207patentswereappliedand63，301werereglSteredin1989・Thenumberof

applicationsinthemajorcountriesisgivenasreftrer！Ce・Tocomparecountrydataforthesame

year，datafor1987wereused・TheorderbrapplicatlOnSWaSJapan341，000，theSovietUnion
182，㈹0（includingcertincatesofinventors），theU．S．134，胼）0，WestGermany42，000，the
U．K．32，（泊OandFrancel9，（X氾．Thenumberofpatentsregisteredbycountryin1987werethe
SovietUnion85，（氾0（includingcertificatesofinventors），theU．S．83，（X泊，Japan62，∝X），West
Germany40，（氾0，theU．K．29，0（氾andFrance30，0（氾（Notel）．Sincepatentsystemsdifftr
acrosscountriesthesefiguresshouldnotbeinterpretedtodirectlyindicatethesizeofacounbiesI
R＆Dachievements・However，thisbackgroundneedstobekeptlnmindinanalysisofpatent
data．
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Figure6－2－1PatentingTrendsinJapan

Thousand

1970　1972　1974　1976　1978　1980　1982　1984　1986　1988　Year

l971　1973　1975　1977　1979　1981　1983　1985　1987　1989

Source：Patent Agency，一一Patent Agency Annual Report1989’’

See Table　6－2－1

Figure6－2－2PatentingTrendsinJapanbySector
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See Table　6－2－2
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ThenumbersofnadonalpatentapplicationsandgrantsinJapanareuSefulindicatorsinreflecting
ChangesinthesizeofR＆Dachievemqnts（Figure6－2－1）・Thenumberofpatentapplicationsin
JapanhasrapidlybeenincreaslngPartlCularlyinthe1980S・Manyofthemwereappliedforby
J坤aneSenationalS・PerhapstheincreaseinthenumberappliedisrelatedtotheincreaseofR＆D

expendituresinJapanafterthelatter1970S・Incontrastthenumbergrantedhasnotbeen
increaslngaSmuChasthenumberofapplications．Thereasonscouldincludeinsufficient

PrelimlnarylnVeStlgationbyapplicantssothatsimilarPatentSarerePetitivelyappliedfor，
applicationsarenotacceptedbecauseinventioTISareObsoleteorapplicationsaredesignedto

invalidateidenticalapplicationsbyothers・Thesearebelievedtobereasonswhynearlyhalfofthe

PatentS叩PlicationsinrecentyearSarerqeCted・Anotherreasonforthelargeincreasemightbe
thatthepatentscreenlngSyStemhasnotbeenabletocopeWiththerapidincreaseofapplicadons・

ToexaminepatentingtrendsbytechnologicalareaFigures6－2－2（A）and6－2－2（B）showthe
numberofpatentapplicationsandgrantsbyarea・Thenumberappliedfbrin1988andclassi丘ed

（336，232cases）weremadeupofthoseintheareaOfphysics，（90，954，27．Opercent），electricity
（83，510，24・8percent），PrOCeSSing，COntrOland transportation（58，382，17．4percent），
Chemicals，metallurgyandfibers（48，703，14．5percent），meChanicalengineering（24，978，7．4
PerCent），dailycommodities（21，269，6・3percent）andconstruCtion（8，436，2．5percent）．
Comparisonwith1980showsthatpatentapplicationsintheareaofphysicshavegrown
drasticallybyllpolntSfrom15・7percentin1980・Intermsofgrants，themaJOrareaSWere

Chemicals，metallurgyandfibers（13・921，22・Op？rCent）andprocessing，COntrOlandtraりSPOrt
（13，567，21・4percent）・EvenwhenconsiderationlSgiventothetimetakenfromapplicatlOntO
grantthenumberreglSteredintheareasofphysicsandelectncltymuStissmallcomparedtothe
numberapplied．

Notes：

（1）Thenumberofnationalpatentapplicationsheremeansthetotalnumber叩pliedinagivencounuyincluding
thenumberappliedfor丘omabroad・Therefbreitisnotappropnateasanindicatorofthesizeacountry，sR＆D
achievements．Howeversinceitiseasytoobtainitisoftenusedas’’numberofpatentapplicadons’一．Itmustalso

beremembereddlatthisincludesthenumberofcountriesdesignatedundertheEuropcanpatentapplicationsystem

腿PCapplication）．

6．2．2DomesticandExtemalPatentlngbyCountry

Thenumberofpatentapplicationsbycountrytotalsthenumberofpatentsfbreachcountry

accq）tlngandscreenlngPatentaPPlicationsthusbyitselfitisnotappropnateinassesslngCOuntry
R＆Dachievements・Itisnecessarytodeterminethetotalsofthenumberofpatentsbyapplicant
COuntry・AIso，tOaVOidproblemsresultingfrom diffbrencesin thepatent systemsacross
COuntriesitisusefultocalculatethenumberofpatentsnotafftctedbyacountry’ssystemby

SeParatingthosewhichwereappliedtofbreigncountries（externally）．Figure6－2－3henceshows

thenumberofpatentsapplicationsbymaJOrCOuntriesin1987bydistinguishingbetween

domestic andexternalapplications・The numberofpatents reglSteredis also shown by

distinguishingbetweendomesticandexternalgrants．

JapanischaraCterizedbyalargenumberofdomesticapplicaqons（311，㈲Ocases）・Thishasthree
fhcets．First，COmParedwiththenumberofpatentsapplicat10nSbyU．S．，WestGerman，U．K．
andFrenchinventorsintheirowncountriesmorepatentsareappliedbyJapaneseinventorsin

Japan．SinceinventorsfirstuYtOaPPlyforpatentsintheirowncounBythenumberofpatents

appliedfordomesdcallyisbelievedtobeadirectindicatorofthelevelofR＆DactlVlty・Indeed，

manypatentapplicationsareappliedforbyJapaneseinventorsinJapan．Thispatternofpatentlng

issaidtoreflectanacdveR＆Dsystem．Secondly，farmOrePatentSareaPPliedforinJapanthan

aregranted（54，（X恥InotherwordsftwapplicationsareaCCePted・Althoughmorepatentsare
grantedinJapanthanintheU．S・thediffbrenceisnotaslargeasthecaseofapplicatlOnS・Since

PatentSaregrantedthroughscreenlng，thenumbergrantedismoreappropnateasanindicatorfor

qualitativelyassessingR＆Dachievements．Thirdly，mOrePatentSarebeingappliedforinJapan

thanexternally・InothercPuntriesmoreareappliedexternallythaninthecountry・Therearecases
inwhichthesameinventlOnisappliedfbrpatentsinanumberofcountriessoitseemsthatmo陀
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Figure6－2－3DomestiCandExternalPatentingbyCoun打y（1987）

NumberofDomesticPatents

（Applications，Grantedpatents）

3（沿，㈱　　　2（泊，∝氾　　1（泊，∝氾　　　　0

NumberofExtemalPatentS

（Applicahons，Grantedpatents）

0　　　　1（泊，∝沿　　　2（泊，0（沿　　　3（泊．腑

Source：Patent Agency，，一Patent Agency AnnualReport1989．1

See Table　6－2－3

Figure6－2－4JapaneseExternalPatenting（1987）

U．K．11．2％

（A）Japan，sexternalpatentapplicationsbycountry（1987）

W．Gmy14．4％

（B）Japan’sexternalgrantedpatentsbycountry（1987）

Source：Patent Agency，一一Patent Agency AnnualReport1989・・

See Table　6－2－4
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PatentSareaPPliedexternal1ybecauseoftheseoverlaps（Notel）・Nevertheless，fhrmorepatents
arebeingappliedforinJapanthanexternally・ItcanbesaidthatthereisatendencyfbrJapanese
inventorstoemphatiCallyapplyfordomesticpatents・ThesedatadelineateR＆Dachievementsin

JapanfromaglobalviewpolntWithoutoverestimatlngltSinnuencelikethesimpleandoftenused

”numberofpatentapphcations一’（tobemoreaccurate，thenumberofpatentチPPlicationsaccepted

bycountries）・WhileJapanisoneoftheworld’sfbremostpatentingcountnesitdoesnothavea

ClearedgeovertheU・S・OrWestGermanylntermSOfinternationalinfluencebutitspositioncan
besaidtobeequal．

AsshowninFigure6－2－3Japaneseinventorsappliedfbr83，（X氾patentsexternallyofwhich

42，（X粕weregranted・Figures6－2－4（A）and6－2－4（B）showthecountries・Thegreatestnumber
OfapplicatlOnSWereintheU・S・（30・8percent）fbllowedbyWestGermany（13．Opercent），the

U・K・（11・2percent），France（9・1pPrCent）andKorea（6・3percent）・Specialnoticeshouldbe
glVentOthefactthatmanyapplicatlOnSaremadeinKorea・JapaneseapplicationsinKoreaare
rapidlyincreaslngSOmuChsothatthattheyhavecometoexceedthenumberofpatentsfrom
domesticKoreansourcesamongthepatentsappliedforinKorea・Intermsofpatentgrantsmany
havebeengrantedintheU．S．andWestGermanyandtheirsharesarelargerthanthoseof
applications．

Note：

（l）InthecaseoftheEuropeanPatentaPplicationsystem（EPCapplication）・multiplenumberofapplicationswe一c
cOuntedbytreatlngadesignatednumberofcountriesforthesamepatentsinthesamewayaswhenapplyingforpatentsn
dl counはies．

6．2．3PatentApplicationsAcceptedandGrantsbyPatentorOrganization

ThefbregolngSeCtionhasdiscussedpatentsfromthepolntOfviewoftheinventorinaspecific

COuntry・Inexaminingtheflowofpatentsffominventorcountrytopatentor誓untry，Figure6－2－
3examinesthisnowfromthesideoftheinYentOrCOuntry・However，eXamlnlngthisflow丘om
thesideofthepatentorisalsohighlysuggestlVe．Hencethestudycalculatesthenumberofpatent

applicationsacceptedbyJapanese，U．S．andEuropeanpatentofncesandthenumberofgrantsby

thesepatentors．Thesefiguresarehigh1yslgni丘Cantinthattheyallowcomparisonofthenumber

Ofpatentsbycountryunderanidenticalpatentsystem（SuCha苧OftheU・S・，Notel）・Thisis
designedtoclarifyJ叩aneSePatent’sposltlOnabroadwherepatentlngSyStemisdifferent・

Figure6－2－5（A）showsshareSbycalculatingthenumberofpatents appliedtotheU・S・，
EuropeanandJapanesepatentofficesbyinventorcountry・Asamatterofcoursethegreatest
numberofpatentsappliedintheU・S・WerebyU・S・inventors・Howevernearly20percentwere
qpplications丘omJq）anWhichwerethemostnumerousamongforeignapplications・ByreglOn
thegreatestnumberofpatentsappliedtotheEuropeanpatentofficewerefromEurope・By
COuntryhoweverthemostnumerouswereffomtheU・S・followedbyWestGermany，Japan，
FranceandtheU・K・InJapanforeignapplicationsdidnotreachlOpercentevenwhencombined・

Figure6－2－5（B）showsthenumberofpatentsgrantsbycalculatingtheshareSbyinventor’s

COuntry・Ingeneralitshowsmoreorlessthesametendenciesasinthecaseofapplications・The
ShareOfJapanesepatentsacquiredfromtheU・S・andEuropeanpatentofnceswasslightlylarger
thanthecaseofapplications・TheshareacquiredinJapanwas smallerthanthecaseof

applications．

Japanesepatentsapplicationsoccupyaincreaslnglyprominentpositionamongthoseappliedto

theU．S．andEuropean patentoffices．Thisisindicative ofefforts towardinternational
developmentofpatents・However，althoughtheirpositionsurpassesthatofWestGermany，
JapancannotbesaidtosurpasstheU・S・Incontrastitmustbepolntedoutthatexternalsource
PatentSareaPPliedfbrinJapan・
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Figure6－2－5PatentApplicadonsandGrantsbyOrganimtionandNationalityofInventor（1987）
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See Table　6－2－5

－185－



Notc：

（1）Itmustberememberedthat血isincreasespatentapplicationsfromthedomesticcounBy（orrcgion）．Whencompating

JapaneseandU・S・patentSforexampletheapproprlatemethodistocomparepatentsappliedtotheEuropeanPatent

Office・Considerationmustalsobegiventosuchthingsasthediffbrencesintheprogressofeconomicexchangeandin

thcdegreeofmarkctintemationalizationaswellasculturalproximity・

6．2．4PatentGrantsandCitationsintheU．S．

TheU・S・COmPnSeStheworld’slargestmarketandisalsotheprominentscienceandtechnology

COuntry・ThereforeitlSPOSSiblethatmanyoftheimportantandhigh－levelpatentsdesignedfor
theglobalma止etplaceamappliedfbrintheU．S．RecentpatentingintheUSisanalyzed（SOurCe
3）．

Figure6－2－6showscounbySharetrendsforpatentsgrantedintheU．S．TheU．S．sharehasbeen
decreaslngeVeryyearandthatofforeigncountrieshasbeenincreaslng．Howevermostofthe

foreignshareincreaseisascribabletothecontributionbyJapan．Noothercountryhasgreatly
increaseditsshare．ThisclearlyshowsrapidprogressofJapaneseR＆DintherecentyearSand
effbrtstoapplyforpatentsintheU．S．AIso，Whilethisisnotshowninthefigure，eXamlnlng

COuntryShareSbypatentcategoryenablesallowsaviewofwhichareasoftechnologyJapanese
patentshavetheedge．ForexampletheJapaneseshareofinternalcombustionenglne－related
PatentShasincreasedfrom16．7percentin1975to43．9percentin1986．Duringthisperiodthe
U．S．shareinthisareahasgreatlydecreased（from53．7percentin1975to28．2percentin

l986）・LargeJapane更eShareSarealsofbundintheareaSOfinfbrmationandmemory，OPtical

teclm010giesandsemlCOnductors．

Examinationofpatentqualityfbllows．IntheU．S．dataonpatentscitedbyexaminersinthe
PrOCeSSOfpatentscreenlnglSreCOrded・ThesepatentsareOftencitedasprecedenttechnologleS
regardlessofthetechnology，squalityevaluation・Henceitcannotbesaidthatthenumbercited
itselfisalwaysindicativeofpatentquality．Howeveritisnaturaltothinkthatthemacronation－
levelnumbrofcitingsreflectsthecountryTstechnologicallevel．ThenumberofcitingsperPatent
reglStrationinparticularCanbeconsideredasindicativeofthequalityofR＆Dachievements・

Hence，justasinthecaseofscientificpapers（Se？SeCtion6・1）Figure6胃2－7showstrendsfrom

1975to1986byplottlngShamsofpatentreglStratlOnSOnthehorizontalaxisandthoseofcitings
onthevertiCalaxis．

TheJ叩aneSeShareofcitingshasbeengreaterthanthenumberofpatentsgranted・Therefbrethe
relativecitationindexobtainedbydividingthecltlngSharebythereglStrationsharehas
COnSistentlyexceededlduringtheperiodcovered・Moreover，thecitingsharehasbeengrowlng

atapaceexceedingthereglStrationshare．SuPPlngtherelativecitationindex・Giventhesedatait
canbesaidthattheJapanesepatentsgrantedintheU・S・haverapidlybeenadvanclngnOtJuStin

termsofquantitybutalsoinquality・Incontrast，boththeU・S・reglStrationshareandespecially
itscltlngSharehasbeendecreaslng・Asaresult，itsrelativecitationindexhasbeendeclining
approachingl・CountriesotherthanJapanandtheU・S・amincludedin一一otherH・Thesecountries’

relativecitationindicesarebelowlontheaverage．Evenbyindividuallyexamlnlngthemitisnot

POSSibletofindacountrywithanindexaslar壁aSJapants・Thesedataquantitativelyshowthat
JapanisapproachingamaJOrteChnologiCalposlt10nintheU・S・
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Figure6－2－6PatentGrantShareTrendsbyCountryinintheU・S・
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See Table　6－2－6

Figure6－2－7FrequencyofPatentsCitedintheU．S．
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Source：Computer Horizons，Inc．．．Science＆Engineering Literature Data Base1989”

See Table　6－2－7
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6・2・5PatentsApplicationsbyIndusBy

WhendiscusslngSCienceandtechnologyinJ叩anitisimportanttograspthetrendsofR＆D
activitiesintheindustries・Thisisalsoclear丘omthefactthatintherecentyearStheindustries

accountfbrarOund80percentofallR＆DexpendituresinJapan・Theyalsohaveagreatershare
OfpatentapplicationsthanR＆Dexpenditures・Hencethestudyexaminedthepresentstateand
trendsofR＆DbyindusByusingdataonpatentapplicationsbyJapanesecompanies（SOurCe4）．

ThedatausedarethenumberofpatentsappliedinJapanbyJapanesecompaniesin1985and

1976・Theyareanalyzedbyindustryandpatentcategory・Basedonthe”QuaperlyReportof

Corporations．’（refbrencell）andtheManagement＆CoordinationAgencystat1号tics－industrial

Classincation（refbrencel2），COmPaniesaredividedintoapproximately20catqgOneSandpatents
intol18categoriesaccordingtothethree－digitinternationalpatentclassificatlOn（reftrence13）．
Companiescovered訂elistedJapanese蝕mswhichappliedforover20patentsorutilitymodels
in1985．Atotalof640丘rmSaPPliedfbr90，021patentsinl976and212，308in1985．These
accountedfor66percent（1976）and78percent（1985）ofallpatentsappliedbyJapanese．Itcan
beseenthatthepatentapplicationsinJapanwhichareSOnumerOuSaremainlybeingmadeby
thesenrmS・Theanalysisofpatentapplicationsin1985showsthefbllowlngregardingthe
PreSentStateOfpatentapplications．

（1）Intermsofthenumbrofpatentsappliedfbrbyindusけytheelectricmachineryindustryhas

theoverwhelmingedgefbllowedbythetransportmachinery，PreCisionequlPmentand
generalchemicalsindusbies．

（2）TheelecのC聖aChineryindustryhasconsiderablesharesinalmostallofthepatentc？tegOries，
the applicatlOnS by the transport machinery and generalchemicalsindustrleS have
COnCentratedinspeci丘CareaS．

（3）Mostofthepatentcatego一iesinwhichindustrieshavelargeshareSFrFCOrebusinessareas・
Applications byindustnes such as other chemicals and precIS10n equlPment have

COnCentratedtheirpatentlnglnelecBicity－relatedpatentcategories．

（4）Inallindustrie戸anumberofhigh－rankingcapitalizedfirmsaccountfbramajorityofthe
PatentaPPlicatlOnS．Intheelectricmachineryindus打yfbrexamplethetopfivecapitalized

firms（4percentofthefirmS）accountfor51percentofallpatents appliedfbrbythe
industry．

ChangeSinpatentlngtrendsisshownbycomparisonofthenumberofpatentsappliedforin
1985and1976．

（1）Thenumberofpatentsappliedfbrin1985byindusはywasmoreorlessproportionaltothe

numberappliedin1976．

（2）InpharTnaCeuticalS，0thermanufacturingand丘berstherehavebeenchangesinpatept
CategOneSaPPlications．SuchchangeshavebeensmallinotherchemicalsandelectrlC

machine町．

（3）Recentlydi飴rencesinpatentapplicationpoliciesamong丘rmswithinthesameindustryhas

increased．Thistendencyhasbeenparticularlymarkedinasthepharmaceuticals，Oilsand

fats，fibers，Steel，fbodstuffS，general chemicals，Other manufacturlng and general

machinery．

（4）Largecapitalized丘rmsinfibers，Steelandgeneralmachinerywhichhavefbrmedthecoreof

PatentaPPlicationshavebeentakingtheleadinchangingtheirpatentapplication丘elds．

（5）Inindusbieswhichareincreasingpatentapplicationstherehasbeensmalldifftrenceinthe
POliciesamong蝕mswithinthesameindusBy．

Thefo1lowlngCanbesaidinsummanzlngindusBialpatentlngaCtivitiesinJapan．

（1）Electricity－relatedtechnologies，mainlyelectrorlics，havebecomethemainculTentOf
technologiCaldevelopmentinrecentyears．Supportlngtheseindustriesaretheelectric
machinery，PreCisionequlPment，Otherchemicalsandnonferrousmetalsindustries．In
generaltheseindusのesaremarkedlyincreaslngtheirpatentapplicationsandtherehavebeen
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smallchangesinthedirectionoftheirR＆D・Inadditiontoelectnclty－relatedareaStheyare

oftenapplyingforpatentsinsuch訂CaSaSOfphotographyandprintlng・

（2）Alongwiththeelecのcity－relatedtechnologies，PatentSfbrchemicals－relatedtechnologies
havebecomeamaJOrteChnologicalcurrentcommontomanyindustriessuchasgeneral
chemicals，丘bers，PharmaceuticalsandoilsandfatsandpalntS・InrecentyearShowever

therehavebenchangesinthedirectionofR＆Dinalloftheseindustriesandsuchdirection

hasbeenconsiderablydifftrentacrossfirms・Therehavealsobeenmanypatentapplications
inareaSnOn－COrebusinessareaSSuChasthefibersindustrylntOmedicineandthegeneral

ChemicalindusuylntOelecのcdevices．

（3）Transportmachineryandrubbershowstrengthinmachine一y－relatedtechnologiessuchas
relatedtovehiclesandenglneSbutarenotmarkedlyentenngotherareaS・Inthegeneral
machineryindustry companies areorientedtowarddiverse R＆Ddirections such as
agriculturalmachinery，maChinetooIsandelectnclty－related・

（4）Atleastuntil1985thesteelindustrypatentapplicationshavegrowninsuchar？aSaS
metallurgyandmetalprocesslngbuttherehavenotbeenmarkedchangesinthedirectlOnOf
itsR＆D．MajorfirmshoweverhavebenshowingslgnSOfchange・

6．2．6RegistrationofBotanicalSpecies

InprotectlngtherightsofdevelopersofnewplantvarietiesJapanhasestablishedasystemfor
reglStenngVarietiesbasedontheSeedsandSaplingsLaw．Registrationapplicationofnewly
developedvarietiesareaPPliedforbythedeveloperandgrantedthroughscreenlngPrOCeSS．The
numberofbotanicalvarietiesgrantedthroughthissystemisaresultofvarietydevelopment
activitiesagalnStthebackdropoftechnicalknowledgeandexpenenCeandcantxconsideredasan
indicatorofR＆DactivitiesintheareaOfplants．RegistrationrequlreSthatthenewvariety’s

Chara？ter（shape，quality，reSistancetodiseas？S，etc・）canclear1ybedistinguishedfromexisting

VarietleSandisstablewithinthesamegeneratlOnandafterpropagation．AIsoI℃quiredisthatthe

Varietiesarenotmarketedpriortoapplicationandtheirnamesaredistinctfromthosealreadyin
exIStenCe．

Avarietyof430plantscanbegrantedinareassuchasrice，Wheat，Vegetables，丘uittrees，

flowers，aPPreCiativetrees，muShroomsandlaver・AsofAugust19902，388varietieswere

granted・Trendsofplantvarietiesgrantedfrom1984to1990showa2（氾－3（泊yearlyincrease・

ThemainreglStrantSareindividuals，nurSeryfirmsandlocalself－gOVernlngbodies・Intherecent

yearstheshareSOfindividualsandagnculturalcooperatives，etc．，havebeendecreaslngand

Whilethosefornursery丘rmSareincreaslng．Theseorganizationsarebelievedtohaveadvanced

technicalandorganizationalR＆Dsystems（Figure6－2－8）・50perCentOftheregisteredsl？eCiesare
flowersfollowedbyappreciativetreesandvegetables・DevelopmentofbotanicalspecleSinthe
PaStWaSmadepnncIPallythroughclassicalcrossbreedingmethods・InrecentyearShowever，
bio－teChnologymethodssuchascellandtissueculture，embryoandovulecultureandcellfuSion
aremorefh，quentlyudlizedandcouldresultinanevenlargernumberofreglSteredspeciesinthe
fbreseeablefuture．
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Figure6■2－8TrendsintheNumberofBotanicalSpeciesGrants
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SpeCiesRegistrations
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評iscalYe訂）

Source：Ministry of Agriculture，Forestry and Fisheries，and NISTEP
See Tablc　6－2－8
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6．3Industrial Standards

Academicpapersandpatentsaregeneral1yusedasdirectindicatorsofR＆Dachievements・This
sectionalsoexaminesindustrialstandardsasanindicatorofthepublicpropertyvalueofR＆D

achievements・FromtheviewpolntOfproductioninanindusbialsociety，ltisverylmPOrtanttO

maintainunifbrmquality・Forthisreasonstandardsplayanimportantpartinscienti丘cand

technologiCalactivities．Uni丘edstandardsaidinsmoothindustrialproductionactivitieswhile

concurrently，theachievementsofscientificandtechnologicalactivitiesinturnemichindustrial
standards．Standardscanbetherefbresaidtoreflectthelevelofscienti伝candtechnological
actlVlneS．

6．3．1IndustrialStandardsinJapan

There聖efiveobjectivesinstandardizationofscientificandtechnologicalactivitiqs：（1）
unincatl0nOfterms，SymboIsanddrawingstoensuremutualunderstanding，（2）ensunngof
Safttyofmanandmaterials，（3）ensuringofcommonnessandinterchangeabilitytoassuresystem

CPmPatibility，（4）developmentoftheproductqualityandperfbrm？nCefbr丘tanduseand（5）
slmPlificationofproductstolimittheirkind．AchievingtheseobjectlVeSgenerateSmanyeffects

SuChasrationalizationofproduction，disのbutionandconsumptlOn，qualitydevelQPmentandcost
reduction．

ThehistoryofindustrialstandardizationsystemsinJapangoesbacktotheTaishoEra（1912－

1926）．HoweverJapanIndustrialStandards（JIS）arebasedontheIndustrialStandardization
Lawenactedin1949．Asoftheendoffiscal1989therewere8，414standards（Figure6－3－1）．

Since1949atotalofll，656standardshavebeenenacted，19，749revisedand3，242abolished．

ExamlnlngthenumberofstandardsovertimeshowsastrikinglnCreaSefromarOund1949to

1950．Thisincreaseintheinitialperiodisbelievedtohavebeenduetodevelopmentofthe

Standardsystemitself．Afterwardsthepaceofincreasehasgraduallysloweddown・Thenumber

howeverissdllincreasingduetotechnologicalprogressandsocialdemand．

Examiningthenumberofstandardsbysectorisusefulinseeingtechnologicaltrends（Figure6－3－

2）・AsoftheendofhsCal1989thesectorshavingalargenumberofstandardswe一eChemicals
l，654（20percent），generalmachineryl，266（15percent）andelectronicsandelectncequipment

819（10percent）．These are allstandardsin technologicalareas comprising the basic

infrastruCtureOfJapaneseindustry．Thefactthattherearemanystandardsinthechemicalsand

electronicsandelecbicequlPmentSeCtOrSisbelievedtoberelatedtothefactthatthechemicaland

electricmachineryindustriesformthecoreofJapantsmanufactunngalongwiththetransport

machineryindustry．Ontheotherhand，thenumberofstandardsinthegeneralmachineryareais

believedtobeareflectionofthenatureandtechnologythanofindustrialstruCture．Thisis

becausethetechnologyrelatedtogeneralmachinerylSuSedindiverseindustries．Forexample

manymachinery－relatedstandardsareappliedtodirectlytomotorvehiclesinadditiontothose
relatedtomotorvehicles．Thefactthatthenumberofautomotivestandardsisnotsolarge

COmParedtotheindusけy－ssizeistx：lievedtosupportthisview．

TheyearinwhichthestandardswereenactedbysectorisalsoinstruCtivetoexamine．Many
Standardsinthechemicalsectorwereenactedinthe丘rsthalfofthe1950S．IncontrasttheyearOf
StandardsenactmentinthegeneralmachineryandcivilenglneerlngandconstruCtionsectorswas
dispersed．ManyofthestandardsintheelectronicsandelectricequlPmentandtheinformation
PrOCeSSlngSeCtOrSWereenaCtedinthe1980S．Thiscanbeinterpretedasanindirectindicationof

therapidchangesintheindustrialproductionpatternSCentenngarOundelectronics・Manyofthe
StandardsinthemedicalsafbtyequlPmentSeCtOrWereenaCtedinthelatter1980S．Itispossibleto
infbrasituationinwhichthedemandincreasedfortechnologleSrelatedtosafttyasbeingas∝ial
requlrementforharmonybetweenscienceandtechnologyandhumanliving．
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Figure6－3－1TrendsintheNumberofJapanIndustrialStandards（JIS）（Cumulative）
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Source：JIS Directories，1990

See Table　6－3－1

Figure6－3－2NumberofJISStandardsbySector（endofFYl989）
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6．4　EvaIuation ofJapanese Scientific and TechnoIogicaIAchievements through
the Award fbr Persons ofScienti窩c and TechnoIogicalMerit

ItissaidthatsciendncandtechnologicaldevelopmentsinJapanafterWorldWarIIhavechiefly

andgreatlybeenduetointroductionoftechnologiesfromtheWestemcountries・However
Japaneseindustriesandothersectorshavealsomadeeffbrtstodeveloptheirowntechnologies・
Japanhasalreadycaughtupwiththedevelopedcountriesinmanyareasofscienceand
technology・ThereisnowincreaslngCallsfbrJapantoconductR＆Dwhichcanmakeglobal
contributions．Todosoitisnecessarytoevaluatetheresultsofthepastefbrtstodevelop
technologiesdomestically・Indoingsousefulisanindicatorwhichqualitativelyassessesthe

R＆Dachievementswhichhaveprovidedsignihcantimpactsonscienceandtechnology・An
exampleofevaluationofscientificandtechnologiCalachievementsbasedontheAwardfbr
PersonsofScientificandTechnologicalMeritrewardssystemisreviewed（SOurCe5）・

6．4．1EvaluationofJapaneseScienti丘candTechnologicalAchievementsthroughtheAwarding

System

Asystemforawardingscienti丘candtechnologicalachievementsisdesignedtoselectoutstanding

R＆D achievements uslngunifbrmevaluationstandards．Ifithas widecoverageandthe

evaluationstandardsarehighlyreliabletheawardsystemissuitableinprovidingaglimpseof

scientific and technologicaltrends・As one example this study analyzed scienti丘c and

technologicalachievementswhichweregrantedtheAwardfbrPersonsofScientific and

TechnologicalMerit・ThisisoneoftheMinisterofStatefbrScienceandTechnologyAgency

awards・Duringthe31yearS丘om1959whenthesystemwasinauguratedto1989，637scienti丘c

andtechnologlCalachievementswereselectedandawarded．Oftenawardedachievementsare

thoserelatedtoorganicchemicals（47cases，7・4percent），tranSPOrtmaChinery（45，7・Operc？nt），

PreCisionmachinery（45，7・0perCent），Steel（38，6・Oper？ent），electronicsandcommunicatlOnS
PartS（38，6．Opercent），WireandwirelesscommunicatlOnSequipment（31，4．9percent）and

Ceramics（27，4．2percent）．

Timetrenddataforthe1960sindicate193itemswereawarded．BytechnologiCalcategorythe

mostpumerouswererelatedtoprecisionmachinery（17cases，8・8percent）followedbyorganic
ChemlCals（16，8．3percent），tranSPOrtmaChinery（13，6．7percent），Steel（11，5．7percent）and

PharmaCeuticals（11，5．7percent）．The decade wascharacterizedbynumerous awardsin
PreCiSionmachinery，Organicchemicals，tranSPOrtmaChineryandsteelwhichareindicativeof

SCienceandtechnologye仇）rtSaimedatheavyindustry，mainlytheheavychemicalindustry・

Inthe1970S154itemswereawarded．BytechnologlCalcategorythemostnumerouswerethose

relatedtoelectronicsandcommunicationspartS（14ca璧S，9・1percent），followedbyorganic
Chemicals（12，7・8per？ent），ChemicalmachineryandequlPment（11，7・1percent），Steel（10，6・5
PerCent）andconstruCtlOn（10，6．5percent）．Comparedtothepreviousdecadeelectronicsand

COmmunicationspartsrankedatthetopsupportlngthesteadyprogressofdevelopmentinthe

electronicstechnology．

290itemswererecognizedwithawardsinthel980S，uP88．3percentfromthepreviousdecade’S

154・Bytechnologicalcategorythemostnumerouswererelatedtotranspprtmachinery（24C竺SeS，

8・3percent）fbllowedbyprecisionmachinery（21，7・2peI℃ent），electronlCSandcommunicatl？nS
parts（21，7．2percent），OrganicchemicalS（19，6．6percent），Steel（17，5．9percent）andceramlCS

（17，5．9percent）．Inthisdecadechemistry－relatedscienceandtechnologyawardsdecreasedin
number．
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Sources：

Thedataonacademicpapersinsectionlwerecalculatedusing（1）．Thoseonpatentsinsecdon2
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Japanese CompaniesUsingPatentStatistics，H The2ndInternationalConfbrenceon

ManagementofTechnologyatMiami，USA，1990．
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CHAPrER7

INTERNATIONALIzATION OF RESEARCH AND

DEVELOPMENT

In1989Japan，sGrossNationalProduct，innominalterms，reaChed＄2，834，500million・

accountlngfbrasmuchasl4percentofthetotalworldGNP・AccompanylngSuChremafkable

economicgrow血havebenstrongdemandsforJapantomakeamoreslgni丘cantcontribudonto

worlddevelopment・Inresearchanddevelopment，JapanSPentatOtalof￥11，815，5∝）millionin

1989，andissecondonlytotheUnitedStates・Japanisexpectedtotakeamoreactiveand

appropnateroleinbasicresearch，andshouldmakeeffbrtstoensurereasonableaccesstoits

R＆Dactivities・Withtheseexpectationsasabackdropasteadyincreaseofresearchexchange

Withothercounのesareexpected．

ThischapterlooksmainlyatR＆Dbypnvatecompaniesintermsofinternationalizadon・Withthe

r坤idprogressofsocioeconomicglobalizationinrecentyears，COmPetitionwithinthecorporate

sectorisgrowlngmOrefierceascompaniesarestakingtheirverysurvivalonexpandingR＆D

activitiesthatextendbeyondnationalboundaries・InternationalizationofR＆Dcanthusbesaidto

bemovingaheadatanunprecedentedpace．

Thischaptercompnsestwosections，りExchangeOfR＆DPersonnelのandバCross－borderFlows

ofR＆DM・ThefirstsectiondiscussesthepresentstateofexchangesofresearchenglneerSin
Japanandoverseas・ltalsodescribesthespecialfeaturesofinternationalseminars，Whicharean
importantarenafbrexchangesamongresearchers・Thesecondsectionexaminestrendsof
researChlaboratoriesestablishedbyoverseasafnliatesofJapanesecompaniesandbyJapan－
baseda爪1iatesofoverseascompanies，anddescribesthediffbrenceintheirR＆Dactivides・This
Chapteralsolooksattechnologicaltradeandhowithasalteredinternationaltechnological
developmentcapabilitiesintermsofoverseasexpanSionbyJapanesecompanies．

7．1Exchange ofR＆D Personnel

7．1．1．ExchangeofResearChandEngineers

IthasbeenpointedoutthatinJapanbasicresearchfundsaccountforasmallerpercentageoftotal
R＆DfundsthanthoseintheUnitedStatesandEurope（thisiswhathasbecomeknownas

“Japan’Sfreerideonbasicr？SearCh’’）・Ithasalsobeenpointedoutthatforthepastfbwy？arS

therehasbeenanimbalancelnreSearCherexchangesbetweenJapanandmanyothercountnes・
Speci丘cally，JapansendsvastnumbersofR＆DS偲totheUnitedStatesandEuropetoacquire
newknowledge，andthenusesthisinthedevelopmentofmanufacturedproductsbackinJq）an・

Incontrast，ithasbeenpointedoutthatJapanisclosedtoR＆DS／EfromtheUnitedStat？Sand

Europe，andhasdonelittletocreateastruCturetOaCCePtOVer！eaSR＆DS偲・Whendiscu戸Sln等an
imbalanceinresearcherexchangeS，WemuSthsttakeaquantltativelookatthepresentsltuatlOn・
Butsincethereisnostatisticalsurveyfromwhichapreciseunderstandingofthepresent
researcherexchangesituationcanbehad，itisnotalwayspossibletodescribetheseissuesin
quantitativeterms．

ThestateofresearcherexchangesbetweenJapanandothercountriesisanalyzedusingthedatain

the“ImmigrationStatistics”publishedbytheMinistryofJustiC？aSthebasicdata・Sinceitwas

difficultisolatedatarelatedspeCi丘CallytoR＆DS／EinthesestatlStics，theanalysiscoversthose

engagedinresearChinnaturalsciences，humanidesands∝ialsciences，andalsothoseassociated

WithlearnlngOrteaChingindusBialtechnologiesorskills．TheImmigrationControlandRefugee

RecognltlOnLawclassifiespurposeofoverseastravelintoelevenitems，andofthese，this

analysisonR＆DS／EdispatchedoverseasfromJapanwasI℃Strictedtothosewhohadbeensent

OVerSeaSWiththeaimofeither”academicresearChorstudies”or“overseasstudies，tralnlngOr

Skillsacquisition”．AsforacceptanceofoverseasR＆DS瓜，fromamongtheeighteenkindsof
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residentialstatusthoseenteringJapanfbrthepurposeofHstudyM，＝tralnlngM，Hteaching”，…artiStiC

OraCademicactivitiesMorHprovisionofhigh－gradetechnologyMaretakenupinthedatabase．The

term“researchenglneerSMis坤Pliedtoallofthesepeople・

（1）0vcdlT陀nds

In1989146，488researchengineersleftJapantoothercounBies（PerSOnnelleaving），aCCOunting

fbrl・5percentofallJapanesewhodepartedJapan・Inthesameyear，84，2950VerSeaSreSearCh

engirteerSCametOJapan（enteringpersonnel），aCCOuntingfbr2・8percentofallforeigners
enterlngJapan・Fromthe1970suntilthemid1980sthenumberofleavlngandreceived

PerSOnnelshowedasteadyincrease（Fig・7－1－1），butfromthelatterhalfofthe1980sitro苧e
Sharply，Particularlythenumberofthoseleavlng，Whichinl989was3・6timesasgreatasln
1985．Thishintsattheremarkableprogressmadeintheinternationalizationofscienceand
technologyexchangeSfromthelatterhalfofthe1980S．

In1982“tralnlng”wasaddedtotheclassificationsfbrresidentialstatusinJapan，aCCOuntingfor

thesharplnCreaSeinentenngpersonnel．Ifthisthis”tralnlng”statusisnottakenintoaccount，

thenthenumberofthoseentenngshowedonlyamoderaterise．

Figure7－1－1NumberofResearchandEngineersLeavingandEnteringJapan
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Ministry ofJustice，一一Statistics onImmlgration Control’’

（2）JapaneseResearchEngineersLeavingJapan

ThenumberofJapanesesentoverseasunderthecategoryofHacademicresearchorstudies”or

Hoverseasstudies，tralnlngOrSkillsacqulSlt10nMcontinuedtoincreasesteadilyuntilabout1985，
andtheratiobetweenthetwostoodatl：1．4．ThenumberofthoseleavlnglnCreaSedshaq3ly，and
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in198933，254JapanesetravelledoverseasforHacademicresearChorstudiesの，While113，234

1eftJapanfbr”overseasstudies，trainlngOrSkillsacqulSltlOnH・Theratiotherebyexpandedto

l：3．4．Itcanbeseenthatin1989almost80percentofallJapaneseresearchenglneerSgOlng

ovPr？eaSWentforthepurposeofacquiringknowledgeandskillsinthehostcounBYbystudiesor
tralnlng・FromthisitlSeVidentthatmoreandmoreJapaneseresearChenglneerSaretraVelling

overseastogalnaninsightintoscienceandtechnologyinothercounuies・

MostpeoplewholeftJapanforthepurposeofHacademicresearChorstudies”or”overseas

studies，trainlngOrSkillsacqulSltlOnHwenttotheUnitedStatesorEurope・Infactslightlymore

than50percentofthepeoplewholeftJapanfbrHoverseasstudies，trainlngOrSkillsacqulSltlOn”，

andonethirdofthosewholeftforHacademicresearchorstudies”wenttotheUnitedStates，

makingitbyfarthemostpopulardestination（Fig・7－1－2）・

ByreglOn，OVerthepast20yearsthevastmaJOntyOfJapaneseresearChenglneerShavegoneto

NorthAmerica，EuropeorAsia・ThenumbergolngtONorthAmericaincreasedsharplyfromthe
latterhalfofthe1980S，andin1989stoodatmorethanhalfofallleavlngPerSOnnel：74，554were

senttoNorthAmerica，While34，287weresenttoEurope，and30，225toAsia．Morethan90
percentgolng tONorthAmericawenttotheUnitedStates，Whilemorethan70percentofthose
senttoEuropewenttothreecountries：UnitedKingdom，FranceandWestGermany・Therewas
alsoasharPlnCreaSeinthenumberheadingtotheUnitedKingdomduringthemid1980S・In
1989，69，556researchengineers（almost50percent）weresenttotheUnitedStates，fbllowedby
theUnitedKingdom with13，511andChinawith8，606・Together，thesethreecountries
accountedformorethan60percentofallresearChenglneerSSentOVerSeaSfromJapan・

（3）ForeignResearchEngineersEnteringJapan

EveryyearSince1970mostresearchenglneerSentenngJapanhavedonesoforthepurposeof
Hstudyの，andsincel982，thishasbeenfollowedbyHtralnlngH・Sincethelate1980sboth

CategOrieshaveshownthesamehighrateofincrease・In1989，45，424researchenglneerSCame

toJapanfbrthepurposeof“study”，and32，512camefbr“trainlng”，andtogetherthesetwo

CategOriesaccountedfbrmorethan90percentofallthepersonnelentenngthecountry・In
COntraSt，lessthanlOpercentcametoJapanfor“artisticoracademicactivities”，“teaChing”or

“provisi？nOfhigh－gradetechnology”（Fig・7－ト3）・Frornthisitcansaidthatresearchengineers

areentenngJapantoacquireknowledgeandskillsfromJapanthroughstudyandtralnlng，While

anextremelysmallnumberareentenngtoprovideJapanwithknowledgethroughteaching

activities・Almost90percentofthoseentenngJapanfor＝studiesHandthree－quarterSOfthose

Whoenteredfbr“tralnlng”camefromAsia．

Infact，Since1970thoseentenngfromotherAsiancountrieshaveconsistentlyaccountedfbrthe
maJOntyOfresearchenglneerSentenngJapan．In1989therewere67，248，Or80percentofall

receivedpersonnel，fbllowedby6，255from NorthAmerica，and4，640fromEurope・By

COuntry，20，286camefromSouthKorea（aboutone－quart？rOfthetotal），15，015fromTaiwan
andl1，763fromChina；andtogetherthesethreecountrleSaCCOuntedfbr60percentofall
receivedpersonnel，and70percentofthosefromtheAsianreglOn．Itcanbeseenthatmost
OVerSeaSreSearChenglneerSentenngJapanhavecomefromtheAsianreglOntOaCqulreSCientific
andtechnologlCalknowledgeandskills．

（4）ResearchEngineerExchanges

Whenanalyzingthestateofresearcherexchanges，theissueofwhetherthestatisticalsurveyuSed
herewi11giveanaccurateunderstandingofresearchermovementsisnecessary．Forexample，
thereisaneedtoascertainwhetherresearchenglneerSthatcometoJapanforthepurposeof
“studies”（whoaccountfbrmorethan50percentofallreceivedpersonnel）areR＆DS偲inthe
trueSenSe，andtodifferentiatebetweenR＆DS／Eandtechnicians（itisthoughtthatmostentering

Japanfor“training”aretechnicians）・HoweverfromthevieⅥ：POintofclarifyingthesateof

exchanges，itisbelievedthatprovidedthesepolntSaretakenlntOaCCOuntthereissufficient

meanlnglneXamlnlngreSearCherexchanges basedonthenumberofreceivedandleavlng

personnel．
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Figure7■1－2ResearchPersonnelLeavingbyPurposeofTmvel（1989）
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See Table　7－1－1，Table　7－ト2．
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Figure7■1－4RegionalBreakdownofResearchersandEngineersLeavingandEnteringJapan
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Sec Tablc7－1－1，Table7－ト2
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First，aSmentionedeのlier，inthelatterhalfofthe1980SthenumberofresearchenglneerSSent
OVerSeaSfromJapanincreaseddramatically・Thenumericalgapbetweenleavlngandentenng
PerSOnnelwidenedduringthisperiodfroml：1・lin1985tol：1・7in1989・ByreglOn，Fig・7－1－4
ShowsthatthereisaconsiderableimbalancebetweenreglOnandnumberofthoseleavlngand

entenngthecountry：in1989three－quarterSOftheJ叩aneSereSearChengineerPSentOVerSeaS
WenttONorthAmericaorEurope，Whereas80perCentOfoverseasresearchenglneerSaCCePted
intoJapancame丘omtheAsianreglOn．Thisimbalancestandsoutevenmoreifwhenlookingat

thesefiguresbycounby．Whereasabouthalfofal1JapaneseresearChenglneerSSentOVerSeaS
WenttOtheUnitedStates，amere6percentoffbreignresearchenglneerSaCCePtedintoJapan
CamefromtheUnitedStates．InonlytheUnitedStatesandEurope，mOrethan60percentof
researChenglneCrSfromJapanwenttotheUnitedStates，Whilealmost50percentoffbreign
researchenglneerSaCCePtedintoJapancamefromtheUnitedStates．AmongNorthAmerican
andEuropeancountries，theUnitedStateshasthemostactiveexchangeswithJapanintermsof
flowsofresearChenglneerS．

FromthisitisclearthatJapanisstillsendingmanyResearchersandEngineerstothedeveloped
COuntries，ParticularlytheUnitedStatesandEuropeinaneffbrttoabSorbknowledge，While
WO止ingtotransfbrknowledgebyacceptlngmanyOVerSeaSreSearChenglneerS，Particularlyfrom
theAsianreglOn．

7．1．2InternationalConfbrencesinJapan

OnewayforresearchersandenglneerStOeXChangeinfbrmationwithcolleaguesfromother
COuntriesisbyattendinglntemationalconfbrences・

Fromthe1970Sthroughtothemid1980S，thenumberofinternationalconfbrencesheldinJapan
（Notel）grewfk）mafairlyconstantleveltoamoregradualincrease，butfromthelatterhalfof
the1980S，thenumbrincreasedsubstantially（Fig．7－1－5）．ItisthoughtthatafluctuadonappearS
becausemostconftrencesareheldeverysecondorthirdyear，andmanywereheldduringthe

yearOftheinternationalexpositionorthecommemorativeyearOftheworldorganizations，and

theyeartXforeandaftertheexposition・

Morethanhalftheinternationalconferencesinbothdecadeswereassociatedwiththe“natural

sciences（scienceandtechnology，medicineandindustry）”，fbllowedbythoseon“politics，

economics andlawMandHartS，Cultureandeducationの・A specialftatureofinternational

confbrencesoverthepastfewyearSisthatanincreaslngnumberareheldinreglOnalcentersasa
resultoftheenthusiasticeffbrtstoattracttheseconftrencesbylocalgovernmentSandconvention

Organizers・

Notes：

1．AswellasintemationalconfbrencesattendedbyrepresentativesfromtwoormorecountriesincludingJapan，
intemationalseminarsandsymposlumSarealsoincluded・Wehavenotincludedsalespromotionconferencesby

PnVateCOmPanleSandintra一丘rmtrainlngCOnferences・

2．1970：WorldExpo（Osaka）；1978：ConfbrencesbyTheLionsClubsandRotaryInternational；1982：WaSPeak

yearoftheand－nuClearandarmsreductionsmovements・
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Figure7■1－5NumberofInternationalConftrencesHeldinJapan
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Source：Japan Travel Promotion　Association
See Table　7－1－3．

7．2　Cross・border Flows of Research and DeveIopment

7．2．1R＆DFacilidesofJapaneseAfnliatesAbroad

ResearchanddevelopmentisbecomlngmOreandmoreinternadonalizedasresearchactivitiesby

OVerSeaSa抗IiatesofJq）aneSeCOmPaniescondnuetoexpaJldyearafteryear．

AccordingtoasuⅣeybytheMinistryofInternationalTradeandIndustry，aSOftheendof丘scal

1989，367JapaneSeOVerSeaSa抗liates（Notel），Or5．8percent，Wereundertakingresearchand
development．Thisrepresentsa2．4－fbldincreaseoverfiscall986．Companiesundertaking
researchanddevelopmentabroadaJerefbreedtoasas“overseasresearChafnliates”．

Innscal1989R＆Dexpendituresbyoverseasresearchimplementationafmiatesamountedto

￥64，646million．Theelectricmachineryindus打yhadthelargestR＆Dexpenditureswith￥19，886

million，fbllowedbygeneralmachinerywith￥9，557million，Chemicalindustrywith￥6，016

million，andprecisionmachinerywith￥1，757million．Thesefourindustriesaccountedforalmost

60percentoftotalR＆Dexpendituresbyoverseasafnliates．AsforaverageR＆Dexpenditures

ー203－



PerCOmPany（Note3），thesamefburindustriesw？r？rankedthehighest，headedbyelectric

machinery，andfollowedbygeneralmachinery，PreCISlOnmaChineryandthechemicalindustry・
Acomparisonbetweenthe1986surveyandthe1989surveyrevealSthattotalR＆Dexpenditures
innscal1989wereabout￥7，（X沿millionmorethaninnscall986・Broadlydividingthevarious
industriesintomanufactunngandnon－manufhctunng，R＆Dexpendituresbythemanufactunng
industriesincreasedabout20percentfrom￥43，553millionin丘scal1986to￥52，939millionin

fiscal1989；WhileR＆Dexpendituresbythenon－manufactunngindustriesdroppedbyabout20

PerCentOVerthesamePeriod・Asaresult，manufacturlngShareofR＆Dexpendituresroseh）m
76percentin丘scal1986to82percentinnscal1989・ByreglOn，R＆DexpendituresinNorth

Americashowedthebiggestincrease，nSlng丘om49percentoftotalR＆Dexpendituresin丘scal
1986to66percentinnsca11989．

Attheendoffiscal1989therewere222researchlaboratoriesoperatedbyoverseasafnliatesof

Japanese丘rms．Byregion，therewere98inNorthAmerica（ofwhich95wereintheUnited

States），81inAsia，and25inEurope；thusabout90percentofresearChlaboratorieswere
gatheredinthesethreereglOnS・Byindustrytype，170researchlaboratories，Oraboutthree－
quarterSOfthetotal，WereOPeratedbythemanufacturlngindustries，including42chemical
laboratories，36electricmachinerylaboratoriesand27generalmachinerylaboratories．Morethan
90percentoftheresearChlaboratoriesinAsiaandmorethan70percentofthoseinEuropeare
Operatedbythemanufactunngindustries．Ontheotherhand，innscall986abouthalfofthe
researChlaboratoriesinNorthAmericawereoperatedbythenon一manufactunngindustries，SuCh

ascommerceandtheserviceindustry，butinfiscal1989themanufacturingindusBies’sharerose

Sharplytoabout70percent．

Figure7－2－1R＆DExpenditurebyOverseasAfnliatesofJapaneseCompanies
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Ministry ofInternationalTrade andIndustry・・・Statistics on ForeignInvestment’’

Sce Tablc　7－2－1．
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R＆Dexpendituresasapercentageofsalesbyoverseasafnliatesinthemanufactunngindusのes

droppedfromO・4percentinfiscal1986toO・2percentinfiscal1989，Whilethecorresponding

figuresfortheparentCOmPaniesinJapanrosefrom3・Opercentto3・4percent・Proportionally，

overseasaffiliatesspendconsiderablylessonR＆DthantheirparentcompaniesinJapan（Note

4）・HoYeVer，aSmentionedbefbre，R＆Deモpendituresby？VerSe竺SaffiliatesofJapanese
companleS，ParticularlythoseinthemanufactunngindusBies，islnCreaSlng，SOitwouldseemthat
astheneedfbrresearCherexchangeswithothercountriesbecomesgreater，reSearChand

deve10PmentWillcontinuetobecomemoreandmoreintemationalized・

No記S：

1．Inthissection，OVerSeaSaffiliatesofJapanesecompaniesareoverseas－basedcorporationsinwhichaJapanese

companyholdsatleaLStalOperCentCapitalshare・Thesearereferredtoasoverseassubsidiaries

2・R＆Dexpendituresdonotincludecapitalinvestmentforreseqchanddevelopment・

3・TheaverageR＆DexpendituresperCOmpanyWaSObtainedbydividingthetotalR＆Dexpenditureforeach

industrytypebythenumtxrofcompaniesundertakingresearchanddevelopmentwithineachindustrytype・

4．ForJapan－basedsubsidiariesofoverseascompaniesinthemanufacturlngindustries，thesefigureswerel・1

perCentinnscal1986，0．9perCentinfiscal1987，andl．3perCentinfiscal1988（Source5）・

7．2．2R＆DFacilitiesofForelgnAfnliatedFirmsinJapan

Globalizationseescompetitorsgrowfromlocalcompaniestointernationalcorporations，and

alongwiththis，theneedfortechnologicalexpertisehasbecomegreaterthanevertxfore・Forthis

reason，COmPaniesfromallovertheworldarestakingtheirsurvivalonunfoldingR＆Dacdvities

thatextendbeyondnationalboundaries・Asmentionedearlier，OVerSeaSR＆Dactivitiesby

JapanesecompanieshavebeenexpandinglnreCentyearS，andatthe sametime，OVerSeaS

COmPanieshavebeendeveloplngmOreandmoreresearchanddevelopmentbasesinJapan・

NISTEPcarriedoutasurveyOntheR＆Dactivitiesof132fbreign－OWnedsubsidiariesbasedin

Japanasof1989thatreportedconductlngreSearChanddevelopmentactivities．Companies

SurVeyedincluded50chemicalcompaniesandl6medicalsuppliescompanies，Whichtogether

accountfbrhalfofa11companiessurveyed，andifweaddtothisthe19electronicscompanies
andthe12machinerycompanies，thisequalsaboutthree－quarterSOfallcompaniessurveyed．Of
thesubsidiariessurveyed，theparentcompaniesof78，Or60percent，arelocatedintheUnited
States，While12areinWestGermany，11inSwitzerland，7intheUnitedKingdomand5in
France．

Figure7－2－3showsthechangesinthenumberofresearchlaboratoriesoperatedbytheforeign－
OWnedsubsidiariesthatrespondedtothesurvey．

ThedevelopmentofresearChlaboratoriesbyfbreign－OWnedsubsidiarieshasbeencenteredon
twoperiods：thefirstperiodwasfromthemid1960stothestartofthe1970S；Whilethesecond

has beenfrom the early1980S．ForJapanese companies，the first researchlaboratory
establishmentboomstartedinthefirsthalfofthe1960S，WhilethebeginnlngOfthe1980ssaw
the startofthe secondboom（Reference2）．Ascan be seen，thesetieincloselywiththe

laboratorydevelopmentperiodsfortheforeign－OWnedsubsidiaries．

Themajorftatureofthesecondperiodisthatforeign－OWnedsubsidiariesestablishedinthemid
1970ssetupI℃SearChlaboratoriesrelativelyawhileafterestablishment．Manyofthesubsidiaries

thatestablishedresearChlaboratoriesinthefirstperidleanttowardsmarketdevelopmentaimed
attheimportandsaleofmanufacturedproductsandfindingmarketopenlngS，andlaterengaged
infu11－SCale research and development．In contrast，a greater numberoffbrelgn－OWned
Subsidiariesestablishedafterthemid1970sleanttowardsresearChanddevelopmentfromthe
VerybeginnlngOftheirJapanoperations．
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Figure7－2－2NumberofR＆DFacilitiesofJapaneseAffiliatesAbroad
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Figu陀7－2－3　NumberofForelgn－AffiliatedR＆DLaboratoriesnJapan
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Abouthalfofthefbreign－OWnedsubsidiariesthatcurrentlyhaveresearchlaboratoriesandthat

wereestablishedbeforethebeginnlngOfthel970ssetuptheirresearchlaboratoriesduringthe
secondperid・Addingtothistheresearchlaboratoriessetupbysubsidiariesestablishedh・Omthe
mid1970S，thereweremanymorelaboratoriesestablishedinthesecondperiodthaninthefirst・

Note：1．Researchlaboratoriesincludetechnicalanddesigncenters・

7．2．3TechnologicalTrade

Patents，utilitymodels，know－howandsoonarethefruitsofacompany，sresearchand

developmentprogrammes，andareimportantelementsinitsproductionoperations・Buttheyare

notusedexclusivelybythecompanythatdevelopedthem；rathertheyaretradedasacommercial

commoditybothdomesticallyandinternationallyforanappropnatemarketprlCe・These

internationaltranSaCtionsarecalledtechnologiCaltrade．TheextentofthistechnologiCaltrade－the

amountimportedorexported－reflectsasegmentofthescienceandtechnologylevelofa
country，SOitisimportanttoexaminethiswhenlookingatsciend丘candtechnologicalactivities・

（1）TechnologicalTradebyIndustryandRegion

Japan，stechnologicaltradetrendsbyindustryandregionareobservedaccordingtothe“Report

OntheSurveyofResearchandDevelopmentHbytheManagementandCoordinationAgency・

Infiscall989Japan’stechnologicalexportsamountedto￥329，300million（valuereceived），

Whileimportsamountedto￥329，900million（valuepaid）．Innscal1980importsandexports
Were￥159，600millionand￥239，500millionrespectively，Whileinfiscal1985theywere

￥234，200millionand￥293，200millionrespectively，andfromthiswecanseethattherati00f

Japan’stechnologicaltraderevenueandexpenditure（exports／imports）isdrawingclosertoleach

year．ChangesinthetotalamountoftechnologiCaltradefrom丘scal1975willbediscussedlater・

Fig．7－2－4breaksdownthetechnologicaltradefbrfiscal1989byindustry（Note2），WhileFig・
7－2－5giveareglOnalbreakdown．Thethreetoptechnologyexportlngindustriesforfiscal1989

Werethetransportmachinerymanufacturingindusbie亨With￥87，100million（Ofwhichthemotor

Vehicleindusbyaccountedfor￥83，（X拇million）；electncmachinerymanufactugngindustrieswith

￥86，700million（communicati？nequipmentandelectronic／electriCalequlPmentindustry－
￥58，500million）；andthechemlCalindustrywith￥53，6胼）million（pharmaCeuticalindustry－

￥18，9㈱million）・Thethreetoptechnologyimportingindustries．we一eelectripmachinery

manufacturingindustries with￥120，600million（communlCatlOn equlPment and
electronic／electriCalequlPmentindustry－￥92，000million）；thechemicalindustrywith￥56，900

million（pharmaceuticalindustry－￥21，500million）；andtransportmachinerymanufacturing

industrieswith￥54，9（泊million（motorvehicleindus仕y－￥7，2（泊million）．

Characterizationofindusbiesintothefollowlngthreegroupsbasedonchangesintheamountsof

technologicaltrade．Onegroupcompnsestheindustriesthat丘）rthepast15yearshaveexported

moretechnologythantheyhaveimported．Thistradesurplushasbeenthecasefbrtheironand

Steelindustry since fiscal1974，andforthe construCtionindustry since fiscal1975．The

POnStruCtionindustryenjoysaparticularlyhightechnologicaltradesurplus，andsincenscal1980
1tSteChnologyrevenuehasbeenarOundtentimesasgreatasitstechnologyexpenditure．In丘scal

1989theconstruCtionindustryexportedtechnologytothevalueof￥12，400million，80percent

OfwhichwenttoAsia（excludingWestAsia）．

Anothergroupcompnsesindustrieswhosetechnologyrevenue－eXPenditureratiohasincreased

SharplyoverthepastfewyearS・Themotorvehicleindus打ybeganexportingmoretechnology
thanitwasimportlngatthebeginnlngOfthe1980S，and丘omaroundthemiddleofthedecadeits

technologyexportamountincreasedrapidly，Whiletheimportamountcontinuedtofall．Between
fiscal1985and丘scal1989thetechnologyrevenue－eXPenditureratioroseh・Om2．3toll．5．
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FiguI℃7－2－4Japan’sTechnologicalTradebyIndustry伊iscal1989）
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Figure7－2－5Japan’sTechnologicalTradebyRegion（Fiscal1989）
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Betweenthelatterhalfofthe1970sandtheearly1980S60－70percentofthemotorvehicle

industry’stechnologylmPOrtSWerefromNorthAmerica，Whileabout80percentofits

technologyexportsweretoAsia・ThisstartedtoturnarOundinnscal1984withtechnology
exportstoNorthAmericaincreaslngraPidlytoexceedexportstoAsia・Thustherapidriseofthe
technologyrPVenue－eXPenditureratioisduetotheindusはy’slargeteChnologytradesurpluswith

NorthAmenca・TechnologicaltradewithEuropewasfairlybalancedinthemid1980S，butin
fiscall988and1989exportswerefarinexcessofimports・Fromthemid1980Sthemotor
Vehicleindustrypushedaheadwithitspolicyoflocalproductiorl（U．S．A，CanadaandU．K．），
andalargePartOfthetechnologlCaltradeisnowbetweenthemaincompanybackinJapanand
thelocalJapaneseaffiliates・Therefore，themotorvehicleindustry，slargetechnologytrade
SurPlusisconsideredtobeattributabletoitsgreaterR＆Dexpertise，butalsotothegrowlng
numberofoverseasproductionbases・Infiscal198965percentoftechnologylmPOrtSWere
fromEurope，Whilethetechnologyexportdistributionwas55percenttoNorthAmerica，36
PerCenttOAsia，and9percenttoEurope．

Thethirdgroupconsistsofindustrieswherethetechnologyrevenue－eXPendituresratiohasbeen

Close tol each yea一（Pharmaceuticalindustry；and communication equipment and
electronicklecBicalequlPmentindustry）・Technologicaltradebythepharmaceuticalindustryhas
beenvirtuallybalanced（revenue－eXPenditureratioalmostl）sincethemid1980S，and丘omthis

Periodindustry’sR＆Dcapabilitieshaverisentoworldstandards・Technolo草yeXpOrtStONorth
Americahaveexceededimportssincethemid1980sandarecontinulngtOlnCreaSeyearafter
year・OntheotherhandimportsfromNorthAmericahave generallyremainedthesame
（althoughtherewasalargeincreaseinfiscal1989），SOthetechnologicaltradesurplushas
fbllowedtheincreaseintechnologyexports・TechnologlCaltradewithEuropewasfairly

balancedbetweenfiscal1984andfiscal1986，butfromfiscal1987importsagalngreatly

exceededexports，Similartotheperioduptotheearly1980S．In technologylmPOrtS，the

PharmaCeuticalindustryhasplacedgreatimportanceonitsrelationshipwithEuropeatleastfrom
themidl970S．

AsfbrthecommunicationequipmentandelectronicklecのCalequipmentindustry，fromthemid
1970sthroughthe1980S，teChr1010gyexportsgrewslightlymorethantechrl0logylmPOrtS・The

revenue－eXPenditureratioexceededO．5inthemidl980S，and

byfiscall989ithadgrownt00．64．Thevalueoftechnologyexportsbythecommunication

equipmentandelectronic／elecbicalequipmentindustrywasmorethananyotherindustryin丘scal

1984and1985，andsincefiscal1986ithasbeensecondonlytothatbythemotorvehicle

industry．Therisein therevenue－eXPenditureratiofbrthecommunication equlPmentand

electronic／electricalequipmentindustry has contributed significantly toJapan’s overall

technologicaltradebalance．

（2）ChangesinTechnologicalTrade

WhileitisimportanttolookatchangesintheabsolutevalueoftechnologlCaltradewhen
examinlngtrendsinJapan’stechnologlCaltradeoverthepast15years，Suddenfluctuationsinthe

exchangerateinrecentyearSmeanthatthesituationisconsiderablydifferentdependingon

Whetheronelooksatitinyentermsordollarterms．Twokindsofgraphsareusedwhichare

aqust丘）rfluctuationsintheyen－dollarexchangerate．

Thefirstshowsthevalueobtainedbydividingtheamountoftechnologyexports（valuereceived）

andtheamountoftechnologyimports（valuepaid）by，reSPeCtively，theamouヮtofgeneral
exportsandtheamountofgeneralimports（Figs．7－2－6and7－2－7）・ThisvaluelSSignificant
WhenweexaminetheimportanceoftechnologlCaltradeinJapan’Soveralltrade．Overthepastl5

yearsbothrevenueandexpenditureareShowinganinCreaslngtrend，andthattechnologicaltrade
isbecomlnganinc王℃aSlnglyimportantpartofJapan’Soveralltrade．Itisthoughtthatthedropin

bothrevenueandexpenditurebetween1979and1980isduetotheeffectsofthesecondoil

Crisis，andtechnologlCaltradedeclinesduringaperiodofeconomicturbulence．Thedifftrence
betweentheBankofJapanstatisticsandtheManagementandCoordinationAgencystatistics
Showninthefigureisduetothedifftrentsurveymethods（Notel）．
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Figure7－2－6TbchnologiCalTradeRevenue（CompamdwithGeneralTradeRevenue）
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Figu陀7－2－7TbchnologicalTradeExpenditures（ComparedwithGeneralTradeExpenditure）

Source：Management and Coordination Agency，and Bank ofJapan
See Tablc　7－2－5．
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Figtqe7－2－8Japan’sTechnologiCalTradeRevenue－ExpenditureRado
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Sce Table　7－2－5．

The secorldngure shows the valueobtainedbydividing technologicaltraderevenue by
expenditure（Fig．7－2－8）．Thisvaluerepresentsthetechnologicaltraderevenue－eXPenditureratio，

andisanimportantindicationofacourltry，sscienceandtechnologylevel・InJapan，scase，this

hasshownasteadilylnCreaSlngtrendforthepast15years，butJapan’sfiscal1988revenue－

expenditureratioofO．33bytheBankofJapanisstilllowerthantheU．S．A．with5．24，theU．K．
（1987）with0・92，FrancewithO．51，andWestGermanywithO．49．

Note：

1．MaincausesofthedifferencebetweentheBankofJapanstatisticsandtheManagementandCoordinationAgency
StatlStlCS．

（a）CalculationMethod

BankofJapanstatistics：TotalsonlytheamountofforeignexchangedirectlyconnectedwithpaymentorrecelptOf
royalties．ManagementaJldCoordinationAgencystatistics：Totalsamountofmoneylnallcaseswheresurveyed

COmPaniesprovidetoorreceivefromoverseascompaJliespatents．know－how，OrteChnicalguidanCe・

（b）Sc0匹OfSurvey

BankofJapanstatistics：Coveral1companiesandorganizationsthatremitmoneyoverseasorreceivemoneyfrom

OYerSeaS．ManagementandCoordinationAgencystatistics：Coversallcompaniesexceptwholesalers，retailers，

restaurants，丘nanCeCOmpanies．insurancecompanies，therealestateinduslryandtheserviceindustries（thestatisticsdo，
howevcr，COVer血e

broadcastingindustry），andalsocovers specialcorporations，publiccorporations，andspeCialcompaLnies．

2．SeeTable4－A（pp125）・
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（3）IntrductionofTechnologyfromAbroad

OthermaJOrStatisticsontechnologiCaltradeinJapanapartfromthepreviouslymentioned
HSurveyOfResearChandDevelopment”bytheManagementandCoordinationAgencyandthe

“BalanceofInternationalPaymentsStatistics”bytheBankofJapanincludethe“Outlineof

OverseasTechnologyInbducedbyJapan”byNISTEP（Source8）．Thisoutlineonlycoversthe

intrductionofoverseastechnology，SOWeamnOtabletoobtainJapan’stechnologiCaltrade

revenueandexpenditure，anindicatorofourtechnologicalstrength（Notel）．Theoutlineis，
however，VeryuSefulasasupplementtoManagementandCoordinationAgencyandBankof
Japandata，fbritprovidesotherwiseunavailabledataclassifiedintothevarioustechnological
nelds．ThefbllowinglSanOutlineofthetotalsandanalysisresultsobtainedbyNISTEP．

TograsptheoverallflowofoverseastechnologylntOJapan，annualchangesinflowsof
technologyintoJapanarelookedat（Fig．7－2－9）．Althoughnuctuationscouldbeseen丘omthe
latterhalfofthe1950s to1973，generallythenumberofcases ofnew technologybeing
introducedintoJapanwasonafhirlysteepupwardtrend．Itthendroppedsignincandy，butfrom
1976thenumberstartedtoincreaseagaln，andsincethen，ithascontinuedasteadyclimb．In
1987thenumtx3rOfcasesshowedasharpnse，afterwhichitagalnCOntinuedasteadyincrease・

AsfbrthevarioustechnologlCalfields，abreakdownofthe2，898casesofnewtechnology
introducedintoJapaninfiscal1989revealsthatthe“electrical”fieldhadthelargeStnumberof

CaSeS Withl，604（55．4percent），fbllowedby“machinery”with383cases（13．2perCent），

“chemical”with308（10．6percent），“metals”with60（2．1percent），Whiletherewere543cases

（18．7percent）fbr“0thers’’．AndFigure7－2－10showsthatthe“electrical”丘eld’sshareofnewly

introducedteclmologyhasincreasedconsiderablyoverthepast丘veyearS．

Asforthenumberofcasesforeachtechnologyclassi丘cation（Note2）infiscall989，thehighest

numberofcaseswasforleve12classincationwas“electricmachineryandappliances”with

l，604cases，fbl10Wedby“generaltooIsandmachinery”with283cases，“Chemicalproducts”

With240，“Clothingandtextiles”with182，“Otherproducts”with134，andsoon．Inleve13

Classification，firstwas“electronic．eqpipment”withl，322cases（Ofwhichl，268werein

“computers”），fbllowedby“communlCatlOnSequipment”with132，“Phamaceuticals”with121，

“outergaments”withl17，andsoon．

AsfbrthereglOnS丘omwhichJapanimportedtechnologyin丘scal1989，NorthAmericawith

1，868cases（64・5percent）andEurDPe．With909cases（31・4perCent）togetheraccountedfor95・8
PerCentOfalln？WteChnologyentenngJapan・OtherregionswereAsiawith95cases（3・3
PerCent），OceanlaWith23（0・8percent），U．S．S．R．with2andSouthAmericawithl．By
COuntry，theoverwhelmingmajorityofnewtechnologycamefromtheU．S．A．（1，808cases，
62・4percent），fbllowedbytheU．K．with196（6．8percent），WestGermanywith191（6．6
PerCent），FranCeWith187（6・5percent），andSwitzerlandwith81（2．8percent）．Thesenve
COuntriesaccountfbr85・OpercentofallnewtechnologyintroducedintoJapan・Nextwerethe
Netherlandswith79cases（2．7percent），Italywith78（2．7percent），Canadawith49（1．7
PerCent），andSingaporewith47（1．6percent）．Alookatthechangesinthenumberofcasesby

COuntryO一erthepast丘veyeaTS．reVealsthattheintroductionoftechnologyfromtheU・S・A・and
thecountnesofAsiaisinanslngtrend，WhereasintroductionfromtheEuropeancountriesis
declining．

Notcs：

1・ThefbllowlnglSanOutlineofthesuⅣeyCOnductedbyNISTEP・NISTEPbasedits伝guresforoverseas

technologyintroductiononnotificationssubmittedtodleBankofJapanlnaCCOrdancewithdleForeignExchange
andForeignTmdeControILawwhenconcludingconb・aCtSfbrdleintroductionoftechnology・Thenumberofcases
representthenumbroftechnologyintroductioncontracts．
2・The”AnnualReportondleIntroductionofOverseasTechnologyMuses“technologyclassincaのns，，，Whichis

different丘om“technologyfields”．CorrespondingtablesfordleSetWOkindsofclassifica丘onsa陀COntainedin
Source8．
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Figure7－2－9TrendsinTechnologyThnsfbrtoJapan
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Source：NISTEP

See Tablc　7－2－6

Figure7－2－10TrendsinTechnologyTransfertoJapanbyTbchnologicalField
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Source：NISTEP

See Table　7－2－7
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7．2．4IntemadonalCo－authorshipofScientincLiterature

InanattempttoquantifyR＆Dinternationalization，lnternationalco－authorshipofscientific
literatureisexamined．ThedatawereobtainedfromtheCHIdatabase，Whichiswidelyusedfor

macroindicatαSrelatedtoscientificliterature（Source9）．

Thenumbersthatscientificliteratureiswrittenunderinternationalco－authorshipisreviewed．In

19815．5percentofthescienti丘cliteratureincludedintheCHIdatabasewaswrittenunder

internationalco－authorships．In1986thisroseto7．5percent，Whichshowsanincreaslngtrend

（Notel）．Thisindicatesthatinternationalizationisprogressingonaworldscale．

Nextasanindicatorofinternationalizationineachcoun仕y，thepercentageofscien丘丘cliterature

eachcountryhasininternationalco－authorshipsistabulated（refbrredtohereastheintemational

CO－authorshippercentage）・Changesintheinternationalco－authorshippercentage．areshownin

Fig・7－2－11（Note2）・Theinternafionalco－authorshippercentageforallcountnesincreased
betweenl981and1985．Countnes withaparticularlyhighpercentageareFrance，West
GermanyandU．K．ThepercentageincreaseshownbyWestGermanyhasbeenstriking．Onthe
Otherhand，thepercentageincreasefbrtheU．K．hasnotbeenaslargeaStheothertwocountries．
FollowlngthesemajorEuropeancountries，theUnitedStatesalsohasahighpercentage，andthis
isincreaslngSteadily．AlthoughJapan’sintemationalco－authorshippercentageishigherthanthe

SovietUnion’S，itisthelowestoftheothermaJOrCOuntriesshowninthe丘gure．Itis，however，

Slightlyhigherthantheincreaseshownbytheworldasawhole．Theinternationalco－authorship
PerCentageOftheSovietUnionislow，andisincreaslngOnlyveryslowly．

Japaneseresearchersc？－authorshipsofscientincliteraturebycountryisshowninFig・7－2－12
（Note3）・ThevastmaJOrityareWithresearChersfromU．S．A．，followedbyWestGermany，
U・K・，CanadaandFrance・AllaremaJOrCOuntries，andallproducealargequantltyOfscientific
literature．Overtheperiod1981－6theamountofc0－authoredliteraturewithresearchersfrom

WestGermany，FranceandtheotherEuropeancountries，andfromtheAsia－PacificreglOn
（excludirLgAustralia）increasedsignificantly．

AlthoughcaremusttakeninkeeplnglnminddifftrenCesinlanguage，SOCialstruCture，and
geographicalandhistoriCalcircumstancesbetweenthevariouscountrieswheninterpretlngthe

abovedata，itdocsglVeanideaofhowfhrinternationalizationhasprogressedinbasicresearCh，

Whichisthemainsu叫ectofinternadonallyco－authoredscientificliterature．

Notes：

l・Intemational1yco－authoredscientificliteratureisscientificliteraturethathasbeenwrittenbytwoormoreresearchers

丘omdifferentcountries・Thecountryoftheco－authorisdeterminednotbynationality，butbythelocationofthe
instituteetc・tOWhichhe／shebelongs．

2．Valuesarecalculatedasfollows：

ThenumberofscientificpaperSbycounuyAincludesallscientincpaperSWrittenbyresca．cherofcounbyA・Thc

numberofcountryA’sintemationallyco－authoredscientificpaperSatethenumberofscicntificpqperSdlathavebeen

WrittenbyaresearcherofcountryAandatleastonereseaqcherfromanothercounBy・Theintemationalco－authorship
perCentagefbrcountryAisthencalculaledbydividingdlenumberofcoun仕yA，Sintemationallyco－authoredsciendfic

paperSbythetotalnumberofcountryA，sscientificpaperS・ThismethodofcalculationisdiffbreIlt丘omthemethod

usedinSectionlChapter6intheaspeCtthatpapersarenotdividedprorK，rtionallyamongcountriesaccordingtothe
numberofaudlOrS・Thcrefbre，aSingleintemationallyco－authoredpaperwillbecountcdatleasttwice．forunderthis

methoditwillbelongtomorethanonecoun仕y．

3・ThisshowsthenumberofscientincpaperSCO－authoredbyJapaneseresearchers・ThenumberofpaperSforcounByAis
allpapersthathavebeenwrittenbyresearchers ofJapanandcountryA・Therefbre，paperSWrittenbyreseqchersof
Japan・COuntryAandcountryBareallocatedtotx）dlCOuntlyAaJldcounByB・
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Figure7－2－11ShareTI℃ndsinCo－authorshipbyCounby

Percentageofintemational

CO－authorship

Source：Computer Horizons，Inc．一’Science＆Engineerlng Literature Data Base1989’一

See Table　7－2－8

Figure7－2－12Co－authorshipbyCo－author’sCountry
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Sources：

1．MinistryofJustice．“AmualReportofImmlgrationStatistics”

2．JapanTravelPromotionAssociation，“IntemadonalConfbrenceStatisticsl977’’

3．JapanTravclPromotionAssociation，“ConventionStatistics1989”

4．MinistryofhtemationalTrad6andhdustry，IndustrialPolicyBureau，IntemationalCompanies
Section，“IntemationalInvestmentStalistics”

5．MinistryofIntemationalTradeandhdustry，‘VrrendsofForeignCompanies”

6・BadlkofJap盆n，OverseasBure餌，“Month1yRerK）rtOnBalanceoflntemationalPaymentsStatistics’’

7・ManagementandCoordinationAgency，StatisticsBureau，“ReportontheSurveyofResearchand

Development”

8．NISTEP，“OutlineofOverseasTeclmologyIntroducedbyJapan－Fiscal1989”

9．ComputerHorizons，Inc．，“ScienceandEngineenngIndicatorsLiteratureDataBase”，1989

References：

1・NationalInstinlteOfScienceandTechnologyPolicy，“ExchaJlgeOfResearchengmeersBetween

JapanandO血αCountries”，NISTEPREPORTNo．16，March1991

2・“HistoryofJapaバsScienceandTechnologyPolicies”，PreparedunderthesuperVISlOnOfNISTEP

3・JapanAntomobileManufacturersAssociation．‘VrheJapaneSeMotorVehiclehdustry－1990”
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CHAPTER8

SCIENCE，TECHNOLOGY AND SOCIETY

R＆Dactivitiesareimportantelementsofscienceandtechnology，buttheycannotaloneindicate
theoverallstateofscienceandtechnology．Thereasonfbrthisisthatthepurposeofscienceand
technologylStOCreateanafnuents∝ietyandmakelifbmorecomfonable，andwhileR＆Disone
meanstothatend，itnormallydoesnotcontainanyelementthathasadirectconnectionwith
COmmunltylift．Thesedaysfbrvariousactivitiesinsocietytosucceed，theymustnrstgaln
S∝ietalacceptance・Exactlythesamecanbesaidaboutactivitiesconnectedwithscienceand
technology．ThereisagrowlngaWareneSSaboutscienceandtechnologyande可OymentCOmlng
fromthesubsequenttxnents．Thischapterthereforedescritxstheimponantelementsthatareboth
the玩由nnlngandendofsciemi丘CandtechnologiCalactivides・

Thischaptercomprisesfoursections：“Science，TechnologyandIndus打y”，“ImpactonLifb－

Styles”，“Contributionto打eservationoftheGlobalEnvironment”，and“Science＆Technology

andCultu陀”，anddescribestherelationshipbetweenscience＆technologyandsociety，fromthe

Viewpointofindus打yandpeOPle’slives．

8．1Science，Technology andIndustry

8．1．1ValueAddedhのucdvity

The丘uitsofR＆Darereturnedtosocietythroughanincreaseinintellectualassets，perSOnal
Wealthorpublicwealth．Thesetangibleandintangibleassetswillultimatelyberenectedwith
addedvalueinourlives．IfproductionglVeSrisetoaddedvalueinanarrowsense，thenscience
andtechnologylSaprOCeSSOfcreatlngahighlevelofaddedvalueinawidesense・The
relationshipbetweenscierlCe＆technologyandindustrymustthereforebeanalyzedthroughValue
addedprduction．Wecananalyzetherelationshipbetweenscience＆technologyandindustryas
ascienceandtechnologyindicatorbytypeofindustryorfromamacro－1evelviewpointby
COuntry．Hereweshal1analyzetherelationshipbetweenscience＆technologyandindustryatthe
macro－1evelbycountry．

ValueaddedforacountryisindicatedbyGrossNational蹄oduct（GNP）orGrossDomestic
Product（GDP）．GNPincludesthevalueaddedthatacountry’sindustrycanobtainoverseas，

WhileGDPisthetotalValueaddedthatacounuy’sindusBycanObtaindomestiCally．Oneofthe

StruCturalcharaCteriSticsdisplayedbyJapaneseR＆DisthatindusuyspendsaneXtremelysmall

amountonR＆Doverseas（lessthanO．2percentoftotalindusByR＆Dexpenditures）．Soitis
PrOPertOeXamineGDPandR＆DexpendituresinacomparisonbetweenJapan’svalueadded

Prductionandindustry．

WhatparthasR＆DplayedinthegrowthofJapan’svalueaddedproduction？Anattemptwas

madetoanalyzetherealgrowthrateintothefhctorsthatcontributetotechnologiCalprogress，
namelycapita1，labour，andR＆Dachievements（Refbrencel）．Itisclearthatalongwithcapital
andlabour，OVerallfactorproductivity，WhichindicatestechnologiCalprogress，hasconbibuteda
greatdealtoJapan’srealgrowthrate．Inrecentyears，therehasbeenagrowlngnumberof

COmpaniesinvestmor？intoR＆Dthanintoplantandequipment（Reftrence2）・Thistrendhas
COntributedtocompanleS’diversincationthroughthedevelopmentofR＆Dactivitiesinother

indusbialnelds，andalsotoJapan’sgrowththroughanoverallmovetowardshighValueadded．

Toshowthispolnt，thissectionclarifiesthereladonshiptx：tWeenR＆DexpendituresandGDPin

themanufhcturingindusByOVertime．

AsindicatedinFig．8－1－1，R＆DexpendituresbyJapan’smanufhcturingindusbyandGDPshow

analmostrectilineartrend（againstGNP，tOtalR＆DexpendituresbyJapanshowsvirtuallythe

SamereCtilineartrend；refbrtoChapter4Sectionl）．Totalcorporatesales訂ereflectedinGDP，

SOR＆DexpendituresareSetPrOPOrtionatetoGDP・Consequently，thefhctthatJapan，sR＆D

expendituresandGDPareinarectilinearrelationshipindicatesthatadeterminingfhctorinR＆D
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Figure8－1－1R＆DExpendituresandGDPinJapan（Manufhcturing）
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See Table　8－ト1．

expendituresbyJapanesecompaniesistheamountofcorporatesales．R＆Dsuccesswillincrease
intermediateinvestmentorthevalueaddedoftheendproduct，andthisshouldbelinkedtoan
increaseinsales．ThisdynamicprocessisdirectlyindicativeoftherelationshipbetweenR＆D
andindus打y．

Figure8－1－2comparesR＆DexpendituresincountriesandtheirrespectiveGDP．InU．S．A．both

R＆DexpendituresandGDPammuchgreaterthaninJapan．AsforR＆Dexpenditurestrends，
thecontributionR＆DmakestoGDPinU．S・A．isgraduallydecreaslng，WhereasinJapan，R＆D
expendituresarebeginnlngtOinfluenceGDP，althoughverygradually．Japanistherefbre
headingirltheq）POSitedirec血〉naStheU．S．is．
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Figure8－1－2R＆DExpendituresandGDPinSelectedCounbies
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8・1．2Enc瑠yE爪ciency

Energyefnciencycanbeconsideredthroughoutvariousstagesranglngfromenergyproduction
（generation）throughtodisdbutionandconsumption・Tbchnologyto．raiseenergyefnciencyinall
PrOCeSSeSiscontinual1ybeingdeveloped，andanimprovementlnenergyef丘ciencylSOne
indicatoroftechnologiCalprogress．

（1）IntemadonalComparisonofEnergyCbnservation

EnergyefnciencycomparisonsaremadeamOngSeVeralcountriesbasedor）thepnmaryenergy
basicunit（GDPratio），Whichisusedtoascertainthestateofenergyconservation（Fig．8－1－4）．

Between1973and1988thebasicunitofprimaryeneTgyShowedanaverageannualdropofl－2
PerCentfbrallcountries，andtheirrespectivebasicunltSare丘nallyapproachingJ叩an，slevelat
aboutthetimeofthe丘rstoilcrisis．

DuringthetenyearSfrom1973，Japan’sbasicunitofprimaryenergydecreasedbyanaverageof

almost3percentperyear，greatlyexceedingthatshownbytheothercountriesiT）Fig・8－2－4，but
ffomthemid1980S，thisgraduallysloweddown，andin1988actuallyshowedanincreaseover
theprecedingyear・Nevertheless，JapanhasexperiencedanaveragedecreaseofarOund2・5

percentperyearbetween1973and1988，andwithstillqulteaCOnSiderablegapbetweenJapan
andtheothercounのes，itisclearthatenergyconservationinJapaniswelladvanced．

AsfbrtheUnitedStates，theannualdecreasebetween1973and1988wasthelargeSt，after
Japan’S，andoverthepastfiveyearShasbeerlgreaterthanallothercountries．Howeverthebasic

unitintheUnitedStatesatthestartOfthe1970swasthelargeStOfallthecountries，andeven
Withthesignificantdecreaseovertheyears，in1988itwassti11thelargestamOngthecountries
Showninthengure・Nevertheless，thegapbetweenU．S．A．andallothercountriesexceptJapan

hasnarrowedconsiderably，andfromthisitisclearthatU．S．A．hasputagreatdealofefbrtinto
misingenergyefnciency（energyconservation）．

（2）EnergyEfnciencyinthehdusBialSector

Amongtheconsumingsectors（Notel），theindustrialsectoraccountedfor65・5per誓ntOfall
energyconsumedinJapaninfiscal1973，buttheprogressofenergyconservationpreclpltatedby

theoilcrisessawthispercentagesteadilydropto52．8percentin丘scal1989．

Themanufacturingindusけyaccountsforabout90percentofallenergyconsumedbyJapan’s

industrialsector．Usingthebasicunitofenergyconsumption（GNPratio）asanindicatorto
Observetheenergyefnciencyineachindustrialcategorywithintheindusbialsector（Fig．8－1－5），
itisclearthattheabsoluteValuefortheironandsteelindustryarldthechemicalindustry
decreasedsignificantly．Thebasicunitsfbrthepaperandpulp，nOn－ferrousmetals，旭，teXtiles
andceramicsindustries alldecreasedconsiderablyuntilfiscal1982．Itis evidentthatthe

manufactunngindustrypushedtowardsadecreaseinenergyconsumptionfbrabouttenyears

from1973，andduringthistime，PrOductionefficiencyintheindusuialsectorrosemarkedly．

Energyefnciencyinthetransportationsectordecreasedovera15－yearperiodfromthemid

1970S，althoughthechangewasnotagreatasintheindusbialsector．Transportadonreferstothe

basicunitofenergyconsumptlOnformotorvehicles，eSPeCiallypnvate－uSetruCksandvansand

hadahigherbasicunittharlrailwaysandmarinetransport，Whichindicatesthattheenergy
efficiencyofmotorvehiclesislow（Fig・8－1－6）・Intheearly1980S，thebasicunitof
COnSumPtlOnforpassengercarsdecreased（higherenergyefficiency），Whilethatforprivate－uSe
truCksandvansincreased（lowerenergyefnciency）．

Note：

1．Source5classinesJapan’senergyconsumlngSeCtOr：industrial，domesticandcommercial，孔ndtransportation・
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Figure8－1－4BasicunitofnimaryEnergyoftheM毎OrDevelopedCounbies（GDPRati0）
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Figure8－1－5ManufhcturingIndusByEnergyCorlSumPtioninJapan
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See Table　8－ト5．
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Figure8－1－6EnergyConsumptionbyMajorMeansofTlanSPOrtationinJapan

1987

Fiscal Year

Source：Ministry of Transport

See Table　8－ト6
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8．1・3RobotUsagc

hdusBialrobotshavemadem喝OrCOntributionstogreaterproductivltyandhigherprductquality

inJapan’smanufactunngindustry．Todatetherehasbeenmuchdebateabouttheef缶ctsof

indusのalrobotsandothernewproductiontechnologies．AccordingtoR．U．Ayres（Refbrence
3），themeritofnewprductiontechnologiesareinthefollowing丘vepoints：（1）substitutefor

labour；（2）increaseofproductioncapacity；（3）improvententintherateoffhcilityoperation；（4）
impmvementinprductI℃liabilityandquality；（5）promotlOnOftechnologiCalinnovatl0n

Thissectionexaminesusabilityofdataonindustrialrobots，anddiscussesthestateofrobot

usageandthebackgroundtothedevelopmentofrobottechnology・

（1）RobotUsageinJapan

TheJapanIndustrialRobotAssociation（JIRA）hasextremelydetaileddataonthedomestic
PrOductionandshipmentofindustrialrobots（Sources7and8）．EveryyearSince1979JIRAhas

COmPiledtablesshowingshipmentnumberandvaluefbrindustrialrobotsbyrobottyPe，industry

type，andusage．Dataonshipmentvaluebyrobottypeandindustrytypehavebeenavailable

Since1974・Besidesthese，eStimationsofshipmentvaluebyrobottypehavebeenavailablesince

1970，buttheiraccuracylSqueStionable．Since1979，dataonboth shipmentnumberand

Shipmentvaluefbrrobots，andconsigneeshavebeenclaSsinedbyindusはyandrobotusage．

IRAusesthefollowlngClassificationsfbrindusBialrobots．

1）・Manualmanipulator：Robotsthatareremotelycontrolledbyhumans．
2）．Fixedsequencerobot：Robotswhichcarryoutfixedpredetermined

Operations，andwhosemovementscannotbealtered．

3）・Variablesequencerobot：Fixeds望uenCerObotswithanadditionalfunction
WhichmakesachangeofoperatlOnSPOSSible．

4）．Play－backrobot：Robotwhichrepeatsaprogrammedseriesofmovements．

5）・NCrot”t：RobotswhosemovementsarqnumeriCallycontrolled・
6）．Intelligentrobots：RobotswhichareequlPpedwithvisualsensorsandwhich

cancontroltheirowrlmOVementS．

ItshouldbeNotedthatthereeachcountry’sdefinitionofindusuialrobotdiffbrs．InJapan

manualmanlPulatorsandnxedsequencerobotsareClassi丘edasrobots；howeverthey訂enOt

COVeredbythedefinitionagreeduponbytheInternationa10rganizationforStandardization
（ISO）．Therearealsodifftrencesaccordingtoindusのalrobotc叩abilityandfunction．

IndustrialmbotsarenotsI把Ci丘edintradestadstics，SOimportnguresarenotavailable．And

althoughJRAhasinthepastfrequendyconductedsurveysonthenumberofrobotsinstockand
StateOfusage，theyareunabletocoverthewholeofJq）an，SOOurOnlyopt10nistoestimatethe
totalnumberofindustrialrobotsinusebasedonsomekindofassumptlOn．

Keeplngthisinmind，Shipmentnumberandvaluearelookedat．Figs8－1－7and8－1－8givea

goodpictureofthegrowthinrobotusage．
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Figure8－1■7ChangesinNumtx＝rOfIndustrialRobotsShipped
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See Table　8－ト7

Figure8－1－8ChangesinIndustrialRobotsShipmentValue
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Figure8－1－9ChangeSintheNumberofIndusBialRobotsinUse

（
p
u
q
s
ロ
〇
一
－
°
｛
）
　
¢
望
一
一
月
　
h
O
q
E
ゴ
N

（
巴
ぷ
ー
0
き
。
含
．
t
 
J
乱
）
　
O
S
ゴ
u
鵬
】
ぷ
E
n
Z

せ産主‥主‥三三

．い′．ド　＿ドー′

ノー一一一．‾

二ニー・′′‘

ごてて

差三二‾二

Manufacturing

Chemicals

Fabricate metal products

General machinery

Electrical machinery

Transport equlpment

197の　1972　1974　1976　1978　198の　1982　1984　1986　1988

Year

Source：JapanIndustrial Robot　Association
See Table　8－1－9

Figure8－1－10ChangeSintheNumberofIndustrialRobotsPerl，（X氾Workers
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See Table　8－1－10
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ThenumberofindusBialrobotinuseislookedatnext．IndustrialrobotsareSaidtohavean

averagelifbspanofsevenyearS，butaccordingtoJIRAsurveys，therangeisfromtwototen

yearsdependingontheindustrial丘eld・Fig8－1－9shows the numberofrobotsinusein

manufhcttmng・Basedonestima丘onsassumlngarObotlifbexpectancyofsevenyears・Therea托a

Slgnincantnumberinindustriessuchaschemicals，metalproducts，generalmachinery，electric

machineryandtranspdmaChineryindustries．

Fig8－1－10showsthenumberofindustrialrobotsperl，0∝）workers．Thechemicalindustryhas

byfarthemostindusbialrobots，andthisisthoughttobemainlyduetotheiruseasextractorsin
theirjectionmouldingprocesses．Almostal1robotsusedinthechemicalindustryarevariable
SequenCerObots．

（2）hogressandBackgroundofRobotTechnology

Amajorfactorintherapidincreaseofindustrialrobotusageisthelowenngofpricesbrought
aboutbytheprogressofrobottechnology（Fig．8－1－11）．Thepriceindexusedhereisatype－
basedaveragedpriceindexweightedbyshipmentvalue．

AccordingtosurveySbyJIRAandothers，Japan，smanufhctunngindustryhasnowreachedthe

StageWhereintrductionofrobotsislargelydeterminedbyeconomicalefnciency．Itnolonger

lookstotheeffbctivenessofrobotsinralSlngPrOductqualityorpromotlngteChnologlCal
innovationtothesameextentasintheUnitedStatesandEurope．Infact，itispointedoutin
Refbrence4thattheeamlngrateOfinvestmentinrobotshasbecomesetdespltetheirgrowlng
SOPhistication・Thisindicatesthattheindustrialrobotmarketinthemanufhcturingindustryhas
matured．

Figure8－1－11ChangesinWageIndexandRobot扼ceIndex
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Ofgreatinterestisthequestionwhetherindusbyisheadingtowardsagreateruseofsophisticated
robots．To examine this，Changesin the share Ofthe overallrobot shipment value fbr
SOPhisticatedrobots（play－back，NC，andintelligentrobots），islookedatandplottedonagrowth
CurVe．Aconversiorl0flnfs／（1－S））（S＝SOphisticatedrobots’share）isapplied；theresultsazt：

ShowninFig．8－1－12．

Thezerolineinthisgraphrepresentsa50perCentShareheldbysophisticatedrobots．Theresults
Showthereisaclearshifttowardssophisticatedrobots．Thegraphalsoshowsthatthechemical
industry’sswitchovertosophisticatedrobotsisslowerthantheotherindus打ies．

Thereisaneedtodevelopnewfbrmsofrobotusageinboththemanufacturlngandnon一

manufactunngindusのes，eSpeCiallyrobotsforext陀mekindsofwork，andmedicalandwelfhre

ServicerobotsAIsorobotsamneededtoundertakewide－ranglnganalysisontheeffbcttheywill

haveonsocietyandtheeconomy．

Figure8－1－12ChangeSintheSha陀OfSQPhisdcatedRobots
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8・1・4CompanyDirectorsWithanAcademicBackgroundsinScienceandEnginecnng

ThepercentageofcompanydirectorsinvoIvedinformulatingcompanymanagementpolicywho
havegraduatedfromascienceandenglneenngrelatedfhcultiesisanindicatoroftheextentto

Whichpeople with technicalbackgrounds are usedeffbctively，andalsohighlights the
CharacteriSticsofJapaneSeCOrPOmtemanagemenL

Ofthe38，485directorsinthe2，064companieslistedonthest∝kexchange，theacademic
backgroundsof6，598arenotclearorcannotbeclassified・Figure8－1－13showstheacademic
backgroundsoftheremalnlng31，887．Economicdepartmentshadthehighestsharewith30
PerCent，followedbylawfhculties・Itisthoughtthatenglneeringdepartmentshaveaboutthesame
ShareaSlawfhculties，butscienceandenglneenngaredifnculttodiffbrentiatcinthesedata，SO

PerCentageSfbrenglneeringbyitselfarenotclear・Theacademicbackgroundsaredividedinto
SCienceandthearts・31・6percentofthedirectorshaveanacademicbackgroundinscienceand
engineering（thisisrefbrredtotx：lowastheS偲percentage）．

Figure8－1－14showstheS／EpefCentagebyindustry・First，industries．aredividedinto
manufhcturingandnon－manufactunng；theS／Epercepta寧eforthemanufhcturlngindus打ieswas
40・9perCent・andfbrthenon－manufactunngindustnesltWaS20・6percent・Theonlyindustry
WithaS偲percentageexceeding50percentwastheconstruCtionindustrywith60．7percent．
IndusFieswithapercentagehigherthan40perCentWeretranSPOrtmaChinery（49・2percent），
electncmachinery（48・6percent），PreCisionmachinery（47．4percent），Chemical（43．8percent），
non－ftrrousmetalS（43．Opercent），ironandsteel（42．4percent），maChinery（42．3percent），and

agriculture，forestryandfisheries（40・9匹rCent）・Itiswonhnotingthatthescienceperceptageis
relativelyhighinthetransportmachinery，electricmachineryandchemicalindustrleS，all
COnSideredJapan’smaJOrmanufhctunngindustries．

Althoughnotshowninthefigure，analysiswasalsocarriedoutbasedonthesizeofcompany，On
thecompapypresidentsonly，andonchangesintheS／EperCentageOV？raSetPerid・For
COmPanySIZeCaPitalinvestmentisusedasthebasisforclassi丘catiorl．ThesclenCeperCentagefor

the707companieswithc叩italofmorethan￥10，0∝lmillionwas29．4percent，Whichwas
Slightlylowerthantheoveral1averageof31．6percent．Thesedataindicatethattheextentto
WhichpeOPlewithanacademicbackgroundsinS／E．Next，theS偲percentagefbrcompany
PreSidentsonlywas32．8percent，Whichwashigherthantheaveragefbralldirectors．Asfbr
ChangesintheS／Epercentageoverasetperiod，itisdifnculttocomeupwithanyreliabledata，
fbrstatisticsonlygobackto1986andthisisnotsufncienttoobserveanychange．Mqeover，the
numberofcompaniesthatcomeintocalculationisincreaslngyearafteryear，aJlditisimpossible
todeterminewhetherthenumberofdirectorswithS／Ebackgroundsisindeedincreasing，Or

SJmplywhethercompanieswithalowS／Epercentagearecomingintocalculationfbrthe丘rst
tlme．Forrefbrence，theS瓜percentagein1986was33．7percent，SOitwouldappearthattheS！E
perCentagehasdecreased．

Figure8－1－13CorporateDirectorAcademicBackgrounds（CompaniesListedontheTokyo

StockExchange）
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Figure8－1－14　ShareOfCompanyDirectorsWithAcademicBackgroundsinScienceand
En由neenng
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8．2Impact on Lifb・Styles

8．2．1ChangesintheDegreeofUseofInformationMedia

TheinformationandcommunicationfieldhasdevelopedremarkablyinrecentyearS・Manynew
fbrmsofinfbrmationmediahaveappeared，Particularlyintheearly1980S，andareCOnbibuting

greatlytos∝lety・ThissectionexaminesthedegreetowhichinfbrmationmediaaJebeingusedas
meansofdetermlnlngtherelationshipbetweentheachievementsmadebyscience＆technology

andlifbstyles．

Ag甲eralviewofinbrmationmediais伝rst・Thevolumeofinfbrmationsupplied（Notel）has
COntlnuedtogroweachyearaswellastherateofgrowth；butthevolumeofinformation
COnSumedhasnotgrowntothesameextent．Eachyearthevolumeofinformationsuppliedis
much greater than the volume ofinformation consumed，SO eaCh year theinformation

COnSuPIPtionrate（volumeofinformationconsumed／volumeofinformationsupplied）is
dropplng．Asfortheinformationindicesforfiscall988（nscal1975＝100），theinfbrmation

SuPPlyindex was219，While theinformationconsumptl0nindex stoodatonly124．The

informationconsumptlOnratedropped丘・Om8．5percentinfiscal1975to4．8percentinfiscal

1988（Fig．8－2－1）．

Informationmediaisdividedintothreemediagroups：telecommunications，COnVeyanCeand

SPaCe．AsCanbeseeninFig．8－2－2，infiscal1988thetelecommunicationsmediaaccountedfbr
about99perCentOfallinformation更uPPlied（broadcastTV－67percent；0thers－32perCent），and

mo陀than60percentofallinformatlOnCOnSumed．

Figure8－2■1ChangesinInformationSuppliedandIn丘）rmadonConsumed
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Figure8－2－2MediaGroupShareofInformationSuppliedandConsumed（Fiscal1988）
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（％）

Ministry of Posts and Telecommunications，一’Census onInformation Fl0WS1988一一

See Table　8－2－2　to Table　8－2－7．

（1）VolumeofInfbrmationSupplied

Eachyearthevolumeofinformationsuppliedbytelecommunicationsmediaisincreaslngata
greaterratethanthatsuppliedbytheothertwomediagroups．Innsca11988theinformation

SuPPliedindicesforthethreegroupsweretelecommunications－221，COnVeyanCe－173，and
SpaCe－124；telecommunications accountedfor98．9percentofallinformation supplied，

COnVeyanCeforO・5percent，andspacefbrO・6percPnt（Fig・8－2－2）・Boththevolumeandgrowth
rateofinformationsuppliedbythetelecommunicatlOnSmediaissignificant，andthismediagroup
inparticularhascontributedmuchtothegrowthinthevolumeofinfbrmationsuppliedbythe
infbrmationmediaasawhole．

Changesinthevolumeofinfbrmationsuppliedbytheinfbrmationmediaisexamined・Between
nscal1975andfiscal1988，thevolumeofinfbrmatiorlSuPPliedbyconventionalmedia，including
telephone，broadcastTV，lettersandpostcards，neWSPaPerS，andmagazinesandbooks，increased
atalmostthesamerateeachyear．Howeverthevolumeofinfbrmationsuppliedbythesemedia
OVerthisperidgrewlessthantwo－fbld，SOintermsofinfbrmationsupplied，itissaidthatthese
aI℃matuI℃mdia．

Newcommunicationsmedia，Ontheotherhand，enJOyedsigni丘cantgrowth．Thevolumeof

informationsuppliedthroughfacsimilesincreasedmarkedlyduringthe1980S（Fig．8－2－3shows
thisasarecti1inearincrease），andVANjuatac？mmunicationsexpandedrapidly丘omabout1984・
0thernewmediasuchassatellitebroadcastlng，tele－teXbroadcastlng，WOrdprocessors，and
Videosof［WareCameintobeingintheearly1980S，andallhaveshownsteadygrowth肝ig．8－2－

3，Pig．8－2－4）．
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A comparisonofsome ofthese newmediawith themore traditionalmedia showsthat・

Ownershipofwordprocessorsincreasedrapidlyfromthemid－1980S（in1988wordpr∝eSSPrS
COuldbefbundin20percentofallhouseholds），andinfiscal1988thevolumeofinfbrmatlOn
SuPPliedthroughdocumentspreparedonwordprocessors hadreachedlOpercentofthat
SuPpliedthroughhand－Writtendocuments．Althoughthevolumeofinformationsuppliedthrough
electronicmai1alsogrewrapidlybetween丘scal1981andfiscal1988，itisamereO．2perCentOf

thevolumeofinformationsuppliedthroughlettersandpostcards．Itisclearthatthenewmedia
havellOtyetreaChd血elevc150fthe的dtiondmeda．

Figure8－2－3VolumeofInformadonSuppliedTh℃ughtheTelecommunicationsMedia
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Figure8－2－4VolumeofInformationSuppliedThroughtheConveyanceMediaandSpaceMedia

（
s
p
旨
ヱ
　
p
O
コ
d
d
己
　
u
受
電
E
h
O
h
u
膚
－
0
　
0
∈
三
〇
＞

3
　
　
　
　
　
　
　
2

0
　
　
　
　
　
0

1
　
　
　
　
　
　
　
　
1

n
U

9

0

　

　

　

　

0

　

　

　

　

0

1

　

　

　

　

　

　

　

1

　

　

　

　

　

　

　

1
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and video software，On the other hand，Space mediaincludes movie．

Ministry of Posts and Telecommunications，一．Census onInformation Flows1988”

See Table　8－2－4，and Table　8－2－6．
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（2）VolumeofInformationConsumed

Thevolumeofinfbrmationconsumedthroughconveyancemediahasgrownatagreaterratethan

throughtheothertwomedia．Thegrowthinvideosoftwarehasbeenparticularlystrong・In丘sca1

19800nlyO．9percentofinformationconsumedthroughconveyancemediawasdonesothrough
videosoftware，butby丘scal1988thishadgrownto16・7percent，PuttlngltOnthesamelevelas

newspapers，magazinesandbooks・Growthoftheconveyancemediastandsout丘omtheothers：
in fiscal1988　theinformation consumedindices for the three media groups were

telecommunications－124，COnVeyanCe－142，andspace－124・However，thetelecommunications

mediaaccountfbrthemaJOntyOfinformationconsumedwith62・lpercent，followedbythe

spacemediawith34．2percentandtheconveyancemediawith3・7percent（Fig・8－2－2）・

Inallcases，thevolumeofinformationconsumedthroughsuchmediaastelephone，lettersand
postcards，neWSPaPerS，andmagazinesandbooksgrewlessthantwo－foldbetweenfisca11975

andfiscall988．Sincetheearly1980Sthevolumeofinfbrmationconsumedthroughbroadcast
TVhasdecreased，thoughonlyslightly，andintermsofinfbrmationconsumed，itcanbesaidthat
thesearematuremedia．

Althoughthevolumeofinformationconsumedthroughnewmedia－Satellitebroadcastlng，tele－

texbroadcastlngandvideosoftware－hasnotincreasedasmuchasthevolumeofinfbrmation

SuPPlied，therehasbeensteadygrowth（Fig．8－2－5，Fig．8－2－6）．

Companng some ofthese newmediawith traditionalmedia，the volume ofinfbrmation

COnSumedthroughwordprocessordocumentsandelectronicmailhasnotyetreachedthesame
levelasthroughvolumeconsumedthroughthetraditionalmedia．Ontheotherhand，thevolume
Ofinfbrmationconsumedthroughvideosoftware丘rstexceededthevolumeconsumedthrough

thecinemainabout1983，andhascontinuedtoincrease．Consideringthatinnscall988movies

accountedfbrabout60percentofthevideosoftwareSalesamount，Videosoftwareisanew

mediumthatistakingtheplaceofcinema．Itcertainlystandsoutthatwhiletheothernewmedia
haveyettoreachthesamelevelasthetraditionalmedia，Videosoftwarehasgonebeyondthe

traditionalcinemamediumandiscontinulngtOgrOW．

（3）InformationConsumption

Innscal1988infbrmationconsumptlOnPerCentageSWere：telecommunications－3．Opercent

（communications－100・4percent，broadca蕪g－2・9percent），COnVeyanCe－34・8percent，チnd
SPaCe－296percent．Forthespacemedia，ltlSnOrmalformorethanonepersontocomelntO
COntaCtWiththesamepleCeOfinfbrmationatthesametime，SOthevolumeofinfbrmation
COnSumedexceedsthevolumesupplied．

TheinformationconsupIPtionpercentagereflectstheefnciencyofinfbrmation．cortsump中n（or
efnciencyofinformatlOnuSe），Oftheteleco聖municationsmedia，broadcastlnglnPartlCular，
throughwhichalargeVOlumeofinfbrmationlSSuPPliedandconsumed，hasaneXtremelylow
COnSumPtlOnefnciencyof2．9percent．Thiscantxatbibutedtothefhctthatthenon－broadcastlng
mediafbrthemostpartprovideinformationaccordingtotheneedsoftheinformationconsumers，

WhereasbroadcastlnglSaOne－WaySuPPlyofinformationwithoutregardtothenumberof
in丘）rmationconsumers（eg．thenumberoftelevisionviewers）．

Notc：

Thevolumeofinformationsuppliedreferstototalvolumeofinformationsuppliedinaformthatcanbereceivedby
informationreceiversatthepolntOfreceiptforeachpieceofinfbrmation．Thevolumeofinfbrmationconsumedisthe

totalvolumeofinfbrTnationthatisactuallyconsumedbytheinfbrmationreceiver丘omtheinformationprovidedtothe
marketbytheinformationsuppliers．
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Figure8－2－5VolumeofInformationConsumedThroughtheTelecommunicadonsMedia
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Figure8－2－6VolumeofInformationConsumedThroughtheConveyanceandSpaceMedia
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Ministry of Posts and Telecommunications，”Census onInformation Flows1988’’

See Table　8－2－5，and Table　8－2－7．
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8．2．2Scien鰭candTechnologicalInformation

Theinfbrmationsuppliedandconsumed，lookedatintheprecedingsection，COVerSallhelds・the
COntraStlngfbcusinthisnextsectionisoninfbrmationconnectedwithscienceandtechnology・
PeoplenormallycomeintocontactwithscientificandtechnologlCalinformationthrough
broadcastprogrammes andnewspaperarticles・Itisimportanttolookatchangesinthe
informationconnectedwithscienceandtechnologywhendiscusslngSCiemificandtechnologiCal
actlVlneS．

First，aSCanbeseeninFig．8－2－7，neWSPaPerarticlesonscienceandtechnology（Notel）
increaseddramatiCallyinthemid1980S・Butwhereasthenumberofspecialarticlesincreased

rapidly，thenumberofgeneralarticlesstayedatmuchthesamelevel・Thisisdueinparttoreader
demandformoredetailedinfbrmationonscienceandtechnologymatters，andalsotothe

newspaperCOmPanybeliefthatthesizeoftheroleful丘lledbythemassmedial℃gardingscience

andtechnologyrequlreSthemtoprovidesufncientlydetailedinformationtotheirreaders・

Figure8－2－7ChangeSintheNumberofNewspaperArticlesonScienceandTechnology
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See Tのle8－2－8
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AscanbeseeninChapter9”PublicOpiniononScienceandTechnologyMthepercentageof

peopleinterestedinscienceandtechnology，Whichhadbeendropplngfromthelatterhalfofthe
1970stotheearlyhalfofthel980S，begantorisefromthelatterhalfofthe1980S・ltisgeneral1y
thoughtthatthischangehasbecnbroughtaboutbytheincreasedopportunitiesfbrpeq）1etocome
intocontactwithscienceandtechnologythroughnewspapers・Anotherviewisthatreader

changlngaWareneSSisbeingreflectedinnewspaperediting・Ineithercase，Fig・8－2－7shows

changlngaPprOaChesandviewsforbothreaderandmassmediaregardingscienceand

technology・AIsosurveyedareradioandtelevisionprogrammesandbooks，butnoslgnificant

Changesareevident・

Accordingtoapublicopinionsurveys90nductedbythePrimeMinister’sOffice（Note2），there

isaviewthatHardclesornewsaboutsclenCeandtechnologyhaveincreasedinrecentyears，”but

asyetHarenOtPrOVidedwithsufficientQPPOrtunitiesorinfbrmationto丘ndouteverythingneeded
toknowaboutscienceandtechnology・MTherewasalargeresponse，eSpeCiallyamongpeople

interestedinscienceandtechnology，thatnotenoughinfbrmationisbeingprovided・

No記S：

1．Numberofscient，ificandtechnicalarticlesindleAsahiShimbun．

2．Thedatafromthe“PublicOpinionPollRegardingScience＆TechnologyandSociety（Januaryl990）”bythe

PrimeMinister’sOfnceusedinthissectionisasfbllows．

ResponsestodlePOllweremultiplechoice，andunlessindicatedotherwise，the匹rCentageShownisthe
perCentageOfthe2，239peOplewhoweresurveyed．

（1）“AreyouinterestedinnewsordiscussionsconcerrLingscienceandtechnology？’’

（a）Inte陀Stの（55．9匹にenO
仲）Notin記restの伊1．7匹陀e叫
＊“Interested’’includes“verymuchinterested”and“somewhatinterested”．“Notinteres記d’’includes“Not

pardcularlyinterested”and”Notinterestedatall”

（2）“Fromwheredoyounormallyobtaininformaやnaboutscienceandtechnol0gy？”（Multipleresponse）

（a）Television：radio・neWSpaPerS・generalmagazlneS（90・Opercent）
（b）ConversatlOnSwithfhmilymembersandfriends（23．8perCent）

（C）恥chnicalmagazinesandbooks（10・9perTnt）
（3）“Doyouthinkdlaドarticlesornewsatx）ulSClenCeandtechnologyhaveincreasedinrecentyears’？”

（a）Yes，Ithinkso（74．7perCent）
Forthisquesdon，dleperCentageOfthel，252peOPlewhoseanswertoQIwas“interested’’was8．Opointshigher

thandleOVerallperCentageOf74．7perCent；SimilarlydleperCentageOfthe934peOplewhoseanswerwas‘‘not

interested’’was8．9pointslower．

O））No，Idonotthinkso（ll．9perCent）
＊“Yes，Ithinkso”includes“Yes，Idefinitelydlinkso”and“Yes，Ithinkso’’．“No，Idonotdlinkso”includes

“No，ldefinitelydonothinkso”and“No，Idonotdlinkso”．

（4）“Doyouthinkthatyouareprovidedwithsumcientopportunitiesorinformationtofindouteverythingyou

WanttOknowaboutscienceandtechnology？”

（a）Yes，ldothinkso（26．5perCent）Forthisquesdon，theperCentageOfthel，252peOPlewhoseanswertoQI
WaS“interested’’was3・8rx）intshigherthandleOVerallperCentageOf26．5perCent：Similarlythepercentageofthe

934peOplewhoseanswerwas“notinterested”was4．Orx）intslower．

（b）No，Idonotthinkso（53．9perCent）．Thepercentageofthel，252peOPlewhoseanswertoQIwas
“interested”was5．8pointshigherthantheoverallpercentageof53．9perCent；SimilarlydleperCentageOfthe934

peOplewhoseanswerwas“notinterested’’was6．1polntSlower．
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8・2・3Spare－timeActivities（VideoTapeRecorders，PersonalComputerUse）

（1）SpreadofDomestiC－uSeVideoTapeRecorders

WhilecolortelevisionwasspreadingrapidlythroughoutJ叩anbetweenthelate1960Sandearly
1970S，developmentofdomestic－uSeVideotaperecorders（VTR）（Notel）wasprogressing
Steadily，andinthemidl970S，VTRproductionbegan・

AsVTRprductiongainedmomentumtheunitpncedropped，andthis，COuPledwithan
expandingrangeOfvideosoftware，theVTRmarketgrowatanannualrateofmorethan80

perCerltintheearly1980S（Refbrence5）（Fig・8－2－8）・Videqsoftwarerentalacceleratedthe
SPreadoftheVTRs，aSCanbeseenbythedramaticincreaselnVideoSoftwaresales（Note2）
fbllowingtheopeningofthenrstvideorentalshopin1984（Fig．2－8－9），andin1989，tWOOutOf
everythreehouseholdsownedaVTR．

TheVTRhasbroughtaboutaslgni丘CantChangetol漁－StyleswhichcanbeI℃ferredtoasatime－
Shiftfbmtelevisiontomovieviewlng．Asfbrgenre，mOViesoftwareaccountedfbralmost60
PerCentOfvideosoftwamsalesin1989．Ofthis，foreignmoviesaccountedfbrabout80percent
Ofretailsales，WhileJapanesemoviesaccountedfbralmost60percentofrentalS．Thisshowsthat
thespreadoftheVTRhasbroughtaboutachangeinviewlnghabitsregardingforeignmovies；
thatis，mOrePeOPleareviewlngfbreignmoviesathomeratherthanatmovietheaters．Thisalso
indicatesthatJapanesemoviesarenOtViewedasmuchasfbreignmovies．Althoughaccountlng
fbrlessthanlpercentoftherentalsales，muSicaccountsfbrmorethan15perCentOfretai1（Sales
areabout70timesasgreatasrentalSales）．

Inthelatterhalfofthe1970S，businesssoftware，SuChascompanyguides，aCCOuntedfbrmore
than60percentofvideosoftwaresales・ButastheVTRbecamemorewidespread，thepercentage
accountedfbrbyperSOnal－uSeVideosoftWareincreased，andreachedmorethan90percentin

1989．ThisshowsthattheVTRisusedmainlyforspamtimeentertainment，andtheconsiderable
growthachievedbypersonal－uSeVideosoftwareisagoodexampleofhowtechnological
developmentisemichingourlives・

ThedomestiC－uSevideocameramadeitsappearanCeintheearly1980S，andwiththis，Videosare
nowwidely usedoutdoors as well．Lookingatproductionnumber，PrOduction valueand
diffusionratesfbrVTRintheearly1980S，itcanbeexpectedthatthevideocameramarketwill

COntinuetoexpand．

No蛤S：

1．RefbrredtooverseasasVCRandVTRinJapan．

2．Videosoftwaresalesindicatedherearesalebyso魚waremanufhcturers・TheretbredleHrenta1，，salesamountisdle
valueofthcsoftwateleasecontractsbetweenvideosonwaremanufhclurerSandvideorentalshops，andnotthe

amountofsalesbyvideorentalshops．
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Figure8－2－8ChangesinVTRandVideoCameraPrcKluction
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See Tablc　8－2－9．
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Figure8－2－9ChangesinVideoSoftwareSales
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See Table　8－2－10，Table　8－2－11．
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Figure8－2－10VideoSoftwareSalesbyGenre（1989）

（a）Sold

（b）Rental

Source：JapanVideoAssociation
See Table8－2■12
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（2）SpreadofPersonalComputers

Japanbeganproducing8－bitpersonalcomputersinthelatterhalfofthe1970S，andfromthen

untilthe丘rsthalfofthe1980sdomesticdemandfbrmainly8－bitcomputersrealizedsteady

growth・The16－bitcomputerfirstappearedonthemarketintheearlyl980S，andfbllowlnga

Periodofsteadygrowthuntilthemid1980S，demandsoared・In1988the16－bitcomputer
accountedfbrmorethan70percentofthedomesticshipmentamount．Butin1989thedomestic

ShipmentshareOfthe16－bitcomputerhadalreadystartedtodecreaseslightly，Whilethatofthe
32－bitcomputerdoubledfrom1988to20percent．Personalcomputerdemandquicklyshiftedto

large－CaPaCityhigh－SPeedmachines，andthischangeCanalsobeseenintheincreasedsoftware
ShipmentamOunt．Astheperformanceofpersonalcomputersimproved，theybecamelighterand
morecompact，ranglng丘omthedesk－tOPmOdelstolap－tOPandNotebookcomputers．Irlfiscal
1989about910，0001ap－tOPCOmPuterS（includingNotebookcomputers）were shippedby
manufacturers（domestiC・430，0（氾；eXpOrt－480，∝沿），aCCOuntingforalmost40percentofthe
totalshipmentofpersonalcomputers．

Thegrowthinpersonalcomputersoftwareshipmentvariesgreatlydependingonthetypeof

SOftware（Fig・8－2－12）・In1985computergamessoftwareaccountedfbr22percentofsoftware
Shipment，fbllowedbywordprocesslngSOftwarewith14percent；butin1989thesehaddropped
to9．3perCentand8．7percentrespecdvely．Instead，industrialsoftwam，includingCADsoftwam

andspecinc－industry－0rientedsoftware（eg．softwarefbrvehicleservicingcenters，medical

CenterSandsoon）increasedmarkedly，aCCOuntingfbr25percentoftotalsoftwareShipmentin

1989．Thisindicatesthatuseofpersonalcomputershasincreasedastheirperfbrmanceimproves・

Morepeopleareuslngtheirpersonalcomputersincommunicationasreflectedintheannual
growthofcommunicationssoftwareshipmentofaround25percentin1986and1987，mOrethan

40percentin1988，and55percentin’1989（Note2）．

No記S：

1．Personalcomputershipmentsamountaretheamountwhichincludesthecomputeritselfandperipheral
cqulpment．

2・AccordingtoasurveyconductedinMarchl989bylheMinisByOfPostsandTelecommunications，dlereWere
l85，3胼）businesscomputercommunicadonssubscribers．Thenumberoff℃一VANandNIFTY－Serve

Subscritnrsdoubledeachyearfrom1988，Whentheservicewasintroduced，andasofdleendofNovembr
l990，dlereWcre353，∝氾subscribers．

3．ThegraphatFigure8－2－10isbasedonSource14widlChangestosomeofdleClassifications・

4．ThegraphatFi伊∬e8－2－12isbasedonSources15and16widlChangestosomeofdleClassificadons・
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Figure8－2－11TrendsinPersonalComputerShipments
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See Table　8－2－13．
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Figure8－2－12TrendsinPersonalComputerSoftWareShipments
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See Table　8－2－14．
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8．3　Contribution to Preservlng the GlobalEnvironment

Inthe1960S，Japan，senergyconsumptlOn，CentenngOnPetrOleum，JumPedowlngtOtherapid

expansionofthemlnlngandmanufactunngindustries；eSPeCiallytheheavyandchemical

industries．Consequently，Japansuffbredseriousenvironmentalpollutionfromthemid1960S．In

Ordertocontrolthisproblem，JapanenactedtheAirPollutionControILaw，WaterPollution
PreventionLawandotherlaws andregulations，andisalsodeveloplngPOllutioncontrol
technologyunderMITI’sNationalResearchandDevelopmentProgramforLarge－SCalePfqjects・

TheresulthasbeenaconsiderablereductioninalrPOllutioncausedbysulphuroxide．Butonthe

Otherhand，nitrogenoxidecausedbyanincreaseinmotorvehicletrafncandwaterpollutionfrom

SeWageareStillseriousproblems．

ThissectionexamineshowJapanapproachespollutioncontrolbylookingatthestateofexhaust

gasdesulphurizationsystemsanddenitrincationsystemsasconcreteexamplesofinvestmentin

POllutioncontrolequlPment．BecauseconcernbrtheglobalenvironmentisgrowlngraPidly，the

PreSentCOnditionofandcutstocarbondioxideemissions，Whichisregardedasthemaincauseof

globalwamlng，areeXamined．

Figure8－3－1Japan’sfhmaryEnergySupply
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Source：Mm

See Tの1e8－3－1
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8．3．1InvestmentinPollutionConb・OIEquipment

（1）AmountofInvestment

Duringthe1960sJapaJl’senergyconsumptlOnincreasedsignincantlyatanannualrateofabout

lOperCent，andasaresult，energyCOnSumPtlOninfiscal1970wasthreetimesasgreatasin
nsca11960．AscanbeseeninFig．8－3－1，theincreaseinenergyconsumpt10nWaSmetbyan
increaseinoilsupplies．DuringthisperiodthemqlOrSOuI℃eOfJapan’senergysupplyshifted

fromcoaltooil．

Greaterenergyconsumptl0ngaVerisetotheseriousenvironmentalpollutionmentionedearlier，

SOthepnvatesectorpushedaheadwithpollutioncontrolmeasures，investing￥964，5（泊million，

Oraboutone－fifthoftotalcapitalinvestment，inpollutioncontrolequlPmentinnscal1975．This

WaStheequlValentofO．51percentofGNP．Bythelatterhalfofthe1970sinstallationof

POllutioncontrolequlPmentinexistlngfacilitieshadjustaboutrunitscourse，andthis，COuPled

Withaslow－downinproductionactivities，reSultedinafhllinexpendituresonpollutioncontrol

equlPment．Then，intheearly1980S，electricpowercompaniesbeganconstruCtinglargeCaPaCity

thermalpowerstationsdrivenbyLNG，Whichislessofaburdenontheenvironment，andwith

this，theamountofinvestmentinpollutioncontrolequlPmentagalnrOSe．

Figure8－3■2ChangesintheAmountofInvestmentinPollutionControIEquipmentbythe

PdvateSector
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Sce Table8－3－2
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Infiscal19881，160companiesinvestedatotalof￥281，500millioninpollutioncontrol

equipment，Or4．1percentoftheirtotalcapitalinvestmentof￥6，850，3（氾million．Byindustry，

theelectricpowerindusByinvestedthemostwith￥207，7（氾million，followedbythemachinery

industrywith￥18，900million（ofwhichthemotorvehicleindustryinvested￥7，4（氾million），

ironandsteelindustrywith￥15，9∝）million，PaPerandpulpindustrywith￥10，1（氾million，and
Chemicalindus仕ywith￥8，9㈱million．Thesefiveindustriesaloneaccountfbrmore90percent

Ofinvestmentbyallindustries．AsfbrtypeofequlPment，￥172，600millionwasspentonair
POllutioncontrolfacilidesand￥54，000milliononwaterpollutioncontrolfacilities，andtogether

thesetwokindsoffacilitiesaccountfor80percentofinvestment．

Figure8－3－3InvestmentinPollutionControIEquipment（Fiscal1988）

（a）byhdustけ （b）bytype

Source：MITI

See Table8－3－3
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（2）ProductionofPollutionControIEquipment

Whereas thepnvate sectorhas concentratedon airpollutioncontrolin theirequlPment
investment，thepublicsectorhasconcentratedonwaterpollutioncontrolandwastedisposal．

Figure8－3－4showstheamountofpollutioncontrolequipm？ntPrOduction（actualresults）
generatedbypublicsectordemand．Theriseinproductionwasvlrtuallyrectilinearinthe1970S，
andthisisvastlydifftrenth・OmthefluctuationsshownbyprlVateSeCtOrinvestmentduringthe
SamePeriod・Theriseinpr∝luctionofwaterpollutioncontrolequlPmentWaSParticularlysteep，
andthiscanattributedtothepromotionofwaterpollutioncontrolmeasuresatfactoriesand
businessestablishmentsfbllowingtheenactmentoftheWaterPollutionPreventionLawin1970，
andalsototheestablishmentofsewagetreatmentfhcilitiesnecessitatedbythegrowlngnumbrof

CaSeSOfinlandwaterandseapollutioncausedbyJapan’sunder－developedseweragesystem．

However，thepercentageofhomesinJapanconnectedtomunlCIPalsewerage systemsis
COnSiderablylowerthaninU．S．A・andEurope（Note6），andfurtherdevelopmentisrequired・

Infiscal1988theamountofpollutioncontrolequlPmentPrOductiongeneratedbypublicsector
demandwas￥464，8（氾million，OfwhichwaterpollutioncontrolequlPmentWaSthehighestwith
￥283，4（氾million，followedbywastedisposalequlPmentWith￥168，800million．Together，they
accountedformorethan90percentofpublic－SeCtOrdemand．

Japan’spollutioncontroltechnologyhascontributedmuchtoenvironmentalpreservation

OVerSeaSaSWell．Innscal1988，POllutioncontrolequlPmentPrOducedfbrexportamountedto
￥20，9伽million，andaccountedfbr3．2percentoftotalpollutioncontrolequlPmentPrOduction．
ByequlPmenttyPe，airpollutioncontrolequlPmentrankedthehighestwith￥11，530million，

fbllowedbywaterpollutioncontrolequlPmentWith￥6，220million，andtogether，theyaccounted

fbrmorethan80percent．Byexportregl0n，SoutheastAsiawashighestwith￥7，140million，

nextwasNorthAmericawith￥5，260millionandthenEuropewith￥5，250million．Thesethree

reglOnSaCCOuntedformorethan80percentofpollutioncontrolequlPmenteXPOrtS・

Japarl，spolludoncontrolandenergy－SaVlngteChnologylSCOnSideredtobeoutstanding，SOmuCh

isexpectedoftheJapanesecontributiontopreservationoftheglobalenvironmentthrough
intemationaltechnicalcooperation・

No記S：

1．“HydraulicrK）Wer’’inFig．8－3－1includesgeothennalheatandnewenergy．

2・ThepollutioncontrolequlPmentinvestmentsurveycarriedoutbyMITIinFebruary1988reviewedindusのal
classincations・HMachinery，，inFig・8－3－3is．thetotalofHgeneralmachineryM，Helectronicmachinery”・“electric

machinery”and“motorvehicles”．

3・HElecのcpowerMinFig・8－3－2alsoincludespowerfromnon－thermalpowergenerationfromfiscal1983・

4．Thepd）licsectorincludesassociations丘nancedbyself．govemlngtXXlies・
5．AmountofcapitalinvestmentisconstruCtionbase；a汀10untOfequlpmentPrOductionispaymentbase・

6．TheperCentageOfpeOple（perCentOftotalpopulation）livinginhousesconncctedtoseweragesystemsin
Japan，NorthAmericaanddlem毎OrCOuntriesofEuropeisshownbelow：Japan（1989）－40perCent；U・S・A・
（1986）－73perCent；WestGermany（1983）－91perCenl；U．K．（1982）－95perCent；France（1983）－64perCent；
Canada（1980）－74percent；Italy（1980）－55perCent
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Figure8－3■4PollutionControIEquipmentProduction（MunicipalDemand）
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See Table8－3－4

83．2EstablishmentofExhaustGasDesulphurizationSystemsandDenitri丘CationSystems

（1）SulphurOxides

TheoilcrisesstifledanincreaseinenergyconsumptlOn，andpromptedadropinoildependence

throughashiftinthemake－uPOfenergysppply（shifttonaturalgas，andanincreaseinnuclear
POWerSuPPly）．Thisalsocontributedtoan1mPrOVementinthereducedlevelsofairpollution．

Moreover，COmPrehensivemeasureswereadoptedtoreducesulphuroxides（SOx），SuChasusing
low－SulphurcrudeoilandestablishingexhaustgasdesulphurizationsystemS（Fig．8－3－6），and
thesehaveledtoasignificantdropintheconcentrationofsulphurdioxideintheair（Fig．8－3■7）．

AnalysesrevealthatdesulphurizationandenergyconservationhavegreatlyconBibutedtothe
dropinSOxemissions（Fig．8－3－5）．
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Figure8－3－5FactorsContributingtobwerSOxEmissions

Source：EnvironmentAgency

AninternationalcomparisonrevealsthatenergydemandintheUnitedStatesis5－10timesas
greatasinJapanandEurope，andasaresult，thelevelofSOxemissionsistentimestimesas

high．Moreover，allcountriesinNorthAmericaandEuropehaveahigherbasicemissionunit
Value（Primaryenergyrati0）：aSSumingJapanhasavalueofl，U．K．is6．0，U．S．A．－3．8，West
Germany－2．7andFrance－2．4．ThereasonJapan’sbasicemissionunitbeingsolowisthat

indusbyaCCOuntSfbrahighpercentageoftotalenergycopsumptlOn，andJapaneseindustryis
WellaheadoftheirAmericanandEuropeanCOunterPartSlntermSOfenergyconservationand
environmentalmeasures．TheU．K．reliesheavilyoncoalfbritSenergy supply，andthisis
reflectedinitshighbasicemissionunitvalue．
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Figure8－3－6EstablishmentofExhaustGasDesulphurizationSystems
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Source：Environment Agency，’’White Paper on Environment’’1990

See Table　8－3－5
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Figure8－3－7ChangesinSO2andNO2Concentrations
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See Tablc8－3－7

Figure8－3－8SOxandNOxEmissions
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Figure8－3－9SOxandNOxBasicEmissionUnit（TPERRatio）
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Sce Tablc8－3－6

（2）NitrogenOxides

Sincemostrtitrogenoxides（NOx）intheairresultfromthebumingoffbssilfuels，Japanhas
beenpromotlngthedevelopmentofmoreefncientcombustionmethodsandestablishmentof

denitri崩cati？nSyStemSaSmeanSOfreducingNOx（Fig・8■3－10）・Howeverincontrasttothe
SlgnificantlmPrOVementin SO2COnCentrations showninFig．8－3－7，NO2COnCentrations

droppedonlyslightlyintheyearSafter1979，andinfactsince1986concentrationshavereturned
はHhehighlevelsofthelatel970S．

ThereasonforthisisthatalthoughNOxemissionsfbmfhctoriesandotherstationarySOurCeS
havebeendecreaslng，thishasbeenmorethanoffsetbytheriseinemissionlevels丘omthe
increasedvolumeofmotorvehicletrafnc．TheeffbctofmotorvehiclesonNOxconcentrationsis

mostevidentinthemaJOrCities：intheTokyoreglOnmOtOrVehicleexhaustaccountsfbr67

PerCentOfNOx，WhileintheYokohamareglOnitis32percent，andintheOsakareglOnitis47

PerCent（丘scal1985）．Anddiesel－POWeredvehicles，WhichemitlargeamountsofNOx，nOW

accountfbrahigherpercentageofmotorvehicleexhaust．

ComparisonsrevealthattheNOxbasicepissionunitvalue（primaryen？rgyrati0）forU・S・A・，
WestGermanyandU・K．isalmostthreetlmeSaShighandfbrFrancetwICeaShighasthatfor
Japan・FrancehasalowerbasicunitvaluethantheotherNorthAmeriCanandEuropeancounのes
becauseahighperCentageOfitsenergysupplyisfromnuclearPOWergeneration．

－259－



Japan’sdependenceonpetroleumforitspnmaryenergydroppedt056．3percentinfiscal1985，

butwiththerecentincreaseinenergyconsumptlOnbroughtaboutbyabusinessrecovery，
demandforpetroleum－generatedenergyhasgrown，andin1989petroleumaccountedfbr57．9
PerCentOfprimaryenergy，markingareturntOahighlevelofdependence・

Figure8－3－10EstablishmentofDenitri丘cadonSystems
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Source：Environment Agency，”White Paper on Environment”1990

See Table　8－3－5

Notc：

1．ConccntrationsofSO2andNO2ShowninFig・8－3－7aretheaveragevalucsa115generalenvironmcntaland

atmosphericmeastnngstationsandat22motorvehicleexhaustgasmeasurlngStations・
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8．3．3CarbonDioxideEmissions

（1）AmountofCO2Emissions

In1971about93percentoftheworld’sprimaryenergycame丘omfbssilfuels（coal，petrOleum

andpaturalgas）．Andalthoughsomeheadwayhadbeenmadeinchangingtheenergysupply
make－uP（mainlyloweringdependenceonpetroleum），in1988fossilfuelsstillaccountedfora
high87perCentOfprimaryenergy．

TheamountofcarbondioxideCO2PrOducedworld－Widebyburnlngfbssilfuelswas3，830
milliontC（COnVertedvalueofcafbon）in1971．In1988CO2emissionreached5，560milliontC，

anincreaseof1，730milliontCoverthe1971ngure．AsshowninFig．8－3－11，betweenl971
and1988emissionlevelsintheOECDcountriesgenerallyremainedconstant，WhilemaJOr
increaseswererecordedintheU．S．S．R．andChina．WhiletheriseinemissionlevelsinAsia（not
includingChinaandJapan）wastwicethatoftheotherregions．

In1988theU．S．A．generatedthehighestpercentageoftheworld’sCO2emissionswith24

PerCent，followedbyU．S．S．R．with18percent，ChinawithlOpercent，andJapan with5
PerCent・Thesefourcountriesaccountedfbr57percentoftheworld’sCO2emissions・Other

COuntriesincludedWestGermanywith3．5percent，U．K．with2．8percentandFrancewith1．8
PerCent．In1988theOECDcountriesaccountedfbr48percentoftheworld’s fossilfuel

COnSumPtl0n，and47percentoftheworld’sCO2emissions．

AlookatCO2basiceーiヲSionunitvaluesforselectedcounbies（primarye一ergyrati0）revealSthat

althoughthebasicemlSSlOnunitisdecreaslnglneVeryCaSe，thedecreaselSSmall，andevenafter
theoilcrisestherehasbeenlittlechangetotheenergysupplymake－uP・France，however，has

Seenitsbasicemissionunitdropslgnincantlysince1980；butasshowninFig．8－3－12，thisis
attributedtogreateruseofnuclearpowerforitsenergyneeds．In1988nuclearPOWerSuPPlied
about30percentofFrance’Spnmaryenergy．InCanada，ahighpercentageofthecountry’s

energysupplycomes丘omhydraulicpower，SOherethebasicemissionunitvalueisconsiderably

lowerthaninothercountries・Incontrast，aboutthreequartersofChina，spnmaryenergycomes

fromcoal，andthisisrenectedinitshighbasicemissionunit．In1988percapitaemission（tCper
PerSOn）was5・4intheU．S．A．，3．2inWestGermany，2．7inU．K．，2．3inJapanandl．8in
France，WhiletheOECDaveragestoodat3．2．
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Figure8－3－11CO2Emissionsh）mFossilFuelConsumptlOn
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Figure8－3■12CO2Emissions（TPERRatio）
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（2）ControllingtheCO2Emissions

ControllingtheC02emissionsthroughenergyconservationandchangestotheenergysupply
make－uPisexamined．

First，inmeasunngcontrolofCO2emissionsthroughenergyconservationthebasicunitof

Primaryenergy（GDPratio）isusedasanenergyCOnSerVationindicator．Thisratiodrq）Pedbyan
averageof2percentperyearoverthetenyears丘om1973inJapan，NorthAmericaandthe

majorEuropeanCOuntries，butoverthelastnveyearsthisdecreasehassloweddowntoan

annualaverageofaboutlpercent・InJapan，scase，thisslow－downisseenasbeingdueto

SubstantialadvancesmadebyJapaninimprovlngenergyuSeefnciencyfbllowlngtheoilcrises

hasdiminishedthescopeforfurtherenergy？OnSerVation（reftrto8・1・2EnergyEfnciency）・
Nevertheless，itisbelievedthatJapancancontlnueCOntributingtothecontrolofCO2emission

amountbypushingfurtheraheadwithcomprehensiveenergyconservationmeasures（Note3）．

Intermsofcontrolthroughchangestotheenergysupplymake－uP，Japanhasthehighest
dependenceonpetroleumamongtheOECDcountries，andthishasbecomeafactorbehind

Japan’shighlevelofCO2emission．Thus，Withoutchanglngthetotalenergysupplyfbrl988，if

JapanweretoreduceenergyfrompetroleumbylOperCentandmakeupforthislossby
increasingenergyfromLNG，theCO2emissionamountwoulddropby18milliontC（6．6

PerCentOfJapan’stotalemissionfbr1988）・Throughthisitcaヮseenthatchangingto．non－fossil

fuelsfbrenergylSmOreeffbctiveincontrollingtheCO2emisslOnamOuntthanchanglngamOng
fbssilfuels．Thisisfurthersupportedbythefactthatin1988theamountofC02emissioninthe
U・K・，Whereahighproportionoftheenergysupplyis丘omfossilfuels（particularlycoal），WaS

l・5timesasgreatasinFrance，WhichusedaboutthesameamountofprimaryenergyaSthe
U．K．（Note4）．

Notes：

1．CO2cmissionsarethevaluecalculatedfromthebasicemissionunitbasedonthemA－ORAUm∝lelandthe

primaryenergyamountgeneratedfromcoal，petrOleumandnaturalgasinSou托eS4and22．

2・WherethereaqenostatistiCalValuesforayear，dleValuesfordleyearPreCedin anddleyearfollowlngare
joinedbyastraightline．
3・JapanhasbeensystematicallyandcomprehensivelypromotlngglobalwamlngCOunter一meaSureSaSCOntrOlling

CO2emissionsunderthe“G10balWarmingPrevendonActionPlan”，fbrmulatedinOctotx：r1990．

4・TYLetOtalsupplyofprimaryenergyin1988was：U．K．－208．52Mtoc；France－208．9M加．（ltoc＝107

kcd）．

8．4　Science，TechnoIogy and Culture

DevelopmentofscienceandtechnologyhasgreatlyinfluencedsuchareaSOfcultureaswntlng，
imaglngandart．ForexamPle，WOrdprocessorsanbecomlngindispensablenotJuStinpreparlng
businessdocuments，butalsoinanyfbrmofwntlngaCtlVlty．Andthemeansofprovidingand

acqulnnginfbrmationhaveundergonemassivechangesfrom”readingandwriting”to“audio－

visual”．

Throughtheprogressofelectronicstechnology，COmPuterSarenOWuSedfbrsuchcreative
activitiesasartandmusic．Withthelaunchingandpractical坤Plicationofacommunications
Satellite bythepnvate sectorinJapan，SPaCeCOmmunicationsis nowinfullswlng，and
informationandculturalexchangeswithothercountriesthroughthesesatellitesaregathering
paCe・
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8．4．1UseofScienceandTechnologyinAmandEnterminment

Herecomputergraphics（CG）andhigh－dennitiontelevision（HDTV）aretakenasexamplesin
observingthee晩Ctiveuseofscienceandtechnologylnartandentertainment・

Theamoヮntofinfbrmationobtainedvisually（images）ismuchgreaterthanthearpountobtained
bythewnttenorspokenword・AndsinceCGcanputthisvastamountofinfbrmatl0ntOe飴Ctive
use，itisnowernployedwidelyintelevisionprogrammesandcommercials・NHK（Japan

BroadcastingCorporation）usesCGinmanyofitspIPgrammeS（Notel）；fbrexample，inscience
programmestodepictthecomplexltyandprecISlOnOfthehumanbody，andinhistorical
programmestoshowthefinancialandpoliticalpowerheldbyhistoricalhgures・Andwiththe
increasedpowerofpersonalcomputers，eVenindividualsareabletouseCGindesignand
illustrationwithrelativeease・Forexample，OVerthelastfewyeartheJapanIllustration
Exhibition（Note2）hasseenanincreaseinthenumberofCGworkssubmittedfbrshowingand

alsoanimprovementintheirquality；andofthe38worksthatreceivedawardsin1990，丘vewere
CreatedusingCG．

AsfbrHDTV，R＆DhasbeencontinulngattheNHKBroadcastTechnologyInsdtutesincel970，

andatpresent，trialbroadcastsareCarriedoutfbronehoureverydayonNHKsatelliteChannel
l．HDTVscreenscontainsnvetimesasmuchinfbrmationasconventionaltelevisionscreens，and

withitssharppICtureS，HDTVisnowbeginnlngtObeusedinartisticandculturalfields・

OneexampleofthisisHDTV’suseinartgalleries．Normallygalleriesonlyhavelimiteddisplay

SPaCe，andthisoftenmakesitdifncultforthemtodisplayalloftheirworks．Soin1989agallery
Openedan“IiDTVGalleryCorner’’，WherevisitorscanviewaspeCiallymadeHDTVprogramme

introducingalloftheworksheldinstockbythegallery．Thisenabledthegallerytoshowits

manyworkstoitsvisitors・IthasalsomadeitpossiblefbrpeopleinJapantoviewworksofart

heldby overseasartgalleries．Therange ofthe worksis broad，andincludes palntlngS，

Photographs，designandsculpture．

Inadditiontobroadcastimagesanddesignfields，itisexpectedthattheCGdescribedherewill

beusedtoagreaterextentinsuchfieldsasscience，teChnologyandeducation．HDTValsohas

thepotentialtocreateanimagecultureinvariousfields，includingmovies，educationand

Pnntlng，andincorUunCtionwithCG，HDTVisexpectedtomakeaslgni丘cantcontributiontoart
andculture．

Notes：

1．CGwerein360NHKprogrammesinfiscal1988，increasingto495inhscall989（NHKBroadcasting
Depar伍lentSurVey）．
2．ThisisanillustrationexhibitionsponsoredbytheInternationalAssociationforthePromotionofArtand
Culture，andhasbecnheldeveryyearsince1983．

8・4・2InformationandCulturalExchange

Muchmoreinformationis nowexchangedwithothercountriesthroughtheinternational
telephoneserviceandintemationalsate11iteedidonsofnationalnewspapers．Andinbroadcastlng，
theincreaslngVOlumeofimagestransmittedamongcountriesisalsocontributingtocultural
exchaI唱CS．

（1）InternadonalTelephoneServices

AsofMⅢ℃h1989therewere8，305internationaltelephonecircuitsinJapan，Ofwhich70percent

WereCOmmunicationsatellitecircuitsand30percentweresubmarinecablecircuits．Asthe
telephonegrewinimportanceininformationnowamongcountries，thenumberofcallshandled

（Notel）byJap響’sinternationaltelephoneserviceincI℃aSeddramatically－thenumberinnscal

1988WチStentlmeSaSgreataSinfiscal1980（Fig8－4－1）・Ontheotherhand，thenumberof
internatlOnaltelexeshandledhasbeendropplngeVeryyearSincethemid1980S・Thesechanges
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areag∝dindicationthatinformationexchangeswith0thercounbiesarerapidlyshiftingfromthe
記lexto血ebCSimile．

SpeCialfbaturesofthefacsimilearethatitcansendinfbrmationuslngeXistlngdocuments

（diagrams，PhotographsaswellasFeXt），andthattheotherpartydoesnothavetobepresentto
receivethatinformation．TheopenlngOfcircuitsinJapaninfiscall972wasthetnggerthatset
Offtherapidgrowthoffacsimilecommunicationsuslngthepublictelephonenetwork．Andthe
increaseintherlumberofirlternationaltelephonecallshandledcloselymatchestheincreasein
fhcsimileprductionshownatFig．8－4■2，andinthiswecanseethattheincreaseininternational

telephonecallshandledislargelyduetotheincreaseinfhcsimilecommunication．

ExportoffhcsimilemachineshasbeengrowlngremarkablyslnCeabout1985，andin1989more

thanhalfofthefacsimilesprducedinJapanweredestinedforoverseasmarkets．Suchgrowthin
fhcsimilecommunicationandfacsimileexportsisoneexampleofJapan’scontributionto

internationalizinginformationandcommunication．

Figure8－4■1NumberofInternationalTelephoneCallsandTelexesHandled
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Sourcc：Ministry of Posts and Telecommunications

See Tablc　8－4－1
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Figure8－4－2TrendsinFacsimileP托duction
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See Tablc　8－4－2

（2）NewspaperPublication

AsofOctoberl989，about71・5milliondorpesticnewspaperswereprinted（Published）dailyin
Japan（morniTgedition－49・1million；？Venlngedition－22・4million）（Note2）・Ofthese，about
86，00（mornlngedition－59，000；eVenlngedition■27，0胼））aresentoverseas・Everyyearmore

andmoreJapaneseareresidingoverseas（Note3），eSPeCial1ythoseonextendedposting，OWing
tothegrowlngnumberofoverseassubsidiariesandsoon，andinlinewiththis，mOreandmore

Japanes9neWSPaPerSareSentOVerSeaS（Fig・8－4－3）・In1986datanecessaryfornewspaper
Publicatl0nWaStranSmittedoverseasviathecommunicationssatellite，andwiththis，Japanese
newspapersbegantobeprintedoverseas（internadonalsatelliteedition）．AlthoughthereareStill
OnlyafbwnewspapercompanieswiththispublicationstruCture，neWSPaPerCirculationoverseas

forthesecompanieshasbeengrowlngSteadilyalongwiththecirculationoftheirinternational
Satellite editions．This shows that science and technology has animportant partin the
intemationalexchangeofinfbrmationthroughthetimelypublicationofnewspaperS．
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Figure8－4－30verseasCirculationofJapaneseNewspapers（MorningEdition）
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See Table　8－4－3，Table　8－4・4
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（3）InternadonalTransmissionofImages

AsfbrthetransmissiorLandreCelPtOfimagesviaNHK’ssatelliterelay，alongwiththeincreasein

Pre－SCheduledtransmissionsasaresultofthemoveto24－hoursatellitebroadcastlngOPerations，

describedlater，nOn－SCheduledtransmissionshavebeenincreaslngSlgnincantlyeveryyear．This
increaseispartlyduetoaseriesofmaJOrOVerSeaSneWSStOries，includingtheChernObylnuclear
powerstadondisasterintheSovietUnioninl986，andin1989，theTiananmenSquareincident

inChinaandpolitiCalandeconomicrefbrminEasternEurope伊ig・8－4－4，Fig・8－4－5）
Infiscal1989，therewasanave一ageOf34transmlSSions，OrmOretharl20hours，Perday・Most
Ofthenon－SCheduledtransmisslOnSWerefromoverseastoJapan，buttherewerealsomany
reportsoneventsandincidentsoccurrlnginJapansentoverseas，Whilenewsreportswere

exchangedwiththecountriesofAsia（Note4）・OverseascultuTehasbeenintroducedintoJapan
andviceversathroughtheoverseastransmissionofimagesvlaCOmmunicationsatellites．This
Showsthatscienceandtechnologyareconbibutingtointernadonalexchangesofculture．

InMay1984NHKbegansatellitebroadcastDialsthroughbroadcastsatelliteBS－2A，andinJune
1990，fu11－SCalesatellitebroadcastlngbegan・ThenumberofhouseholdsrecelVlngSatellite
broadcastsmultipliedquicklyfollowlngtheintroductionof24－hourbroadcastlnginJuly1987，

andbyDecember1989，6percentofhouseholds（Note5）hadequipmenttoreceivesatellite
broadcasts（Fig．8－4－6）．AttheendofSeptember1990，thenumberofhouseholdsreceiving
Satellitebroadcastsexceededthethreemillionmark．IntheUnitedStatescabletelevision，Which
usescommunicationsatelliteiswidespread，SOthereisnosatellitebroadcasting（asofMarch
1991）・AsfbrEurope．in1989，SatellitebroadcastingbegansuccessivelyinU．K．，Franceand
WestGermany．

Notes：

1・ThenumberofinternationaltelephonecallsandtelexeshandledisdletOtalnumberofincomlngandoutgolng

Callsandtelexes（includingrelays）．

2・FiguresfromdleSurVeyCaniedoutinOctobereachyearonthenumberofnewspaperSprinledbycompanies
belonglngtOtheJapaneseNewspaperAsS∝ia血）n．

3．JapaneseresidingoverseasshowninFig．843areJapanesecitizenswhoaqeresidirLgOVerSeaSforanextended

period（moredlanLhreemonths）orwhoareresidingoverseaspermanently．Thisdoesnot，however，include

JapaneseresidentsinTaiwan．In1980therewere252，㈱JapaneSepermanendyresidingoverseas，butsince
l981thenumberhasgenerallystayedaround240，000．0ntheodlerhand，山enumtx：rreSidingoverseasfbran

extendedperiodhasbeenincreasingeveryyear，reaChingatx）ut341，000in1989（almosttwicethenumberin
l980）．

4・InJapan，NHKtransmitspicturestodleCOunufesofAsiaunderthenewsexchangeprogramme（AsiaVision），
0peratedbytheAsiaPacificBroadcastFederatlOn．Inhscal1989，NHKsentorreceived694image
transmissionsunderdleAsiaVisionprogramme（Slightlymore血an5perCentOfNHK’stotalintemational

imagetransmtss手OnS）・foratotBltimeof162hours（Slightlymorethan2perCentOfNHK’stotalinternadonal

lmagetranSmlSSlOntime）．ThesetotalsdonotincludethoseinFigures8－4－4and8－4－5．

5．CalculatedfromthenumberofhouseholdsreceivlngSatellilebroadcastsasperdleMinis打yOfPostsand

Telecommunicadonssurvey（endofycar）anddletOLalnumberoftelevisionbroadcastsubscribersasperSOurCe
27（endofhscalyear）．AsoftheendofMarch1990，therewereaboutl，210，0胼）NHKsatellitebroadcast

Subscribers，Orabout3．6perCentOfthetotalnumbroftelevisionbroadcastsubscribers．

6．ThegraphsatFigures844and8－4－5arebasedonSource28wilhchangestosomeofdleClassifications．
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Figum8－4－4InternationalTranSmissionofImagesViaSatellite
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See Table　8－4－5
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Figu柁8－4－5InternadonalTransmissionofImagesViaSatellite
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Figure8－4－6NumberofHouseholdsRecelVlngSatelliteBroadcasts
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System”（NISTEP，Tokyo，mimeo，1990）
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CHAPTER9

PUBLIC OPINION ON SCIENCE AND TECHNOLOGY

Animportantindicatorwhichreflectsscienti丘candteclm010giCalactivitiesisthepublicoplnlOn

ofscienceandtechnology．ThereasonfbrthisisthatalthoughthereareOnlyftwoccasionsin
whichpeOPlecomeintodirectcontactwithsuchactivities，theactual，andevenpotentialeffbct，
thatthecontacthasontheirlivesisgreat．Inthislight，thisch坤terfbcusesonpublicoplnlOnOn
SCienceandtechnology・Thechapterisdividedintotwosections：ageneraloplnlOn；andopinion

OnindividualscientificandtechnologiCalissuesand丘elds．

MostindicatorsintroducedinthischapterareOfgeneralpublicoplnlOnaSgaugedfrompublic－
OPlnlOnPOlls，andarethereforesu旬ectiveindicators．ReliabilitylSamaJOrPrOblemwithsuch
Su叫ectiveindicators，SOinchooslngdata，itisimportanttoknowwhoconductedthepoll，the
numberofirldividualspolled，andthenumberofsurveysonsimilarthemes，Selectlngthose
resultsbelievedtobehighlyreliable．Moreover，therehavebeenmanypollsonscienceand
technology，COVenngaVaStrangeOfthemesandaskingmanyquestions，SOanimportanttaskis

tochoosetheappropnatethemesandquestionsfromamongthiswideselection・InthesurveyS

Selected，the system standardfbrindicatorsexplainedintheIntroductionisreviewedfbr

COmPatibility．Then，Chapter8，“Science＆Technology and Society”was comparedto

distinguishfactandopinionindicators．

lnthefirstsectiononthegeneraloplnlOnSOnSCienceandtechnoIogy，firstabroadlookat

existlngPublic－OPlnlOnpOllsisexaminedfollowedbyadiscussionoftheresultsofpollson
publicinterestonscienceandtechnology，SOurCeSOfinfbrmation，generalknowledgeand

recognltlOnOfscientificandtechnicalterms，perCePtlOnSandconcemsofscienceandtechnology，
andscientificandtechnologicalneldsthatshouldbepromotedinthefuture．Insection2，
awareneSSOfindividualscientincandtechnologicalissuesand伝eldsexaminespublicoplnlOnS

Oninfbrmation，energy，lifbsciencesandtheenvironment丘omvariousangles．

9．1GeneraIOpinions on Science and TechnoIogy

Thissectionclarifieshowthegeneralpublicperceivesscienceandtechnology．Thisincludesthe

two－Wayrelationshipbetweenhowtheresultsofscientificandtechnologicalactivitiesaf托ct

PublicawareneSS，and，COnVerSely，howpublicawarenessaffbctsthepromotionanddirectionof

SCienti丘Candtechnologicalactivities．

9・1・l Public－OPinionPollsonScienceandTechnology

PublicawareneSSOfscienceandtechnologycanbemeasuredbypublicoplnlOnPOlls．Needless
tosay，themesofindividualpollsaredeterminedbythepollingorganization，butitisalsoafact
thatindeterminlngthemes，theseorganizationsareboundbysocialconditions．Therefore，

lookingatthenumerousoplnlOn－POllthemesside－by－Side，individualpollsrenecttherangeof
Publicconcernatthetimesurroundingthepollingperiod・ThuspublicoplnlOnPOllshavethe
functionofreflectlnganaWareneSSOfthetimesandpollsonscienceandtechnologyareno
exceptlOn・Keeplngthisinmind，reSultsaregathered丘omscienceandtechnologypollsheldin
thepastfbwyears（Note，Referencel）andpresentedtheminTable9－A．

Fromthetableitcanseenthatthenumberofscienceandtechnologypollsincreasedmpidlya允er
the1985ScienceandTechnologyExposition．Manypollsinthe1960swereonenvironmental
issueswhilepollsaftertheoilsh∝ksofthe1970SfocusedonenergylSSue・AIso，nuClearPOWer
hasbeenaconstantpolltheme，andmanyrecentpollsarelookingatbraindeathandorgan
transplantissues．ItisthusevidentthatoplnlOnPOllthemesrenectthes∝ialconditionsofthe
tlmeS．
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Note：

Ofthepollsconductedduringandafterthe1960S，thoserelatedtoscienceandtechnologywhichpolledatleast3，000
adultmalesand触IlalesthroughoutJapaJlareChosen・ReferencelandSourcesl－5wereusedtogadlerdleSedata・

Table9－A rhblicQpinionPollsonScienceandTbchnology

Thcmeofsurvcy Survcycr suⅣey Nu肺　Numおば　Re画

P訂id of餓rnPlcs　柁S匹nd朗は　畑io［％1
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Brのndca血
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Serviceof medicalcarewithhealdlinsurance
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2，487　　　82．2

3，972　　　79．4

2，257　　　75．2

2，288　　　75．5
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20ycarsorolder丘omallpartsofJapan．Polliongwasdone血oughdiTcCtintcⅣiewsbypollingstaff．andrandomsamplins

Mddsはgcrand0m和nplir唱．
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9．1．2InterestinScienceandTechnology

InterestinscienceandtechnologyformsthebasisfbrpublicoplnlOntOOtherquestionsandthus

itisexamined丘rst（Note）．Accordingtothemostrecentpollconductedin1990（Source6，Fig・

9－1－1），OVerhalf（55．9percent）ofthepopulationexpressedinterestedinscienceandtechnology：
10．2peTCentare“VerymuChinterested”and45．7perCentare”somewhatinterested”・

From62percentinl976，thepercentageofthepopulationinterestedinscienceandtechno10gy

（total“verymuchinterested”and“somewhatinterested”）droppedto52percentinl981，and

downto47．5percentin1986；however，ina1987pollitroseto52．4percent，androseagalnin

1990to55．9percent．

Inallpolls，menhaveexpressedagreaterinterestinscienceandtechnologythanwomen・For

example，ina1990poll，68．5percentofmenrespondedthattheywereinterestedinscienceand

technology，Whileonly44．1percentofwomendidso．Inparticular，16・5percentofmales
respondedthattheywere“verymuchinterested”，butonly4．7percentofwomendidso，OrJuSt

OVerOne－quarter．Onetrendthathasappearedisthatthehighertheeducationalbackground，the
greatertheinteI℃StinscienceandtechnoIogy．

Note：

Reference2isusedincompilingthisandsubsequentindicatorsonpublicoplnionsonscienceandtechnology・

9．1．3SourcesofInfbrmationonScienceandltchnology

Thereisacloserelationshipbetweenaninterestinscienceandtechnologyandtheavailabilityof

infmationonscienceandtechnology．Polls（multiplechoice）onsourcesofinfbrmation（Source
6，Fig．9－1－2）indicatethat90percentofthosepolledrelyonthemassmedia－television，radio，

newspapersandgeneralmagazines一forinfmationonscienceandtechnoIogy．Itisthereforeno

exaggerationtosaythatalmostallscienti丘candtechnologicalinfbrmationisobtainedthroughthe

massmedia・ThiswasfbllowedbyconversFtionswithfamilymembersandfriends（23・8
PerCent），teChnicalmagazinesandbooksonsclenCeandtechnoIogy（10．9percent）．TherearenO
majordiffbrencesbetweenthesexesregardingthemassmedia，butahigherpercentageofmen
Obtaintheirinformationffomtechnicalmagazinesandbooks（17・2pe一Centfbrmen，5・3percent

fbrwomen），WhereasahigherpercentageofwomenrelyonconversatlOnSwithfhmilymembers
andfriendsfortheirinfbrmatlOn（27．9percentforwomen，19．2percentformen），thereby
indicatlngthatmentendtousetechnicalsourcesofinfbrmationmorethanWOmen．Whatis
important，however，iswhetherpeopleareprovidedwithsufncientopportunitiesorinfbrmation

to丘ndouteverythingtheywanttoknowaboutscienceandtechnology・Tothisquestion，26・6

PerCentreSPOndedthattheyareprovidedwithsufncientopportunitiesorinfbrmation，While53．9

PerCent，OrmOrethanhalf，reSPOndedthattheyarenot．ThisindicatesthatthemaJOntyOfpeQPle

POlledperceivethereisalackofinfbrmadononscienceandtechnology．
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Figure9－1－1InterestinScienceandTbchnology
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See Table　9・ト1

Figure9－1－2SourcesofInfbrmationonScienceandTechnology

OthcrS No Sources

留Total　国，Male　圏Fcmale

Prime MinisterIs Office，一．Opinion Survey on Sciencerrechnology and Society’’1990

See Table　9－1－2
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9．1．4RecognltlOnOfScientincandTechnologiCalTerms

OnesurveyquesdonedrecognltlOnOfconcretescientificandtechnologicaltermsasameanSOf
determiningknowledgeaboutscienceandtechnology．Figure9－1－3（Source6）showstheresults
ofasurveyonDNA，GNPandcomputersoftware・Ofthesethreetechnicalterms，mOStPeOPle
recognizcdGNP・ThiswasfbllowedbycomputersoftwⅢ℃，andthenDNAwiththelowestlevel

ofrecognltlOn・A1990survey，however，SaWDNA，slevelofpublicrecognltlOnincrease
somewhat．

AsimilarSurVeyWaSCOnductedintheUnitedStates（Source7）・Responsechoicesaredifftrent

SOitisdifficulttomakeprecisecomparisons（Note）；howeveritcanbeobservedthatinthe

UnitedStatesrecognltlOnOfGNPisaboutthesameasinJapan，butrecognltlOnOfDNAand

COmPuterSOftwareishigherintheUSthaninJapan．

Note：

Itisacceptedthattheresrx）nSeitems山understandthemeanlngMandHunderstandthemeanmgSOmeWhat”intheJapanese

SurVeygenerallyequatetothe“goodunderstanding”aJld“generalunderstanding”intheU．S．survey・Furthermore，“have

heardtheterm’’and“donotunderstand”intheJapaneSeSurVeyequatetOthe“匹OrOrnOunderstanding”intheU・S・

SurVey・

9．1．5KnowledgeRegardingScienceandTechnology

Onesurveyaskednotonlyaboutrecognlt10nOfscientificterms，butalsowhetherthosepolled
agreedwithcertainhypotheses（Source6，Fig．9－1－4）．Accordingtothissurvey，81・6percentof
thosepolledbelievethat“continentsaremOVlnglittlebylittleinatimespanofthousandsof

yearS”，78．1percentbelievethat“theearth’scoreisextremelyhot”，and70．2percentbelievethat

“antibioticskillvirusesandbacteria”（percentagesareOfpeoplewhoresponded“de丘nitely

believeso”and“believeso”；Sameforallsubsequentpercentages）．Incontrast，alowlevelof

knowledgewasevidentregarding”electronsaresmallerthanatoms”（37．1percent），“laserbeams

Canbeobtainedbyfocusingsoundwaves’’（40．8percent），and“theuniversebeganfi’Oma

massiveexplosion”（52．6percent）．Comparingresponsesinthelatestsurveywithonecarriedout

inl987toquestionsregardingthelevelofknowledgeonevolutionandcontinentaldrift，itcan

beseenthatinbothcases，thelevelofknowledgeisincreaslng，thoughonlyslighdy．
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Figure9－1－3RecognltlOnOfScienti丘candTechnologicalTerms
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Figure9－1－4AwareneSSRegardingScientincHypotheses
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Figure9－1－50pinionsonAchievementsinScienceandTbchnology
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See Table　9－1－5．
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9・1・6QpinionsonAchievementsinScienceandTechnology

WhichpublicqplnlOnSregardingscierlCeandtechnologyisfomedonthebasisofinterestversus
knowledge？Hereresultsofapollonthepositivehegativeeffbctsofachievementsinscienceand

technologyarediscpヲSed（Source6，Fig・9－1－5）・Ofthosepolled，52・7percentrespondedthat

thereare”moreposltlVeaSPeCtS”，30．5percentrespondedwith”bothareaboutthesame”，and

7．3percentrespondedthatthereare“morenegativeaspects”．Ina1987pollthepercentageswere

54・3percent，28．7percentand8．3percentrespectively，．Althoughtherewasaslightlyhigher
perCentageOf匹OPlewhoblievethatthereare”moreposltlVeaSPeCtS”intheearlierpoll，OVeral1，

thereisverylittlediffbrencebetweenthetwopolls・Theseresultscancomparedwiththeresults

丘omthesamequestioninthepollundertakenintheUnitedStatesntqntionedearlier（Source7）・
Ascanbeseeninthe丘gure，mOrePeOPlerespondedwith“moreposltlVeaSPeCtS”（68．3percent）

and“morenegativeaspects”（19．2percent）intheU．S．pollthanintheJapanesepoll，While

fbwerpeoplerespondedwith“bothareaboutthesame”（4・4percent）・Its？emShirtointerpret

the diffbrencesln this comparison not as adifftrencein the perceptlOnS Ofscience and

technology，butasareflecのonofdiffbrencesinnationalcharacter．

Inthisway，Whenfhcedwithaquestionofeitherpositiveornegative，mOStanSWerSWere

POSitive．However，theoppositeseemstobethecasefbrquestionsthataskfeelingsaboutthe

relationship between scientific andtechnologlCalprogress andthe morality and splntual

development．FiguI℃9－1－6（Source8）showsthepercentageofpeoplewhoagree／disagreewith

thestatements“LifeisbecomlngmOreCOnVenientwiththesteadyadvanceofscienceand

technology，butalongwiththis，Wearegraduallylosingtherichnessinourlives，”and“Weshall

notlosetherichnessinourlives，regardlessofhowmechanized societybecomes．”The

PerCentageOfpeoplewhoagreewiththefbrmerstatement，thatis“loserichness”，hasincreased，

reachingmorethan50percentinrecentyearS・Ontheotherhand，thepercentageofpeoplewho
disagreedwiththelatterstatement，thatistheybelievetheywill“loserichness”，islessthanthose

Whoagreed，thatistheybelievetheywill“notloserichness”．However，thepercentageofpeople

Whoresponded“loserichness”hasincreasedeachyeartoreachover30percent・Responsestoa

questionaregreatlyaffectedbythewayaquestionisfねmedandbythechoiceofresponses，but
resultsshowagrowlngtendencyforpeOPletobelievethatscien浦candtcchnologiCalpmgressis
notalwayslinkedtogreaterrichnessintheirlivesortosplntualdevelopment・

OtheropinionsregardingscienceandtechnologyareshowninFig．9－1－7（Source6）．Ofthose
POlled，46．6percentagreedwiththestatement“WorkwillbecomemoreinterestlngaSSCience

andtechnologyadvances”，and44．4percentagreedwiththestatement“Ourliveswillbecome

morecomfortableasscienceandtechnologyadvances”．Thusmanypeopleseemtohavea

POSitiveviewofthecontributionthatscienceandtechnologyhasmadeandcanmaketotheir
workingandlivingenvironment．However，mOrethanhalfbelievethatsocialproblemswill
becomemoreserious；eg．55．4percentbelievethat“employmentwillfallduetothespreadof

robotsandcomputers”・Thefigureshowsthatftwpeopleperceivescienceandtechnologyas

beingalmighty，withjust19．6percentbelievlngthat“Virtuallyallsocioeconomicproblemswe

arefhcingtdaycanberesoIvedbyscienti丘candtechnologicalprogress．”
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Figure9－1－6ViewsRegardingScienti丘candTechnologiCalProgressandFulfillmentinLifb（1）
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Figure9－1－6ViewsRegardingSciendficandTechnologiCalProgressandFulfi1lrnentinLifb（2）
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Figure9－1－7ViewsontheEffectsofScienceandTechnology
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9．1．7ConcemsRegardingScienceandTechnology

Responsestoaquestiononuneaseregardingscientificandtechnologicaladvancement（Source6，

Fig・9－1－8），77・4percentrepliedthey“ftelconcernedaboutthegrowingdangerofabuseor

mistakenuseofscienceandtechnology”．Nextwas“ftelconcernedthatalthoughourlivesare

becomlngmOreCOnVenient，itisatacostofalowercapacityfbractionandliving”with70．8

PerCent・Manypeoplefbelconcernedweatherthebenefitsfromscienceandtechnologywill，
COnVerSely，haveadetrimentaleffbctonlift．Thesewerefollowedby“fbelconcernedthatscience

andtechnologywillbecomeevenmoreminutelycategorized，andthatnon－SpeCialistswillno

longerbe ableto understand”with64．7percent；and”feelconcernedthat scientific and

technologicalprogressismovlngtOOfastformetokeepupwith”with58．4percent．What

ShouldbeNotedhereisthatfbreachconcernmentionedinthepoll，mOrethanhalfofthepeQPle
respondedthattheyfbltsuchaconcern．ItshouldalsobeNoted，though，thatthepercentageof
PeQPlewho丘ltconcernedwaslowerinalmostallitemsthanforthe1987poll．

9・1・8FuturePromotionofScientincandTechnologiCalFields

Responsesonwhatscienti丘candtechnologlCal丘eldspeoplebelieveshouldbedevelopedarea

reflectionofdesiresonthepromotionofscienceandtechnology・Tothismultiplechoicequestion

（Source6，Fig・9－1－9），thehighestpercentage（46．3percent）chose“scienceandtechnology

WhichcanhelpthehandicappedandthetheelderlyintheireverydaylivesH・Thiswasfbllowed
by“developmentofoi1－SubstituteenergyresourcesMwith38・8percent・Aconsiderablediffbrence

betweenmenandwomencouldbeseeninthesetwotechnologicalfields：51・6percentofwomen

butonly40・2percentofmenchosethewelfare－relatedfield，Whereas47・8percentofmenbut

Only30・9percentofwomenchoseenergy－related丘eld・Nextcame“developmentofearthquake

WamlngandotherdisasterpreventiontechnologleSHwith35・1perCent，Hdevelopmentofarti丘cial

internalorgans”with32・5percent，andHdevelopmentofantl－POllutiontechnologleS，including

CarbondioxideandchloroflurocarboncountermeasuresMwith31・6percent・
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Figure9－1－8ConcernSRegardingScienceandTechnology
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9・2　PubIic Awareness ofIndividual Scientific and TechnoIogICalIssues and
Fie題ds

（Ⅰ）一．Infbrmation Society一一

Therehasbcenmuchdebateovertheterm“infbrmatiorLS∝iety”ubhoshakai）inrecentyears．

Thereis，however，nOStrictdefinitionfortheterm，SOitmeansdiffbrentthingstodifferent

PeOPle・ItseemsthatperceptlOnSOfanHinfbrmationsocietyMchange丘omyeartoyear，OWlngtO

advancesmadeininfbrmationtechnology・Here，infb聖ationsocietyrefbrstoasasocietywhich
hasahighlydevelopedmeansofdistributinginfbrmatlOn・Publicoplnionofsuchaninformation

S∝ietyisdiscussedbelow．

9・2・1・PerceptlOnSOfthe“InformationSociety”

AccordingtoasurveycarriedoutbythePrimeMinister’sOfficeinJuly1985（Source9），84．2

PerCentOfthepeOPlesurveyedsaidtheyknowoftheterm“infbrmationsociety，，・Fromthisitcan

beseenthatthetermiswidelyusedinsocietyasamaJOntyOfpeoplehaveheardoftheterm・Ina

SurVeyCarriedoutalmostfiveyearsearlierinFebruary1981，thispercentagestoodat71．1

PerCent，SOOVerthis丘ve－yearPericd，reCOgnltlOnrOSebyslightlymorethan13points，indicatlng

thespeedwithwhichthistermistccomlngaPartOfourdailylives・

Perceptl0nSOfwhetheroursocietyisdeveloplnglntOaninformationsocietylSimportantin

gauglngPublicawarenessregardingscienceandtechnology．Specifically，OnequeStionputto

PeOPlewas＝Doyouthinktoday，ssocietylSaninfbrmationsociety？”・Moretharlthree－quarterS

（76・7percent）believethatoursisaninfbrmationsociety（thosewhorespondedwith“yes”and

“yes，tOadegree”）・Inthesurvey丘veyearSagOthepe一CentageWaS73・7percent，SOithas

generallystayedatthesamelevel．Bysexandagegrouplng，menandyoungerpeoplehavea
StrOngerfbelingthatt∝lay’ssocietyisanipfbrmationsociety（Source9，Fig．9－2－1）．This

tendencyissimilartOthatforpeOPlewhoknowoftheterm“informations∝iety”．

9．2．2ConcernsRegarding”InformationSociety’’

Whatconcernsdopeoplehaveofaninfbrmationsociety？Toaquestiononthiswithmultiple－

Choiceresponses（Sou一Ce9，Fig・9■2－2），thehighestpercentageofpeople（47・Opercent）

respondedwith“therelStOOmuChinformation”，fbllowedby”itisconvenient”with35・4

PerCent．ThesetwowerebyfarthemostpopularreSPOnSeS．Fromthisitcanbeseenthatthereis

astrongnegativeimageoftherebeingtoomuchinfbrmation，butdirectlyafterthisisapositive

imageofconvenience・Althoughthepercentagesfbrbothoftheseresponsesdroppedslightly
fi・Om theprevious survey，thetrendhasgenerally stayedthe same．Tworesponseswhere
perCentageSdidchangeslgnificantlyfromthesurveyfiveyearSagOWere“haslittlebearingon

me”with8．3perCent，and“fbelcrampedbycontroIsplacedonsociety”with12．8percent．This

WaSaSharpriseforbothcomparedtotheprevioussurvey，andfromthisanegativeimageofthe

informadonsocietyhasincreasedoverthis丘ve－yearperiod．
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Figure9－2細目hblicPerceptlOnSOfan，．InformationSaiety”
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（Note）　Thisshowsdistributionofanswersbyagegroupsofpersonswhosaidtheyknewtheterm

“infbrmation（Joho－ka）society”．

Prime Ministerfs Office，’’Opinion Survey on Privacy protection，一’1981，

Prime Minister’s Office，”Opinion Survey on protection ofperSOnalinformation，’’1985．

See Table　9－2－1．

ー291－



Figure9－2－2ConcemsRegarding”InformationSociety”
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See Table　9－2－2．
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9．2．3ComputerAwareness

Thedevelopmentandspreadofcomputershasbeenamajorfactorcontributingtoprogress
towardsaninformationsociety．Surveysonviewsregardingcomputersandtheirwidespreaduse

indicatethatthepercentageofpeoplewhobelievethatHcomputersareindispensableinpresent－
days∝iety”（thosewhorespondedtothequestionwith“yes’’and“yes，tOadegree”－　46

PerCentinthe1976survey，86．4percentinthe1981survey，and78．1percentinthe1985
SurVey）．Thismeansthatalthough80percentofthosepolledinthe1980s believedthat
COmPuterSareindispensable，20percentdidnot．Thispercentagecanbetakenasrenecting
doubtsaboutthespreadofcomputersorabouttheshifttowardsaninformationsociety．

Note：

Questionsregardinguseofcomputerscome丘omsource9，andre丘rtoFig．9・2－3

Useofcomputersisaddressedinsurveyswhichputfbrwardanumberofstatementsandthen
askedpeoplewhethertheyagreedwiththestatements（Source9，Fig．9－2－3）・Thehighest
percentageofpeopleinthe1985surveyagreed（responded“agree”or“agreesomewhat”）with

thestatement“anyconflictofinterestthatarisesthroughthecomputeriscausedbytheperson

uslngit”・ThisrecognlZeStheneutralityofcomputertechnology，andshowsanawareneSSthat

PeOPlewhousecomputersandnotcomputertechnologyarereSPOnSiblefbranyconflictof

intereststhatmayarise．Almostthree－quarterS，Or73．3percent，agreedwiththisoplnlOn．Next

highestwasthestatement“computersdonotalwaysworkforthebenefitoftheindividual”with

61．9perCentOfpeQPleagreelng．Thsstatementismeanttoindicatethatcomputersarenotalways
intrducedwiththeinterestoftheindividualinmind；thatis，thereisapossibilitythattheinterest
OfcompaniesorgovernmentofficeswillbeglVenPr10nty．AgreelngWith“somehow，Ijust

CannOtgetuSedtocomputers”were56．1percent，While51．3percentagreedwith“thespreadof

COmPuterSincreasestheriskofpeople’spnvatelivesbeingviolated”．Itisthereforeclearthatat

leasthalfofthepeOplehavedifncultyinbecomingfhmiliarWithcomputersorfbelthatcomputers
havethepotentialtoposearisktotheirpnvatelives．Companngtheseresultswiththeprevious
SurVeyinl981，thepercentageofpeOPlewhobelievethat“thespreadofcomputersincreasesthe

riskofpeople’spnvatelivesbeingviolated”increasedbyalmostninepolntSfrom42．5percentto

51．3percent．Apartfromthis，therewasnotagreatdealofdiffbrencebetweenthetwosurveys．
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Figure9－2－3ViewsRegardingtheSpreadofComputers

①　Computershavegreatlycontributedtoconvenienceinourlife．

（Feb，1981）

Uul，1985）

②　Computersdonotnecessarilyservetheinterestsofindividuals．

（Feb，1981）

（Jul，1985）

18．3　 巨 16．7

方 教 菟 妄二箸 を効
：：：：：：：：：29．1 ：：：：：：：：’ 26・4　 巨 11・8

③　Whethercomputerscreateornotconflictofinterestsdependsonwhoareusingthem．

（Peb，1981）

りul，1985）

＋ ＋‡∴ ：：：：：：：：26．0：：：：：：：10．7 巨 19・0
；致亥致教養Z湯 熔 効塁 ！：蒸賞普 10・7 E 16・0

④　Proliferationofcomputershasincreasedtherisksofinfringementofprivacy．

（Feb，1981）

（Jul，1985）

教 蒸 効 能 五 詐 36・7　　 E≡ 犯8
挽 二手蒸二光 効葦極東斑 32・2　　 巨 16・6

⑤　Wesooftenhearaboutcomputers，buttheydon’tlookfriendlytous．

（Feb，1981）

（Jul，1985）

辛 乾 笈手三遜 効
：：：：：：：：26．1 ：：：：：：：

33・6　　 巨10・2

御 ・；聯 ］
：：：：：：：25．3 ：：：：：：： 38．2　　　　　　　　5，8

Prime Minister’s Office，’．Opinion Survey on Privacy protection，．11981，

Prime Minister．s Office，’’Opinion Survey on protection of personalinformation，”1985・

See Tab】e　9・2－3．
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9．2．4InvasionofPrivacy

Withinthissenseofdangerthatthespreadofcomputerswillviolateourpnvatelives，PeOPleare
ParticularlyconcernedaboutinvasionoftheirprlVaCy．Soweshallnowexaminesurveyson

invasionofprivacy（Source9）・Ina1976survey23percen！Ofthepeopleindicatedthattheyfdt
COnCernedabouttheissueofprotectlngtheindividual’sprlVaCy．Thisjumpedto60．5percentin

the1981survey，andto62percentinthe1985survey．Suchanincreaseinconcernover

PrOteCtlngPnVaCyisthoughttoreflectsociety’sgrowlngCOnCernaboutpnvacywiththerapidly

expandinguseofcomputerdatabasesandon－1inesystemsfromthelate1970S．Thepercentage
Whoresponded“yes”tothequestion”doyoubelieveinvasionofprivacyhasincreased”rose

fbm31perCentinthe1981surveyto48percentinthe1985survey，Whilethosewhoresponded
“no”decreasedfrom49percentto34percent．Byage（Source9，Fig．9－2－4），forbothsurveys

thehighertheagegroup，thelowerthepercentageofHyes，，responses，Whilethepercentageof
“donotknow”responsesroseastheagegrouprose．Fromthiswecanseeatrendinwhich

PeOPleintheyoungeragegroupshavemoreqpportunitiestocomeintocontactwithinfbrmation

SOtheyhaveagreaterinterestintheinformationsopiety，andthis，inturn，leadsthemtoftel
greaterconcernaboutthedangeroftheindividual’spnvacybeingviolated．Fromthisitisevident

thatthelowertheage group andthe greatertheopportunities tocomeintocontactwith

COmPuterS，thestrongertheconcernaboutinvasionofprivacy；SOifthepresentsituation

COntinues，WeCaneXPeCtthisfbelingofconcerntOincreasemoreandmore．

Thisisalsosupportedbytheresponsestoaquestionaboutprospectsofpeople’spnvacybeing

Violatedthroughcomputers．Inthe1981survey57．5percentrespondedthattheyexpeCtinvasion
Ofprivacytoincrease（totalof“expecti！tOincreaseconsiderably”and”expectittoincrease

SOmeWhat”），butthisjumpedabout13polntStO70．6percentinthe1985survey．Incontrast，for

bothsurveysnoteven5percentofthepeoplesurveyedexpectinvasionofprivacytodecrease．
“Donotknow”responsesdroppedfrom18．Opercentinl981to15．1percentinl985．Although

nodenniteconclusionscanbedrawnJuStfromthesetwosurveys，WeCaninftrthatpeople，s

COnCernaboutinvasionofprivacywillincreaseascomputersystemsimproveandbecomeeven

morewidespread，andasmoreandmorepeople，Particularlytheyoungergeneration，havethe

experienceofactual1yuslngthem．
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Figure9－2－4ViewsRegardingInvasionofPrivacy
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Prime Minister’s Office，’’Opinion Survey on Privacy protectio】バ’1981，

Prime Minister’s Office，〝Opinion Survey on protection of personalinformation，”1985．

Sce Table　9－2－4．
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（II）Energy（ParticularIy Nuclear Power Generation）

9．2．5EnergyConservation

SincethefirstoilshocktherehavebeennumeroussurveysonpublicoplnlOnCOnCern1ngenergy
COnSerVation and countermeasures and other energyissues．Of these，SurVeyS On
COuntermeaSureShavebeencarriedoutnotJuSttOgaugeaWareneSSOfenergylSSueS，butto
ascertainthegeneralpublic’ssenseofvalueswithrespecttoenergy．Responsestothefbllowlng

question聖eeXamined：”Ithasbeenfoncastthatevenifwetakestepstosaveenergy，Ourenergy
COnSumPtlOnWillcontinuetoincrease；howdoyoufbelaboutthis？”（SourcelO，Fig．9－2－5）．For

eachofthefoursurveysconductedbetween1978and1981，aboutlOpercentofthosesurveyed
agreedwiththestatement“weshouldnotincreaseourenergyconsumptlOneVenifitmeansour

livingstandardswilldrop”．Incontrast，ahighpercentageagreedwiththestatement“aswellas

makinganefforttosaveenergy，Shortfallsinsupplyshouldbemadeupbydevelopingnew
fbrmsofenergy”，Or”anincreaseinenergyconsumpt10naSOurStandardoflivingnsescannotbe

helped，butweshouldlimittheincreaseasmuchaspossible”．Ontheseresults，itseemsthat

WhilemostpeopleviewanslngStandardoflivingpositively，theyalsobelievethattheyshould

makeeveryeffbrttosaveenergy，andthatanyenergyshortagesinthisprocessshouldbemetby
newenergydevelopments．
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Figure9－2－5ViewsorlEnergyConservation
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We should notincrease our energy consumpt10n eVenifit means

SOme SaCrificein our standard ofliving．

We must accept anincreasein energy consumptlOn neCeSSary tO

improve our standard ofliving，althoughwe should try to check
the consumption as much as possible．

We should save energy，and at the same time，itis necessary to
Check the consumptlOn aS muCh as possible．

We should develop new sources of energy whenever necessary・

■others

Doパt know

Note：The second answer was notincludedin respondent’s choice of the surveylnl987

and1980．

Prime Ministerfs Office，’’Opinion Survey on Energy and Resource Use’’1978，1980，

Prime Minister’s Office，’一Opinion Survey on Energy Use’’1980，1981．

See Table　9－2－5．
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9．2．6NuclearPowerGeneration

AcentralpillarOfJapan，senergypoliciesisenergyconservadonandasteadymoveaway飯）m
Oilas an energy source・Previous public oplnlOn POlls show thatpeople supportenergy
COnServation．OneareathatisviewedasgreatlyfacilitatlngamOVeaWayfromoilisnuclear
POWergeneration・TherehasbeenmuchdebateonnuclearpowergenerationbothinJ坤anand
OVerSeaS，ParticularlyinthelightofaccidentsatThreeMileIslandandChemobyl，andshut－
downsatseveralnuclearpowerfacilitiesinJapan．ThefbllowlngSeCtionexaminespublic
OPiniononnuclearPOWergeneration（Refbrence3）．

PeoplewereaskedwhethertheysupportoropposethepromotionofnuclearPowergeneration
（Note，Sourcell，Fig．9－2－6）．Theresultsofthispoll，undertakenninetimesbytheAsahi
Shimbunbetweenl978and1990indicatethatin1978“support”stoodat55percent，and

althoughthisdroppedto50percentthefollowlngyear，itroseagalnt062percentattheendof
thesameyear．Thesewerethehighestpercentagesforthe“support”side．“Support”thenstarted

todecrease，andbythe1986poll，“SuPPOrt”and“oppose”percentageswerereversed・

TheThreeMileIslandaccidentoccurredinMarch1979，andasexpected，theaccidenthada
directefftctonthepollconductedshortlyafterinJune：SuPpOrtdroppedbyfivepoints，and
OPPOSitionrosebysixpolntS．Theeffectsool1WOreOff，however，andbytheendofthesame
yearsupporthadrisentwelvepolntS，andoppositionhaddroppedeightpolntS．Afterthis，
though，SuPPOrtStartedtodecreaseandoppositionincreased，Perhapsbecauseofanti－nuClear
CamPalgnSPreCIPltatedbytheaccidentsatnuclearPOWergenerationfhcilities，Orbecauseofthe
newsreportscoverlngtheseaccidents．ThistrendnowappearStObewell丘xed．

TheChernobylaccidentinApri11986acceleratedthistrend，andatthispolnt，SuPPOrtand
OPPOSltlOnPerCentageSreVerSed．Moreover，Sincethen，thegapbetweenthetwohascontinuedto
growwider・Althoughitisonlyoneofthepossibleinterpretations，itcannotbedeniedthatthese
twomaJOraCCidentshadasignificanteffbctonpublicQPlnlOnaboutnuclearPowergeneration・

ForexamPle，theaccidentsgreatlyinfluencedpublicoplnlOnaboutthesafetyofnuclearpower
generation．ComparisonofthepollinJune1979，immediatelyaftertheThreeMileIsland
accident，andthepollinSeptemberl988，aftertheextentoftheChernObylaccidenthadbecome
reasonablyclear，Showsthepercentageofpeoplewhoagreewiththestatement“nuclearpower

generationcanbemadesafbthroughtechnologyandproperCOntrOIs’’droppedsharplyffom52

PerCenttO32percent．Ontheotherhand，theperCentageOfpeoplewhoagreewiththestatement
“thereareriskswithnuclearpowergenerationthatarebeyondthecontrolofhumanbeings”

JumPed23polntSfnDm33percentto56percent．TheChemobylaccidentbroughtaboutagreat
Changeinviews．Whatmustkeptinmindhereisliteralinterpretationofoppositiontothe
PrOmOtionofnuclearPOWergenerationmeanSOPPOSidontotheconstruCtionofadditionalrluClear

POWergenerationfacilities，andinthiscontext，itcanincludeanapprovalofthepresentlevelof
nuclearPOWergeneration．Infhct，inthepollbyAsahiShimbuninSeptember1988mostpeople

（55percent）respondedtothequestion“whatshouldhappenwithnuclearpowergeneration？”

Withthepositiveviewof“remalnatthecurrentlevel”，While17perCentreSPOndedwith“should

bereduced”，andlOpercentrespondedwith“shouldbestopped”．ThusthenegativeoplnlOnS

WeI℃inaminontywith27percent．Ninepercentsupportedactivepromotionandrespondedwith

“shouldbeincreased”．

Note：ThereasonthcAsahirK，llischosenisthatithasasitsdlemenuClearpowerornucleaTPOWcrgeneration，thatis，it
COmPrlSeSmanyqueStionsrelatedtoandconcentratedonnuclearpowergeneration，andthatdlequeStionsmdpossible

responsesremainunchanged・Thusitisahighlyreliablepollwhichallowsaccuratetimeseriescomparisons．However．
thercsponsechoiCeOfsuprK）rtOrOppOSehasitslimitations，foritdoesnotseemtorenectanymiddle4fithe－rOadYiews．
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Figure9－2－6Viewsonthefh・OmOtionofNuclearPowerGeneradon

78／1279／128の／1281／12

79／6

Asahi Newspaper

See Table　9－2－6．

84／12

－Yes　・…・No

86／8　　　　88／9　98／9

Reference：OpimionfbrtheFutureofNuclearPowerGeneradon

AsahNcwspa匹r PrimeMinister’sOだice

AsahNewspapcr

PrimeMimister’sOfnce，．，OpimionSurveyonNuclearEnergy一一1990
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9．2．7FuturePowerGenerationSystems

SurveysonfuturepowergenerationsystemsarealsoimportantindetermlnlngOPlnlOnStOWards
nuclearpowergeneration（Source12，Fig・9－2－7）・Inthesurveyexaminedhere，PeOPlew？re
askedtochosefromamongpreparedresponseswhattheybelievewouldbecomethemaJOr

sourceofelectricpowerinthefuture・Thesurveywasconductedninetimesbetween1975and
1990，allowlngfbracomparisonofresultsoveranextendedperiod・Inthe1975and1976
surveysalmosthalfofthosesurveyedchosenuclearpowergeneration，butthisdroppedto38・1
percentinl978，andthentoitslowestpolntOf32・5percentin1980・Thepercentagethenstarted
torise，reaChingrnorethan60percentin1987・Althoughthepercentagedroppedagalnin1990，
morethanhalf（50．5perCent）Sti1lchosenuclearPowergenerationasthem毎OrSOurCeOfelectric
POWerinthefuture．

ThetrendforsolarpowergenerationisalmostthereverseofthatfbrnuclearPowergeneration・
Thatis，thepercentageofpeoplechooslngthisresponseincreased丘om1975to1980，after
Whichittendedtofluctuate．TestsshowedthatsolarPOWerhadonlylimitedpromiseasa
generation system，andtheinitialexpectations andhopes cooledaspeople’s knowledge

deepened．Thepercentagewhochosethermalpowergenerationincreasedsteadilyunti11981，
afterwhichitdecreased．Asforotherpowergenerationsystems，thepercentagehasremained
fairlyconstantthroughouttheninesurveys．

Lookingatnuclearpowergenerationinthelightofthissurveyandtheoneconductedbythe
AsahiShimbun，OneCanCOnCludeeither（1）despitetheiroppo手tiontothepromoやnofnuclear
powergeneration，peOPlebelievethiscannotbutbecomethem喝OrSySteminJapanlnviewofthe

tight energy situation owlng tOJapan’s extremelylimited energy resources，and the

environmentalsituation；Or（2）nuclearPowergenerationwillbecomethem毎OrPOWergeneration
SyStemregardlessofopposition．Inasurveyconductedin1990bythePrimeMinister’sOfnCe

Onthenecessityfbrnuclearpowergeneration，64・5per9entagreed（responded“agree”or“agree

SOmeWhat”）withthestatement“nuclearPOWergeneratlOnlSneCeSS野Whenwe？OnSiderfuture
energysupplyanddemand’一・FfomthisitcanbsaidthatinterpretatlOn（1）abovelSPrObablythe

mOreapprOpnate・

Whenaskedhowmuchisknownaboutnuclearpowergenerationsystems，WhichformSthe
backgroundtotheaboveresponses，themajority（60．3perCent）responded“donotknow”．In

COntraSt，JuSt2．4percentresponded“knowwell”，While，tOgether，“knowwell”and“knowa

little”amountedto39．7percent．ThisshouldbekeptlnmindwheninterpretlngreSPOrlSeS．
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Figure9－2－7FuturePowerGenerationSystems
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Prime Minister’s Office，’一Opinion Survey on Nuclear Power GeIleration”1975，’’Opinion

Survey on ScienCerreChnology and Nuclear Power”1976，’．Opinion Survey on Enegy and

Resource Use’一1978，1980，．．Opinion Survey on Enegy Use’’1980，1981，’’Opinion Survey

On Nuclear Power”1984，1987，1990．

See Table　9－2－7．
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（III）Lirb Sciences

Inscienceandtechnology，lifesciencesareindispensablefbrralSlngthewell－beingof
humankind，anditsadvancementinmedicine，fbod，energyandvariousotherfieldsishighly
desirable．Infact，allcountriesincludingJapanarelookingtowardsthenewcenturyandgiving
thelifbsciencesveryhighresearChanddevelopmentpnorlty・PublicoplnlOnOfthelifbsciences
islookedatinthissectionwithparticularattentiontofuturedevelopmentandef托ctsondailylifb・

9．2．8KnowledgeAboutLiftSciences

Accordingtoasurveywhichaskedpeoplewhethertheywereawareofachievementsmadeinthe
lifbsciences（Source13），86．8percentrespondedthatthey”areaWare”，Whilejust7・3percent

respondedthatthey”arenotawareM・ThosewhorespondedthattheyHareawareMwerethenasked

toindicqtewhattheseachievementswere（multipleresponse，Source13，Fig・9－2－8）・“In－Vitro

fbrtilizatlOn”and“artincialheartstransplants”toppedthelistwith75．2percentand73・Opercent

respectively・Thesewerefo110wedbyHenergygeneratedfromhouseholdrubbishHwith43・1
percent，“treatmentSforcancerandhereditarydiseases”with40・lpercent，and“high－yielding

plantsandtreesMwith36・Opercent・Fromthisitcansaidthatthereisastrongtendencyfbr

peopletobeawareofadvancesmadeinmedicalcare，WhichisgenerallyafhmiliarPartOfour

lives・Thisresultmaybebecausethelistofachievementswastoospecialized，0nly24・7percent

indicated“medicinesmadefromcolifbrmbacteria（insulin，grOWthhormones）”，Whileamere7・3

PerCentindicatedHmedicinesthatslowdowntheagelngPrOCeSSM・Theseresultscanbeseenas
indicatlngthestateofpublicinterestintheliftsciences，andalsotheextenttowhichthemass
mediaareprovidingthegeneralpublicwithinfbrmationonthis丘eldofscience・

9．2．9ExpectationsRegardingLifbSciences

Ithasbeenshownthatmanypeopleareinterestedinthelifbsciences，andasaresult，muChis

expectedfromadvancesinthelifescien？eS・neVaStmajority（82・6percent）ofthosesurveyed
respondedthatthey”havesomeexpectatlOnS”regardingtheliftsciences，Whilejust4．2percent

Saidthatthey”havenoexpectations”．Thosewhorespondedthatthey“haveexpectations”were

thenaskedtoindicatewhattheseexpectationswere（multipleresponse，Source13，Fig．9－2－9）・
With45．3percent，“treatmentSfbrcancerandhereditarydiseases”headedthelistbyalarge

m呵Onty，andfromthisitisevidentthatpeopleareoptlmisticastowhattheliftsciencescan

COntributetothetreatmentofCancerandsoon．Wellbehindthiswas“pollutioncontrol”with

13．Opercent，improvementoflivingstandards”with11．2percent，and“promotionofnew

industries”with4．9percent．Expectationsofthemedicalaspectsofthelifesciencesdescribed

hereareareflectionofthefactthatthelifescienceshaveachievedtheirfastestgrowthinthe
medicalfield．

9．2．10ProlonglngLifb

Achievementsinthemedicalaspectsofthelifbsciencesultimatelymeanacontributionto

PrOlonglnghumanlife．ExaminationhereisonasurveywhichprobedviewsonrecelVlng

medicalcareneededtoprolongliftifputinthatsituation（Source13）．Overall，65．2percentof

thosesurveyedchosethenaturalpath，reSPOndingthattheywould“prefbrtoletnaturerunits

COurSeWithouttoomuchhumanintervention”．Thiscontrastswiththe27．2percentthatchosethe

SCien嘩CPathinrespondingthattheywould“prefbrtoprolongliftasmuchaspossiblethrough

themaximumuseofthelatestmedicaladvances”（Note）．Thusthemajorityofpeoplewould

SeemtOprefbrthenaturalpath．Companngthiswiththe1985survey，thepercentageofpeople

Whochosethenaturalpathrosefrom59．6percentto62．5percent，Whilethepercentageforthe
SCientincpathdroppedfrom32・1percentto27．2percent．The1985surveyanalyzedresultsby
SeX，agegrOuPandacademicbackground（Source13，Fig．9－2－10）．“Prefbrtoletnaturerunits

COurSe”waschosenbymorewomen（61．8percent）thanmen（56．8percent）；mOreOVer，the

highertheagegroup，andalsothelowertheeducationalbackground，thehigherthepercentage
thatchosethisoptlOn．Ontheotherhand，“Prefbrtoprolongliftasmuchaspossible”was

Chosenbymoremen（36．Opercent）thanwomen（28．9percent），andalsotheyoungertheage
group，andthehighertheeducationalbackground，thehigherthepercentage．
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Figure9－2－80piniononAchievementsintheLifbSciences
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Prime Minister，s Office，一一Opinion Survey on Life Science：．1985・

See Table　9－2－8．
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Figure9－2－9ExpectationsRegardingLi丘Sciences
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Prime Minister．s Office，’．Opinion Survey on Life Science，”1985．

See Table　9－2－9．
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Figure9－2－10ViewsonMedicalCaretOPmlongLifb

（r。S豊忠一tS）

Total　（7，439人）

（Sex）

Male　（3，307人）

Felllale（4，132人）

（Age）

20～29　　　　（944人）

30～39　　　　（1，837人）

40～49　　　　（1，732人）

50～59　　　　（1，518人）

Above60　　　（1，408人）

（Educatiolュlevel）

（2，427人）

Prilllat・y4uniorhighschoolgraduates

（3，728人）

Se11iorhighschoolgraduat申

（1，222人）

College／Universitygraduates

Prime Minister－s Office，・一Opinion Survey on Life Science・1．1985・

See Table　9－2－10．
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9．2．11BrainDeathIssues

Braindeathandorgantransplantissuesarethetwomostdebatedinlifbsciences・Asfor
definitionsofdeathandopinionsonbraindeath（Source14），23・7percentrespondedthat“death

shouldberecognizedatwhenthebrainstopsfunctionlngM，While24・1perCentreSPOndedthat
”deathshouldnotberecognizeduntilthehearthasstoppedbeatingM・Thusthetwoconflicting

viewsarefairlyevenlybalanced・Thereisalsoaviewthatsocietyasagroupshouldnot
determinethede丘nitionofdeath；rather，itshouldbelefttotheindividual．Infact，thehighest

PerCentage（36．7percent）respondedthat“itshouldblefttothewilloftheindividualconcemed

Wherepossible，OrtOthefhmilymemtnrs”．

TheYomiuriShimbunhasconductedanumberofpollsonwhetherdeathshouldberecognizedat

Whenthebminstopsfunctionlng．UnlikethesurveysbythePdmeMinister’sO抗ce，theYomiuri

SurYeySdidnothave“itshouldbelefttothewilloftheindividualconcerned”asaresponse

OPtlOn・Instead，thesurveysonlyaskedthepropnetyofbraindeath．Accordingtothesurveys
（Source15，Figure9－2－11），thepercentageofpeoplewhobelievethatbraindeathshouldbe
judgedasdeath（“braindeathshouldbejudgedasdeath”and“ifpressedtodecide，Ishouldsay

thatbraindeathshouldbejudgedasdeath”）increasedwitheachsuccessivesurvey，reaChing

42．1percentinthe1985poll．Thepercentageofpeoplewhobelievethatbraindeathshouldnot
bejudgedasdeath（“braindeathshouldnotbejudgedasdeath”and“ifpressedtodecide，I

Shouldsaythatbraindeathshouldnotbejudgedasdeath”）exceededthebraindeathrecognition

Viewinthe1982pollwith39．5percent，butthisdroppedto31．8percentinthe1985poll，and
therelativepositionsofthetwoopposlngViewswerereversed．Fewerandftwerpeoplewere

respondingwith“cannotdecide”，and丘omthisitcanbesaidthatmorepeoplearemakingup

theirmindsaboutthisissue．AIso，OVerthenextfewyearSthenumberofpeoplewhobelievethat
“deathshouldberecognizedatbraindeath”willprobablyincrease．

Figure9－2－11ViewsRegardingJudgementofBrainDeath
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The Yomiuri Newspaper National Opinion Surveys

See Table　9－2－11．
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9．2．12Li氏SciencesResearch

Li缶sciencesresearchiscloselyconnectedtosociety，Particularlyintheaspectofmedicalcare．

Asdiscussedearlier，thisisevidentinadeeplntereStinthelifbsciences・Responsestoapollon
ViewsregardinglifbsciencesresearCh，andwhethertheresultsofthisresearChshouldbeused
withinsocietyarediscussedbelow（Source13，Fig．9－2－12）．

0nly9・5percentofthosepolledbelieveinnon－interference，agreelngwiththestatementHthereis

nonecdforinterftrenceinlifbsciencesTeSearChanditsapplicationwithins∝iety”・Ontheother

hand・3・5percentbelievethatりlifbsclenCeSreSearChisacCePtablebutshouldnotbeputto

PraCticaluseins∝ietyM，andl・2percentbelievethatHbothresearchandapplicationinsociety

Shouldbeprohibited，，，foratotalof4・7percentagalnStliftscienceresearchoritsapplication．
Thehighestpercentageofpeqple（42．6percent）agreedwiththestatement“bothresearchanduse

insocietyareacceptable，butnationalconsensusisnecessarybefb托uSe，，・Thiswasfbllowedby

“nationalconsensusisnecessaryevenattheresearchstageHwith21・7percent・Generally，if

COnSenSuSisnecessaryattheresearchstage，itwouldbeevenmorenecessaryattheapplication

Stage，SOitisreasonabletosaythat64・3percentbelievethatnationalconsensusisnecessary

WhentheresultsoflifesciencesresearCharebeingusedinsociety・Bygender，ageand

educationalbackground，Slightlymorementhan．women，andm？rePeOpleintheir20S（49・4
percent）and30S（51・3pe一Cent）agreedwith“natlOnalconsensusISneCeSSarybefbreitsuse”，

WhilethehighertheeducatlOnalbackgroundthehighertheperCentageOfpeoplewhoagreedwith
thisstatement．

（IV）EnvironmentalConservadon

Untilthe1970senvironmentalissuesmainlyrevoIvedaroundindustrialpollution，andinmany

CaSeS，COnCern WaSlimited to environmentalproblems thatoccurredin the mlnlng and

manufactunngindustries，andwithinspeci丘creglOnS・Thesedays，however，enVironmental
issuesareofaglobalnature，andpeOPlethroughouttheworldnowshareaconcernfbrthe
cnvlmnmcnt．

9・2・13NatureandHumanBeings

PublicoplnlOnOntherelationshipbetweennatureandhumantXingsISeXaminedinthefollowlng
SeCtion（Source16，Fig．9－2－13）．InbothpollsonlyaboutlOpercentapproveof“humanbeings’

regulatingnature”．Ontheotherhand，arOund30percentbelievethathumanbeingsshouldnot

regulatenature，andthatweshould“1eavenaturetorunitscoursewithnohumaninterventioパ’，

andalthoughthepercentagechooslngthisresponseisincreaslng，ltisnotthemostpopular
response・Themostpopularresponseismidwaybetweenthesetwoviews，rlamely，“human

beingsshouldadheretothepnnciplesregulatingnature，butatthesametimeusenaturefbrthe

bene丘tofmankind”．Andalthougharoundhalfthosepolledagreewiththisideaofsymbiosis，

theperCentageisdecreaslng．

9．2．14Technologicalfh’OgreSSandtheEnvironment

Asurveyontherelationshipbetweentechnologicalprogressandtheenvironment（Source16）
revealsthatpeoplearefairlyevenlydividedamongthreemainviews．Thehighestpercentage

（28・0perCent）fbel”greatlyconcernedaboutpossibleenviropmentalproblemsresultingfrom

technologiCalprogress”；fbllowedbythosewhotaketheopposlngViewandfbelthat“technology

iscteansothereisnoneedtoworry”with23．0perCent；andthosewhoftelthat“acertaindegree

OfpollutioncannOtbehelped”with21．3percent．Afourthandequallysubstantialgroupwere

thosewhoresponded“donotknow”，With26．5percent．Bygender，therewasahighresponse

Ofwomenwith“donotknow”，32．4percent，Whilethehigherpercentagesamongthemenwere

in“technologylSCleansothereisnoneedtoworry”and“acertaindegreeofpollutioncannOtbe

helpd”．

ー308－



Figure9－2－12ViewsRegardingLifbSciencesResearch
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See Table　9－2－12．
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Figure9－2－13ViewsRegardingRelationshipBetweenHumanBeingsandNature
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Prime Minister－s Office，’一Opinion Survey concernlnglife science，’’1985．

See Table　9－2－13．
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CHAPTERl0

0UTLOOKFOR SCIENCE AND TECHNOLOGYINDICATORDEVELOPMENT

ThisisJapan，S丘rstreportonscienceandtechnologyindicators，butitwillhavelittlemeanlngif
itisnotpublishedatregularintervals・Fortunately，theNationalInstituteofScienceand
TechnologyPolicylSplannlngthenexteditionofthisreport・Thisreportcanbeseenasthe丘rst
stepinthedevelopmentofJapan，sscienceandtechnologyindicators・Ifpublishedregularly，
furtherenhancementofandresearchonindicatorsisfbreseeable．Basedonexperiencegained

duringthedevelopmentoftheseindicators，futureimprovementsandoutlookcanbedividedinto
thefo1lowing丘veitems．

（1）EnhancementofrelatedstatistiCaldata

（2）Establishinganindicatordatabase

（3）Evaluadngtheneedforindicators

（4）IrLtemationalcooperationindevelopmentofindicators

（5）Improvementofscienceandtechnologyindicators

（1）Enhancement orRelated StatisticalData

IndicatorsaredevelopedfromstatiSticaldata・Futureenhancementofindicators，muStSuivefor

COllectionofappropnateandrelatedstatisticaldata．Themeanstothisendscanbeconsideredas
bllows．

（a）EnhancementofExisdngStatisdcalData

Whendrawingupscienceandtechnologyindicatorsstatisticsthatconfbrmtotheindicator
SyStemWerefound，inadditiontostatisticscollectedinlinewithadministrativeaims・Among

existlngStatistics，therearestillmanydatasuitableasscienceandtechnologyindicatorsthat

remainburied，SOthereisaneedtomakeeveryeffbrttocollectthisdata．

（b）ProposingImprovementstoExistingAdministrativeStatiSticsSurveys

ExistlngStatistics，Particularlyadministrativestatisticaldata，areCOllectedforadministrative

PurPOSeS．Consequently，theyarenOtalways suitabletohelpusgalnanunderstandingof

SCienti丘candtechnologiCalactivities．Topreparebetterscienceandtechnologyindicators，thereis

aneedtoasksurveylngOrganizationstoimprovetheirexistlngStatistics；forexample，aSkthem
toaddsurveyltemSOrtOunifyindusbialclassi丘cations．

（C）RequestingDetailedAnalysisofSurveyingAgencies

Statisticaldataarecollectedandanalyzedinlinewithadministrativeaims，andamusedtoachieve

administrativeaims・However，SeParateanalysIS，tablesorfigureswilloftenallowabetter
understandingofscientificandtechnologiCalactivities．Agreatdealofcostandeffbrt
ass∝iatedwithgatheringthesedata，SOtOuSetheminareaSadditionaltotheirinitialpurpose

S

 

S

，

l

　

°

l

notonlybeneficial，butalsousefulfbrothers∝ialneedsaswell．Infact，Article15－20fthe
StatiSticsLawprovidesfbrexternaluseofdesignatedstatistics，anditisthoughtthatthisarticle
hassuchasituationofsocialuseinmind．Designatedstatisticswereusedwithapprovalin
accordancewiththisprovisionwhendeveloplngindicators．RegularCOOPerationfbmsurveylng
agenciesinanalysisfortheseindicators，andalsoindevelopingnewindicatorsshouldbesought
ateveryOPPOrtunlty・

（d）ExaminingtheNeedforNewOfhcialStatistiCalSurveys

ItiswidelyrecognizedamongOECDcountriesthatexistlngSCienceandtechnologyindicators
andthestatisticscollectedareinsufncient．Speci丘cally，ithasbeenpointedoutthattherearenot

enoughstatisticaldataon such fields as software，teChnologlCalinnovation，international
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exchanges，andtechnologyprq3eCtion，andalsonotenoughtechnicalmanualsfbrinternational
COmParison・Japan，WhichhasbeensaidtobeaprizestudentoftheFrascattiManual（The
MeasurementofScienti丘candTechnicalActivities－ProposedStandardPracticeforSurveySOf

ResearchandExperimentalIkvelqpment，一一FrascattiManual1．）・isnoexcepq0n・TheI℃手SaneCdto

COllectstatisticaldatathatkeepspacewithchangesinanerawhichplaceslnCreaSlnglmpOrtanCe
OnSCiemificandtechrl010giCalactivities・Tothisend，thereisaneedtocarryoutsurveyswhich
CanSuPPlementexistlngStatiSticaldata・ButthesesuⅣeySmuStbecarriedoutregul肺ly，aChievea

highresponserate，andbehighlyreliable．Soinadditiontomeasures（a）－（C）mentionedabove，
newofncialsurveyswillbecomenecessary・

（2）EstablishinganIndicator Database

Asthegroupthatpreparedthisreportonscienceandtechnologyindicators，itisourhopefbr
wideuseanddisseminationbyasmanypeopleandorganizationsaspossible・Themost
fundamentalmediumfbrensunngwidedistributiontousersisareport．However，aSSeeninthe

SPreadofpersonalcomputercommunicationsoverthepastfbwyears，distributingdatathrough
theelectronicmediawillfhcilitateusebyagreaternumberofusers．Infact，theNationalScience

Foundation（NSF）intheUnitedStates．arrangedthetablesintheirScienceandEngineering
indicatorsreportintoadatabase，allowlnguSerStOgainfreeaccesstothesedatathroughthe
PerSOnalcomputernetwork・Usingthisasareftrence，thefbllowlngCOnCretemeaSureSWith
regardtothefutureestablishmentofanindicatordatabasecanbeconsidered．

（a）EnablingPersonalComputerCommunicationAccess

ThiswouldenableuserstogalnaCCeSSthroughdomesticandoverseaspersonalcomputer
COmmunicationsnetworks．First，NISTEPwouldestablishahostcomputerthatcouldrespondto

theneedsofusersinJapan．FIoppydiskswouldalsobepreparedfortheconvenienceofusers
Withoutaccesstoapersonalcomputercommunicationsystem．Andiftext，tables，nguresare

translatedintoEnglish，itispossibletorespondwiththesamelevelofsupporttorequestsfrom
OVerSeaS．

Attheinternationallevel，itwouldbepossibletolinktooverseasusersthroughcommunications
networkssuchasBITNET．IdeallyalinkupwiththeNSF，Whichhasdevelopednumerous
indicatorsandhasanabundanceofdata，andtheresponsibleorganizationswithintheOECD，is
POSSibleintheestablishmentofatnpolarnetworkwithregardto scienceandtechnology
indicators．Withsuchacorenetwork，thepotentialtocovertheworldwithascienceand
technologyindicatorinformationusernetwork，SuChasbylinkinglntOUNESCO’sSTEPAN

（ScienceandTechnologyPolicy－AsiaNetwork），Whichisactivelyworkingtowardssimilar
goalsisfurtherpossible．Oncethistakeplace，nOtOnlyexchangesofdata，butdiverseandnew
Plansalsokcomepossible，includingexchangeofanalysisresultsandresearch，teleconferences，
andDelphitechnologyforecastsfortheworld’sexpertS．

（b）ReleasingStadstiCalDatatothePublic

Indevelqpingindicators，OneOfthejobsthatrequiredagreatamountofeffbrtwasgalnlngaCCeSS
tostadsticaldatathatcouldfbrmthebasisoftheseindicators．Byshorteningthetimerequiredfor

this，muChmoreeffbrtcouldbespentOnanalysis．Thesameistruefbrthereadersofthisreport・
IftheycouldgalnaCCeSStOtherawstatisticaldatausedindrawlrlguPtheseindicators，they
WOuldbeabletoanalyzeandinterpretthedatainfbrtheirspecificpurposes．Accommodationof
userneedsfbraccesstorawdatashouldbepromotedwherepossible．Atpresentthesedataare
notinaformthatcaneaSilybeused，SOthereisaneedtosortoutthestatiStiCaldatarecordedon
magnetictapeornoppydisks，tOeStablishsomeconformltylnClassifications，andtosetupa
umiformstructure．Itisalsoexpectedthatthevolumeofdatawillbeimmense．Althoughtheream
SuChchallenges，eVeryeffbrtisneededtoreleasestatisticaldatatothepublic，uSlngthelatest

innovadonsinrapidlyadvanclnginformationtechnology・
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（3）EvaIuatingIhe Need fbrIndicators

Itisthoughtthatthereisconsiderableandwidespreadneedforscienceandtechnologyindicators．
Clarincationofhowthisreporthasorhasnotmettheneedsisneeded．Thatis，aSWellas
ascertaimingthenecdbrscienceandtechnologyindicators，develqplngindicatorswhichconfbrm
totheneedisjustasimportant．AtpresentitisenvisagedthatthepeOPleororganizationsthat
haveaneedforscienceandtechnologyindicatorsarecentralandlocalgovernmentpolicy－
makers，R＆D scientists and englneerS，the mass media，and overseasindividuals or
Organizationsthatareconnectedwithscienceandtechnology．ThefbllowlngaremeaSureStO
ascertaintheneedforindicators，andensuretheiron－gOlnglmprOVement．

（a）HoldingseminarSfbrpeopleandorganizationsconnectedwithscienceandtechnologyin
Japan．

（b）Holdingseminarsfbrpeopleandorganizationsconnectedwithscienceandtechnology
OVerSeaS．

（4）International Cooperationin Deve］opment ofIndicators

With the experience ofcompiling this report，Japancan make a slgnificantinternational
COntributiontothedevelopmentofscienceandtechnologyindicators．Asthefirststep，the
EnglishtranSlatiorlandpublicationbyNISTEPofthisreportisoneexample．ThefbllowlngCan
beconsideredasadditionalconcretemeasuresfbrinternadonalcooperadon．

（a）ProposingMeasuresWhichPromoteInternationalComparisons

Intemationalcomparisonsinscienceandtechnologyhaveneverbeenmoresoughtafterthanat
PreSent．However，SuChcomparisonsarenOteaSy．Onereasonisthatscientificandtechnological
activitiesarecloselylinkedtotheculture，history，andlegalsystemofthecountrylnWhichthey
arecarriedout．Forexample，inthecaseofR＆DscientistsandenglneerS，thedefinitionofa
researchervariesfromcountrytocountry，aSdocsthemethodofmeasuringtheiractivities．The
SameCanbesaidaboutresearchanddevelopmentexpenditures．Sincetherearedifftrencesin
eachcountryregardingtheseareas，internationalcomparisonsofrelatedstatisticaldataand
indicatorsareeXtremelydifncult．Sothereisaneedtocooperateinthepreparationofamanual
Whichcoversthevariousdennitionsandgauglngmethodsandwhichcanbeusedbyeach
COuntry・Forexample，inthisreportwedevelopedindicatorsinaccordancewiththeFrascatti
Manualofthe OECD forFTE（Full－Time－Equivalence）ofresearcherpersonnelandthe
S∝ioeconomicpurposeclassincationofthegovernment’sscienceandteclmologybudget．Thisis

OneeXamPleofJapan’scontributionintheaJeaOfintemadonalcomparisonofS＆Tindicators・

Assumlngthatitisdifnculttosetcommonde丘nitionsandmeasurlngmethodsthatcanbeused

internationally，thereislittlemeanlnglninternationalcomparisonsofabsolutevaluesorthatare

OVeraOnlyasingleyear．Insuchacase，theI℃ismeanlng，however，ininternationalcomparisons

Ofrelativevaluesortimetrends．AnexampleofrelativevaluesisR＆Dexpendituresasa
PerCentageOfGDP．Thisisthoughttorenecteachcoun仕y’sR＆Deffbrt，anditdoesmakesense

tocomparethiseffbrt．Andasanexampleoftimetrends，thepercentageofbasicresearch
expendituI℃aSaPerCentageOfoverallR＆Dexpendituresisexamined．Eventhoughthereislittle

POlntincompanngeachcountry’sbasicresearchexpenditurepercentageforaslngleyear，

CPmPanngtrendsofeachcountry’seffortinbasicresearchoveranFXtendedperioddocshave

Slgnificance．Throughdesignofanalysisalongtheselines，internatlOnalcomparisonbecomes

POSSible，eVenforindicatorswhichtodatehavebeenconsideredtobeverydifnculttocompare．
AvanetyOfanalysisincompilingtheseindicatorshadbenattemptedinthehopeOfcontributing
intemationallytoindicatordevelopment．

（b）PardcipatingintheDraftingofanIntemationalIndicatorManual

AJapaneserepresentative（Notel）hasprticipatedinrevisingtheOECDFrascattiManual，
ShoulderingpartoftheresponsibilityforsclentificandtechnologicalprqJeCtions．Therewasalso
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Japanese partlCIPationin the construction ofa scierltific and technologlCalinfbrmation

manageplentSySteminAsiafbrSTEPAN（Note2）・Onthebasisoftheexperiencegainedin
developlngthesescienceandtechnologyindicatorsandalsoanalysisofJapan’sR＆Dand

SCienti丘candtechnologiCalactivities，JapanShallactivelyparucIPateinthepreparationorrevision

Ofin拇m肺ondmanuals．

（C）CooperatingwiththeDevelopmentofScienceandTechnologyIndicatorsinDeveloping
Counのes

ThereareincI℃aSlngOPpOrtunitiesfbrprepanngindicatorsindeveloplngCOuntries・Oneexample

isSTEPAN，SuPpOrtedbyUNESCOandotherinternationalorganizations・NISTEPhasmade
everyeffbrttocooperateirlSuChactivities・Andbasedonourexperience，J叩anShallprovide
evenmorecooperationtothedevelopingcounのesindledevelopmentanddrawingupofscience
andtechnologyindicators．

（5）ITnPrOVement Of Science and TechnologyIndicators

Itishopedthatsciencearldtechnologyindicatorswillbepublishedregularly．Andthismeansthat
areviewofindicatorscanbecarriedouteachtimetheyarepublished．Andwithon－gOlng

improvementscanbeexpected・Concretewaysinwhichtheindicatorscanbeimprovedwill
becomeclearastheneedfbrindicatorsareascertained，aSdescribedirl（3）above．Moreover，

POteTltialneedswillberevealedthroughtheestablishmentanduseofanindicatordatabase，aS
describdin（2）above・Therearealsoimprpvementmeasuresfromtheviewpointofintemational
COOPeration（4）．Suchmeasuresfbrimprovlngindicatorscanbebroughttogetherinthefollowing
StagcS・

（a）ImprovetheIndicatomSandtheIndicatorSystem

Whendevelopingtheseindicators，neWindicatorsweredevelopedtotallyindependentlyffom
existlngindicatorreportssuchasthoseforscience，teChnologyandsociety，andcitationanalysis

Ofscientificandtechnicalpapersandpatents，developlngneWirldicators．Ontheotherharld，

therewerealsogroupsofindicatorsforwhichtherewasnotsufncienttimetoundertakeadequate

examination．Thefirststeptoimprovlngindicatorsistoretaintheindicatorsthathavebeen

improved，andstrivetoimprovethoseindicatorsfbrsubsequentedidons．

Asmentionedinthe丘rstsectiononrelatedstatisticaldata，thereisastrongpossibilitythatrelated

data，Whichfbrmthebasisfbrindicatorsinsubsequenteditions，Willbefurtherenhanced．This

enhancementisdirecdylinkedtoanimprovementintheindicators．

GiventhattheseimprovementarefromtheviewpolntOfthesuppliers，theyshouldalsobe
improvementfromtheviewpolntOftheusers．Thisisbecausethereisagreatpossibilitythatthe
COmmumtyandpolicy－makerswillrequlreneWindicators．Infact，OneSuChrequlrementisfor
internationalcomparisonsdescribedearlier．Ifscienceandtechnologyindicatorsarepreparedto

discovertherangeofscientificandtechnologicalactivitiesinacountry，thentheremustbean
adequateresponsetotheseneeds．ThroughthisitcanbeexpeCtedthatindicatorsandtheindicator
SyStemwillevoIvefavorably．

ItgocswithoutsaylngthatthereorganizationoftheindicatorsystemitselfisirlCludedinthis
evolutionaryPrOCeSS．EventhoughitisnotnecessarytOrePeattheadvantagesindevelopment，
thenecessityofthissystemcannotbeoverstated．

（b）DevelopmenthtegratedIndicators（DevelqpJudgementIndicators）

Asstatedearlier，thesescienceandteclmologyindicatorsreportonpresentconditions．Although

attemptsatvariouskindsofarlalysis訂eundertaken，developmentoftheseindicatorshasthe

Pnmaryaimofreflectingtheactualstateofscienti丘candtechnologiCalactivitiesasaccuratelyas

POSSible．Itisnatural，however，tOCOnSidermovlnguPtOahigherlevelwhendeveloplng
indicators．Higherlevelindicatorsarejudgementtypeindicators．Itissaidthattherearetwo
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kindsofjudgementtypeindicators：（i）apri0ri，and（ii）statisticalanalysistype・Thefirstisa

PnOritoselectindicatorswhichseemtofbrrnarelationshipwhencombininglnternationally

relatedindicators，andthencalculate theintegratedamountafterweightingtheindicators
appropnately．Therearesimilarkindsofintegratedindicators．Ontheotherhand，thestatistical
analysIStyPeOfindicatorsuseprlnCIPalcomponentanalysisandfactoranalysis，SOalarge
amountofdataisrequired．Sincebothhavemeritsandshortfalls，itcannotbesaidthatone
meth∝lisalwaysmoresuitablethantheother．Whichevermethodisadopted，fbranumberof
fieldsitisworthwhiledeveloplnglntegratedindicatorsthatsuittheaim，analyzingtlmetrends，
andattemptlnglnternationalcomparisons．

（C）AttemptEvaluadonofScienceandTbchnologyPolicies（AttempttoDevelopEvaluationType
Indicators）

Themostsophisticatedkindsofindicatorsareevaluationtypeindicators．ThisrequlreSan

understandingofthecauseandeffectrelationshipamonganumberofindicators．However，the

detectionofcauseandeffbctrelationshipsinthecaseofscienti丘candtechnologicalacdvitiesis

expectedtobequitedifncult．Nevertheless，aSCertalnlngthecauseandefftctrelationshipis

POSSiblebysystematiCallyidentifyingrelationshipsamongapairofindicatorsfromamongmany

indicators，andifthepairofindicatorscancoverthemaJOrPartOfscientificandtechnologiCal

activities．Thisbeingso，eValuationpolicyefftctsispossiblebutnotnecessarilyprecise．Science

andtechnologyindicators can thus beexpectedtomake a slgnincantcontributionin the

fbrmulationofscienceandtechnologypolicy．Itisthusimportanttomaketheefforttodevelop

POlicyevaluationindicatorsbyasteadyaccumulationofresearchwhichinvestlgateSCauSeand

efftctrelationships．

No記S：

1．AsanexpertOnSCienceandtechnologyindicators，ProfbssorFujioNiwa，DircctorinResearchofdle2nd
Policy－0rientedResearchGroup，NISTEP，SubmittedadraftforscienceandtechnologyprqleCtionatdle
SCienceandtechnologyexpertSCOnbrencewilhindleOECD’sDirectorateofScienceandTcchnologyand

Indus仕yPSTI）（Apri11990）．

2・ProfbssorNiwaalsoparticipatedindleSTEPANconference，SubmittlngSeVeralpaperSandcooperatlnginthe
preparationofindicators（Colomboconfbrencein1989andtheWoll0ngOngCOnfbrencein1991）．
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Table2－ト1PerformanCe Of Ele血entary andJunior High SchooI Students

in Mathematics：．international conparison

Elemeta控　 I Junior＿high scool
Posito Arthmetic Algebl云「 ‾ Geometry Probability

／Statistics
Measure皿Ient

lst Japan　 （60．3） Japan　 （60．3） Japan　 （57．6） Japan　 （70．9） Japan　 （68．6）

2nd etherland（59．3） France　 （55．0） Hu瑚ary （53．4） etherland（65．9） Hungary （62．1）
3rd Belgium （58．0）

Canada （58．0）

Belgium （52．9） etherland（52．0） Canada （61．3） etherlandく61．9）

World （50．5） （43．1） （41．4） （54．7） （50．8）

Note：Numberin parenthesindicate correct response scores（％）

Source：National Tnstitute of Educational Research，’’IEAInternational Mathenatics and

Science Education Survey，Midterm Report’’，1988．

Table2－1－2　Performance ofSenior High SchooI Studentsin Mathematics：international comparison

OSitiol Set・relations・

functions

Numeric system Algebla Geometry Analysis Probability・
Statistics

1st Ho瑚 Kong（79．5） Hong Kong（77．7） Hong Kong（78．3） Hong Kong（65．1） Hong Kong（71．2） Hong Ko瑚（72．6）

2nd Japan　 （78．6） Japan　 （78．6） Japan　 （77．8） Japan　 （60．0） Japan　 （66．1） Japan　 （70．0）

3rd Finland （77．1） Sweden　 （62．1） Finland （68．8） U．K、　 （51．4） U．K．　 （57．5） Sweden　 く63．9）

World （61．6） （49．5） （57．4） （42．4） （44．1） （49．5）

Note：Nunberin parenthesindicatecorrect response scores（％）

Source：NationalInstitute of Educational Research．’’IEAInternational Mathenatics and

Science Education Survey，Hidterm Report”，1988．

Table2－ト3　Perfornance of Prinary and Secondary SchooI Students

in Science：international comparison

Positio Elemetary Junior high
1st Japan　 （64．2）

Korea　 （64．2）
Finland （63．8）

Hungary （72．3）

2nd Japan　 （67．3）

3rd Sweden （61．3） etherland（66．0）

Japan 1st　 （64．2） 2nd　　 （67．3）

Positio Senior high schooJ students
田SS＊focus group Science focus group

equired science General science Biology Chemistry Physjcs
1st Hungary （63．0） Hong Kong（83．7） Singapore（66．8） Hong Kong（77．0） Ong Kong B（69．9）

2nd U．K．　 （60．3） U．K．　 （82．0） U．K．　 （63．4） U．K．　 （69．5） Ong Kong A（59．3）
3rd Japan　 （57．7） Hungary （81．3） H］ngary （59．7） Singapore（66．1） U．K．　　 （58．3）

Japan 3rd　　 （57．7） 7th　　 （75．7） 7th　　 （46．2） llth　 （51．9） 5th　　 （56．1）

（＊）Humanities and Social Sciences

Note：Nunberin parenthesindicate correct response scores（％）

Source：National Znstitute of Educational Research．”lEAInternational Mathematics and

Science Education Survey，Midterm Report’’．1988．
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Table2－ト41nstallation of conputers for Pedagonic Purposesin primary
and Secondary SchooIs

Category of Number of Number of Percentage Number of Avrage

schooIs SChooIs SChooIs Of schooIs COmPuterS number of

i肺talling

COmputerS

insta＝ing

COmPuterS

insta‖ed COmPUterS

installed

Primary schooIs

Juniour

high schooIs
Seniour

high schooIs

24，658 5，172 21．0 15，505 3．0

10，585 4，740 44．8 20，519 4．3

4．189 4，035 96．3 103，014 25．5

SchooIs of

SPeCial eduCatio
SchooIs

for the blind

SchooIs

for the deaf

SChooIs

for the otherwis

handicapped

869 547 62．9 2，061 3．8

67 61 91．0 280 4．6

105

697

100

386

95．2

55．4

649

1，132

6．5

2．9

Total 40，301 14，494 36．0 141，099 9．7

Source：Ministry of Education

Table2－1－5　Nunber oflnforⅦation Science Courses and Students

in High ScbooIs

Category of schooIs 1980 1985 1986 1987 1988 1989

Information

technology

related courses

Number of

COurSeS
Number of

Students

32 44 60 65 83 95

4，021 5，806 7，438 9，724 11，940 13，910

Information

processing

reIated courses

Number of

COurSeS
Number of

Students

93 109 134 169 208 242

16，652 20，254 23，354 29，355 36，448 45，267

Total Number of

COurSeS
Number of

Students

125 153 194 234 291 337

20，673 26，060 30，792 39，079 48，388 59，177

Source：Ministry of Education，’’Report of Basic Survey on Sch00ls’一，Various

editions．

Table2胃1－6　Number of Technical Courses and

their Studentsin High SchooIs

Year Number of Percentag Number of Percentag

COurSeS （％） Students
（10，000

PerSOnS）

（％）

1955 394 5．3 23．7 9．2

1960 644 7．3 32．4 10．0

1965 925 10．7 62．4 12．3

1970 923 10．5 56．6 13．4

1975 918 11．0 50．9 11．8

1980 852 10．1 47．5 10．3

1985 839 9．9 47．8 9．3

1989 839 9．9 48．9 8．7

Source：Ministry of Education，’’Report of Basic

Survey on SchooIs”，Various editions．
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Table2－2－1Applications for fligher Education by Department

C atego ry of depart，ment 1965　　 1966　　 1967　　 1968　　 1969　　 1970　　 1971

Department of Law

Department of

Econom ics

Department of

M anagement

Department of

Comme rce

Department of

Na t，ural Science

Depaナtment of

Engineering

Department of

Sc ience ＆Engineering

3 1，326　 40，915　 44 ，002　 59，255　 58，369　 53，196　 52，430

43，721　 56 ，932　 57 ，560　 79，969　 75，066　 69，550　 68，942

7，485　 14 ，201 15，153　 22，265　 24，367　 22，248　 23，399

25，580　 35 ，760　 34 ，234　 43 ，057　 39，854　 34，410　 32，136

5，592　　 7，297　　 7 ，385　 10，264　 11，421 12，889　 13，008

39，294　 53，610　 54 ，559　 78 ，027　 86 ，620　 89，455　 90，315

11，920　 15，985　 18 ，310　 25 ，941　 26，149　 28，903　 30，500

To tal 164，918　 224，700　 231，203　 318，778　 321，846　 310，651 3 10，730

Ca tegory of departmen t， 1972　　 1973　　 1974　　 1975　　 1976　　 1977　　 1978

Department of Law

Depart，nent Of

Econom ics

Department of

Han三唱ement

Department of

Comme rce

Department，Of

Na tura l Science

Department of

EngineeI、ing

Department of

Sc ience ＆EngineerIng

54，799　 54，546　 60，329　 66，547　 62，913　 66，901　 62，437

69，970　 71，806　 78 ，654　 90，794 1 91，390　 97，586　 98，621

2 1，897　 27 ，190　 28 ，985　 31，124　 34，194　 35，575　 33，626

32，351　 35，068　 39，563　 44 ，062　 44，697　 46，568　 45，291

13，167　 12，252　 13 ，247　 13 ，554　 14，298　 14，290　 13，815

87，413　 86，516　 87 ，880　 81，777　 79，633　 81，558　 80，554

29，580　 28，767　 26，671　 27 ，723　 26 ，544　 26，687　 27，032

To tal 309，177　 316，145　 335 ，329　 355，581 353 ，669　 369，165　 361，376

Ca te o r　of de art．ment 1979　　 1980　　 1981　　 1982　　 1983　　 1984　　 1985

Department of Law

Department of

Econom ics

Department of

Management

Department of

Comme rce

Department of

N atural Science

Department of

E ng inee ring

Department of

S cience ＆Engineering

67，343　 65，606　 66 ，218　 63，750　 63 ，517　 64，392　 57，366

96，824 100，099　 98，838　 96，437 100，542　 97，370　 92，611

34，641　 34，158　 33，687　 34，930　 34 ，670　 31，673　 28 ，881

46，142　 45 ，979　 46 ，973　 49 ，133　 48，592　 48，827　 46 ，651

12，205　 12 ，617　 12，222　 13 ，021 14，029　 14，716　 14，958

72，952　 70，683　 70，905　 78 ，029　 92，265 10 1，303 107，596

25，509　 26 ，381　 29，846　 30，730　 33，720　 35，159　 36，026

To tal 355 ，616　 355 ，523　 358，689　 366，030　 387，335　 393，440　 384，089

C atego ry o f departmen t 1986　　 1987　　 1988　　 1989　　 1990

Department of Law

Department of

Econo汀Iics

Department of

Management

Department of

Comme rce

Department of

N atural Science

Department of

Eng inee ring

Department of

Science ＆Engineering

6 1，174　 65 ，863　 67，008　 73，908　 82，863

98 ，614 111，383 127，062 137，076 148，261

33，566　 33 ，072　 38，059　 44，010　 47，215

53，946　 54 ，270　 60，399　 66 ，539　 68，708

15 ，108　 17 ，357　 15，400　 14，668　 15，340

124 ，805 133 ，065 122，520 117，896 114，747

37，417　 33 ，462　 34，993　 37，838　 40，798

Total 424 ，630　 448，472　 465，441 491，935　 517，932

Source：NationalInstitute of Science arld Technology Policy，’’choice of Fields of study

among University Applicants”．

（NISTEP REPORT No．12），1990．
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Table2胃2－2　Number of Studentsin Colleges and Universities by category of department（1）

（Unit：Person）

Note：Othersinclude department of marchant marine．

Source；柑inistry of Education，’’Report of Basic Survey on SchooIs”，Various editions．
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Not，e：Othersinclude departTnent Of marchant Tnarine．

Source：Ministry of Education，’’Report of Basic Survey on SchooIs’’，Various editions．
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Note：Othersinclude departnent of marchant marine．

Source：Ministry of Education，”Report of Basic Survey on SchooIs”，Various

edit．ions．
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Table2－2－3　Expenditures for Education and Researchin National and

Public Col1eges and Universities by Department

（1）Nominal（Unit：100Hillion Yen）

Fiscal Year 1970　　 1975　　 1980　　 1985　　 1987

Science ＆　engineering

departments

Other　natural science

related departEnent

2，331　 1，466　 2，074　 2，362　 2，705

1，186　 1，591　 1，960　　 2，796

Other departments

Head offices，farTnS，

libraries，etc．

Research institute

attached　to un iv．

1，140　　 2，630　　 3，202　　 2，964

958　 1，608　 1，747　　 2，123

215　　　 462　　　 765　　　 698　　　 822

Hosp itals　attached　to　univ． 774　 1，861　 3，751　 5，161　 5，535

Technical colleges 137　　　 344　　　 533　　　 582　　　 670

Total 3，457　 7，417　 12，952　15，712　 17，615

Note：Expenditures for education and research for Science＆

Engineering department．s of1970include totals of other

natural science related departments．

Source：Ministry of Education，”Report of Basic Survey on SchooIs”，

Various editions．

（2）Real（Unit：100Million Yen of1980base year）

Fiscal Year 1970　　 1975　　 1980　　 1985　　 1987

Science ＆　engineering

departments

Other　natural science

related　department

4，777　 1，839　　2，047　　2，161　 2，448

1，488　 1，571　 1，793　　2，530

Other departments

Head offices，farms，

1ibraries，etc．

Research institut．e

attached　to　univ．

1，430　　2，596　　2，930　　2，682

1，202　 1，587　 1，598　 1，921

441　　　 580　　　 755　　　 639　　　 744

Hospitals　attached　to univ． 1，536　　2，335　　3，694　　4，722　　5，009

Technical colleges 281　　　 432　　　 526　　　 532　　　 606

Total 7，035　　9，306　12，776　14，375　15，940

Note：Expenditures for education and research for Science＆

Engineering departments of1970include totals of other

natural science related departnents．

Real expenditures are calculted by using the GDP deflater

from”Annual Report on National Accounts”（Economic Planning

Agency）．

（3）Shares（％）
F i s c a l Y e a r 1 9 7 0　　 1 9 7 5　　 1 9 8 0　　 1 9 8 5　　 1 9 8 7

S c i e n c e ＆ e rlg i n e e r i n g

d e p a r t m e n t s

O t h e r　 n a t u r a l s c i e n c e

r e l a t e d d e p a r t m e n t

6 7 ．4　　 1 9 ．8　　 1 6 ．0　　 1 5 ．0　　 1 5 ．4

1 6 ．0　　 1 2 ．3　　 1 2 ．5　　 1 5 ．9

O t h e r d e p a r t m e n t s

H e a d o f f i c e s ， f a r m s ，

l i b r a r i e s ， e t c ．

R e s e a r c h i n s t i t u t e

a t t a c h e d　 t o u n i v ．

1 5 ．4　　 2 0 ．3　　 2 0 ．4　　 1 6 ．8

1 2 ．9　　 1 2 ．4　　 1 1 ．1　 1 2 ．1

6 ．2　　　 6 ．2　　　 5 ．9　　　 4 ．4　　　 4 ．7

H o s p i t a l s　 a t t a c h e d　 t o　 u n i v ． 2 2 ．4　　 2 5 ．1　　 2 9 ．0　　 3 2 ．8　　 3 1 ．4

T e c h n i c a l c o l l e g e s 4 ．0　　　 4 ．6　　　 4 ．1　　 3 ．7　　　 3 ．8

T o t a l 1 0 0 ．0　 1 0 0 ．0　 1 0 0 ．0　 1 0 0 ．0　 1 0 0 ．0

Note：Expenditures for education and research for ScierlCe＆

Engineering departments of1970include totals of other

natural science relat．ed departments．
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Table2－2－4　Expenditures for Education and Researchin Private

Colleges and Universities by Department

（1）Nominal （Unit：100 Million Yen）

Fiscal Year 1970　　 1975　　 1980　　 1985　　 1987

Science ＆engineering
departments

Other natural science

related departments

509　 1，121　 2，121　 3，001　 3，369

535　 1，256　 2，377　 3，458　 3，766
Other departments

Head offices，farms，
1ibr・aries，etc．

Research institute

attached to univ．

1，009　 2，721　 5，079　 7，101　 8，840

53　　　 98　　　 69　　 149

408　 1，876　 3，868　 5，948　 6，241
nospitals attached to univ． 473　　 175　　　 359　　　 247　　　 334
Technical colleges 14　　　 20　　　 22　　　 30　　　 28

Total 2，948　 7，222 13，924 19，854　22，727

Note：Classificatory criterion for fiscal year1970is deferent from

those for after fiscal year1975．For example，eXpenditures
for researchinstitutes attached to universities areinclude

for head－Office，etc．

Source：誰inistry of Educat．ion，”Report of Basic Survey on Scholls”．

（2）Real （Unit：100 Million Yen of 1980 base year）

Fiscal Yeap 1970　　1975　　1980　　 1985　　 1987
Science ＆engineering

departments
Other natural science

related departments

1，048　 1，406　2，094　2，746　 3，049

1，096　 1，571　2，346　3，164　 3，048
Otherdepartments

Head offices，farms，
1ibraries，etc．
Researeh institute

attached t．o univ．

2，051　3，414　5，014　6，497　8，000

66　　　 97　　　 63　　 135

836　 2，345　3，818　 5，442　5，648
Hospitals attached to univ． 969　　　 220　　　 354　　　 226　　　 300
Technical colleges 29　　　 25　　　 22　　　 27　　　 25
Total 6，029　9，047 13，745 18，165　20，205

Note：Classificatory criterion for fiscal year1970is deferent fron

those for after fiscal year1975．For example，eXpenditures

for researchinstitutes attached to universit，ies areinclude

for head－Office，etc．

Real expenditures are calculted by using the GDP deflater froTn

”Annual Report on National Accounts’’（Econonic Planning Agency）

（3）Shares（％）

FiscalYear 1970　　1975　　1980　　1985　　1987

Science＆engineering
depart〔lent．S

Othernaturalscience

relateddepartments

17．3　15．5　15．2　15．1　14．8

18．1　17．4　17．1　17．4　16．6
Otherdepartments

斑eadoffiCeS，farTnS，
1ibraries，etc．

Researchinstitute

attachedtouniv．

34．2　　37．7　　36．5　　35．8　　38．9

0．7　　　0．7　　　0．3　　　0．7

13．8　　26．0　　27．8　　30．0　　27．5
rlospitalsattachedt．ouniv．16．0　　　2．4　　　2．6　　1．2　　1．5
Technicalcolleges 0．5　　　0．3　　　0．2　　　0．2　　　0．1
Total 100．0　100．0　100．0　100．0　100．0

Note：Classificat．ory criterion for fiscal year1970is deferent from

those for after fiscal year1975．For example，eXPendit，ureS
for researchinst．it．utes attached to universities areinclude

for head－Office，etc．
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Table2－3－1EmployTnent Of Science and Engineering Graduates byIndustrial Sector

（Percentage）

1fld us tr ia l 196 5　 1966　 1967　 1968　 196 9　 1970　 197 1　 197 2　 1973　 1974

舛an ufa c tur ing

F in anc ia l

＆ Insu ra nce

64 ．4 0　 65．02　 65．64　 6 6．26　 66．88　 6 7．50　 6 3．96　 6 0．4 2　 56．88　 5 3．3 4

0．6 0　　 0．62　　 0．64　　 0．66　　 0．68　　 0．70　　 0．8 8＿　 1．06　 1．24　 1．42

Se rv ice s 0 ．8 0　　 0．88　　 0．96　 1．04　 1．12　 1．20　　 2．08　　 2．96　　 3．84　　 4．72

Industrial 1975　 1976　 1977　 1978　 1979　 1980　 1981　 1982　 1983　 1984

Manufacturing

Financial

8 1nsurance

49．80　 49．90　 51．20　 49．50　 43．20　 48．20　 52．90　 55．30　 55．30　 54．10

1．60　 1．60　 1．60　 1．30　 1．10　　 0．90　　 0．60　　 0．50　　 0．60　　 0．80

Se rvices 5．60　　 5．00　　 5．90　　 6．00　　 7．30　　 7．20　　 7．90　　 8．40　　 9．10　 12．10

Industrial 1985　 1986　 1987　 1988　 1989　 1990

Manufacturing

F inancial

＆ Insurance

57．10　 57．10　 56．00　 50．50　 52．30　54．6 1

0．90　　 0．90　 1．20　　 2．20　　 2．10　　 2．78

Serv ices 11．50　 13．00　 14．20　 15．80　 14．50　 15．82

Source：Nationallnstit，ut，e Of Science and Technology Policy，’’EmployTnent Trends of

Science and Eflgineering Students（NISTEP Report No．1），1989．
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Table2－3－2　Number of Studentsin Graduate Courses

（1）Master’s degree courses　　　　　　　　　　　　　　　　　　　 （Unit：Person）

Category of

department

1977　　 1978　　 1979　　 1980　　 1981　 1982　　 1983　　 1984

Humanities 5，733　 5，542　 5，461　 5，469　 5，513　 5，542　 5，651　 5，605

Social sCience 4，638　 4，565　 4，565　 4，050　 3，865　 3，959　 4，105　 4，228

Natural science 3，627　 3，633　 3，630　　3，741　 3，853　 4，040　　4，223　 4，361

Engineering 15，846　15，354　14，433　14，864 15，581 16，600　17，521 18，868

Agriculture 2，994　 2，802　 2，682　 2，546　 2，662　 3，558　 4，516　 4，801

Health 1，152　 1，166　 1，325　 1，497　 1，596　 1，706　 1，807　 1，943

Other 2，881　 3，102　 3，256　 3，614　 4，143　 4，476　 4，702　 5，299

Total 36，871 36，164　35，352　35，781 37，213　39，881 42，525　45，105

Category of

department

1985　　 1986　　 1987　　 1988　　 1989

打u打はnities 5，645　　5，787　　5，896　　5，923　　 5，926

Social science 4，373　 4，643　　4，988　　 5，370　　5，749

Natural science 4，598　　 4，982　　 5，388　　 5，815　　 6，185

Engineering 20，668　22，220　23，862　25．528　26，777

Agriculture 4，893　　 5，031　 5，472　　4，763　　 3，849

nealth 2，053　　 2，144　　 2，272　　2，410　　2，563

Other 5，917　　 6，287　　 6，474　　6，787　 7，179

Total 48，147　51，094　54，352　56，596　58，228

（2）Doctorate cources　　　　　　　　　　　　　　　　　　　　　　　　　　（Uniも：Person）

Category　of

department

1977　　 1978　　 1979　　 1980　　 1981　　 1982　　 1983　　 1984

Humanitles ・ 2，673　 2，704　 2，793　 2，860　 2，926　 2，937　 3，086　 3，157

Social science 2，286　　2，358　　2，456　　2，430　　2，384　　2，376　　2，385　　2，453

Natural science 2，624　 2，695　　2，672　 2，589　 2，471　 2，403　 2，366　　2，485

E瑚ineering 2，606　　2，598　　2，515　　2，358　　2，218　　2，151　 2，165　　2，223

Agriculture 1，070　 1，076　 1，104　 1，095　 1，050　 1，030　 1，013　 1，033

Health 4，508　　5，021　 5，673　　6，191　 6，630　　7，104　　7，690　　8，442

OtheI・ 613　　　 651　　　 679　　　 688　　　 711　　　 760　　　 770　　　 794

Total 16，380　17，103 17，892　18，211 18，390　18，761 19，475　20，587

Category of

departmeflt

1985　　 1986　　 1987　　 1988　　 1989

Humanities 3，227　　3，361　 3，297　　3，359　 3，459

Social science 2，437　 2，476　 2，533　 2，531　 2，582

Natural science 2，472　 2，524　 2，678　 2，829　 2，962

Engineerir唱 2，403　　2，820　　3，196　　3，639　 3，859

Agriculture 1，096　 1，225　 1，318　 1，475　 1，554

Health 9，062　 9，904　10，581 11，044　11，523

Other 844　　　 867　　　 959　 1，003　 1，096

Total 21，541　23，177　24，562　25，880　27，035

Source：Hinistry of Education，”Report of Basic Survey on SchooIs’’，Various editions．
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Table2－3－3　Number of柑aster’s Degrees Conferred

Fiscal Year 1971　 1972　　 1973　　 1974　　 1975　　 1976　　 1977　　 1978

interdisciplinaty

Studies

Arts，Humanities

＆　Social science

10　　　　 86

3，502　　3，706　　4，077　4，039　3，917　　4，046　　3，971　3，992

Natural science 1，419　 1，481　1，532　1，427　1，482　1，663　 1，630　1，676

”edicine

Dentistry

Pharmacolgy　and

other　health 435　　　 445　　　 457　　　 457　　　 446　　　 474　　　 479　　　 523

Engineering 4，927　　5，401　6，084　6，024　　5，821　6，925　　7，655　　7，581

Agriculture 821　　 976　 1，053　　　 974　　　 988　 1，147　1，199　1，064

Others 501　　　 550　　　 624　　　 660　　　 768　　　 807　　　 838　　　 931

Total 11，605　12，562　13，827　13，581 13，422　15，062　15，782　15，853

Fiscal Year 1979　　 1980　　 1981　　 1982　　 1983　　 1984　　 1985　　 1986

Interdisciplinaty

Studies

Arts，Humanities

＆　Social science

130　　　 180　　　 174　　　 191　　 187　　　 206　　　 233　　　 271

3，928　 4，003　　4，164　　4，333　4，・574　　4，759　5，121　5，336

Natural science 1，667　 1，710　1，896　 1，916　　2，006　　2，082　　2，133　　2，261

”edicine 39　　　　 39　　　　 39　　　　 42　　　　 39　　　　 41　　　　 43

Dentistry

Pharmacolgy　and

other　health 529　　　 612　　　 633　　　 703　　　 748　　　 809　　　 865　　　 899

Engineering 7，101　6，949　　7，349　　7，708　　8，262　　8，588　　9，586　10，361

Agriculture 1，043　　　 955　　　 954　 1，074　1，189　1，305　1，383　1，379

Others 911　　 948　　　 992　 1，020　1，694　 1，717　 1，908　 1，804

Total 15，309　15，396　16，201 16，984　18，702　19，505　21，270　22，354

Sources：Hiroshima University－University Education Center，”compilation of Higher

Education Statistical Data’’，1989．
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Table2－3－4　Number of Doctorate Degrees Conferred

Total number of doctorate de

Fiscal Year

rees conferred

1971　1972　　1973　　1974　　1975　　1976　　1977

Interdisciplinary

Studies

Arts，Humanities

＆Social science

Natural scieIICe

Medicine

Dentistry

Pharmacolgy and

other health

Engineering

Agriculture

Others

153　　171　　134

651　　685　　　657

1，922　1，786　1，549

318　　　301　　286

162　　147　　196

845　　　853　　　930

162　　174　　　212　　185

651　　676　　　717　　　843

1，729　1，837　2，023　2，154

319　　　324　　　370　　　359

211　　210　　　247　　　220

1，000　　986　1，079　1，043

318　　　374　　　347　　　417　　　346　　　424　　　450

38　　　35　　　49　　　40　　　39　　　66　　　68

4，407　4，352　4，148　4，529　4，592　5，138　5，322

Fiscal Year 1979　　1980　　1981　1982　　1983　　1984　　1985

Interdisciplinary

Studies

Arts，Humanities

＆Social science

Natural science

Medicine

Dentistry

Pharmacolgy and

other health

E昭ineeri鴫
Agriculture

Others

6　　　10

167　　187

814　　　822

2，557　2，796

419　　　492

224　　　249

1，195　1，186

367　　　463

63　　　　64

18　　　　41

172　　197

791　　762

3，038　3，128

536　　　565

279　　　315

1，236　1，278

471　　455

58　　　69

52　　　49　　　54

208　　　214　　　236

774　　　807　　　860

3，577　3，584　3，781

531　　550　　　593

286　　　368　　　353

1，290　1，2911，404

462　　　547　　　620

53　　　　67　　　　77

812　　6 269　6，599　6 810　7，233　7，477　7 978　8，533

2）Number of disseration doctorate de rees conferred

Fiscal Year 1971　1972　　1973　　1974　　1975　　1976　　1977　　1978

Interdisciplinary

Studies

Arts，Humanities

＆Social science

Natural science

Mdicine
Dentistry

PharlnaCOlgy and

other health

Engineering

Agriculture

OtheI、S

127　　137

303　　　341

1，126　1，150

195　　170

86　　　　95

417　　　472

223　　　239

27　　　28

108　　132　　136　　167　　149　　120

308　　　306　　　322　　　329　　　402　　　357

1，125　1，304　1，389　1，540　1，695　1，944

181　　210　　184　　　220　　　200　　　222

113　　111　　127　　149　　128　　126

494　　　521　　530　　　589　　　558　　　643

214　　　285　　　222　　　276　　　276　　　223

30　　　26　　　27　　　54　　　55　　　38

2，504　2 632　2，573　2 895　2，937　3，324　3，463　3，674

Fiscal Year 1979　1980　　1981　1982　　1983　　1984　　1985　　1986

Interdisciplinary
Studies
Arts，Humanities
＆Social science

2　　　　 4　　　　 4　　　 11　　　 20　　　 12　　　 18　　　 28

133　　 147　　 128　　 147　　 161　　 167　　 185　　　 203
，Natural sCience 345　　　 365　　　 358　　　 333　　　 377　　　 348　　　 363　　　 341
Xedicine 1，922　2，054　2，188　 2，170　2，491　2，417　2，463　 2，713
偲霊 吉富gy a。。

other health

222　　　 276　　　 311　　 323　　　 279　　　 313　　　 335　　　 358

119　　 136　　 153　　 184　　 180　　　 230　　　 226　　　 202
Engineering 650　　　 663　　　 695　　　 772　　　 801　　 844　　　 924　　　 988
毎riculture 222　　　 285　　　 295　　　 309　　　 291　　 373　　　 406　　　 392
Others 43　　　 49　　　 43　　　 45　　　 32　　　 48　　　 54　　　 56
Total 3，658　3，979　4，175　4，294　4，632　 4，752　4，974　5，281

Sources：tIiroshima University－University Educat．ion Center，’’conpilation of Higher

Education Statistical Data’’，1989．
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Table3－1－1Trends of Budget for Science and Technology

inJapan

Source：Science and TechnoIogy Agency

Table3－1－2　Budget for ScierICe and TechnologyinJapan bylteⅦ

（Unit用illion Yen）

overnment　reseach　　　　 National　　　　　　 Public　R＆D　　　　　 Administrat．ive　　　 Tot，al

institute　　　　　　　　　 universities　　　 coorperations　　　　 expenditures

1985 221351　　　　　　　　 534251　　　　　　　　 755470　　　　　　　　　 21795　　 1532867

1986 234655　　　　　　　　 563039　　　　　　　　 785597　　　　　　　　　 23095　　 1606386

1987 245929　　　　　　　　 594243　　　　　　　　 798293　　　　　　　　　 23871　 1662336

1988 256189　　　　　　　　　 621781　　　　　　　　 812952　　　　　　　　　 24822　　 1715744

1989 275452　　　　　　　　 657517　　　　　　　　 856691　　　　　　　　　 25956　　 1815616

1990 292719　　　　　　　　 689721　　　　　　　　 907023　　　　　　　　　 30140　　 1919603

（Percentage）

OVernment　reSeaCh　　　　 Na tional　　　　　　 Public　R＆D　　　　　 Adm inistrative　　　　 Total

institu te　　　　　　　　　 urliversities　　　 coorperations　　　　 expend itures

1985 14　　　　　　　　　　　　 35　　　　　　　　　　　　 49　　　　　　　　　　　　 1　　　　 100

1986 15　　　　　　　　　　　 35　　　　　　　　　　　 49　　　　　　　　　　　　 1　　　　 100

1987 15　　　　　　　　　　　 36　　　　　　　　　　　 48　　　　　　　　　　　 1　　　　 100

1988 15　　　　　　　　　　　 36　　　　　　　　　　　 47　　　　　　　　　　　　 1　　　　 100

1989 15　　　　　　　　　　　 36　　　　　　　　　　　 47　　　　　　　　　　　　 1　　　　 100

1990 15　　　　　　　　　　　 36　　　　　　　　　　　 47　　　　　　　　　　　　 2　　　　 100

Source：Science and Technology Agency

ー339－



Table3－1－3　Budget for Science and Technology by Agency

（Unit：Million Yen）

M in istries and

Agenc ies 1986　　　 1987　　　 1988　　　 1989　　　 1990

M．of Educat ion 745，591　 780，174　　 812，954　　 854，322　　 894，301

Sc ience ＆Techno logy A． 427，754　　 432，525　　 440，193　　 466，623　　 494，775

M IT I 217，557　　 221，409　　 221，226　　 233，649　　 249，832

Defence Agency 66，133　　 74，135　　 82，700　　 93，068　 104，268
軋　of Agri．，F．＆F．（＊） 66，477　　 66，748　　　 66，642　　 68，037　　 70，007

M．of Hea lth ＆Welfare 36，121　　 39，761　　 44，059　　 48，371　　 51，242

軋　of Posts ＆Te lecom． 24，672　　 29，046　　 30，282　　 30，・864　　 31，199

M．of Transport． 13，271　 14，516　　 14，627　　 16，303　　 17，410

Env irOnment Agency 8，320　　　 7，914　　　 7，752　　　 7，882　　　 9，217

軋　of Fore igh Affa irs 6，594　　　 6，298　　　 6，4 17　　　 6，408　　　 7，095

軋　of Construct ion 5，817　　　 5，506　　　 5，459　　　 5，689　　　 5，979

軋　of Labour 2，970　　　 3，635　　　 3，708　　　 4，557　　　 4，190

M．of F inance 938　　 1，009　　　　 978　　 1，087　　 1，087

Nat iona l Po lice Agency 899　　　　 925　　　　 972　　 1，020　　 1，055

Sc ience Counc il 863　　　　 856　　　　 903　　　　 867　　　　 951

Min istry of Just ice 808　　　　 806　　　　 849　　　　 871　　　　 939

Econom ic P lanning A． 704　　　　 710　　　　 716　　　　 764　　　　 809

軋　of Ho∬le Affa irs 527　　　　 536　　　　 543　　　　 555　　　　 565

Diet 517　　　　 525　　　　 517　　　　 533　　　　 533

Hokka ido Deve lop．A． 142　　　　 143　　　　 143　　　　 147　　　　 149

Nat iona l L．and A． 210　　　　 160　　　　 105 r

Tota l 1，606，386 1，662，336 1，715，746 1，8 15，616 1，919，603

（Percentage）

Ministries and

Agencies 1986　　　 1987　　　 1988　　　 1989　　　 1990

M．of Education 46．41　　　 46．93　　　 47．38　　　 47．05　　　 46．59
Science ＆TeChnology A． 26．63　　　 26．02　　　 25．66　　　 25．70　　　 25．77

MITI 13．54　　 13．32　　 12．89　　 12．87　　 13．01

Defence Agency 4．12　　　　 4．46　　　　 4．82　　　　 5．13　　　　 5．43
軋　of Agri‥　F．＆F．（＊） 4．14　　　　 4．02　　　　 3．88　　　　 3．75　　　　 3．65

M．of Health ＆Welfar e 2．25　　　　 2．39　　　　 2．57　　　　 2．66　　　　 2．67

M．of Posts ＆Telecon． 1．54　　　 1．75　　　 1．76　　　 1．70　　　 1．63

M．of Transport． 0．83　　　　 0．87　　　　 0．85　　　　 0．90　　　　 0．91

Environnent Agency 0．52　　　　 0．48　　　　 0．45　　　　 0．43　　　　 0．48

軋　of Foreigh Affairs 0．41　　　 0．38　　　　 0．37　　　　 0．35　　　　 0．37
M．of Construction 0．36　　　　 0．33　　　　 0．32　　　　 0．31　　　 0．31

軋　of Labour 0．18　　　　 0．22　　　　 0．22　　　　 0．25　　　　 0．22
M．of Finance 0．06　　　　 0．06　　　　 0．06　　　　 0．06　　　　 0．06

National Police Agency 0．06　　　　 0．06　　　　 0．06　　　　 0．06　　　　 0．05

Science Council 0．05　　　　 0．05　　　　 0．05　　　　 0．05　　　　 0．05

Ministry of Justice 0．05　　　　 0．05　　　　 0．05　　　　 0．05　　　　 0．05

Economic Planning A． 0．04　　　　 0．04　　　　 0．04　　　　 0．04　　　　 0．04
M．of Home Affairs 0．03　　　　 0．03　　　　 0．03　　　　 0．03　　　　 0．03

Diet 0．03　　　　 0．03　　　　 0．03　　　　 0．03　　　　 0．03

Hokkaido Develop．A． 0．01　　　 0．01　　　 0．01　　　 0．01　　　 0．01
National Land A． 0．01　　　 0．01　　　 0．01

Total 100　　　　 100　　　　 100　　　　 100　　　　 100

（＊）：Ministry of Agriculture，Forestry＆Fisher・ies

Source：Science and Technology Agency
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Table3胃ト4　Budget for Science and TechnologyinJapan by Socio－Econonic ObJectives

（Unit：Million Yen）

Socio－eCOnOnic objective 1985　　　 1986　　　 1987　　　 1988　　　 1989　　　 1990　　　 1991

Agri．，Forest．＆Fish． 61．564　　 66，687　　 66，908　　 66，747　　 68，037　　 70，007　　 73，557

IndustriaI Deve lopment 75，021　　 77，835　　 79，320　　 82，497　　 85，839　　 84，908　　 88，256

Energy． 375，509　　 393，121　 390，748　　 383，349　　 400，656　　 430，610　　 440，808

Transport ＆Te lecom． 14，989　　 20，419　　 22，739　　 23，709　　 25，268　　 27，050　　 36，560

Urban ＆Rura I Planning 5，841　　 6，486　　　 6，185　　　 6，145　　　 6，391　　 6，693　　　 7，388
Environment Protection 8，524　　　 8，320　　　 7，914　　　 7，752　　　 7，831　　 9，099　 10，745

Health． 33，759　　 36，121　　 39，761　　 44，059　　 48，371　　 38，831　　 56，144
Socia l Dev．＆Services 15，322　　 16，089　　 16，896　　 17，224　　 18，582　　 18，911　　 20，822

Earth and Atnosphere． 15，335　　 15，569　　 16，372　　 17，556　　 18，791　　 20，714　　 20，050
Advancement of Knowledge 113，384　 113，983　 120，139　 130，191　 141，162　 150，703　 160，500
Colleges ＆Un iversities 657，901　 687，846　　 720，415　　 749，197　　 785，883　　 819，628　　 859．747

C iv il Space． 97，043　　 97，778　 100，805　 104．619　 115．737　 125，770　 138，176

Defence． 58，677　　 66，133　　 74，135　　 82，700　　 93，068　 104，268　 115，045

Source：Science and Technology Agency

Table3－ト5　Component Ratio of Budget for Science and Technology by Socio－Econonic ObJectivesin
SeleCted Countries（1985）

（Percentage）

Soc io－eCOnOm ic object ive Japan　　　 U．S． W．Germany　　　 U．K．　　 France

Agr i．，Forest．＆F ish． 4．0　　　　 2．3　　　　 2．0　　　　 4．2　　　　 3．6

Industr ia I Deve lopment 4．8　　　　 0．2　　　 15．3　　　　 8．7　　　 10．6

Energy． 23．2　　　　 3．6　　　　 6．7　　　　 3．5　　　　 6．7

Soc ia l Cap ita l 1．8　　　　 1．8　　　 1．9　　　　 1．5　　　　 3．2

Env ironment Protect ion 0．5　　　　 0．5　　　　 3．3　　　　 1．0　　　　 0．4

Hea lth． 2．4　　　 11．9　　　　 3．2　　　　 4．3　　　　 3．6

Soc ia l Dev．＆Serv ices 1．0　　　　 1．0　　　　 2．3　　　　 1．5　　　　 2．7

Earth and Atmosp here． 1．0　　　　 0．7　　　 1．9　　　　 1．7　　　　 1．4

Advancenent of Know ledge 50．8　　　　 3．6　　　　 43．8　　　　 20．2　　　　 26．6

C iv il Space． 6．1　　　　 6．0　　　　 4．9　　　　 2．7　　　　 5．9

Defence． 4．5　　　　 68．6　　　 12．5　　　　 50．3　　　　 34．1

Others 0．0　　　　 0．0　　　　 0．1　　　　 0．3　　　　 1．0

Source：OECD，’’OECD Science and TechnologyIndicators No．3，”1989．
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Table3－2車1Activity of Science and Technology Related Support Foundation

1986　　　　1987　　　　1988

Numberofsupportfoundations　　　　　　　　　　　　 171　　　199　　　　253

Numberofprograms

Byfield　　　　　　　 Naturalscience

＆毎riculture　　　　　　　　　 66　　　　147　　　　172

Engineering　　　　　　　　　　 76　　　　179　　　　219

Hedicine　　　　　　　　　　　　　 68　　　　　162　　　　　192

rlumanities　　　　　　　　　　　　 43　　　　　　91　　　　116

Socialscience　　　　　　　　　 46　　　　　111　　　　140

Environment　　　　　　　　　　　　 24　　　　　　44　　　　　　56

Education　　　　　　　　　　　　　 44　　　　　　74　　　　　106

Welfare　　　　　　　　　　　　　　 29　　　　　　54　　　　　　80

Others　　　　　　　　　　　　　　　 18　　　　　　34　　　　　　52

Allfields　　　　　　　　　　　 171　　　　　482　　　　　642

Byexecution　　　　R＆DSubsidizing　　　　　　 126　　　　188　　　　250

from　　　　　　　 Subsidizingforsending

researcher　to　abroad　　　　　50　　　　　　67　　　　　　82

Subsidizingforinviting

foreigTlreSearCher　　　　　　21　　　　32　　　　　41

Subsidizingfor

conference　　　　　　　　　　　　 36　　　　　　44　　　　　　63

Subsidizingfor

pubbishing　　　　　　　　　　 l9　　　　　28　　　　　34

Subsidizi鴫for

equlpment　　　　　　　　　　　　 21　　　　　33　　　　　39
Othersubsidizings　　　　　　43　　　　　60　　　　　85

foreigTldirect

Subsidizing　p　　　　　　　　　 39　　　　　56　　　　　14
Scholarshipfor

Japanes　researcher　　　　　　32　　　　　37　　　　　62

Scholarshipfor

foreignerresearcher　　　　23　　　　　23　　　　　49

Awarding　　　　　　　　　　　　 9　　　　　　9　　　　　64

Allfields　　　　　　　　　　 171　　　　482　　　　　642

R＆Dsubsidizing　　Naturalscience

activities　　　　　　＆　Agricult．ure　　　　　　　　　 45　　　　　55　　　　　72

by　　　　　　　　　 Engineering　　　　　　　　　　 55　　　　　73　　　　　95

execution　　　　　　　Medicine　　　　　　　　　　　　　 51　　　　　72　　　　　　92

from　　　　　　　　 Humanities　　　　　　　　　　　　 28　　　　　　35　　　　　　46

Socialscience　　　　　　　　　 27　　　　　　40　　　　　　54

Environment　　　　　　　　　　　 15　　　　　　18　　　　　　25
Education　　　　　　　　　　　　　 23　　　　　　27　　　　　　38

Welfare　　　　　　　　　　　　　 l7　　　　　17　　　　　　25

Others　　　　　　　　　　　　　　　　 6　　　　　10　　　　　13

Allfields　　　　　　　　　　 126　　　　188　　　　　250

peratingexpenses
Total（≠illionYen）　　　　　　　　　　　　　　　 9748　　11462　　16867

R＆Dsubsidizingexpenses（MillionYen）　　　　　　　　　　　 5467　　　　7271

（Reference）BudgetforGrant－in－Aidfor

scientificResearchof苦inistry

ofEducation（100HillionYen）　　　　 421．8　　　437．1　　473．2

Source：Support foundation reference center
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Table3－2－2　Public Trust Providing Support for Research

Project　field Scientific　　Ⅱedical research　　 Int．ernational　Protection of

research　　　 and education　　　　 cooperation　　 enviroment

Trust　　　　　　　　 FY 1986 11　　　　　　　　　　　 23　　　　　　　　　　 33　　　　　　　　 11

（Number）　　　　 FY 1988 1．9　　　　　　　　　　　 33　　　　　　　　　　 39　　　　　　　　 15

Trust　fund　　　　 FY 1986 560．5　　　　　　　 1，743．5　　　　　 1，629．9　　　　 1，779．2

（胱illion Yen）　 FY 1988 1，173．1　　　　　　 2，353．8　　　　　　 2，173．7　　　　　 2，355．0

Reciplent　　　　　 FY 1986 29　　　　　　　　　　　 103　　　　　　　　　 178　　　　　　　　　 69

（Numbep of　　　　 FY 1987 44　　　　　　　　　　　 183　　　　　　　　　　 264　　　　　　　　　 76

person）　 FY 1988 84　　　　　　　　　　　 164　　　　　　　　　　 280　　　　　　　　　 88

Providing　　　　 FY 1986 13．5　　　　　　　　　　 60．5　　　　　　　　 72．0　　　　　　 19．1

（机H ion Yen）　 FY 1987 20．9　　　　　　　　　 86．3　　　　　　　 129．2　　　　　　　 45．8

FY 1988 30．5　　　　　　　　　　 88．3　　　　　　　 137．7　　　　　　　 64．8

Project　field Scholarship　 Promotion of　　　　　　　　　 Others　　　　　　 Total

school education

Trust　　　　　　　　　 FY 1986 64　　　　　　　　　　　　　 9　　　　　　　　　　　 54　　　　　　　　 205

（Number）　　　　 FY 1988 74　　　　　　　　　　　 13　　　　　　　　　　　 64　　　　　　　　 257

Trust　fund　　　　 FY 1986 2，970．1　　　　　　　 179．0　　　　　 1，253．6　　　 10，115．8

（雄illion Yen）　 FY 1988 3，406．6　　　　　　　　　 314．3　　　　　 1，693．7　　　　 13，470．2

Recipient　　　　　 FY 1986 965　　　　　　　　　　 138　　　　　　　　　 559　　　　　　 2，041

（NumbeT Of　　　　 FY 1987 1，014　　　　　　　　　 107　　　　　　　　　 532　　　　　　 2，220

person）　 FY 1988 1，064　　　　　　　　　 106　　　　　　　　　 585　　　　　　 2，371

Providing　　　　　 FY 1986 119．5　　　　　　　　　　　 9．0　　　　　　　　　 57．5　　　　　　 186．0

（Hillion Yen）　 FY 1987 131．0　　　　　　　　　　　 8．7　　　　　　　　　 50．4　　　　　　 190．1

FY 1988 139．1　　　　　　　　 10．4　　　　　　　　 51．0　　　　　　 200．5

S（〕urCe：Support foundation reference center

Table3－2胃3　NutDber of Learned Societ．ies

Subject 1966　　　　1970　　　　1975　　　　1980　　　　1986

Humanities 382　　　　　302　　　　　209　　　　　271　　　　357

Law　＆　Politics 68　　　　　　55　　　　　　39　　　　　　46　　　　　　50

EconomiCS 102　　　　　　91　　　　　36　　　　　　46　　　　　　71
Naturalscience 81　　　　　75　　　　　　91　　　　137　　　　　151

Engineeri瑚 135　　　　　129　　　　　148　　　　　164　　　　　143
Agriculture 40　　　　　　36　　　　　　56　　　　　　67　　　　　122

Hedicine 232　　　　　210　　　　　206　　　　　272　　　　　342

Total 1040　　　　　898　　　　　785　　　　1003　　　　1236

Source：The Science Council ofJapan，’’Directory of The Scientific Research

OrganizatioinJapaガ．
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Table3－2－4　Number of Personal　鍾embers of LearTled Societies

Subject 1966　　　　 1970　　　　 1975　　　　 1980　　　　 1986

HuTnanities 56465　　 192296　　 152923　　 190206　　　 250270

Law ＆　Politics 7455　　　　 87831　　　 17109　　　　 21274　　　　 24680

EconomiCS 11606　　　 173861　　　 18436　　　　 36764　　　　 45627

Nat，ural science 82796　　　　 44380　　　 133542　　　 168973　　　 222525

Engineering 319497　　　 435088　　　 523203　　　 531841　　　 515457
毎riculture 40546　　　　 53732　　　　 86828　　　　 87723　　 165558

Medicine 259569　　　 401406　　　 407796　　 1022113　　　 871735

Total 777934　　 1388594　　 1339837　　 2058894　　 2095852

Source：The Science Council ofJapan，”Directory of The Scientific Research

OrganizatioinJapan”．

Table3－2胃5　Ⅳumber of Personal普embers per Learned Society

Subjeet 1966　　　 1970　　　 1975　　　 1980　　　 1986

田川anities 148　　　　　 637　　　　　 732　　　　　 702　　　　　 701－

Law＆　Politics 110　　　　 1597　　　　　 439　　　　　 462　　　　　 494

EconomiCS 114　　　　 1911　　　　　 512　　　　　 799　　　　　 643

Natural science 1022　　　　　 592　　　　 1467　　　　 1233　　　　 1474

Engineering 2367　　　　 3373　　　　 3535　　　　 3243　　　　 3605

Agriculture 1014　　　　 1493　　　　 1551　　　 1309　　　　 1357

Medicine 1119　　　　 1911　　　 1980　　　　 3758　　　　 2549

Total 748　　　　 1546　　　　 1707　　　　 2053　　　　 1696

Source：The Science Council ofJapan，’’Directory of The Scientific Research

OrganizatioinJapaガ．
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Table3－2－6　Number of Learned Societies by Founder’s Year

′｝1900　1910　1930　1940　1946　1950　1955

Agriculture 1　　1　　　7　　　1　　　0　　　　2　　　　5

宮edicine 13　　　3　　　　9　　　6　　　1　　　4　　　　4

NatupalscienCe 7　　　1　　　6　　　　3　　　　2　　　　4　　　　3

Engineering 7　　　　0　　　　4　　　　5　　　　2　　　　8　　　1

Total 34　　　　8　　　37　　　22　　10　　　45　　　23

1960　1965　1970　1975　1980　1985　1987

Agriculture 2　　　　5　　　1　　　3　　　1　　　3　　　1

Medicine 14　　　　9　　　　4　　　　9　　　13　　　　7　　　　0

Naturalscience 4　　　　2　　　　2　　　　7　　　　3　　　　3　　　　0

EngineeI、ing 1　　　3　　　　2　　　　3　　　　2　　　　3　　　1

Total 34　　　30　　　19　　　35　　　25　　　25　　　　2

Source：The Science Council ofJapan，”Directory of The Scientific

Research OrganizatioinJapan”．
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Table4－1－1（A）Trends of R＆D Expendituresin Selected Countries

JapaTI U．S．　　　W．Gemany France U．K．
Hillion Million　　惟illion　　　光illion Million

Yen Doller　　　旺ark Franc Pound

1355505

1532372

1791871

2215836

2716032

2974573

3320685

3651319

4045864

4583630

5246248

5982356

6528700

7180782

7893931

8890299

9192932

9836640

10627572

11815482

26134　　　15910．0

26676　　　17210．0

28477　　18510．0

30718　　19810．0

32864　　　21760．0

35213　　　23710．0

39018　　　25275．0

42783　　　26840．0

48129　　　30099．0

54933　　　33358．0

62594　　　35818．0

71866　　　38278．0

79364　　　40494．5

87280　　　42711．0

97793　　　46790．5

107757　　　50870．0

112497　　　54319．0

118782　　　57768．0

126115　　　61294．0

132350　　　64820．0

14955　　776．7

16621　1065．6

18277　1354．6

19789　1643．6

23031　1932．5

29203　　2221．5

29774　　2688．4

33185　　3155．4

37671　3622．3

44123　　4388．6

51014　　5154．8

62471　5921．1

74836　　6252．1

84671　6583．0

96198　　7251．1

105917　　7919．1

113260　　8777．9

121364　　9452．3

130500

141000

Sources：Science and Tehnology Agency，”white Paper

on Science and Tehnology”，Statistic Bureau，

刊anagement and Coordination Agency，Japan，

’’Report on the Survey of Research and Development”

Note；

（1）Forinternational coTnparison，Humanities and Social

Sciences areincludedin R＆D Expenditures forJapan．
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Table4－1－1（B）Trendsin Purchasing Power Parities

U．S．　　　W．Germany France U．K．

Yen／Doller Yen／普ark Yen／Franc Yen／Pound
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256　　　　　　　78

257　　　　　　　76

259　　　　　　　76

274　　　　　　　81

304　　　　　　　91

298　　　　　　　93

300　　　　　　　96

298　　　　　　　98

291　　　　　　　98

275　　　　　　　97

262　　　　　　　96

247　　　　　　　96

236　　　　　　　93

230　　　　　　　91

225　　　　　　　90

222　　　　　　　90

220　　　　　　　89

213　　　　　　　86

207　　　　　　　86

200　　　　　　　85

54　　　　　　892

53　　　　　　860

53　　　　　　835

55　　　　　　884

59　　　　　　930

56　　　　　　788

54　　　　　　733

53　　　　　　682

50　　　　　　642

47　　　　　　578

44　　　　　　502

41　　　　　　465

37　　　　　　439

34　　　　　　418

32　　　　　　409

31　　　　　　389

30　　　　　　386

29　　　　　　368

28　　　　　　345

28　　　　　　328

Sources：OECD，”宮ain EconomicIndicators，’’1989．

OECD，”International Sectoral Databank，’’1991．
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Table4－1－1（C）Trends of R＆D Expendituresin Selected Countries

（Unit：Trillion Yen）

Japan U．S．　W．Gemany France U．K．
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3．32

3．65

4．05

4．58

5．25

5．98

6．53

7．18

7．89

8．89

9．19

9．84

10．63

11．82

6．69　　　　1．24

6．86　　　　　1．31

7．38　　　　1．41

8．42　　　　1．60

9．99　　　　　1．98

10．49　　　　　2．19

11．71　　　　　2．41

12．75　　　　　2．62

14．01　　　　　2．96

15．11　　　　3．24

16．40　　　　　3．45

17．75　　　　　3．66

18．73　　　　　3．78

20．07　　　　　3．88

22．00　　　　　4．23

23．92　　　　　4．55

24．75　　　　　4．81

25．30　　　　　4．99

26．11　　　　5．25

26．47　　　　　5．50

0．80　　　0．69

0．89　　　0．92

0．96　　1．13

1．08　　1．45

1．36　　1．80

1．64　　　1．75

1．61　　1．97

1．75　　　2．15

1．89　　　2．33

2．06　　　2．54

2．23　　　2．59

2．53　　　2．75

2．76　　　2．74

2．86　　　2．75

3．07　　　2．97

3．23　　　3．08

3．35　　　3．39

3．48　　　3．48

3．64

3．88

Source：Science and Technology Agency，”white Paper on Science

Il

and Technology．

Note；

（1）Each cotlntry CurrenCyis converted to Yen using Purchasing

Power Parities（PPP）．
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Table4－1－2（A）Trendsin Gross National Product for Selected Countries

Japan U．S．　　　　　W．Germany France U．K．

100　柑illion lOO Million lOO Hillion lOO　対illion lOO Million

Yen Doller　　　　肋rk Franc Pound
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1381558
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1711525

1900348

2087809

2254526

2451627

2596688

2723829

2740583

3030160

3212903

3346013

3513661

3725000

3981533

10155　　　　　　6757

11027　　　　　　7518

12128　　　　　　8251

13593　　　　　　9189

14728　　　　　　9857

15984　　　　　10294

17828　　　　　11262

19905　　　　　11993

22497　　　　　12916

25082　　　　　13965

27320　　　　　14852

30526　　　　　15451

31660　　　　　15971

34057　　　　　16805

37745　　　　　17699

40149　　　　　18444

42403　　　　　19452

45267　　　　　20178

48806　　　　　21218

52340　　　　　22575

7978　　　　　521．9

8916　　　　　585．0

9946　　　　　647．3

11369　　　　　752．5

13091　　　　　856．8

14708　　　　1072．4

17060　　　　1282．7

19244　　　　1461．9

21895　　　　1692．4

24910　　　　1983．4

28261　　　　2310．1

31806　　　　　2560．4

36252　　　　2790．5

39948　　　　　3071．8

43384　　　　　3286．2

46745　　　　3581．0

50358　　　　　3861．4

52856　　　　4218．2

56453

Source：Science and Technology Agency，’’white Paper on Science and

II

Technology．
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Table4－1－2（B）Trendsin Ratio of GNP to R＆D Expenditures

for Select，ed Countries

（UTlit：Percent）
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1．80

1．85

1．86

1．90

1．97

1．95

1．94

1．92

1．94

2．03

2．14

2．30

2．40

2．62

2．61

2．77

2．75

2．80

2．85

2．97

2．57　　　　2．35

2．42　　　　　2．29

2．35　　　　2．24

2．26　　　　　2．16

2．23　　　　2．21

2．20　　　　2．30

2．19　　　　2．24

2．15　　　　2．24

2．14　　　　　2．33

2．19　　　　2．39

2．29　　　　　2．41

2．35　　　　2．48

2．51　　　　2．54

2．56　　　　2．54

2．59　　　　2．64

2．68　　　　　2．76

2．65　　　　　2．79

2．62　　　　2．86

2．58　　　　2．89

2．53　　　　2．87

1．87　　　　1．49

1．86　　　　1．82

1．84　　　　2．09

1．74　　　　　2．18

1．76　　　　2．26

1．99　　　　2．07

1．75　　　　2．10

1．72　　　　2．16

1．72　　　　　2．14

1．77　　　　2．21

1．81　　　　2．23

1．96　　　　2．31

2．06　　　　2．24

2．12　　　　2．14

2．22　　　　2．21

2．27　　　　2．21

2．25　　　　2．27

2．30　　　　2，24

2．31

Sources：Science and Technology Agency，”柚ite Paper on Science

and Technology”，Statistic Bureau，HanageTnent and

Coordination Agency，Japan，”Report on the Survey of

Research and DevelopJnenピ’．

Note：

（1）Forinternational comparison，Humanities and Social Sciences

areincludedin R＆D Expendit．ures forJapan．
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Table4－1－3（A）Trendsin Defense R＆D Expenditur・eS for Selected

Countries

Japan U．S．　W．Germany France U．K．

Million Million Million Million Millio

Yen Doller Mark Franc Pound
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178．9
70

0
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15，575　　　9，139　1，352．0

16，156　　　9，406　1，411．1

16，649　　　9，715　1，405．0

18，825　　　9，819　1，490．0

21，826　　10，874　1，596．0

24，272　　12，077　1，731．3

27，649　　12，129　1，847．4

29，599　　14

32，573　　16

36，487　　19

643　1，730．1

937　1，572．3

809　1，646．8

39，452　　22，298　1，834．5

44，607　　25，765　1，936．7

58，677　　30，360　　2，058．9

66，133　　35，656　　2，590．4

74，135　　　37，097　　2，807．4

82，700　　　38，032　　2，759．1

93，068　　40，366　　3，069．6

3，455　　　242．6

3，90

3，90

0
　
0

285．0

327．3

4，350　　　431．8

4，650　　　436．1

5，050　　　549．9

5，610　　　705．3

6，100　　　825．1

7，740　　　875．2

9，660　1，160．5

13，610　1，493．4

15，670　1，743．3

17，300　1，763．1

18，160　1，984．0

20，240　　2，176．0

22，370

24，460

26，620

29，150

31，000

0
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7

4
　
6
3

3
　
2
　
2

2
　
2
　
2

Source：Science and Technology Agency，”White Paper on Science

and Technology”．
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Table4－1－3（B）Trendsin Civilian R＆D Expenditures for Selected

Countries（Donestic Currncies）

Japan U．S．　W．Germany France U．K．

Million Million Million Million Millio

Yen Doller Mark Franc Pound

1，344，440　　18，113

1，520，067　　18，568

1，777，775　　19，640

2，200，261　　21，579

2，699，876　　23，458

2，957，924　　25，498

3，301，860　　29，199

3，629，493　　31，909

4，021，592　　36，052

4，555，981　　42，804

5，216，649　　47，951

5，949，783　　54，929

6，492，213　　59，555

7，141，330　　64，982

7，849，324　　72，028

8．831，622　　77，397

9，126，799　　76，841

9，762，505　　81，685

10，544，872　　88，083

11，722，414　　91，984

14，759　　11，500

16，031　12，721

17，491　14，377

18，458　　15，439

20，349　　18，381

22，305　　24，153

23，785　　24，164

25，244　　27，085

28，368　　29，931

31，511　　34，463

34，088　　37，404

36，706　　46，801

38，848　　　57，536

40，877　　66，511

44，854　　75，958

48，811　　83，547

51，729　　88，800

54，961　　94，744

58，535　101，350

61，750　110，000
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See Table4－1－1（A），Table4－ト3（A）
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Table4－1胃3（C）Trendsin Civilian R＆D Expenditures for

Selected Countries（Yen Conversion）

（Unit：Trillion Yen）
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1．34　　　　4．64

1．52　　　　4．77

1．78　　　　5．09

2．20　　　　5．91

2．70　　　　7．13

2．96　　　　7．60

3．30　　　　8．76

3．63　　　　9．51

4．02　　　10．49

4．56　　　11．77

5．22　　12．56

5．95　　　13．57

6．49　　　14．05

7．14　　　14．95

7．85　　　16．21

8．83　　　17．18

9．13　　　16．91

9．76　　　17．40

10．54　　　18．23

11．72　　　18．40

1．15　　　　0．62　　　　0．48

1．22　　　　0．68　　　　0．67

1．33　　　　0．75

1．49　　　　0．84

1．85　　　1．08

2．06　　　1．36

2．27　　　1．31

2．47　　　1．43

2．79　　　1．50

3．06　　　1．61

3．28　　　1．63

3．51　　1．90

3．62　　　　2．12

3．72　　　　2．25

4．05　　　　2．42

4．37　　　　2．55

4．58　　　　2．63

4．75　　　　2．72

5．01　　　2．83

5．24　　　　3．03

See Table4－1－3（A），Table4－1－3（B）．

Note：

（1）Each country currencyis converted to Yen using

Purchasing Power Parities（PPP）
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Table4－ト3（D）Trendsin Ratioof Civilian R＆D Expenditures
to GNP for Selected Countries

Percentage
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1．66　　　1．50

1．75　　　1．54

1．79　　　1．56

1．76　　　1．69

1．79　　　1．71

1．80
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Table4－1－4（A）R＆D Expenditures forJapan（1989）

Unit：100　Ⅱillion Yen

Sources Performers

（％） （％）

Industry 85，382 72．3 82，338 69．7

Government 22，024 18．6 9，538 8．1

011ege／Univ． 9，893 8．4 21，294 18．0

rivate　fはD

institute

Foreign

758 0．6 4，985 4．2

97 0．1 －
Total 118，155 100．0 118，155 100．0

Note：Government sourcesinclude central government，local

government，national and public researchinst，itutions，

Semigovernmental researchinstitutions and national

and public colleges and universities．

College／Univ．sources are for private colleges and

universities．

Government performersinclude national，public and

Semigovernmental researchinstitutions

College／Univ．performersinclude nationa1，public

and private colleges and universities．

R＆D expendituresinclude natural sciences，humanities，

and social sciences．

Table4－1－4（B）R＆D Expenditures for the United States（1989）

Unit：Hillion Yen

Sources PerformeI、S

（篤） （射

Industry 12，807，000 48．4 19，070，000 72．0

Government 12，540，000 47．4 2，950，000 11．1
011ege／Univ． 760，000 2．9 3，710，000 14．0

rivate　R＆D

institute

363，000 1．4 740，000 2．8

Foreign － － － －
Total 26，470，000 100．0 26，470，000 100．0

Note：Govirnment sourcesinclude federal government and

federal governnent researchinstitutions．

College／Univ．sources are for private colleges and

universities．

Goverment performeris for federal governTnent

researChinstitues．

College／Univ．performersinclude states and private

COlleges and universities．

R＆D expendiruresinclude natural sciences，humanities，

and social sciences．
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Talbe4－1－4（C）R＆D Expenditures for West Germany（1989）

Unit：普illion Yen

Sources Performers

（％） （％）

Industry 3，588，736 65．3 4，013，160 73．0

Governmerlt 1，827，440 33．2 189，952 3．5
011ege／Univ． ．．・．・．－－ 0．0 770，832 14．0

rivate IはD

institute

included

in industry
－ 522，792 9．5

Foreign 80，560 1．5 － －
Total 5，496，736 100．0 5，496，736 100．0

Note：Governnent sourcesinclude federal government and states

governments．

Government performersinclude federal governmental，StateS’

andlocal governmental researchinst．itutions．

Co11ege！Univ．performers are for states colleges and

universities．

R＆D expendituresinclude natural sciences，huTnarlities and

social sCience．

Mark amounts are converted to Yen using Puchasing Power

Parities（PPP）．

Sources：Science and Technology Agency，”white Paper on Science

and Technology”．

Table4－1－4（D）R＆D Expenditures for the United Kingdom（1987）

Unit：Million Yen

Sources Performers

（％） （％）

Industry 1，728，422 49．7 2，332，016 67．0

GoveI・nment 1，345，114 38．7 524，694 15．1

011ege／Univ． 20，240 0．6 492，936 14．2

rivate　R＆D

institute

66，498 1．9 128，800 3．7

Foreign 318，173 9．1 － －
Total 3，478，446 100．0 3，478，446 100．0

Note：Gevernlnent SOurCeSinclude contral andlocol governments．

College／Univ．sources are for private universities．

Government performersinclude national andlocal

governmental researchinstitutes．

College／Univ．performersinclude natioTlal and private

COlleges and universities．

R＆D expenditures are for natural sciences only．

Pound amounts are converted to Yen using Puchasing

Power Parities（PPP）．

Sources：Science and Technology Agency，”white Paper on Science

and Technology”．
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Table4－1－4（E）R＆D Expenditures for France（1983）

Unit：Million Yen

Sources Performers

（％） （％）

Industry 1，200，745 42．0 1，625，712 56．8

Government 1，540，469 53．8 756，207 26．4

011ege／Univ． 6，557 0．2 453，427 15．8

rivate　R＆D

institute

12，269 0．4 26，533 0．9

Foreign 101，839 3．6 － －
Total 2，861，880 100．0 2，861，880 100．0

Note：R＆D expendituresinclude natural sciences，humanities

and social sciences．

Franc amounts are converted to Yen using Purchasing

Power Parities（PPP）．
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Table4－1－5　Trendsin R＆D Expenditures by sectors forJapan and the United States

R＆D Expenditures by sectors forJapan（Millon Yen）

Year

Industry College Governmental Private

／Univ．　researchinst．researchinst．

Total

1970　　　　　823，265

1971　　　　895，020

1972　　　1，044，928

1973　　　1，301，927

1974　　　1，589，053

1975　　　1，684，847

1976　　　1，882，231

1977　　　　2，109，500

1978　　　2，291，002

1979　　　2，664，913

1980　　　　3，142，256

1981　　　3，629，793

1982　　　4，039，018

1983　　　4，560，127

1984　　　5，136，634

1985　　　　5，939，947

1986　　　6，120，163

1987　　　6，494，268

1988　　　　7，219，318

1989　　　8，233，820

365，877

423，441

478，684

574，163

717，585

839，798

934，016

1，012，297

1，151，074

1，258，326

1，340，074

1，445，645

1，540，422

1，649，646

1，724，187

1，789，780

1，832，575

1，957，921

2，014，073

2，129，372

147，525

190，586

242，836

307，659

325，158

364，005

402，536

440，691

502，957

565，787

618，378

661，397

673，082

691，359

725，685

810，759

840，223

943，179

935，255

953，755

18，838　　1，355，505

23，325　　1，532，372

25，424　　1，791，872

32，088　　　2，215，837

84，236　　　2，716，032

85，923　　　2，974，573

101，902　　　3，320，685

88，831　　3，651，319

100，831　　4，045，864

94，604　　　4，583，630

145，540　　　5，246，248

245，521　　5，982，356

276，178　　　6，528，700

279，651　　7，180，783

307，425　　　7，893，931

349，812　　　8，890，299

399，971　　9，192，932

441，273　　　9，836，641

458，925　　10，627，571

498，535　　11，815，482

R＆D Expenditures by sectors for U．S．（Millon Yen）

Year

Industry College Governnental Private

／Univ．　researchinst．researchinst．

Total

1970　　　4，625，152

1971　　　4，708，240

1972　　　　5，063，968

1973　　　5，822，226

1974　　　6，957，648

1975　　　7，207，726

1976　　　8，099，100

1977　　　8，887，850

1978　　　9，691，464

1979　　10，512，150

1980　　11，660，310

1981　　12，797，070

1982　　13，841，400

1983　　15，011，640

1984　　16，830，000

1985　　18，701，058

1986　　19，477，700

1987　　　20，046，921

1988　　　20，580，354

1989　　　20，600，000

786，432

826，512

876，197

1，014，074

1，181，952

1，310，008

1，462，800

1，624，398

1，845，522

2，006，400

2，176，434

2，300，805

2，309，260

2，438，230

2，642，400

2，927，292

3，255，780

3，468，918

3，716，271

3，860，000

1，044，224

1，086，596

1，188，810

1，304，788

1，492，944

1，595，492

1，730，700

1，791，576

1，982，001

2，039，675

1，999，584

2，081，222

2，157，276

2，433，860

2，603，700

2，873，790

2，977，700

2，856，969

2，956，167

3，160，000

234，496　　　6，690，304

234，384　　　6，855，732

246，568　　　7，375，543

275，644　　　8，416，732

358，112　　　9，990，656

380，248　　10，493，474

412，800　11，705，400

445，510　　12，749，334

486，552　　14，005，539

548，350　15，106，575

563，300　　16，399，628

568，100　17，747，197

572，300　　18，880，236

615，250　　20，498，980

675，000　　22，751，100

749，250　　25，251，390

737，000　　26，448，180

745，500　　27，118，308

740，025　　27，992，817

780，000　　28，400，000

Sources：Statistic Bureau，ManageTnent and Coordination Agency，Japan，”Report

on the Survey of Research and Developnent”．

NSF，”National Patterns of R＆D Resources：1990”，USA．

OECD，”Main EconomicIndicators”，1989．

Note：R＆D expendituresinclude for natural sciences，huDlanities and

SOCial sciences．Doller amounts for U．S．R＆D expendit，ureS are

converted to Yen using Pachasing Power Parities（PPP）．

Governmental researchinst．irlCludelocal governmeTlt（forJapaTl）

or states governments（for U．S．）．College／Univ．of U．S．include

Federal Funded Research and Development Centers（FFRDCs）．
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Table4－1－6（A）SectorialFlows of R＆D Expenditures by Source and Performer

forJapan（FY1989）

Unit：100　Hillion Yen

SouI・CeS

PerformerS
TotalIndustry Governnent Co llege／Univ．Private　R＆D

institu te．

Industry 81，161 707 458 3，055 85，382

Government 1，028 8，827 10，921 1，247 22，024

College／Univ． 2 0 9，889 2 9，893

Private R＆D

institute．

68 3 22 665 758

Foreign 79 0 3 15 97

Total 82，338 9，538 21，294 4，985 118，155

Note：R＆D expendituresinclude natural sciences，humanities and social sciences．

Source：Statistic Bureau，Management and Coordination Agency，Japan，’’Report on

the Survey of Research and Development”．

Table4－1－6（B）Sectorial Flows of R＆D Expenditures by Source and Performer

for U．S．（FY1989）

Unit：100　Million Yen

Sources

Performers

TotalIndustry Government College／Univ． Private IはD

instit，ute．

Industry 125，200 － 1，840 1，030 128，070

Government 65，500 29，500 25，800 4，600 125，400

College／Univ． － － 7，600 － 7，600

Private　R＆D

institute．
－ － 1，860 1，770 3，630

Total 190，700 29，500 37，100 7，400 264，700

Note：R＆D expendituresinclude natural sciences，humanities and social sciences．

Dollar amounts are converted to Yen using Purchasing Power Parities（PPP）．

Source：NSF，”Natioflal Patterns of Science and Technology Resources’’
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Table4－1－7　R＆D Expenditures by Characteristic of Work for Selected Countries

Japan：R＆D expenditures

（Hillion Yen）

BasiC Applied Development

Year research research

Total

Percentage

Basic Applied Development

research research

1980　　　707，641

1981　　768，152

1982　　　861，300

1983　　　944，858

1984　1，009，651

1985　1，080，846

1986　1，157，250

1987　1，306，645

1988　1，347，078

1989　1，452，953

1，164，869

1，349，650

1，509，826

1，642，246

1，793，723

2，014，856

2，044，128

2，181，74g

2，361，349

2，604，269

2，726，504

3，150，661

3，490，056

3，891，265

4，349，565

4，993，118

5，192，495

5，506，339

6，051，139

6，859，136

4，599，014

5，268，463

5，861，183

6，478，368

7，152，938

8，088，820

8，393，873

8，994，733

9，759，566

10，916，358

15．4　　　　　25．3

14．6　　　　　25．6

14．7　　　　　25．8

14．6　　　　　25．3

14．1　　　　　25．1

13．4　　　　　24．9

13．8　　　　　24．4

14．5　　　　　24．3

13．8　　　　　24．2

13．3　　　　　23．9
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U．S．：R＆D expenditures

（Hillion Dollar）

Basic Applied Developnent

Year research research

Total

Percentage

Basic Applied Development

research research

1981　　　　9，580

1982　　　10，415

1983　　　11，618

1984　　　12，883

1985　　　14，178

1986　　　16，570

1987　　　17，780

1988　　　18，460

1989　　　19，880

16，607

18，512

20，698

22，850

25，830

27，550

28，976

30，897

32，290

45，664　　　71，851

51，074　　　80，001

56，810　　　89，126

65，383　　101，116

73，737　　113，745

75，743　　120，219

80，560　　127，316

85，874　　135，231

89，830　　142，000

13．3　　　　　23．1

13．0　　　　　23．1

13．0　　　　　23．2

12．7　　　　　22．6

12．5　　　　　22．7

13．8　　　　　22．9

14．0　　　　　22．8

13．7　　　　　22．8

14．0　　　　　22．7
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W．GerTRany：R＆D expenditures

（対illion甑rk）

Basic Applied research

Year research and developrnent

Total

Percentage

Basic Applied research

research and developnent

1981　　　6，271　　　27，052　　　　　　　　　　　33，324　　　　　18．8　　　　　81．2

1983　　　　7，664　　　29，756　　　　　　　　　　　37，420　　　　　　20．5　　　　　79．5

Sources：Statistic Bureau，HanageTnent and Coodination Agency，Japan，’’Report on the Survey of

Research and Development’’．

NSF，National Patterns of R＆D Resources：1990’’，USA．

OECD，’’science＆TechnologyIndicators’’，1990．

Note；R＆D expendituresinclude totals for natural sciences，humanities and social sciences．

But，R＆D expenditures for West Gernany for1981are for natural sciences only．Futhernore

，for West Germany thereis no distinction between applied research and development．
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Table4－ト8　Basic research expenditures by sector forJapan and U．S．

Japan；Basic research expenditures

Year

（Million Yen）　Total

Industry College National Others

／Univ．institute

1975　　　　82，721

1980　　151，474

1985　　　348，474

1986　　　368，837

1987　　　427，062

1988　　　471，194

1989　　　521，705

215，640

443，722

596，060

626，930

673，897

679，331

720，057

48，882　　11，954

76，848　　　35，597

77，320　　　58，992

85，582　　　75，902

108，283　　　97，403

96，271　100，281

97，099　　114，093

359，197

707，641

1，080，846

1，157，251

1，306，645

1，347，077

1，452，954

U．S．：Basic research expenditures（Ⅱillion Yen）　Total

Year

Industry College National　　　0thers

／Univ．institute

1975　　　217，540

1980　　　347，150

1985　　　635，364

1986　　　890，120

1987　　　883，737

1988　　　825，516

1989　　　810，000

849，002

1，347，466

1，839，936

2，053，700

2，205，615

2，296，044

2，410，000

218，732

309，684

426，906

444，180

435，798

424，350

470，000

126，650

199，120

245，310

257，400

261，990

275，310

286，000

1，411，924

2，203，420

3，147，516

3，645，400

3，787，140

3，821，220

3，976，000

Sources：Statistic Bureau，珂aflagement and Coordination Agency，Japan，

’’Report on the Survey of Research and Development”．

NSF，”National PatternS Of R＆D Resources：1990’’，USA．

OECD，”Kain EconomicIndicators”，1989．

Note：Basic research expendituresinclude totals for natural sciences，

humanities and social sciences．Basic research expenditures for

U．S．are converted to Yen using Puchasing Power Parities（PPP）．
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Table4－1－9　Trends of R＆D Scientists and Engineersin

Selected Countries

Unit：Person

Ye ar J ap an U．S． W．German y U．K． France

197 0 2 18 ，339 5 43 ，800 － － 58 ，500

197 1 242 ，155 5 23 ，500 90，206 － 60 ，100

197 2 247 ，309 5 15 ，000
．－－

77 ，385 6 1，200

197 3 279 ，186 5 14 ，600 101，019 － 62 ，700

197 4 292 ，097 5 20 ，600 －．・．－ －－－ 64 ，100

197 5 3 10 ，111 5 27 ，400 10 3，736 8 1，300 65 ，300

197 6 3 16 ，860 53 5 ，200 －．－ － 67 ，000

1977 3 29 ，447 56 0 ，600 110，972 －－ 67 ，981

197 8 3 3 1，467 5 86 ，600 ．－－ 87 ，245 ．・．・．－

1979 3 4 1，488 6 14 ，500 116，888
－

72 ，889

198 0 3 63 ，534 6 5 1，200
．．－ ．－－ 一．－．－

1981 379 ，405 6 83 ，300 124 ，678 9 5，400 85 ，500

198 2 3 92 ，625 7 02 ，500
－－－ ．－－ 90，076

1983 406 ，042 7 22 ，500 130 ，843 9 4，000 9 2，682

198 4 435 ，340 7 45 ，900 ．－．．－ ．．－ 98 ，205

1985 447 ，719 7 72 ，700 143 ，627 9 7，974 10 2，336

1986 473 ，296 79 1，100 ．．－．・ 101，745 104 ，953

1987 487 ，779 806 ，200 165 ，614 101，4 13 109，359

1988 5 13 ，267 － － －－． －－

1989 535 ，008 － － － －

Note：R＆D scientists and engineers for U．S．industries are

for natural sciences only，Whereas for other countries

are totals for natural sciences，humanities and social

SClenCeS．

Sources：Science and Technology Agency，”whit，e Papar on

Science and Technology’’，Statistic Bureau，Managenent

and Coordination Agency，Japan，’’Report on the Survey

of Research and DeveloptDent”．

－362－



Table4－ト10（A）R＆D Scientists and Engineersin Selected Countries
（Unit：Person）

1979　　 1980　　　 1981　　 1982　　 1983　　 1984　　　 1985　　　 1986　　　 1987　　　 1988

Japan 341488　　 363534　　 379405　　 392625　　 406042　　 435340　　 4477 19　　 473296　　 487779　　 513267

U．S． 576900　　 603300　　 629700　　 683300　　 702500　　 722500　　 745900　　 772700　　 791100　　 806200

軋Germany 116888　　　　　　　 124678　　　　　　　 130843　　　　　　　 147639　　　　　　　 165614

FranCe 72889　　 85500　　 90076　　 92682　　 98210　 102336　 104953　 109359

U．K． 95400　　　　　　　　 94000　　　　　　　　 97g74　 101745　 101413

Sources：Statistic Bureau，Management and Coodination Agency，Japan，”Report on the Survey of Research

and DevelopTnenピ’．

OECD，’’班ain Science and TechnologyIndicators，”1989．

Note：

（1）Forinternational comparison，R＆D scientists and engineers forJapaninclude natural sciences，

hunanities and social sciences．

Table4－1－10（B）Labor Forcein Selected Countries

（Unit：10 Thousands Person）

1979　　 1980 ・　 1981　　 1982　　 1983　　 1984　　 1985　　 1986　　 1987　　 1988

Japan 5596　　　 5650　　　 5707　　　 5774　　　 5889　　　 5927　　　 5963　　　 6020　　　 6084　　　 6166

U．S． 10656　 10854　 11032　 11187　 11323　 11524　 11717　 11954　 12160　 12338

W．Germany 2692　　　 2722　　　 2742　　　 2754　　　 2759　　　 2763　　　 2784　　　 2802　　　 2822

France 2324　　　 2337　　　 2353　　　 2374　　　 2371　　 2387　　　 2392　　　 2399　　　 2407

U．K． 2663　　　 2684　　　 2674　　　 2668　　　 2661　　 2727　　　 2780　　　 2798　　　 2821　　 2809

Sources：OECD，”Main Science and TechnologyIndicators，’’1989．

Table4－1－10（C）Populationin Selected Countries

（Unit：酋illiofl Person）

1979　　 1980　　 1981　 1982　　 1983　　 1984　　 1985　　 1986　　 1987　　 1988

Japan 116　　 117　　 118　　 119　　 120　　 120　　 121　　 122　　 122　　 123

U．S． 225　　　 228　　　 230　　　 232　　　 235　　　 237　　　 239　　　 242　　　 244　　　 246

軋Gepmany 61　　　 62　　　　 62　　　　 62　　　　 61　　　 61　　　 61．　　　 61　　　 61　　　 61

France 54　　　 54　　　 54　　　 54　　　 55　　　 55　　　 55　　　 55　　　 56　　　 56

U．K． 56　　　　 56　　　　 56　　　　 56　　　　 56　　　　 56　　　　 56　　　　 56

Sources：OECD，”Main Science and TechnologyIndicators，”1989．

Table4胃1－10（D）R＆D scientists and engineers perlO thousandslabor force
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Table4－2－1Trends of R＆D ExpendituresinIndustry（by selectedindustry）

R＆D expenditures（Million Yen）

ManufaCturing

Fiscal Chemical Iron and General Electrical Transport

Year products steel machinery machinery equipnent

All

Sub－tOtal industries

1970　　175，132

1971　　193，682

1972　　199，235

1973　　　238，189

1974　　　304，235

1975　　　322，099

1976　　　351，886

1977　　　385，952

1978　　　404，208

1979　　　489，829

1980　　　558，252

1981　　617，354

1982　　　687，493

1983　　　774，532

1984　　　852，793

1985　　　936，360

1986　　　983，585

1987　1

1988　1

1989　1

095，887

190，226

313，882

36，565　　　72，352

40，881　　75，195

41，379　　　67，370

59，595　　　86，925

80，424　　146，208

89，211　115，524

99，835　　138，624

103，681　171，252

107，921　160，535

119，992　　185，749

147，064　　218，877

169，653　　242，096

227，817　　　94，882　　　760，870　　　823，265

229，168　　112，951　　810，719

276，729　　163，911　　953，194

341，492　　　215，088　1，193，515

397，388　　　242，250　1，459，385

400，495　　　289，465　1，536，514

491，667　　　286，635　1，727，415

501，291　　357，724　1，923，105

580，521　　404，155　　2，098，741

694，212　　　445，614　　2，447，099

817，224　　　510，454　　2，895，571

1，006，225　　　627，433　　3，374，224

182，772　　281，024　1，176，356　　　671，923　　3，755，536

186，088　　311，678　1，416，231　　714，511　4，257，191

192，091　　337，492　1，634，539　　　808，177　4，776，501

240，409　　382，698　1，938，183　　　935，661　5，543，618

255，290　　379，095

245，176　　418，769

249，734　　450，979

268，131　　558，974

1，979，973　　　989，796　　5，739，603

2，163，544　　　969，615　　6，101，202

895，020

1，044，928

1，301，927

1，589，053

1，684，847

1，882，231

2，109，500

2，291，002

2，664，913

3，142，256

3，629，793

4，039，018

4，560，127

5，136，634

5，939，947

6，120，163

6，494，268

2，451，594　1，086，442　　6，754，620　　7，219，318

2，808，123　1，244，625　　7，706，193　　8，233，820

Sources：Statistic Bureau，Management and Coordination Agency，Japan，”Report on the

Survey of Research and Development”．
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Table4胃2－2　R＆DExpenditures byProductCategories（FY1989）

Product field

R＆D

expenditures

（Million Yen）

From From non－

COrreSpOnding corresponding

industries industries

Penetrated

ratio［％］

Agri．，Forest＆Fish．（1）

Mining

Bullding construCtion

Food

Textile

Pulp＆paper

Printing＆publishing

lndustrial chemical（2）

Oils and paints

Drugs and medicines

Other・chemical products

Petroleum products

Rubber produCtS

Ceramic products

lron and steel

Non胃ferrous metals

Fabricated metal products

General nachinery

Electronics（3）

Electric equipment（4）

Motor vehicles

Ships

Aircraft

Rolling stock

Other transport equip．

Precisioninstruments

Other manufacturing

Electriclty and Gas

Others

21，244

12，126

186，502

121，181

33，466

41，294

16，229

452，454

74，238

566，890

335，588

46，900

92，075

133，477

137，629

85，988

94，345

642，538

2，097　　　19，147

8，713　　　　　3，413

143，499　　　　43，003

104，777　　　16，404

27，204　　　　6，262

32，137　　　　　9，157

12，764　　　　　3，465

276，751　　175，703

61，656　　　12，582

414，891　　151，999

118，837　　　216，751

39，973　　　　　6，927

84，827　　　　　7，248

102，611　　　30，866

132，846　　　　　4，783

57，883　　　　28，105

54，070　　　　40，275

317，075　　　325，463

2，258，036　　　1，365，968　　　892，068

840，447　　　　　264，451　　　575，996

1，194，162　　　1，028，079　　　166，083

14，614

40，969

12，570

21，523

184，238

108，653

76，922

23，172

102，540　　　　81，698

50，791　　　　57，862

74，692　　　　　2，230
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（1）Agricultural．forest and fishing products

（2）Inorganic and organic chenical products，Chemical fertilizers，and chemiCal

fiber

（3）Communication and electr・Onics equipnent

（4）Household electric appliances and other equipment

Note：These data are totals forintr・amural expenditures on R＆D for companies with

Capital oflOO million yen or more．

Sources：Statistic Bureau，Managenent and Coordination Agency，Japan，”Report on

the Survey of Research and Development”．
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Table4－2－3　Trends of R＆D Expenditures by Product Categories

expenditures（机11ion Yen）
Inorganic and

Organic chemical

ComuTlication products，Chemical

Fiscal and electonics fertilizers，and

Year equlPment Chemical fiber

Drugs and

medicines

Household electric

General appliances and Hotor

machinery other equipu】ent Vehicles

Others

Total

ー
　
∽
の
①
　
－

1969　　　　　　71，485

1970　　　　　106，417

1971　　　　139，644

1972　　　　　166，350

1973　　　　　203，640

1974　　　　　237，926

1975　　　　　231，568

1976　　　　　271，408

1977　　　　　315，415

1978　　　　　361，603

1979　　　　　422，348

1980　　　　　503，948

1981　　　　　604，221

1982　　　　　729，643

1983　　　　　906，778

1984　　　1，106，482

1985　　　1，372，511

1986　　　　1，490，484

1987　　　　1，613，089

1988　　　1，910，708

1989　　　　2，258，036

71，235

87，181

88，205

92，450

95，928

133，437

128，377

136，740

145，613

144，158

155，537

206，487

216，593

210，029

224，501

265，169

304，025

340，780

357，952

409，086

452，454

25，314

41，395

51，561

54，946

66，048

83，455

96，505

115，710

125，673

139，668

182，821

207，949

242，975

281，296

334，371

346，519

386，281

398，572

460，189

498，023

566，890

44，225

71，250

78，388

90，605

126，047

156，227

149，593

189，564

204，136

206，022

240，051

282，889

304，560

355，806

407，143

461，540

496，757

505，549

521，239

549，075

642，538

67，732

92，759

106，184

129，934

154，525

181，172

192，898

222，697

223，089

256，118

308，455

354，488

451，915

530，448

555，054

620，289

687，485

650，551

698，145

744，165

840，447

57，470

74，747

89，207

113，895

156，332

187，724

187，222

220，083

276，710

337，381

378，301

428，436

521，821

584，034

652，772

726，659

853，317

902，650

890，673

1，037，060

1，194，162

129，110

216，660

265，936

306，629

401，863

466，402

533，320

573，129

637，437

677，520

776，335

929，386

1，030，648

1，118，837

1，231，143

1，353，611

1，535，023

1，554，487

1，653，345

1，760，125

1，914，945

466，571

690，409

819，125

954，809

1，204，383

1，446，343

1，519，483

1，729，331

1，928，073

2，122，470

2，463，848

2，913，583

3，372，733

3，810，093

4，311，762

4，880，269

5，635，399

5，843，073

6，194，632

6，908，242

7，869，472

Sources：Statistic Bureau，Managenent and Coordination Agency，Japan，’’Report on the Survey of Research and Development”．



Table4－2－4　R＆DExpendituresandNon－COreBisinessRatiobyIndustry（FY1989）

Non－COre

Industries

R＆D

expenditures

（Million Yen）

R＆D expenditures R＆D expenditures bisiness ratio

for core for non－COre Of R＆D［％］

bisiness field bisiness field

Allindustry

Agri．．Forest．＆Fish．（1）

Mini喝
ConstruCtion

Food

Textiles

Pulp＆paper products

Printing＆publishing

CheniCal products

Industrial chemical（2）

Oils＆paints

Drugs＆nedicines

Other chemicals

Petroleum＆coal products

Plastic products

Rubber products

Cheranics

Iron＆steel

Non－ferrous netals

Fabricated metal products

General machinery

Electr・ical machinery

Elect．machin．ect（3）

Electronics（4）

Transport equipment

Motor vehicles

Other transport equip．

Precisioninstruments

Other manufacturing

Transport，COmmunication

7，869，472

4，247

24，446

167，598

187，970

72，186

42，266

33，667

1，251，847

539，660

118，939

437，576

155，672

81．813

114，624

107，776

210，078

266，696

121，251

87，945

487，957

2，729，972

825，550

2，097

8，713

143，499

104，777

27，204

32，137
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61，656　　　　　57，283

414，891　　　　22，685

118，837　　　　　36，835

39，973　　　　　41，840

84，827　　　　　22，g49

102，611　　　　107，467

132，846　　　　133，850

57，883　　　　　63，368

54，070　　　　　33，875

317，075　　　　170，882

264，451　　　　561，099

1，904，422　　　　1，365，968　　　　　538，454

1，231，118

1，074，333

156，785

244，789

87，734

313，492

1，028，079　　　　　46，254

42，432　　　　114，353
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（1）Agriculture，forestry and fisheries

（2）Industrial chemicals and chemical fibers

（3）Electricalmachinery，equipmentandsupplies
（4）Connunication and electronlCS equipment

Sources：Statistic Bureau，Management and Coordination Agency，Japan，’’Report on the

Survey of ResearCh and Development”．
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Table4－2－5　Trends of Non－COre Business Ratio of R＆D Expenditures

inlndustry（by selectedindustry）

Non－COre business ratio R＆D expenditures

Chemical Iron General Electrical Transportation Precision

Fiscal products and steel machinery machinery equlPment instruments

Year manufacturing manufacturing manufacturing manufacturing manufacturing manufacturing

1969

1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

6．5　　　　　　28．5

7．9　　　　　　25．5

7．9　　　　　　26．8

7．4　　　　　　23．3

9．1　　　　　　24．9

9．8　　　　　　23．5

7．1　　　　　　22．5

7．1　　　　　　24．3

7．5　　　　　　24．4

6．0　　　　　　　24．5

7．3　　　　　　22．5

6．3　　　　　　21．0

6．4　　　　　　20．5

7．3　　　　　　24．2

7．9　　　　　　26．6

8．8　　　　　　　28．5

8．9　　　　　　33．8

8．7　　　　　　49．1

9．7　　　　　　46．9

9．7　　　　　　48．6

10．2　　　　　　50．2

30．6　　　　　　10．4　　　　　　13．4

22．9　　　　　　11．0　　　　　　15．0

25．7

20．2

20．3

19．5

24．3

23．4

25．4

22．1

24．4

26．1

24．5

24．9

28．9

28．7

33．2

34．8

34．8

35．7

35．0

8．4　　　　　　14．2

8．1　　　　　　19．3

9．1　　　　　19．4

10．2　　　　　　18．1

10．9　　　　　　21．9

11．0　　　　　　19．6

11．6　　　　　　18．4

10．5　　　　　　13．9

11．0　　　　　　13．4

10．4　　　　　　15．0

8．2　　　　　　14．7

8．3　　　　　　13．0

10．3　　　　　　12．1

10．8　　　　　　14．0

10．3　　　　　　13．6

8．9　　　　　　14．1

8．9　　　　　　13．9

8．8　　　　　　13．1

8．3　　　　　　11．3

22．6

38．5

32．9

28．5

28．3

33．4

41．1

27．3

21．7

24．6

29．2

24．2

34．9

45．1

43．1

45．9

46．7

45．1

43．0

48．2

58．1

Sources：Statistic Bureau，祇anagement and Coordination Agency，Japan，’’Report on the Survey

of Research and Development”．
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Fig4－2－6　NumericalTrends ofR＆DScientists andEngineersinIndustries（by selectedindustry）

R＆D scientists and engineers Number o perSOn

Chemical General Electrical Transportat－　Precision Other

PrOducts machinery machinery ion equipnentinstrunents manufactu一

manufactu一　manufactu胃　manufactu一　manufactu一　　manufactu－　ring

rillg．　＿裏！lrin

2，993　　　9，942

4，350　　　8，685

3，02g　　　　9，525

4，568　　11，643

4，033　　14，707

5，963　　13，460

6，733　　15，897

5，470　　17，801

7，123　　19，915

7，503　　　21，780

8，192　　　25，722

10，600　　　31，227

9，754　　　33，183

10，242　　　36，789

10，561　　38，738

20，934　　　42，645

11，749　　　43，873

13，426　　　49，465

14，375　　　47，939

12，642　　　51，174

15，273　　　55，467

15，390　　　58，873

15，666　　　63，193

17，024　　　68，243

19，588　　　78，427

19，694　　　80，077

21，313　　　89，824

21，146　　　94，067

23，184　　104，416

24，677　　112，387

27．382　　119．386

rir！＆＿　、工i鳩ring

8，651

9，149

9，874

12，063

15，292

14，520

15，824

16，859

19，075

19，451

21，565

24，669

25，232

26，207

25，876

27，220

27，614

28，259

29，228

29，506

31，556

32，847

33，970

35，822

37，594

38，888

42，523

43，503

46，914

49，170

52．196

憲
1
9
6
1
豊
豊
悪
霊
豊
盈
豊
豊
霊
豊
1
9
8
2
1
9
8
。
豊
豊
豊
1
9
9
。

＿＿　　」　　ユ哩」＿＿＿＿＿

2，633　　　　1，754

2，685　　　　　960

3，794　　　　1，217

4，546　　　1，028

4，572　　　1，266

3，447　　　　1，508

3，468　　　　2，062

4，391　　　　2，166

5，151　　　2，548

5，927　　　　2，167

6，419　　　　2，757

7，740　　　　3，367

8，423　　　　3，283

10，587　　　　5，193

12，184　　　　4，351

12，329　　　　3，799

16，089　　　　3，950

13，705　　　　4，590

13，855　　　　4，935

15，132　　　　5，685

16，169　　　　6，188

17，682　　　　7，061

18，158　　　　8，096

18，615　　　　8，270

21，036　　　10，107

22，123　　　10，791

23，892　　　11，545

25，148　　　11，522

26，348　　　11，049

27，993　　　12，374

29．383　　　　13．796

actu胃　All

ring industr－

ies

13，951　　39，924　　42，938

14，514　　　40，343　　43，608

15，104　　　42，543　　46，110

15，866　　　49，714　　54，073

16，112　　　55，982　　60，009

16，016　　　54，914　　58，997

16，929　　　60，913　　65，357

18，752　　　65，439　　69，164

22，911　　76，723　　81，664

20，671　　77，499　　82，516

22，978　　　87，633　　94，060

25，299　　102，902　111，244

25，392　　105，267　112，763

28，526　　117，544　124，795

30，496　　122，206　130，690

30，198　　137，125　146，604

32，541　135，816　145，216

32，394　　141，839　151，437

33，686　　144，018　153，706

34，111　148，250　157，279

39，214　　163，867　173，244

43，235　　175，088　184，889

44，400　　183，483　192，942

42，634　　190，608　　201，137

46，551　　213，303　　223，882

47，868　　219，441　231，097

50，695　　239，792　　251，771

53，063　　248，449　　260，846

55，331　　267，242　　279，298

54，646　　281，247　　294，202
58．234　　　300．377　　313．948

Sources：Statistic Bureau，Management and Coordination Agency，Japan，”Report on the Survey of Research

and DevelopTnent’’．
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Table4－2－7　Nunerical Trends of R＆D Scientists and EngineersinIndustry

（by speciality of academic field）

R＆D scientists and engineers（Number of person）

All natural sciences and engineering fields Humanities

Fiscal Natural Enginee－　AgricaトHealth Others Sub－tOtal and social
Year sciences ring tural sclenCeS SClenCeS

Total

1960

1961

1962

1963

1964

1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

16，036　　19，525

18，071　17，651

16，686　　20，654

19，956　　24，281

22，534　　25，946

22，903　　25，877

24，035　　29，983

26，856　　30，768

31，393　　37，132

29，464　　39，644

34，219　　45，488

38，514　　55，325

39，326　　56，150

43，900　　64，056

42，675　　68，398

48，004　　77，947

46，888　　75，959

45，141　　83，104

46，476　　83，777

46，836　　85，792

50，056　　96，255

54，565　101，303

53，702　108，624

55，880　112，585

60，110　126，878

60，723　131，882

66，249　144，421

68，500　149，406

70，774　162，896

74，148　172，159

80，227　183，538

1，252　　1，544

1，859　　1，695

1，073　　　2，101

1，537　　　2，264

1，834　　　3，054

1，687　　　2，491

1，696　　　2，683

2，347　　　2，926

2，343　　　2，893

3，342　　　3，135

2，997　　　3，044

2，825　　　3，767

3，216　　　3，847

3，463　　　3，774

3，891　　4，176

3，702　　　4，103

4，479　　　4，216

4，518　　　4，620

4，326　　　4，859

4，789　　　5，029

5，551　　5，776

5，831　　5，805

5，921　　6，101

6，384　　　6，439

6，354　　　7，266

7，163　　　7，527

7，417　　　8，033

8，278　　　8，103

9，342　　　9，123

9，085　　　9，560

8，501　10，159

1，567　　39，924

1，067　　40，343

2，029　　42，543

1，676　　49，714

2，520　　55，982

1，956　　54，914

2，516　　60，913

2，542　　65，439

2，962　　76，723

1，914　　77，499

1，585　　87，333

1，977　102，408

2，304　104，843

1，948　117，141

2，653　121，793

2，856　136，612

3，615　135，157

3，534　140，916

3，793　143，230

4，767　147，213

4，920　162，558

6，145　173，649

7，262　181，610

7，623　188，911

9，894　　210，502

9，350　　216，645

10，608　　236，728

11，203　　245，490

11，862　　263，997

13，038　　277，990

14，748　　297，173

－　　39，924

－　　40，343

－　　42，543

－　　49，714

－　　55，982

－　　54，914

－　　60，913

－　　65，439

－　　76，723

－　　77，499

300　　87，633

494　102，902

424　105，267

403　117，544

413　122，206

513　137，125

659　135，816

924　141，839

788　144，018

1，037　148，250

1，309　163，867

1，439　175，088

1，873　183，483

1，697　190，608

2，801　213，303

2，796　　219，441

3，064　　239，792

2，959　　248，449

3，245　　267，242

3，257　　281，247

3，204　　300，377

Sources：Statistic Bureau，Managernent and Coordination Agency，Japan，”Report on the Survey

Of Research and Development”．
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Table4－2，8　Trends ofRatioofR＆D Expenditures toSales（Percentage）
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280　279　252

152　149　135

537　556　577

232　215　230

237　208　280

204　202　201

134　165　136

849　899　938

804　839　853

109011451172

819　829　875

84710131088

461　488　455

365　420　377

392　413　418　418　481

355　335　362　381　372

177　197　224　232　247

316　317　329　356　349

260　303　293　273　255

425　418　469　452　472

767　830　862　935　978

647　664　682　701　770

836　921　95810651094

325　394　438　437　445

331　402　453　450　458

304　362　382　382　388

664　666　670　704　831

257　288　358　320　315

56　　71　51　54　　64

Sources：StatisticBureAu，Man8genentandCoordinationAgency，Japan．”ReportontheSurveyof

ResearCh and DeveJopJleTlt”．
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Table4・2・10NumberotR＆DLaboratoriesinMqjourEnterprises

ー
　
u
q
u
　
－

N uのh 訂Of R＆D lのor瓜0丘cs b y su叫eCtn d d A Ⅱ

丘d d 5

N u m k r o f N um k r o f

cnt呵 m cSR ＆D

lab r瓜Od cs

nd cr th

dircCt

CO ntrO l

E n耶m g

lln du叫 ］ n 肺 c止y l血 m d on M ach b c叩 C h肺 町 B io N 虚血

托SO u ICcS

M ed A cm 5PaCc C on st．＆

CiY n cn g・

m y Sics 0 也c指 Soc id

Sclen Cc

（com －

Pan y）

（co甲旬ト

rのon）

A のd m 陀 1 6 2 1 10 8 7 1 0 5

M h h 8 1 1 1 2 5 5 5 0 0 2

C o n5u u d on 10 6 14 6 1 1 5 1 1 4 6 4 4 6 3 144 7 8 68 6 4 6 1

Fo（d 3 16 4 6 1 3 23 1 93 69 糾 2 3 3 6

T cl蝕 8 3 7 2 5 1 1 3 1 1 1 19 2 8 1 59 53 6 0 2 3

n llp ＆pや併 1 3 12 7 1 1 1 4 7 37 2 1 18 3 0 11

C h肺 cd p rd uctS 64 18 14 189 114 9 6 5 7 14 4 5 2 437 325 2 95 2 3 7 9 4

h du st丘d ch q n id 47 14 8 12 7 5 2 7 5 3 5 7 9 234 16 8 149 17 2 4 9

D m 騨 ＆m d ic h 喀 14 1 23 35 1 2 0 1 9 5 96 9 1 2 3 2 6

0 軋p血 也，dctc喀Cn症止 1 3 5 20 14 2 l 2 2 6 2 1 5 9 2 g 27 0 1 9

0 血句ーCh Cm ic ak 2 1 19 13 14 49 3 3 28 4 1 10

h 加 lq lm 5 4 5 2 1 17 5 5 0 0 4

R u bk pm d耽也 1 3 1 1 6 5 5 0 0 5

C h cr紺nics 10 1 4 12 6 3 3 3 7 2 16 3 7 0 3 7 32 3 2 0

h ＆細 1 12 3 10 8 4 3 0 4 1 1 5 8 86 5 4 45 8 1 18

N o n一缶汀Ou S m 地山 21 9 14 16 7 2 4 12 3 5 富 7 12 6 6 2 5 2 8 2 27

G c ncrd れnaChh cⅣ 26 9 47 13 7 18 7 5 2 7 7 2 15 0 6 2 5 6 5 1 39

皿肺 d m 拡hh 欧y 137 8 0 4 6 24 18 13 17 7 1 14 16 4 37 7 120 10 2 15 3 59

Sh ip b uildh g 5 5 9 7 6 6 5 4 4 3 4 1 5 9 13 12 0 1 5

0 血cr的 nSP n 『ulP． 1 1 2 1 1 0 0 1

M oto T Yd 疽clq l 1 1 4 18 7 3 6 2 1 1 3 1 1 1 68 33 2 1 8 4 2 1

h 肺 ion inぬum cn ls 15 14 17 8 4 1 1 1 6 4 7 1 33 29 4 0 15

0 血訂m m uねctum g 9 6 5 10 3 4 2 2 6 5 1 53 2 1 2 1 0 0 9

T 叫 ，cO m 皿icの on 5 17 3 1 1 1 1 1 39 29 14 14 1 3

且の c P W ∝ 7 5 5 6 5 5 11 6 3 4 1 5 8 14 13 1 0 8

G l l 1 1 1 1 3 1 4 6 2 20 12 11 1 0 4

T ou l 4 0 6 1！粉 23 4 5 59 38 2 136 102 4 1 114 9 7 24 9 Z 7 2，54 6 1，06 6 9 29 10 8 2 9 5 6 4

Note：Numkroflabml0dcsbysu叫∝t丘cldu忙00un記daαOSScaCh叫cCt丘ddr甲飽ldly・

Sourα：NihonKeizaiShinbunInc．，’．NIKKEICompanyInformation’’1990



Table4－3－1Trends of R＆D Expendituresin Colleges and Universities（by establishing acade田ic txxly aTld by acadealic field）

R＆D ex nditures 丹illion yen

Fiscal

Year

Nat．ional Local

COllege／Univ．govern皿ent

∝止lege／Univ．

Private Total Arts，human一生L肺鉗ities，SOCi－
Natural Engineer－Agricaltu－　Health al sciences

sciencesing ral sciences and others

ー
　
∽
↓
わ
　
ー

1959

1［撚0

1妬1
1鮎2
15第3
1964

1第5

1誹i6

1≦姫7

1968

1瑛；9

1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

30，454

31，400

40，200

50，771

59，360

71，019

87，059

105，573

121，235

131，890

147，823

179，040

195，487

215，131

254，889

333，171

381，472

415，654

455，191

518，622

560，089

594，339

643，472

675，850

711，364

749，826

756，686

786，462

843，900

860，678

899．221

3，730　　　14，513　　48，696

5，027　　　16，057　　52，485

6，346　　　23，195　　69，741

7，887　　　31，353　　90，012

8，629　　　39，141　107，130

9，379　　　49，165　129，563

13，242　　　83，342　183，643

12，577　　　83，765　　201，914

14，109　　　　94，093　　229，436

17，540　　109，033　　258，463

20，205　　131，206　　299，233

25，369　　161，468　　365，877

29，461　　198，494　　423，441

32，368　　　231，185　　478，684

36，791　　282，483　　574，163

44，029　　　340，385　　717，585

48，788　　　409，538　　839，798

51，406　　　466，955　　934，016

57，578　　　499，5281，012，297

58，042　　　574，4111，151，074

64，970　　　633，2681，258，326

67，734　　　678，0011，340，074

72，582　　　729，5911，445，645

75，986　　　788，5861，540，422

78，097　　　860，1841，649，646

81，964　　　892，3981，724，187

88，645　　　944，4491，789，780

90，608　　　955，5051，832，575

96，756　1，017，2641，957，921

97，888　1，055，508　2，014，073
114．331　1、115．819　2．129．372

27，563　　5，296　　8，312

30，637　　4，951　11，013

41，454　　7，079　15，408

54，131　　9，217　　21，349

62，661　10，220　　25，030

77，304　10，469　　34，853

105，048　16，071　42，047

118，856　17，795　　49，986

138，865　18，402　　57，095

155，831　17，456　　61，049

177，449　　21，904　　71，411

217，444　　25，705　　83，709

250，433　　28，415　　95，3［拓

288，896　　30，291105，271

358，229　　38，098　122，200

445，241　54，798　156，415

516，281　65，465　185，149

587，654　　76，786　201，839

629，698　　95，016　222，007

105，288　249，097

116，618　274，836

109，394　301，575

131，467　319，279

142，574　330，106

147，985　358，749

155，118　370，732

162，031　371，364

163，376　393，056

175，609　431，438

179，200　444，840

187．047　　481．826

712，618

777，683

823，900

885，359

948，211

1，028，356

1，063，775

1，075，410

1，121，864

1，209，579

1，239，551

1．311．631

3，649　10，306

4，476　10，198

5，490　13，439

6，645　16，919

7，718　19，693

9，419　　22，562

11，408　　35，522

13，244　　37，832

15，136　　48，231

16，437　　60，889

19，576　　64，558

22，967　　85，062

26，400　100，222

29，314　124，020

33，409　164，522

41，638　192，390

45，604　220，063

50，058　258，970

55，602　257，073

60，477　297，756

66，220　320，009

70，946　341，985

72，245　362，368

75，731　399，800

80，672　440，951

86，935　450，990

85，337　456，678

88，030　477，403

91，551　510，982

92，435　523，076

99．800　　542．957

21，079

21，847

28，259

35，877

44，469

52，259

78，595

83，058

90，572

102，632

121，785

148，433

173，009

189，788

215，934

272，344

323，517

346，362

382，600

438，456

480，644

516，174

560，286

592，212

621，290

660，412

714，369

710，711

748，342

774，523

817．741

Sources：Statistic Bureau，ManageJnent and Coordination Agency，Japan，’’Report on the Survey of Research and Development”．



Table4－3－2　Numerical Trends of R＆D Scientists and Engineersin Colleges and Universities

（by establishing academic body and academic field）

R＆D scientists and en lneerS

Fiscal

Year

National Local Private

COllege／Univ．government

college／Univ．

Total

All natural sciences and engineering fields

Arts，human胃

ities，SOCi－

Natural Engineer－Agricaltu－　Health al sciences

SCiencesing ral SCiences and others

1961　　　　　28，550　　　　　5，552　　　　24，267

1962　　　　　27，818　　　　　5，672　　　　18，931

1963　　　　　31，446　　　　　5，941　　　　22，992

1964　　　　　33，538　　　　　5，975　　　　25，401

1965　　　　　35，416　　　　　6，208　　　　27，072

1966　　　　　36，473
29

17

－
　
3
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1967　　　　　41，

1968　　　　　　46，

1969　　　　　45，

1970　　　　　　47，

1971　　　　　49，

1972　　　　　　50，

1973　　　　　　59，

1974　　　　　　62，

1975　　　　　63，

1976　　　　　66，

1977　　　　　　69，

1978　　　　　68，

1979　　　　　70，

1980　　　　　74，

1981　　　　　75，

1982　　　　　76，

1983　　　　　79，

1984　　　　　81，

1985　　　　　83，

1986　　　　　84，

1987　　　　　86，
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31，846

36，823

39，926

40，750

44，804

48，139

49，140

55，983

58，350

61，185

64，348

67，119

68，161

71，812

72，945

74，991

76，120

79，204

82，211

84，824

87，740

90，031

93，168

96，057

98，335

58，369　　　28，255

52，421　　28，337

60，379　　　33，421

64，914　　　36，430

68，696　　　39，133

75，511　　43，625

85，351　　48，549

93，889　　　54，280

92，797　　　52，373

99，413　　　55，240

105，193　　　59，747

107，118　　　60，503

125，142　　　75，159

130，267　　　79，199

134，458　　　81，908

141，829　　　88，024

147，354　　　92，779

146，962　　　91，508

153，257　　　96，724

158，446　　100，700

160，863　　102，592

163，264　　104，112

170，103　　109，930

175，841　114，183

180，606　　118，018

185，070　　121，324

189，597　　124，234

195，428　　128，109

200，730　　131，722

205，509　　134，133

3，533　　　7，677　　　3，906

3，769　　　8，037　　　3，880

4，078　　　9，403　　　3，869

4，693　　10

4，245　　13

5，114　　13

5，833　　16

5，607　　18

5，469　　18

6，717　　20

6，686　　21

6，505　　22

7，964　　23

8，362　　24

8，246　　24

9，313　　27

10，135　　27

10，845　　27

10，634　　27

10，994　　27

10，659　　28

996　　27

601　　4，172

606　　　4，281

923　　　4，221

058　　　4，564

466　　　4，994

045　　　4，925

001　　5，438

119　　　5，721

178　　　5，783

716　　　6，296

587　　　6，562

13，121　　　30，114

12，642　　　　24，055

16，097　　　26，928

16，956　　　28，484

17，001　　　29，563
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80，547　　　71，376

Sources：Statistic Bureau，Management and Coodination Agency，Japan，”Report on the Survey of Research and Developnent”．



Table4－3－3　Trends of R＆D Expenditures per R＆D Scientists and Engineersin Colleges and Universities

（by establishement academic body by academic field）

R＆D expenditures per R＆D

Fiscal

Year

ー
　
当
の
　
－

S／E（Thousand Yen／Person）

National Local

COllege／Univ．government

COllege／Univ．

Privat．e Total Arts，humn－

All natural sciences and engineering fields ities，SOC1－

Natural Engineer－　Agricaltu－　Health al sciences

SCiencesing ral sciences and others

1961

1962

1963

1964

1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

1，408　　　　1，143

1，825　　　　1，391

1，888　　　　1，452

2，118　　　　1，570

2，458　　　　　2，133

2，895　　　　1，749

2，902　　　　　2，091

2，841　　　　2，327

3，272　　　　　2，943

3，783　　　　　3，482

3，944　　　　　3，933

4，247　　　　　4，417

4，318　　　　　3，633

5，367　　　　　4，475

6，043　　　　　4，810

6，218　　　　　4，832

6，581　　　　5，202

7，613　　　　　5，434

7，905　　　　　6，136

7，969　　　　　6，206

8，579　　　　　6，677

8，887　　　　　6，849

8，988　　　　　6，646

9，187　　　　　6，826

9，054　　　　　7，262

9，254　　　　　7，341

9，709　　　　　7，648

9，626　　　　　7，620

9，836　　　　　8，625

956　　1，195

1，656　　1，717

1，702　　1，774

1，936　　1，996

3，079　　　2，673

2，630　　　2，674

2，555　　　2，688

2，731　　2，753

3，220　　　3，225

3，604　　　3，680

4，123　　　4，025

4，705　　　4，469

5，046　　　4，588

5，834　　　5，509

6，693　　　6，246

7，257　　　6，586

7，442　　　6，870

8，427　　　7，832

8，818　　　8，211

9，295　　　8，458

9，729　　　8，987

10，360　　　9，435

10，860　　　9，698

10，855　　　9，805

11，134　　　9，910

10，890　　　9，902

11，299　　10，327

11，329　　10，306

11，616　　10，608

1，467　　　2，004

1，910　　　2，445

1，875　　　2，506

2．122　　　2，231

2，684　　　3，786

2，724　　　3，480

2，860　　　3，155

2，871　　3，113

3，388　　　4，005

3，936　　　3，827

4，192　　　4，250

4，775　　　4，657

4，766　　　4，784

5，622　　　6，553

6，303　　　7，939

6，676　　　8，245

6，787　　　9，375

7，787　　　9，708

8，040　　10，967

8，182　　　9，950

8，630　　12，334

9，108　　12，966

9，355　　13，240

9，316　　13，649

9，112　　14，101

9，247　　14，118

9，736　　15，225

9，676　　15，113

9，958　　15，314

2，007　　1，406　　1，024

2，656　　1，713　　1，338

2，662　　1，995　　1，223

3，288　　　2，258　　1，331

3，090　　　2，665　　　2，089

3，590　　　3，138　　1，858

3，556　　　3，316　　　2，183

3，306　　　3，291　　2，415

3，957　　　3，975　　　2，697

4，185　　　4，223　　　3，685

4，517　　　4，615　　　3，822

4，747　　　5，069　　　4，763

5，153　　　5，306　　　4，425

6，362　　　6，345　　　4，848

7，437　　　6，844　　　5，227

7，462　　　7，365　　　5，772

8，069　　　8，051　　5，331

9，175　　　9，113　　　6，352

9，994　　　9，236　　　6，224

10，840　　　9，888　　　6，251

11，293　　10，221　　6，403

11，964　　10，719　　　6，839

12，766　　11，184　　　6，951

12，999　　12，058　　　6，722

12，892　　11，785　　　6，479

13，390　　11，813　　　6，545

14，336　　12，357　　　6，795

14，358　　12，295　　　6，728

14，926　　12，968　　　6，827

938

1，491

1，651

1，835

2，659

2，605

2，461

2，591

3，013

3，360

3，807

4，071

4，320

5，333

6，156

6，437

7，011

7，907

8，502

8，939

9，615

10，012

10，325

10，711

11，414

11，149

11，449

11，505

11，850

Sources：Statistic Bureau，Management and Coordination Agency，Japan，”Report on the Survey of Research and Development”．



Table4－4－1Trends of R＆D Expendituresin GoverrlmerltalInstitutes and R＆D Foundations

R＆D expenditures（推illion Yen）　　　　　　　　　　　　　　　Total Shares

ー
　
∽
↓
↓
－

Fiscal National Local Private Semi－　　　　　　　　　　　　　　National Local Private Semト

Year governmental governmental governmental governmental

1959　　　　　12，432

1960　　　　　16，875

1961　　　　19，090

1962　　　　　20，507

1963　　　　　22，584

1964　　　　　27，197

1965　　　　　31，101

1966　　　　　36，182

1967　　　　　38，768

1968　　　　　44，338

1969　　　　　47，349

1970　　　　　54，562

1971　　　　61，362

1972　　　　　71，736

1973　　　　　86，959

1974　　　　108，784

1975　　　　124，132

1976　　　　130，195

1977　　　　148，171

1978　　　　164，070

1g79　　　　186，925

1980　　　　194，293

1981　　　　201，256

1982　　　　203，343

1983　　　　　208，767

1984　　　　　215，853

1985　　　　　235，950

1986　　　　　244，828

1987　　　　　308，246

1988　　　　272，506

1989　　　　　284，261

8，345　　　　　6，028

8，522　　　　　4，022

12，102　　　　　4，492

16，267　　　　　6，040

18，024　　　　　6，957

22，269　　　　　8，680

24，875　　　　　9，295

29，291　　　10，303

33，700　　　　11，286

38，885　　　　11，987

45，342　　　17，842

57，481　　　18，838

67，648　　　　23，325

76，303　　　　25，424

95，527　　　　32，088

115，215　　　　84，236

118，750　　　　85，923

124，922　　　101，902

139，287　　　　88，831

145，281　　100，831

159，938　　　　94，604

177，176　　　145，540

191，162　　　245，521

189，702　　　276，178

191，567　　　279，651

199，622　　　307，425

206，935　　　349，812

209，212　　　399，971

215，583　　　441，273

223，677　　　458，925

240，902　　　498，535

26，804

4，589　　　　34，008

6，266　　　　41，950

7，001　　　　49，815

6，264　　　　53，829

6，573　　　　64，720

7，322　　　　72，593

6，765　　　　82，540

10，324　　　　94，078

19，462　　　114，673

26，535　　　137，068

35，482　　　166，363

61，575　　　213，911

94，797　　　268，260

125，174　　　339，747

101，158　　　409，394

121，124　　　449，928

147，420　　　504，438

153，232　　　529，522

193，606　　　603，788

218，924　　　660，391

246，908　　　763，918

268，979　　　906，918

280，038　　　949，260

291，025　　　971，010

310，209　　1，033，110

367，874　　1，160，571

386，183　　1，240，194

419，348　　1，384，452

439，072　　1，394，180

428，592　　1，452，290
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Table4－4－2　Trends of R＆D Scientists and EngiTleerSiTI Govern皿entalInstitutions and R＆D Foundations

R＆D S／E （扼皿ber of person） Total Shares

Fiscal National Local Private Semi－　　　　　　　　　　　　　　National Local Private Semi－

Year governdTental governmental governmeTltal govern皿ental

－
　
∽
↓
α
　
－

1961　　　　　7，506

1962　　　　　　7，838

1963　　　　　　8，275

1964　　　　　　8，383

1965　　　　　　8，878

1966　　　　　　8，896

1967　　　　　　9，127

1968　　　　　　9，174

1969　　　　　　9，353

1970　　　　　　9，308

1971　　　　　　9，668

1972　　　　　　9，701

1973　　　　　　9，800

1974　　　　　　9，730

1975　　　　　　9，817

1976　　　　　　9，897

1977　　　　　　9，948

1978　　　　　10，262

1979　　　　　10，281

1980　　　　　10，465

1981　　　　10，706

1982　　　　　10，704

1983　　　　　10，795

1984　　　　　10，777

1985　　　　　10，641

1986　　　　　10，770

1987　　　　　10，697

1988　　　　　10，766

1989　　　　　10，899

6，710　　　　1，930

7，749　　　　1，357

8，787　　　　1，545

8，933　　　　1，521

9，687　　　　1，647

10，045　　　　1，781

10，645　　　　1，673

11，171　　　　1，881

11，467　　　　1，910

11，951　　　　2，166

12，282　　　　　2，294

13，424　　　　　2，566

14，116　　　　　2，619

15，099　　　　　2，726

14，581　　　　2，641

14，762　　　　　3，043

14，743　　　　　3，883

14，835　　　　　3，551

14，785　　　　　3，637

15，204　　　　　3，771

15，497　　　　　4，861

15，655　　　　　7，408

15，269　　　　　5，971

15，287　　　　　6，856

15，464　　　　　7，198

15，340　　　　　7，565

15，294　　　　　8，427

15，004　　　　　9，632

15，215　　　　10，788

710　　　　16，856

730　　　　17，674

783　　　　19，390

841　　　19，678

933　　　　21，145

838　　　　21，560

1，119　　　　22，564

1，193　　　　23，419

1，350　　　　24，080

1，441　　　　24，866

1，474　　　　25，718

1，737　　　　27，428

2，714　　　　29，249

3，585　　　　31，140

2，010　　　　29，049

2，113　　　　29，815

2，082　　　　30，656

2，151　　　　30，799
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Table5－ト1Regional Distribution of
Private R＆D Facilities

Region Number　of Shares

facilities （％）

Hokkaido 33 1．0

Tohoku 54 1．7

Kan to 472 14．8

TRA（＊） 1180 37．1

Hokuriku 94 3．0

Tokai 407 12．8

Kinki 675 21．2

Chugoku 129 4．1

Sikoku 35 1．1

Kyusyu 100 3．1

All Japan 3179 100

（＊）TRA：Tokyo Regional Area

Source：NISTEP

Table5－ト2　Number of Private R＆D Facilities by Founder’s Year

Hokkaido Tohoku Kanto TRA（＊） Hokuriku Tokai Kinki Chugoku Sikoku Kyusyu Total

Before

1940 0 1 7 17 5 4 14 4 0 1 53
1940’S 2 4 6 26 2 9 15 1 5 1 71
1950’S 4 1 14 45 2 21 29 8 －　　　 0 3 127
1960’S 4 2 39 61 1 37 51 13 1 2 211
1970’S 3 2 25 45 5 25 29 6 2 8 150
1980’S 1 7 50 73 6 33 27 10 5 7 219
Total 14 17 141 267 21 129 165 42 13 22 831

（＊）TRA：Tokyo Regional Area

Source：NISTEP

ー379－



Table5－2－1Regional Distribution of Engineering Faculties of College／Univ．

by Size of Teaching Staff

Nunber of Less than 50一一100 100一一200 200～300 More than
Totaldepartments 50 persons perSOnS PerSOnS perSOnS 300 persons

Hokkaido 2 0 3 0 1 6
Tohoku 0 2 4 0 1 7
Kanto 1 1 7 1 0 10
TRA（＊） 5 5 11 5 3 29
Hokuriku 0 1 6 0 0 7
Tokai 1 2 6 0 2 11
Kinki 0 4 8 2 2 16
Chugoku 1 4 3 1 0 9
Sikoku 0 0 2 0 0 2
Kyusyu 2 14 5 0 1 22
A‖Japan 12 33 55 9 10 119

Pdrcentage Less than 50～100 100～200 200～300 More than

Total50 persons perSOnS PerSOnS PerSOnS 300 persons

Hokkaido 16．7 0．0 5．5 0．0 10．0 5．0

Tohoku 0．0 6．1 7．3 0．0 10．0 5．9

Kanto 8．3 3．0 12．7 11．1 0．0 8．4

TRA（＊） 41．7 15．2 20．0 55．6 30．0 24．4

Hokuriku 0．0 3．0 10．9 0．0 0．0 5．9

Tokai 8．3 6．1 10．9 0．0 20．0 9．2

Kinki 0．0 12．1 14．5 22．2 20．0 13．4

Chugoku 8．3 12．1 5．5 11．1 0．0 7．6、

Sikoku 0．0 0．0 3．6 0．0 0．0 1．7

Kyusyu 16．7 42．4 9．1 0．0 10．0 18．5

All Japan 100 100 100 100 100 100

（＊）TRA：Tokyo Regional Area

Source：NISTEP

ー380－



Table5－2－2　Regional Distribution of Teaching Stuff of Engineering Faculties

Of College／Unive

Number of Less than 50～100 100～200 200～300 More than

Totalteaching stuff 50 persons perSOnS perSOnS perSOnS 300 persons

Hokkaido 62 0 421 0 405 888

Tohoku 0 170 563 0 403 1140
Kanto 36 90 944 219 0 1290
TRA（＊） 192 402 1610 1110 1380 4700

Hokuriku 0 85 862 0 0 947

Tokai 45 177 831 0 713 1770
Kinki 0 282 1160 451 954 2850
Chugoku 22 273 337 250 0 882
Sikoku 0 0 222 0 0 222
Kyusyu 60 1010 709 0 417 2200
All Japan 417 2490 7660 2030 4270 16900

Percentage Less than 50～100 100一一200 200～300 More than

Total50 persons perSOnS perSOnS perSOnS 300 persons

Hokkaido 14．9 0．0 5．5 0．0 9．5 5．3

Tohoku 0．0 6．8 7．3 0．0 9．4 6．7
Kanto 8．6 3．6 12．3 10．8 0．0 7．6
TRA（＊） 46．0 16．1 21．0 54．7 32．3 27．8
Hokuriku 0．0 3．4 11．3 0．0 0．0 5．6
Tokai 10．8 7．1 10．8 0．0 16．7 10．5

Kinki 0．0 11．3 15．1 22．2 22．3 16．9
Chugoku 5．3 11．0 4．4 12．3 0．0 5．2
Sikoku 0．0 0．0 2．9 0．0 0．0 1．3
Kyusyu 14．4 40．6 9．3 0．0 9．8 13．0
All Japan 100 100 100 100 100 100
（＊）TRA：Tokyo Regional Area

Source：NISTEP
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Table5－3－1Regional Distribution of R＆D

Scientists and Engineers

Number of　Shares（％）

R＆E S／E

Hokkaido 161　　　　　 0．3

Tohoku 401　　　　　 0．6

Kanto 9440　　　　 14．8

TRA（＊） 26200　　　　 41．1

Hokuriku 860　　　　 1．4

Tokai 8820　　　　 13．8

Kinki 12900　　　　 20．3

Chugoku 2750　　　　　 4．3

Sikoku 470　　　　　 0．7

Kyusyu 1700　　　　　 2．7

All Japan 63700　　　　　 100

（＊）TRA：Tokyo Regional Area

Source：NISTEP

Table5－3－2　Regional Distribution of

R＆D Expenditures

R＆D expeTlditures　Shares（％）

（Million Yen）

nokkaido 2610　　　　　 0．2

Tohoku 14600　　　　　 1．0

Kanto 257000　　　　 16．9

TRA（＊） 551000　　　　 36．3

Hokuriku 12100　　　　　 0．8

Tokai 221000　　　　 14．5

Kinki 303000　　　　 19．9

Chugoku 106000　　　　　 7．0

Sikoku 11900　　　　　 0．8

Kyusyu 38000　　　　　 2．5

All Japan 1520000　　　　　 100

（＊）TRA：Tokyo Regional Area

Source：NISTEP
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Table5－3－3　Correlation between R＆D S／E and

R＆D Expenditures by Region

Shares　of　R＆D　Shares　of　R＆D

S／E （％）　 expenditures（％）

Hokkaido 0．3　　　　　　　　 0．2

Tohoku 0．7　　　　　　　 1．0

Kanto 12．1　　　　　　 13．8

TRA（＊） 42．5　　　　　　　 37．6

Hokuriku 1．4　　　　　　　　 0．8

Tokai 14．3　　　　　　　 15．1

Kinki 20．9　　　　　　　 20．7

Chugoku 4．4　　　　　　　　 7．3

Sikoku 0．8　　　　　　　　 0．8

Kyusyu 2．7　　　　　　　　 2．6

All Japan 100　　　　　　　　 100

（＊）TRA：Tokyo Regional Area

Source：NISTEP

Table5－3－4　Distribution of the Age of R＆D S／E

Under 25　years　The age of　The　age of　The　age of　The　age of
of　age　　　　　　 25～34　　　 35～44　　　 45～54　　　 55　and over　　　 Total

Kanto 946　　　　　 3770　　　　　 2690　　　　　 1310　　　　　　 185　　　　　 8901

TRA（＊） 3090　　　　 10800　　　　　 7160　　　　　 3330　　　　　　 562　　　　　 24942

Tokai 979　　　　　 3220　　　　　　 2180　　　　　　 882　　　　　　 155　　　　　 7416

Kinki 1580　　　　　 5230　　　　　 3930　　　　　 1780　　　　　　 320　　　　 12840

All Japan 7460　　　　　 25600　　　　 17600　　　　　 8260　　　　　 1390　　　　　 60310

Percentage

Under　25 years　The　age of　The　age of　The　age of　The　age of

Of　age　　　　　　 25～34　　　 35～44　　　 45～54　　　 55　and over　　　 Total

Kanto 10．6　　　　　 42．4　　　　　 30．2　　　　　 14．7　　　　　　 2．1　　　　　 100

TRA（＊） 12．4　　　　　 43．3　　　　　 28．7　　　　 13．4　　　　　　 2．3　　　　　 100

Tokai 13．2　　　　　 43．4　　　　　 29．4　　　　　 11．9　　　　　　 2．1　　　　　 100

Kinki 12．3　　　　　 40．7　　　　　 30．6　　　　 13．9　　　　　　 2．5　　　　　 100

All Japan 12．4　　　　　 42．4　　　　　 29．2　　　　 13．7　　　　　　 2．3　　　　　 100

（ネ）TRA：Tokyo Regional Area

Source：NISTEP
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Table5－3－5　Number of R＆D S／E by Characteristics

of Work

Basic　　　 Applied　 Development

Totalresearch　　research

Kanto 878　　　　　 2940　　　　　 4800 8618

TRA（寒） 2750　　　　 10100　　　　 12800 25650

Tokai 640　　　　　 2280　　　　　 4500 7420

Kinki 937　　　　　 4450　　　　　 7350 12737

Å11 Japan 5830　　　　 21700　　　　 33100 60630

Percentage

Basic　　　 Applied　 Development

Totalresearch　　 research

Kanto 10．2　　　　 34．1　　　　 55．7 100

TRA（＊） 10．7　　　　 39．4　　　　 49．9 100

Tokai 8．6　　　　 30．7　　　　 60．6 100

Kinki 7．4　　　　 34．9　　　　 57．7 100

All Japan 9．6　　　　 35．8　　　　 54．6 100

（＊）TRA：Tokyo Regional Area

Source：NISTEP

Table5－3－6　R＆D Expenditures by Characteristics of Work

（Unit：100Million Yen）

Basic　　　 Applied　　 Development

To talresearch　　 research

Kanto 280　　　　　 833　　　　 1，300 2 ，413

TRA （＊） 546　　　 2，090　　　　　 2，820 5 ，456

Tokai 132　　　　　 602　　　　 1，470 2，204

Kinki 263　　　　　 973　　　　 1，790 3 ，026

All Japan 1，221　　 4，498　　　　 7，380 13，099

Percentage

Basic　　　 Applied　　 Development

Totalresearch　　 research

Kanto 11．6　　　　 34．5　　　　　 53．9 100

TRA （＊） 10．0　　　　 38．3　　　　　 5 1．7 100

Tokai 6．0　　　　 27．3　　　　　 66．7 100

Kinki 8．7　　　　 32．2　　　　　 59．2 100

All Japan 9．3　　　　 34．3　　　　　 56．3 100

（＊）TRA：Tokyo Regional Area

Source：NISTEP
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Table5－3－7　Nuntx！r Of R＆D S／E by Field

Chenical Biol．／Medical Material Machanical Electric　　 ConstrtJCtion　Multiple　　 Others Total

／Fiber　　　 ／Hedicine　　　　　　 erlgineering ！Electronics　　　　　　　　 fields

Kanto 1220　　　　 1760　　　 1480　　　　 1090　　　　　 2320　　　　　 355　　　　 498　　　　 300 9023

TRA（ネ） 2280　　　　　 2290　　　　 2710　　　　 4440　　　　　 9370　　　　 1800　　　 1440　　　 1270 25600

Tokai 1470　　　　　　 836　　　　 130　　　 11430　　　　 1950　　　　　 106　　　　 191　　　 135 6248

Kinki 1880　　　　　　 929　　　 1900　　　　 2500　　　　　 3930　　　　　　 543　　　　 400　　　　 565 12647

All Japan 7620　　　　　 6780　　　　 8200　　　 11100　　　　 18900　　　　　 2940　　　　 2730　　　 2780 61050

Percentag

Chenical Biol．／nedical　 賎ateria用achanical Electric　　 Construction　ult．iple　　 Others Total

／Fiber　　　 ／Hedicine　　　　　　 engineering ／Electronics　　　　　　　 fields

Kan［0 13．5　　　　 19．5　　　 16．4　　　 12．1　　　　 25．7　　　　　 3．9　　　　 5．5　　　 3．3 100

TRA（＊） 8．9　　　　　 8．9　　　 10．6　　　　 17．3　　　　　 36．6　　　　　 7．0　　　　 5．6　　　　 5．0 100

Tokai 23．5　　　　 13．4　　　　 2．1　　　　 22．9　　　　　 31．2　　　　　 1．7　　　　 3．1　　　 2．2 100

Kinki 14．9　　　　　 7．3　　　 15．0　　　　 19．8　　　　　 31．1　　　　　 4．3　　　　 3．2　　　　 4．5 100

All Japan 12．5　　　　 11．1　　　 13．4　　　　 18．2　　　　　 31．0　　　　　 4．8　　　　 4．5　　　　 4．6 100

（＊）TRA：Tokyo Regional Area

SourCe：NISTEP

Table5－3－8　R＆D Expenditures by Field

（Unit：100 汁illion Yen）

Chenical Biol．／Medical 汁aterial 汁achanical Electric　　 Construct，ion　 Multiple　　 Olhers Total
／Fiber　　　 ／Hedicine　　　　　　 engineering ！Electronics　　　　　　　　 fields

Kanto 479　　　　　　 345　　　　　 432　　　　　 234　　　　　　 478　　　　　　 88　　　　　 95　　　　　 68 2219
TRA（＊） 476　　　　　　 504　　　　 554　　　　　 650　　　　 1980　　　　　　 432　　　　 350　　　 180 5126

Tokai 231　　　　　 143　　　　 225　　　　　 389　　　　　　 457　　　　　　 36　　　　 106　　　　 41 1628

Kinki 572　　　　　 172　　　　 620　　　　　 426　　　　　 912　　　　　　 95　　　　 109　　　 123 3029

All Japan 1980　　　　　 1350　　　　 2010　　　　 2310　　　　　 4160　　　　　　 679　　　　 763　　　　 520 13772

Source：NISTEP
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Table5－3－9　CorTelation between tndustrial

Outputs and R＆D Expenditures

Share of Share of

industrial R＆D
outputs （％） expenditures（％）

Hokkaido 2．0 0．1

Tohoku 4．7 0．4

Kanto 17．5 18．5
TRA（＊） 16．3 33．5

Hokuriku 3．9 0．9

Tokai 21．6 14．9

Kirlki 18．2 21．4

Chugoku 7．3 7．9

Sikoku 2．5 0．7

Kyushu 5．9 2．0

All Japan 100 100

（＊）TRA：Tokyo Regional Area

Source：NISTEP
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Table6－1・lTrendsintheOutputofScienti爪cPapersofSelectedCountries

NumbcrofscientificpaperS

Year U．S．　Japan　　U．K．　W．Ger FranCe USSR Chnada

World

1973

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

103，778　14，265

1（泊，（鳩6　13，884

97，277　14，081

99，970　15，470

97，853　15，767

99，207　16，878

99，378　17，167

98，394　18，379

132，864　25，105

134，278　25，858

133，055　26，391

131，榊　27，014
137，771　29，617

137，770　29，757

25，㈱1　16，4（氾

24，526　17，105

24，780　16，糾
24，503　17，099

23，527　16，693

23，156　18，αは

22，289　16，811

22，362　16，796

30，861　23，230

30，934　23，054

31，309　22，532

30，241　22，038

32，256　23，859

31，711　22，607

15，082　24，418　11，905

14，830　21，8髄　11，621

15，020　20，649　11，321

14，639　21，129　11566

14，873　20，750　11，578

13，728　　22，175　11，329

14，212　21，401　11，656

14，550　21，158　11，123

18，584　29，615　14，511

18，308　30，361　14，695

17，839　30，9（氾　15，146

17，938　29，392　15，560

18，421　30，293　16，655

18，846　29，257　16，823

∝），砧4　271，513

61，291　265，130

61，177　260，908

62，978　267，354

62，656　263，699

65，∝炒　270，127

65，041　267，954

55，793　269，556

95，137　369，907

95，336　372，822

97，505　374，678

96，846　370，733

1（泊，972　389，845

1（泊，256　387，027

ShareofscientificpaperSl％］　　　　　　　　　　　　　　　　　　　　　　　　World

Year U．S．　Japan U．K．　W．Ger Ffance USSR Canada Others

1973　　　　　　38．2

1974　　　　　　37．7

1975　　　　　　37．3

1976　　　　　　37．4

1977　　　　　　37．1

1978　　　　　　36．7

1979　　　　　　37．1

1980　　　　　　36．5

1981　　　　　　35．9

1982　　　　　　36．0

1983　　　　　　35．5

1984　　　　　　35．5

1985　　　　　　35．3

1986　　　　　　35．6

5．3

5．2

5．4

5．8

6．0

6．2

6．4

6．8

6．8

6．9

7．0

7．3

7．6

7．7

9．2　　　　6．0

9．3　　　　6．5

9．5　　　　6．4

9．2　　　　6．4

8．9　　　　6．3

8．6　　　　6．7

8．3　　　　6．3

8．3　　　　6．2

8．3　　　　6．3

8．3　　　　6．2

8．4　　　　6．0

8．2　　　　5．9

8．3　　　　6．1

8．2　　　　5．8

5．6　　　　9．0

／
0
0
0
5
‘
U
．13
4
0
9
0
0
0
0
7
0
ノ

5
5
5
5
5
5
5
5
4
4
4
4
4

8．2

7．9

7．9

7．9

8．2

8．0

7．8

8．0

8．1

8．2

7．9

7．8

7．6

4．4　　　22．3　　1（X）．0

4．4　　　23．1　1（泊．0

4．3　　　23．4　　1（相．0

4．3　　　23．6　　1∝I．0

4．4　　　23．8　　1（X）．0

4．2　　　24．3　　1∝I．0

4．3　　　24．3　　1㈱．0

4．1　　　24．8　　1（X）．0

3．9　　　25．7　　1∝）．0

3．9　　　25．6　　1（泊．0

4．0　　　26．0　　1（泊．0

4．2　　　26．1　1∝）．0

4．3　　　25．9　　1∝I．0

4．3　　　25．9　　1（泊．0

Source：ComputerHorizons，hc・，．lScience＆拉IgineeringhdicatorsLiteratureDataBase．．，1989．

Note：Datafor1973－1980arebasedonover2，100joumalsonthe1973ScienceCitationIndexDatabase，

dataforl981－1986arebascdonover3，200joumalsonthe1981ScienceCitadonIndexDalabase．

WhcnanartiCleiswrittenbyrescaqchers丘ommorethBLnOneCOuntry，thatarticleisprorated

acrossthenumberofaudlOrinstitutionsineachcounu・y．
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Table6－1・2JapanandU．S．ScientincandTechnicalPapersbyField（l）：1973・1980

1973　　1974　　1975　　1976　　1977　　1978　　1979

JapanarticlesasaperCentOfallartcles
AllFiclds

Climicalmedicine

Biomのiche

Biolo訂

Chcmistげ

Physics

Ear山海paccsciences

Engh棚血扉cchnolo訂

Mathcmatics

5．3　　　　5．2

3．5　　　3．8

4．0　　　　4．2

5．3　　　4．9

9．4　　　　8．9

6．5　　　　6．5

2．0　　　　2．4

5．4　　　　4．7

3．9　　　　4．3

5．4　　　　5．8　　　　6．0

4．1　　　4．3　　　　4．3

4．3　　　4．8　　　　5．3

5．3　　　5．5　　　5．7

8．8　　　9．5　　10．0

6．7　　　　7．1　　　7．3

2．1　　　2．0　　　　2．2

5．7　　　　6．4　　　　6．7

3．6　　　　4．0　　　　3．9

2

　

7

　

4

　

3
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n

7
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9
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0
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0
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0

0
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0

　

0

ノ

　

0

　

4

　

0

　

0
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0

　

4
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0

　

0

　

0

0
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6

　

5

1

0

0

　

0

　

0
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5

　

0

ノ
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0

　

4

　

2

　

0

0

／

〇

一

〇

　

5

　

′

0

　

0

　

0

0

　

2

　

7

　

4

1

NuのkrofJap乱n椚雨cles

AllPields

Clinicalmedicine

Biomedicine

Biology

Chcmisけy

Physics

Earthhpacesciences

Eng血相血がcchology

Ma血cmatics

14，265　13，884

2，647　　2，829

1，632　1，718

1，284　1，158

4，226　　3，957

2，339　　2，329

243　　　280

1
3

ノ
h
V
5

っ
け
3

13
1

．5
5
勤

l

14，081　15，470

2，981　3，278

1，781　2，017

1，244　1，312

3，745　　4，072

2，338　　2，618

241　　　240

1，451　1，609

3（カ　　　324

15，767　16，878　17，167　18，379

3，3（カ　　3，796　　3，768　　4，鵬6

2，195　　2，312　　2，318　　2，618

1，346　1，469　1，472　1，486

4，（賂0　　4，208　　4，708　　4，833

2，649　　2，846　　2，945　　3，246

255　　　237　　　277　　　272

1，672　1，693　1，331　1，538

292　　　318　　　　348　　　　321

U・S・articlesasapercentofallartcles

AuFiclds

Clinicalmedicine

Biomedicine

Riology

Chのst叩

Physics

Earth旬）aCeSCiences

Engineering／technology

Mathemlics

2

　

0

0

　

2
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／
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4
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3

　

4

　

4

　

4

37．3　　　37．4

42．6　　　43．0

38．6　　　38．8

44．7　　　44．2

21．7　　　21．8

32．4　　　31．2

43．8　　　46．1

40．6　　　41．1

44．0　　　42．9

37．1　　　36．7

43．2　　　43．1

39．1　　　38．7

41．7　　　41．7

21．7　　　21．1

30．5　　　30．8

45．1　　44．9

40．2　　　39．4

41．1　　　40．4

l
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7

2

0
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3

　

4

　

3

　

3

NumbrorU．S．訂ticles

AllFields

Clinicalmedicine

Biomのicine

Biology

Chcmis［げ

Physics

Ear恥辱acesciences

Engineering／tcchnology

Mathematics

103，778　1∝），066

32，638　31，691

16，115　15，607

11，150　10，7（カ

10，474　　9，857

11，721　11，945

5，591　5，371

11，955　11，088

4，134　　3，797

97，277　99，970

31，334　　32，920

15，90116，271

10，40110，573

9，222　　9，337

11，363　11，502

4，975　　5，537

10，43110，346

3，652　　3，484

97，853　99，207

33，516　　34，966

16，197　16，611

9，9糾　　9，664

8，852　　9，266

10，995　11，015

5，197　　5，043

10，081　9，694

3，112　　2，949

99，378　98，394

33，975　34，612

17，649　17，582

10，553　　9，594

9，182　　9，250

10，996　11，415

5，167　　4，832

9，018　　8，461

2，839　　2，648

Numb訂Ofallarticles

AllFiclds

Clinicalmedicine

Biornedicine

丑iology

ChemistⅣ

Physics

Ear血！甲拡eSCiences

Er唱hcのn扉tcchnoloぷy

Mathematics

271，513　265，130

76，2（汐　74，5（汐

41，155　40，632

24，0年7　23，414

45，α減　44，529

35，854　35，708

11，977　11，479

28，617　26，6（氾

8，640　　8，259

260，908　267，354

73，485　76，599

41，244　41，891

23，260　23，外）5

42，502　42，773

35，104　36，902

11，356　12，011

25，664　25，147

8，293　　8，127

263，699　270，127

77，597　81，209

41，388　42，968

23，757　23，176

40，7勤　43，850

36，057　35，815

11，53111，224

25，（施3　24，588

267，954　269，556

78，827　80，533

43，631　44，267

24，734　22，838

43，273　44，448

36，7（泊　37，944

11，596　11，395

22，182　21，459

7，573　　7，298　　7，011　6，673

SouJCe：CoInputcrHorizons，Inc．，．．Science＆EngineeringhdicatorsLiteratureDataBase’’，1989．

Sccnotcoftable6－ト1．
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TabJe6・1・2JapanandU．S．Scienti窩candTechnicaIPaperSbyFieJd（2）：1981・1986

1981　1982　　1983　　1984　　1985　　1986

Japanarticles asa匹rCcntOfallartcles
AllFiclds

Clinicalmedicine

Biomのicinc

Biology

ChcmistⅣ

Physics

Earthh；PaCeSciences

Engheedn鉗t∝hnology
Mathematics

6．8　　　　6．9

5．0　　　　5．2

6．0　　　　6．3

6．3　　　　6．5

10．8　　　10．8

8．5　　　　8．5

2．7　　　　2．4

9．6　　　10．1

4．7　　　　5．3

7．0　　　　7．3

5．6　　　　5．8

6．4　　　　6．6

6．4　　　　6．8

10．3　　　10．7

8．8　　　　8．2

2．4　　　　2．7

9．7　　　11．6

5．5　　　　5．4

ノ

0

　

3

　

7

　

0

　

7

　

0

0

　

3

　

5

　

2

7

　

6

　

6

　

7

　

0

　

0

0

　

3

　

1

．

5

1

　

　

　

　

　

　

　

　

　

　

　

1

7
　
4
　
J
　
5
　
7
　
6
　
7
　
7
　
4

7

　

‘

U

　

7

　

‘

U

 

O

 

O

O

　

3

　

2

　

3

1

　

　

　

　

　

　

　

　

　

　

1

NuのkrofJapanardclcs

AuPiclds

Clinicalmedicine

Biomdicine

Biology

Chemist㌣

Physics

Earthhpacesciences

Engineering／tcchnology

Ma血ematics

25，105　25，858

5，922　　6，312

3，548　　3，9糾

2，286　　2，351

5，721　5，746

4，097　　4，172

481　　　416

2，471　2，463

478　　　494

26，391　27，014　29，617　2叩57
6，754　　6，985　　7，861　8，116

4，（船3　　4，018　　4，339　　4，568

2，251　2，374　　2，456　　2，223

5，496　　5，7咲）　5，887　　5，951

4，295　　4，∝）8　　4，775　　4，640

418　　　474　　　592　　　674

2，654　　2，954　　3，213　　3，321

511　　　499　　　495　　　264

U．S．articlesasapercentofallartcles

AllFields

Clinicalmedicine

Biomedicine

Biology

Chcmis叩

Physics

Earth／spacesciences

Enのneのn鉗t∝hnology

Ma血matics

35．9　　　36．0

41．3　　　41．0

38．1　　38．5

37．9　　　38．8

20．0　　　21．2

29．4　　　28．6

45．0　　　44．8

40．4　　　40．5

39．2　　　40．0

35．5　　　35．5

40．2　　　40．9

38．1　　38．1

38．1　　38．0

20，6　　　20．9

28．0　　　27．8

44．0　　　42．9

41．1　　39．5

39．7　　　38．0

3

　

3

　

0

0

　

5

　

0

　

4

　

0

　

ノ

0

　

3

5

　

0

　

7

　

7

　

1

．

9

　

3

　

8

　

0

0

3

　

4

　

3

　

3

　

2

　

2

　

4

　

3

　

3

6

　

0

　

4

　

．

1

　

2

　

3

‘

U

　

3

　

3

5

　

八

U

 

O

O

 

O

O

　

2

　

（

U

　

2

　

7

　

0

3

　

4

　

3

　

3

　

2

　

3

　

4

　

3

　

4

NumberofU．S．articles

AllFiclds

Clinicalmedicine

Biomedicine

Biology

Chcmist巧

Physics

Earthhpacesciences

EngirLeeringPechnology

Mathematics

132，864　134，278　133，055

48，833　49，324　48，8∝）

23，021　24，029　23，685

13，820　14，1（力　13，349

10，559　11，307　10，950

14，2（力　14，（施2　13，737

8，058　　7，851　7，566

10，393　　9，869　11，291

3，980　　3，736　　3，676

131，糾　137，771137，770
49，512　50，595　50，637

23，194　24，461　24フ65

13，285　13，083　13，∝沿

11，133　11，585　12，313

13，5（氾　15，903　16，360

7，430　　7，663　　7，811

10，（施7　10，822　　9，775

3，483　　3，659　　3，109

Numbrofall訂ticles

AllPiclds

Clinicalmedicine

Biomedicine

Biology

Chemist丹

Physics

EarthAipaCeSCiences

En£ineのn〟［∝hology

Mathcmtics

369，907　372，822　374，678　370，733　389，845　387，027

118，347　120，330121，405121，（汐4125，532　126463

60，356　62，391

36，421　36，301

52，7砧　53，332

48，242　49，252

17，909　17，514

25，716　24，355

10，152　　9，348

62，187　60，816　64，717　糾，551

35，併1　勤，！衿7　：具，＄96　：国，127

53，126　53，253　55，268　55，558

49，∝抵　48，599　勤，044　54β56

17，185　17，308　17，834　18，351

27，463　25，493　28，∝蜂　26201

9，266　　9，174　　9，551　7，722

Source：ComputerHorizons，hc．，l’Science＆EnginceringhdicatorsLiteratureDataBase’’，1989．

SeBnOleof也ble6－1－1．
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Table6・1－3TrendsofCitedCountshrSeIectedCountries－Papers

Citedcounts脚umberofcitalionsfromworldpap駅訂S）　　　　　　　　　　　　　　　　　　　　World

YeaT（＃）　　　　U．S．　J甲an UjE．　W．Ger Franoe USSR Canada

1973　　1，438，176　　99，667

1974　　1，4朋：，931　1糾，375

1975　　1，3糾，390　1（賂4糾

1976　　1，305，750　1αi，867

1977　　1259，586　110，853

1978　　1，175，798　110，769

1979　　1，108，∝I7　105，859

1980　　1，013，469　107，174

1981　1，2朝，髄7　132，614

1982　　1，030，802　117，070

1983　　　812，∝X）　96，385

19糾　　　勤1，477　　69，643

1985　　　245，14富　　32，480

1986　　　　37，979　　　5，731

0

　

0

ノ

　

0

ノ

　

／

0

　

4

　

1

　

0

0

　

7

　

2

　

ひ

0

　

4

　

0

ノ

　

4

3

　

2

　

2

　

2

　

2

　

2

　

1

　

1

　

2

　

1

　

1

7

0

0

1

5

5

封

3

3

8

2

8

2

2

6

2

1

8

0

4

1

併

5

0

㊥

2

n

7

0

2

／

0

2

2

′

0

5

4

2

0

0

／

0

4

0

2

9

5

0

3

9

7

9

3

8

9

8

8

8

1

0

5

8

7

6

9

4

6

2

1

3

1

1

1

卸

．8

1

6

，7

1

9

．4

2

8

即

脚

岡

仰

．

8

8

2

．

6

2

0

．

6

8

9

霊

25

3

0

3

1

3

0

3

2

2

9

1

3

鵬

棚

17

舛

糾

2

9

5

1

1

1

1

1

1

t

l

－

1

1

1

仰

細

47

6

棚

3

8

1

霊

9

6

9

8

5

6

2

5

3

㈹

似

4

3

6

的

9

5

9

5

6

3

l

 

n

フ

　

0

0

　

4

　

0

0

　

7

　

0

0

　

0

ノ

　

2

　

′

0

58，140

52，276

50，966

45，895

43，085

41，312

38，413

34，110

43，703

35，599

26，323

17，144

6，787

971

4

～

1

初

4

1

2

4

2

2

4

1

1

3

9

2

3

6

6

3

2

7

捕

3

7

5

柵

1

9

7

8

8

1

3

5

6

5

7

9

8

7

7

6

1

9

7

1

5

1

7

5

5

3

9

0

3

3

5

9

1

9

5

月
ブ
タ
一
点
∵
j
r
」
∵
β
∵
J
∵
J
∴
A
∵
J
∵
4
∵
山
∵
J
⊥
ノ

2

1

1

2

1

0

1

1

佗

舛

8

8

8

0

9

5

8

2

糾

舶

2

0

2

1
　
　
1
　
　
1
　
1
　
　
1

3
8
4
1
7
0
1
1
1
2
2
7
5
5
9
3
7
6
9
7
6
1

89　　2，697，767

17　　2，645，222

02　　2，595，469

15　　2，482，926

0　　2，4糾，642

8　　2，253，969

3　　2，097，1鵬

0　1，926，401

8　　2，437，978

971　2，0封，736

614　1，611，786

998　　1，080，794

g74　　　488，159

890　　　76，221

Sharcofcitedcotmtsl％］　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　World

Year（＃）　　　　U．S．　Japan U．K．　W．Ger France USSR Canada Others

1973　　　　　　53、3

1974　　　　　　53．1

1975　　　　　　52．6

1976　　　　　　52．6

1977　　　　　　52．8

1978　　　　　　52．2

1979　　　　　　52．8

1980　　　　　　52．6

1981　　　　　51．0

1982　　　　　　50．7

1983　　　　　　50．4

1984　　　　　　50．1

1985　　　　　　50．4

1986　　　　　　49．8

3．7　　　11．1　　　　4．7　　　　　3．8

3．9　　　11．2　　　　4．9　　　　3．7

4．1　　　11．4　　　　　5．1　　　　4．0

4．3　　　10．6　　　　5．3　　　　3．9

4．6　　　10．0　　　　5．5　　　　3．9

4．9　　　　　9．7　　　　．5．8　　　　　4．0

5．0　　　　9．0

5．6　　　　9．1

5．4　　　　9．4

5．8　　　　　9．2

6．0　　　　　9．2

6．4　　　　　9．2

6．7　　　　　8．6

7．5　　　　　8．4

5．4　　　　　4．2

5．5　　　　4．2

5．8　　　　4．3

5．8　　　　　4．3

5．9　　　　4．3

6．0　　　　　4．3

6．1　　　　4．4

6．6　　　　　4．5

2．2　　　　4．5

2．0　　　　4．3

2．0　　　　4．3

1．8　　　　4．5

1．8　　　　　4．2

1．8　　　　　4．2

1．8　　　　　4．2

1．8　　　　　4．2

1．8　　　　　3．9

1．7　　　　　4．0

1．6　　　　　4．0

1．6　　　　　4．1

1．4　　　　　4．2

1．3　　　　　3．7

16．7　　　　1（X）．0

16．9　　　　1（泊．0

16．7　　　　1（X）．0

17．0　　　　1∝）．0

17．1　　　　1∝）．0

17．4　　　　11X）．0

17．5　　　　1（X）．0

17．0　　　　1（X）．0

18．3　　　　1（X）．0

18．5　　　　1（X）．0

18．7　　　　1（X）．0

18．3　　　　1（X）．0

18．2　　　　1（札0

18．2　　　　1∝）．0

Source：ComputerHorizons，hc．，．’Science＆Engineeringhdical0rSLiteratureDataBase．’，1989・

伊）：Publicationyearofcitedpapcrs・
Scenoteoftab166－ト1．
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TabIe6・1・4Scient摘cPaperContributiontoWorIdLiteratureandCarryingPapersonJotlrnals：TotaIn・Om1984101986

Numberofeachcountries’con打ibudon NumberofcarrylngpaperSOneaChcounのesljournals

Total（a）　Domestic（b）　Extemal（C）Extemalratio（d）　　　　　　Total（e）　Domestic（f）　Foreign（g）　Foreignratio（h）

U．S．

U．K．

USSR

Japan

407，145

94，208

88，942

86，388

W．Gemy　　　　　68，505
馳mce　　　　　　　　　55，205

Canada　　　　　　　　49，138

Ne血erland　　　　　　　20，723

0血αS　　　　　　　　277，355

World l，147，610

ー

　

∽

①

－

1

311，072　　　　96，072

54，339　　　　39，869

75，433　　　13，509

32，609　　　　53，779

31，糾　　　　36，901
17，677　　　　37，528

10，199　　　　38，939

5，845　　　14，878

90，526　　　186，830

23．6％

42．3％

15．2％

62．3％

53．9％

68．0％

79．2％

71．8％

67．4％

491，637　　　311，072

166，866　　　　54，339

76，252　　　　75，433

36，4糾　　　　32，609

81，855　　　　31，604

26，455　　　17，677

16，450　　　10，199

123，180　　　　5，845

128，510　　　　90，526

1，147，610

180，565

112，527

819

3，795

50，252

8，778

6，251

117，335

37，985

36．7％

67．4％

1．1％

10．4％

61．4％

33．2％

38．0％

95．3％

29．6％

ぬchcounuies’sharesl％lof Eachcountries’shaTeSl％】of

（め　　　　（b）　　　　（C）　　　　　　　　　　　　　　　（e）　　　　（0　　　　（8）
U．S．

U．K．

USSR

Japan

W．Gem皿y

France

Cmda

Ne血edand

Others

World

35．5

8．2

7．8

7．5

6．0

4．8

4．3

1．8

24．2

1（X）．0

27．1　　　　　　8．4

4．7　　　　　　3．5

6．6　　　　　　1．2

2．8　　　　　　4．7

2．8　　　　　　3．2

1．5　　　　　　3．3

0．9　　　　　　3．4

0．5　　　　　　1．3

7．9　　　　　16．3

27．1　　　　　15．7

4．7　　　　　　9．8

6．6　　　　　　　0．1

2．8　　　　　　0．3

2．8　　　　　　4．4

1．5　　　　　　0．8

0．9　　　　　　0．5

0．5　　　　　10．2

7．9　　　　　　3．3

Source：ComputerHorizons，Inc．，’’Science＆EngineeringhdicatorsLiteratureDataBase”，1989．

Note：Eachvaluesdefinedfbllowlng，

（a）：Totalnunlberofeachcountries’paperCOnのbution

匝）：NumberofeachcounuiesIpaperCOntributiontodomesticjoumals

（C）：Numberofeachcountries’paperCOntributiontofbreignjoumalS

（d）：（C）バa）

（e）：TotalnumberofpaperSWhichcarryoneachcotmtriesljoumals

（f）：NumberofdomesticpaperSWhichcarryoneachcountries’joumals

毎）‥NumberoffbreignpaperSWhichcarryoneachcountriesljournals

仇）：（g）！（e）

Note血at（b）＝の



Table6・l・5Japan－sScientincPaperContributionandCarryingPapersonJournaIs

NumberofJapan’scontributiontoeachcounlries’JOumals

Year

Japan U．S．　Nether－　　　U．K．　　West

land Gcmany

0血crs

Total

（AllJapaパ5）

1981　　11，163

1982　　11，022

1983　　10，659

1984　　10，811

1985　　11，233

1986　　10，565

9

3

2

1

6

8

5

3

。

附

m

4

0

5

／

0

　

7

　

7

　

8

　

0

ノ

　

0

ノ

5

　

′

0

　

5

　

3

　

2

　

2

3

6

5

3

糾

8

1

2

4

5

3

2

　

2

　

3

　

2

　

3

　

3

3
0
0
5
5
0
7

2
8
5
2
5
2
5
6
9
7
0
3

2
　
2
　
2
　
2
　
2
　
3

1，255

1，248

1，316

1，347

1，651

1，585

8

1

4

0

5

7

0

～

1

0

5

。

姐

旭

l

 

l

 

l

 

l

 

l

3

　

0

ノ

　

ノ

0

　

1

　

0

ノ

　

7

0

ノ

　

0

ノ

　

／

0

　

‘

U

 

O

O

　

／

0

2

　

2

　

2

　

3

　

3

　

3

25，105

25，858

26，391

27，014

29，617

29，757

Pcrcent喝e

Ycar

Japan U．S・　Nether－　　　U．K．　　West

land Gem皿y

Tolal

1981　　　　　44．5

1982　　　　　42．6

1983　　　　　40．4

1984　　　　　40．0

1985　　　　　37．9

1986　　　　　35．5

27．6

27．7

28．5

29．9

30．6

31．6

9．4　　　　9．1

9．8　　　　　9．8

11．5　　　　　9．6

10．4　　　　9．5

10．9　　　10．0

11．9　　　10．2

5．0

4．8

5．0

5．0

5．6

5．3

2
　
2
　
0
　
3
　
3
　
2

1
　
1
　
1
　
　
1
　
1
　
1

1（X）．0

1（泊．0

1（XI．0

1（X）．0

1（泊．0

1（X）．0

Numberofeachcountries’contributiontoJapan’sJOumals

Ycar

J甲an U．S・　　West　　　Asia USSR＆

Euro匹　　　　　EastEur呼e

S一
ェe血0

To［al

1981　　11，163

1982　　　11，022

1983　　　10，659

1984　　　10，811

1985　　　11，233

1986　　　10，565

1
　
3
　
0
0
　
8
　
5
　
7

5
　
3
　
1
　
3
　
／
0
　
7

3
　
3
　
3
　
3
　
3
　
3

335　　　　261　　　　51

278　　　　225　　　　　44

385　　　　269

318　　　　282

402　　　　324

357　　　　3胼

9

　

1

　

q

ノ

　

0

ノ

5

　

5

　

4

　

／

0

8

6

7

9

7

7

9

6

糾

8

1

1
　
　
1
　
　
1
　
　
1
　
　
1
　
　
1

12，346

12，080

11，867

11，995

12，557

11，852

Pcrccntagc

Year

Japan U．S．　　Wcst Asia USSR＆

Euro匹　　　　　EastEurope

Sre血0

Total

1981

1982

1983

1984

1985

1986

4

　

2

　

0

0

　

1

　

5

　

1

0

　

1

．

9

　

0

　

0

ノ

　

9

9

　

0

ノ

　

0

0

　

0

ノ

　

0

0

　

8

n

X

U

 

O

O

　

7

　

0

0

　

0

ノ

　

2

2

　

2

　

2

　

2

　

2

　

3

2．7　　　　　2．1　　　　0．4

2．3　　　　1．9　　　　0．4

3．2　　　　2．3　　　　0．5

2．6　　　　　2．4　　　　　0．4

3．2　　　　　2．6　　　　　0．4

3．0　　　　2．6　　　　0．6

5
　
5
　
5
　
／
0
　
5
　
5

1
　
1
　
1
　
1
　
1
　
1

Source：ComputcrHorizons，hc．，．．Science＆EngineeringhdicatorsLiteratureDataBase’’，1989・

－392－



Table6・1・6　Ci血gCounbaJldCitedCoutLtSfbrSe］ecIedCouhtries（TotalFrom1984to1986）

Citcdoounts

FOTd nr血i叫h1

37．8％

54．0％

52．5％

61．9％

63．0％

56．9％

28．6％

49．7％

＿竺空色．＿＿＿＿旦竺竺生且＿＿．一旦竺虹辿
3，104．751　　　1，931，488　　　　1．173，263

553，0∝）　　　　202，631　　　　　360，359

聖虫坐し＿＿更地
764，976　　　　　　　28．4％

321．452　　　　　　　61．3％

229，963　　　　　　　57．5％

255，325　　　　　　　65．7％

223，815　　　　　　　59．7％

197，254　　　　　　　70．7％

88，861　　　　　　　55．4％

772，874　　　　　　　57．8％

Totd（め　　Ihmcsdc（叫

2，596，463　　　　1，931，488

524，082　　　　　202，531

400，086　　　　　170，124

38怠，673　　　　　133，347

321，（泊2　　　　　　97，187

278，982　　　　　　81，728

160，494　　　　　　71，633

1，336，813　　　　　563，938

6，1髄，594

U．S．

U．K．

Japan

W、Gemany

PmIICc

Cana血

USSR

Oth耶

WoTld

ー
　
旨
∽
　
－

357，836

350，159

252，723

246，946

100，389

1，120，791

6，106，594

170，124　　　　　187，713

133，347　　　　　216．812

97，187　　　　　165，536

81，728　　　　　165，218

71，633　　　　　　28，756

563，938　　　　　556，853

ShaJCS［％］ord血 countsof Shates【％］ofcitedcountsof

（わ　　　　　　　（b）　　　　　　（c）　　　　　　　　　　　　　　　　　　（C）　　　　　　（0　　　　　　　也）
U．S．

U．K．

J坤弧

W．G∝many

Pmncc

C即18血

USSR

Othcrs

44．2　　　　　　　　31．6

8．5

6．6

6．4

5．3

4．6

2．6

21．9

Wodd lOO．0

3．3

0

0

　

2

　

′

0

　

3

　

2

2

　

2

　

1

．

1

．

1

．

12．5

5．3

3．8

4．2

3．7

3．2

1．5

12．7

50．8　　　　　　　　　31．5　　　　　　　　19．2

3．3
0

0

　

2

　

ノ

0

　

3

　

2

　

2

2

　

2

　

1

　

1

　

1

　

h

7

Sotm：ComputerHorizons，Inc・，’’Sciencc＆EngineeringhdicatorsLiterattFeDataBase’”，1989・

NoIc：EaChYdu怠Sdcnncdbllowlng，

（わ：Totalofeachcounbies．countsofcitingtowoddpaperS

（b）：EaChcountdes’countsofci血gtodomesticpapers

（c）：EachcounのesIcountsofci血gtoforeignpapeTS

（d）：（c）／（a）

（の：Totdo輸血00unのcs’countsofdtcdfpDmWOddpapers

（D：Eachcountries．countsofcited丘omdomesticpapem

仕）：Eachcountdes’countsofcitedh）mforeignpaperS

（h）：仕）／（C）

Notethal匝）＝（の，むd’’Tbtdof（aプ＝”To血lof（eブ．



Table6・1・7　CitingandCitedCountsofJapanOrigirLPapers

Japan’scitingcounts仲ycountrieswhichJapanoriginpapeTSCitingto）　　　　　　　　　　　　　　　Total

Yeaq Japan U．S．　　　U．K．　W．GermaJ’　Frmcc Canada Others

1981　　　　4，510

1982　　　　18，2外）

1983　　　　32，569

1984　　　　43，421

1985　　　　61，257

1986　　　　65，446

714

7，221

18，567

30，（抵8

47，659

54，874

77

3

2

1

0

5

3

万

7

3

0

　

′

0

　

4

　

1

　

9

1

　

2

　

4

　

7

　

7

5

　

7

　

′

0

　

4

　

n

7

　

2

1

0

9

2

1

2

亜

4

3

労

2
　
3
　
5
　
5

75　　　　　　53

542　　　　　469

1，618　　　1，281

2，536　　　　2，∝I7

4，258　　　　3，434

4，554　　　　3，925

236　　　　　5，769

2，266　　　　30，846

5，925　　　　64，696

9，767　　　　95，716

15，494　　　144，665

16，943　　　159，7価

Percentagefbr Total

Ye∬　　　　Japan U・S・　　　U・K・　W・Germar France Canada Others

1981　　　　　　78．2

1982　　　　　　　59．3

1983　　　　　　　50．3

1984　　　　　　　45．4

1985　　　　　　　42．3

1986　　　　　　　41．0

12．4

23．4

28．7

31．4

32．9

34．4

1．3　　　　　1．8

3．3　　　　　　3．0

4．0　　　　　3．3

4．7　　　　　3．6

4．9　　　　　3．8

5．0　　　　　　3．8

1．3　　　　　　0．9

2．1　　　　1．5

2．5　　　　　　2．0

2．6　　　　　　2．1

2．9　　　　　　2．4

2．9　　　　　　2．5

4．1　　　　　1（X）．0

7．3　　　　　　1tX）．0

9．2　　　　　1（XI．0

10．2　　　　　1（X）．0

10．7　　　　　1㈱．0

10．6　　　　　　1（X）．0

Japan．scitedcounts（bycountrieswhichcitingtoJapanoriginpapers）　　　　　　　　　　　　　　　　Total

Year Japan U・S・　　　U・K・　W．Germar France Canada Others

1981　　　　4，510　　　　　489

1982　　　　18，290　　　5，439

1983　　　　32，569　　13，366

1984　　　　43，421　　19，353

1985　　　　61，257　　　29，672

1986　　　　65，446　　　34，856

92　　　　　122

5

　

／

0

　

2

　

1

　

8

1

　

0

0

　

‘

U

 

O

　

2

0

　

4

　

0

0

　

4

　

1

1

　

2

　

t

J

　

5

　

′

0

0
　
3
　
1
　
0
0
　
1

0
3
2
0
3
7
1
6
5
6

1
　
2
　
3
　
5
　
5

77　　　　　　33

720　　　　　426

1．812　　　1，167

3，018　　　　2，131

4，330　　　　3，（抵2

5，087　　　　3，549

190　　　　　5，514

2，580　　　　29，5（氾

7，469　　　　61，071

12，761　　　　87，917

18，791　　　127，680

21，612　　　142，239

Percenbgeof Totd

Ye訂　　　　Japan U．S・　　　U．K・　W・Germar France Canada Others

1981　　　　　　81．8

1982　　　　　　　62．0

1983　　　　　　　53．3

1984　　　　　　　49．4

1985　　　　　　　48．0

1986　　　　　　　46．0

8．9　　　　　1．7　　　　　　2．2

18．4　　　　　3．4　　　　　3．5

21．9　　　　　4．1　　　　　3．6

22．0　　　　　　4．4　　　　　　3．8

23．2　　　　　4．2　　　　　4．0

24．5　　　　　4．3　　　　　　3．9

1．4　　　　　　0．6

2．4　　　　　1．4

3．0　　　　　1．9

3．4　　　　　　2．4

3．4　　　　　　2．4

3．6　　　　　2．5

3．4　　　　　1（X）．0

8．7　　　　　　1（X）．0

12．2　　　　　1（X）．0

14．5　　　　　　1（X）．0

14．7　　　　　1（X）．0

15．2　　　　　1（XI．0

Sourcc：ComputerHorizons，Inc・，一．Science＆EngineeringIndicatorsLiteratureDataBase’’，1989・

－394－



Table6・2－1TrendsofNationaJPatentAppIicationsandGrantsinJapan

Numberofpatentapplications Numberofpatentgrants

Year Japanese Foreigner Total Japanese Foreigner Total

1970　　　　1（泊，522

1971　　　　78，425

1972　　　　101，328

1973　　　　115，221

1974　　　　121，509

1975　　　　135，118

1976　　　　135，762

1977　　　　135，991

1978　　　　141，517

1979　　　　150，623

1980　　　　165，730

1981　　　191，645

1982　　　　210，922

1983　　　　227，743

1984　　　　256，205

1985　　　　274，373

1986　　　　290，202

1987　　　　311，∝賂

1988　　　　308，908

1989　　　　317，566

30，309　　　130，831

27，360　　　105，785

29，072　　　130，4α）

29，593　　　144，814

27，810　　　149，319

24，703　　　159，821

25，254　　　161，016

25，015　　　161，㈱
24，575　　　166，092

23，946　　　174，569

25，290　　　191，020

26，616　　　218，261

26，591　　　237，513

27，213　　　254，956

28，562　　　284，767

28，622　　　302，995

29，887　　　320，089

30，089　　　341，095

30，491　　　339，399

33，641　　　351，207

21，390

24，795

29，101

30，937

30，873

36，992

32，465

43，餅7

37，648

34，863

38，032

42，080

42，223

45，578

51，690

42，323

51，276

54，087

47，912

54，743

9，488　　　　30，878

11，652　　　　36，447

12，353　　　　41，454

11，391　　　42，328

8，753　　　　39，626

9，736　　　　46，728

7，852　　　　40，317

9，561　　　52，608

7，856　　　　45，504

9，241　　　44，1糾

8，074　　　　46，106

8，824　　　　50，9胼

8，378　　　　50，㊥1

9，123　　　　54，701

10，110　　　　61，8∝I

7，777　　　　50，1∝I

8，624　　　　59，9（沿

8，313　　　　62，4（氾

7，388　　　　55，3（氾

8，558　　　　63，301

Source：PatentAgency，’’PatentAgencyAnnualReport1989’’
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Table6・2・2TrendsofNationalPatentApplicationsandGrantsinJapan：byField

Numb訂Of

Yc■・

lic81ionSb

EIcctricity　　　馳ysics Mech的icd Cons的Ction Chemicd．　TreahcnL Living

Cn81ncqnng Me融lu臥　M■nわul血孤．　　UはnSilcs
Tcxlile uanS

41，693

47．421

53385

57．717

65．957

71，028

75235

35．351

83，510

41，123

50，251

54，963

60，239

69，138

75，933

82，267

91，414

90，954

19，520

23JOl

24，899

25，132

27，3朗

25．721

25．457

24，753

24．978

1

8

的

4

7

1

7

兜

6

1

1

7

8

2

3

6

4

　

1

　

3

　

0

　

2

　

2

　

′

0

　

7

　

4

5

　

′

0

　

′

0

　

7

　

7

　

7

　

7

　

7

　

0

0

31．572　　　　37，711

34．016　　　　42．03，

35，638　　　　45j52

37，424　　　　49，1αと

40，405　　　　53．521

42，838　　　　56．473

44，862　　　　57β40

48，831　　　　57，421

48，703　　　　5吋82

12，（蔦3

13，388

14，435

15，738

1乳163

17，599

18，％4

21，331

21，269

PerccntA

El肺cily Ihysic5

Y吋

McchiLnicd ConsbTuCdon Olemicd，　Trc且tmCnt，　　　LiviJlg

CnglnCenng MctAllugy，Manipultのon．　　utcnsiles

Tcxlilc Tr鎚15

1，80　　　　　　　22．0

1981　　　　　　　21．9

1982　　　　　　　22．7

1983　　　　　　　22．9

1984　　　　　　　23．4

1985　　　　　　　23．9

1986　　　　　　　24．1

1987　　　　　　　25．3

19舶　　　　　　　24．8

21．7

23．2

23．4

23．9

24．5

25．6

26．4

27．1

27．1

3

　

7

　

′

0

　

0

　

7

　

7

　

2

　

3

　

4

0

　

0

　

人
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0
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°
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7

1
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4

＿

t

 

l
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0
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ハ
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‘

U

　

4

　

4

　

3

　

5

2

　

2

　

2

　

2

　

2

　

2

　

2

　

2

　

2

16．7　　　　　　19．9

15．7　　　　　　19．4

15．2　　　　　　19．4

14．8　　　　　　19．5

14．3　　　　　　19．0

14．4　　　　　　19．0

14．4　　　　　　18．4

14．5　　　　　　17．0

14．5　　　　　　17．4

4

　

2

．

J

　

つ

ー
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n
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J

 

t
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0
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′

0
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0
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0
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Elcc扇clly mysicS Consビuction QICmiC＆I，　　nCatnCnt，

Mc血lugy．M鋤のull山on，
TcxIHc Tr蹴15

8，365　　　　　7，216

9，249　　　　　8．】42

9，426　　　　　8，503

1983　　　　10373　　　　　8，776

11，779　　　　11，（力5

8，875　　　　　8，155

10，055　　　　10，佼i4

10215　　　　10，942

103鵬　　　　9’，710

12，237　　　　10，398
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－
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10，204　　　　11，153

日，557　　　　11，194
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13．糾2　　　　11，533
13，738　　　　13，607
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25．0　　　　　　21．6

24．9　　　　　　20．0

23．4　　　　　　　21．1

22．5　　　　　　21．2

22．0　　　　　　　21．4

カ
　
タ
　
β
　
2
　
2
二
J
　
く
ー
J
‘
」
　
カ

′

0

　

7

　

°

0

　

0

0

　

′

0

　

′

0

　

7

　

】

7

　

7

　

0

0

t

は

　

1

］

　

1

　

0

　

0

　

0

　

0

　

0

　

0

　

0

人

U

 

O

 

O

 

O

 

O

 

O

 

O

 

O

 

O

 

O

Sourcc：n由れtAgcncy．．’P81cnlAgcncyAnnudRcFm1989．．
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Table6・2－3　NumberofDomesticandExternalPatents紬rSeIectedCountrieS（1987）

Numberofapplications

Extmd叩Plications

（ApplyingtoEPC）

34，832

89，989

68，294

24，934

27，171

Total

82，824

166，072

108，697

45，897

43，259

Nationality Domesticapplications

Ofinventor Total　　（ApplyirLgtOEPC）

Japan　　　　311，∝抵

U．S．　　　　68，671

W．Gcmany　　　　40，696

U．K．　　　　22，965

Francc　　　　14，527

Numberofgrantedpatents

Nationality Domesticgrantedpatents Extcmalgrantedpatcnts

Ofinventor Total　　　（GrantedbyEPC）　　　　　　　　　Total　　（GrantedbyEPC）

Japan　　　　封，087

U．S．　　　　43，518

W．G∝many　　　　16，194

U．K．　　　　　4，6（汐

France　　　　　8，523

41，751

62，530

46，8糾

15，201

21，540

11，163

24484

24，146

6，393

12，253

Source：PatentAgency，’’PatentAgencyArLnualReport1989’’

Note＝TheappointedcounByofEPCpatentsarecountedas”onecountryl’

Table6－2－4　Numberoりapan－sExternalPatents（1，87）

Extemalpatentapplications

Numbrof

Counのcs

Extcmalgran蛤d

Numberof

applications Percentage grantedpatents Pcrccntage

U．S．　　　　　25，526　　　　　30．8

W．Ccmany lO，736　　　　13．O

U．K．　　　　　　9．245　　　　　11．2

France　　　　　　　7，563

Korea　　　　　　　5，219

Canada　　　　　　　3，714

Nc血crland　　　　　　　2，910

1

　

3

　

5

　

5

0

ノ

　

ノ

0

　

4

　

3

0血耶　　　　　17，911　　　　21．6

Tota1　　　　　　　　　82，824　　　　1的．0

16，557　　　　　39．7

6，012　　　　　14．4

4，287　　　　　10．3

3，7（泊　　　　　　8．9

969　　　　　　　2．3

1，568　　　　　　3．8

1，260　　　　　　3．0

7，398　　　　17．7

41，751　　　1（泊．0

Source：Paten［Agency，”Pat6ntAgencyAnnualReponl989”

Note：EPOpatentsareincluded．
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Table6・2・5　NumberorPatentApplicationsandGrantsinJapan，U．S．andEPObyNationaliIyoEInYentOr（1987）

Numberofpatentapplications

（Nationdi［yofinvcn［or）

Japan U．S．　W．Gemany hance U．K．　　　Others

J坤an　　　　311，（X妬

（91．2％）

U．S．　　　　25，526

（19．1％）

EPO（り　　　　　7，177

（15．6％）

12，843　　　　　5，841

（3．8％）　　（1．7％）

68，671　　　11，878

（51．3％）　　（8．9％）

12，2（第　　　10，032

（26．6％）　　（21．8％）

1，950　　　　1，927

（0．6％）　　（0．6％）

4，331　　　　5，773

（3．2％）　　（4．3％）

3，760　　　　3，453

（8．2％）　　（7．5％）

7，528　　　　　341，095

（2．2％）　　　（1仰．0％）

17，628　　　　133，807

（13．2％）　　　（1（泊．0％）

9，332　　　　　45，960

（20．3％）　　　（1（カ．0払）

Numhrofpatentgranb

（Nationdityofinventor）

Japan U，S．　W．Gemany France U．K．　　　OdlerS

To血

Japan　　　　54，087

（86．7％）

U．S．　　　16，557

（20．0％）

EPO（り　　　　　2，570

（15．0％）

3，824　　　　1，644　　　　　607　　　　　411

（6．1％）　　（2．6％）　　（1．脇）　　（0．7％）

43，518　　　　7，821　　　　2，874　　　　2，779

（52．5％）　　（9．4％）　　（3．5％）　　（3．4％）

4，046　　　　4，116　　　　1，958　　　　1，059

（23．6％）　　（24．0％）　　（11．4％）　　（6．2％）

1，827　　　　　62，4（船

（2．9％）　　　（1（泊．0％）

9，403　　　　　82，952

（11．3％）　　（1（泊．脇）

3，394　　　　　17，143

（19．8％）　　　（1∝）．0％）

（り：EuropcmPatentOmce

Source：PatentAgency，’’PatentAgencyAnnualReport1989’．
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TabIe6・2－6　TrendsofShareofU．S．PalentGrantsbySelecIedCountries

Sh訂cSOfU・S・Patent伊antS［％］

Year U．S・　　Japan　W．Gemany U．K．　　　FranCe Others

1975　　　　　　糾．7

1976　　　　　　62．9

1977　　　　　　63．4

1978　　　　　　62．2

1979　　　　　　61．4

1980　　　　　　60．2

1981　　　　　59．4

1982　　　　　　58．3

1983　　　　　　57．6

1984　　　　　　57．0

1985　　　　　　55．2

1986　　　　　　53．8

1987　　　　　　52．4

1988　　　　　　51．9

8．8
3
　
5
　
5

0

ノ

　

0

ノ

　

0

1

10．8

11．5

12．8

14．1

15．5

16．5

17．8

18．7

20．0

20．7

8．4　　　　　　4．2

8．8　　　　　　4．3

8．5　　　　　　4．1

8．9　　　　　　4．1

9．3　　　　　　3．9

9．3　　　　　　3．9

9．6　　　　　　3．8

9．4　　　　　　3．7

9．6　　　　　　3．4

9．3　　　　　　3．4

9．3　　　　　　3．5

9．6　　　　　　3．4

9．4　　　　　　3．4

9．4　　　　　　3．3

3．3　　　　　10．6

3．4　　　　　11．3

3．2　　　　　11．3

3．2　　　　　11．1

3．3　　　　　11．4

3．4　　　　　11．6

3．3　　　　　11．1

3．4　　　　　11．1

3．3　　　　　10．6

3．2　　　　　10．5

3．4　　　　　10．9

3．3　　　　　11．2

3．5　　　　　11．4

3．4　　　　　11．2

Source：ComputerHorizons，hc．，’’Science＆EngineennghdicatorsLiteratureDataBase”，1989．

TabIe6－2・7　TrendsofCitedCountsofU．S．Patentsn）rSelectedCountries

Sharesl％］ofcitedcountsofU．S．patents

U・S・　　　Japan O血crs

Ycar W．Gemlany U．K．　　　蹄礼nCe

1975

1976

1977

1978

1979

1980

1981

1982

1983

19糾

1985

1986

5

　

0

ノ

　

4

　

5

　

9

　

0

　

4

　

5

　

9

　

7

　

1

　

5

0

　

7

　

0

0

　

′
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′

〇

一

ヽ
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2

　

0

ノ

　

9

　

0

0

　

4

　

′

0

7

　

／

0

　

／

0

　

ノ

h
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ノ

h

V

　

ノ

h

）

　

ノ

0

　

5
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5

　

5

　

5

0

ノ

　

5

　

つ

J

 

O

ノ

　

5

　

5

　

0

　

5

　

0

0

　

3

　

′

0

　

2

9

　

1

．

2

　

2

　

3

　

4

　

0

0

　

9

　

1

．

3

　

7

　

5

1

　

1

　

1

　

1

　

1

　

1

　

1

　

2

　

2

　

2

　

2

′

b

　

／

0

　

t

J

　

ノ

0

　

7

　

4

　

／

0

　

1

　

3

　

爪

U

　

3

　

3

9

　

0

　

9

　

0

　

9

　

0

　

∩

7

　

L

 

O

C

 

Q

0

　

0

0

　

0

0

1

　

2

　

1

　

2

　

1

　

2

　

1

　

2

　

1

　

1

　

1

　

1

6．6

6．4

6．0

6．5

6．6

6．8

7．0

7．0

6．6

6．1

6．6

6．9

3．9　　　　　　2．1

4．1　　　　　　2．7

3．7　　　　　　　2．6

3．9　　　　　　2．8

3．9　　　　　　2．5

3．4　　　　　　2．4

3．6　　　　　　2．3

3．5　　　　　　2．7

2．8　　　　　　　2．7

3．1　　　　　　2．3

2．7　　　　　　　2．3

3．1　　　　　　2．5

Source：ComputcrHorizms，Inc．，l’Science＆EngineeringhdicatorsLiteranげeDataBase’l，1989．

－399－



Table6・2・8TrendsofNumberofBotanicalSpeciesRegistrations

NumbcrofbotanicalspeciesreglStrations

Nursery Food Agricultural　　　　Local Central

Year hdividuals companies companies cooperatives goverTmentS gOVerTmCnt

1983

1984

1卵5

1986

1987

1988

1989

243　　　　　　182

341　　　　　　262

391　　　　　　340

491　　　　　459

6㈱　　　　　　558

685　　　　　　695

752　　　　　　821

20

38

46

68

86

97

1糾

21　　　　　　79

2

2

2

5

2

7

3

1

4

0

朝

108

155

192

232

267

282

40　　　　　　　585

50　　　　　　　821

61　　　　1，018

76　　　　1，313

1（抵　　　　1，613

127　　　　1，911

145　　　　　2，148

Pcrccnt喝e

Nursery Food Agricultural Local Central

Year Individuals companies companies cooperatives govemmcnts govemnent

Total

1983

1984

1985

1986

1987

1988

1989

41．5　　　　　　31．1

41．5　　　　　31．9

38．4　　　　　　33．4

37．4　　　　　　35．0

37．2　　　　　　34．6

35．8　　　　　　36．4

35．0　　　　　　38．2

3．4

4．6

4．5

5．2

5．3

5．1

4．8

3．6　　　　　13．5

2．7　　　　　13．2

2．5　　　　　15．2

2．1　　　　　14．6

1．9　　　　　14．4

2．1　　　　　14．0

2．0　　　　　13．1

6．8　　　　　　1∝）．0

6．1　　　　　1（X）．0

6．0　　　　　　1∝）．0

5．8　　　　　1（X）．0

6．6　　　　　　1榊．0

6．6　　　　　1（X）．0

6．8　　　　　1∝）．0

Source：MinisbyofAgriculture，ForesbyandFisheries，andNISTEP
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TabIe6・3・l Numberof”JapaneseIndustrialStandards一．byYear

SouJCe：JISDirectories，1990
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Table6・3・2Numberor．．JapaneseIndustrialStandards．．byClass

C lass o fJapan ese Ind ustri al S tan derds N um ber or

Standards

P ercentage

C onstru Ch on an d civil englneen ng 532 6．3

G eneralrrm Chinery 1，266 15．0

E lectri cal and electron ics equ lPm en t 8 19 9．7

M otor vehicIcs 34 1 4．1

R ai lroad equ lpm en t 2 19 2．6

Ship buildin g 54 1 6．4

Iron and steel 32 1 3．8

N on－k 汀OuS m etals 38 3 4．6

C h em istry 1，654 19．7

T cx tiles 307 3．6

M in ing 225 2．7

Pd p an d p ape r 9 5 1．1

C eram ics 240 2．9

H ou sehold utcnsils 276 3．3

M ed icalsafbty equlPm en t 284 3．4

A ircraft 100 1．2

Info rrnation p rocessln g 152 1．8

0 仕lerS 659 7．8

T oは1 8，4 14 100．0

Source：JISDirectories，1990
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Table6－4－1NumberorScientlncandTechnologicalAchievementwhichrecelvedthe一一Awardfor

PersonsofScientincandTechnologiealMerits’l

Technological 恥Chnological Numberofawardbyperid Total

classification sub－Classification 1960’S 1970’S 1980’SNumbcr

Machhcけ Boilcrs，CnglneSandmrbines 3 0 5 8

MaChineryforagrlCulture，COnStruCtionandminlng 2 3 4 9

MCはIworking甘蛤Chin∝y 7 7 7 21

Textilemachinery 3 3 3 9

Specialindustrymachinery 7 4 7 18

恥mps，COmPrcS80rS組dのrblowcrs 1 1 2 4

Pow訂maChncY 5 1 1 7

Miscellaneousgeneralindustrymachinery 0 3 3 6

Miscell社neOuSmaChine㌣ 1 5 9 15

取an甲Orbtionqulp汀把nl 13 8 24 45

Precisioninstruments 17 7 21 45

Sub－tOtal 59 42 86 187

Elccのci呼 Electricalgeneranng，tranSmission，distribulionarKlindustrialappliances 6 7 10 23

Householdelectricappliances，electricbulbsandlighdngnxtures 1 0 0 1

CommunicationequlpmentandrelatedproducIS 10 8 13 31

Televisionandradioreceivers，aTdaudioequlPment 3 2 4 9

MiscellaneOuSCOmmunicatiorlequlPment 0 2 1 3

Comput訂S 2 4 11 17

MiscellaneouselectronicsequlPmenl 7 1 16 24

PartsfbrelectronicappliancesandcommunicationequlPment 3 14 21 38

Miscellaneouselectricalmachineries 4 1 1 6

Sub－tOtal 36 39 77 152

Chemistq hdustrialinorganicchemicaJs 3 1 2 5

hdustriaIoTganicchemicals 15 12 19 47

Chemicalfibres 4 1 0 5

Oils皿d紬prductS，船町etc・ 1 1 0 2

Dmgsandmcdicines 11 2 11 24

OtherchemicalproducIs 4 4 6 14

P蝕01eumandcoal押血cIs 1 0 2 3

MachineryequlPmentforchemicals 7 11 7 25

Sub－10tal 47 32 47 126

Mctals honarldsleel 11 10 17 38

Non－fe汀OuSmctals 5 5 7 17

Pabricakd汀紀blpr∝lucts 5 4 7 16

Sub－101且1 21 19 31 71

Othcm Agriculture．forestryandfisheries 3 1 6 10

Minhg 2 0 0 2

Cons打ucljon 5 10 11 26

P∝dand10baCCO 6 4 6 16

Textiles 2 0 0 2

Rubh叩相加山 0 0 2 2

lja山er，l蝕血餅PrducIs，＆ndhrskins 0 1 0 1

Ccr∬nics 5 5 17 27

Phsdcproducts 1 1 2 4

0血訂manuhcturlng 3 0 0 3

0dIerindusのcS 3 0 5 8

Sub－tObl 30 22 49 101

Total 193 154 ・290 637

Soume＝NalionalhstitutcofScienceandTechnologyPolicy・．．TrendsofScienceandTechnologyActividesinUsing

ScicnceandTechnologyAwardsStatistics：’NISTEPRcportNo．10，1990．

Notc：Daはbr1960’shcludcl959data．
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Table7－ト1DispatchedJapanese Researchers and Engineers

（U n it ：p erS On ）

Ye ar To ta l

Ac ade m ic　re se arc h　or　s tud ie s

S ub to tal As ia Eu I・Op e No r th

Ame r ica

O th eI－S

197 0 10 ，64 6 5 ，98 7 6 02 1 ，5 56 3 ，5 19 3 10

197 1 7 ，94 5 2 ，24 4 403 7 85 9 46 110

197 2 10 ，57 8 2 ，68 2 6 88 8 04 1 ，0 74 116

197 3 14 ，48 4 5 ，2 18 8 09 2 ，156 2 ，0 18 23 5

197 4 15 ，93 7 5 ，3 2 4 99 1 1 ，8 56 2 ，19 1 28 6

197 5 16 ，42 0 5 ，5 94 937 2 ，185 2 ，2 9 1 18 1

197 6 18 ，58 8 6 ，6 34 1 ，02 1 2 ，5 65 2 ，7 85 26 3

197 7 17 ，78 8 7 ，06 9 1 ，19 1 2 ，66 2 2 ，9 17 2 99

197 8 19 ，35 6 7 ，6 14 1 ，3 75 2 ，7 63 3 ，129 34 7

197 9 23 ，09 3 9 ，3 86 1 ，8 39 3 ，107 4 ，0 12 42 8

198 0 23 ，14 9 8 ，8 7 0 1 ，8 74 3 ，0 43 3 ，54 6 4 07

198 1 23 ，6 9 0 9 ，143 1 ，9 98 2 ，88 4 3 ，7 99 46 2

198 2 25 ，72 7 10 ，5 18 2 ，3 88 3 ，4 46 4 ，17 0 5 14

198 3 29 ，057 12 ，3 2 2 3 ，0 13 3 ，97 8 4 ，63 0 7 01

198 4 35 ，25 1 14 ，7 8 1 4 ，3 36 4 ，3 87 5 ，3 62 6 96

198 5 4 1 ，12 3 17 ，293 5 ，3 64 5 ，0 0 1 6 ，194 73 4

198 6 55 ，86 9 19 ，42 5 6 ，01 1 5 ，6 23 6 ，8 30 96 1

198 7 8 1 ，40 7 2 3 ，923 7 ，7 22 6 ，86 4 8 ，2 26 1 ，111

198 8 113 ，63 2 28 ，92 4 9 ，4 1 1 8 ，0 79 10 ，0 42 1 ，3 92

198 9 14 6 ，48 8 3 3 ，254 10 ，2 00 9 ，5 35 12 ，03 4 1 ，48 5

O ver se as　s tu d ie s ， tra in ing

O r Sk il ls　ac qu is it io n

Su b to ta l A s ia Eu rop e No rth

A me ric a

O the r s

4 ，6 5 9 2 05 1 ，4 14 2 ，9 13 12 7

5 ，7 0 1 4 15 1 ，6 76 3 ，4 88 122

7 ，8 96 8 54 2 ，5 93 4 ，0 44 4 05

9 ，26 6 1 ，7 26 2 ，7 56 4 ，5 43 2 4 1

10 ，6 13 1 ，6 08 3 ，185 5 ，2 43 57 7

10 ，826 7 80 3 ，4 25 6 ，2 85 3 36

11 ，954 1 ，6 02 3 ，2 32 6 ，7 14 4 06

10 ，7 19 943 3 ，0 83 6 ，3 95 2 98

11 ，7 4 2 7 07 3 ，3 47 7 ，2 43 44 5

13 ，7 07 7 05 3 ，5 92 9 ，0 59 3 5 1

14 ，27 9 7 46 3 ，5 10 9 ，7 15 3 08

14 ，5 47 8 16 3 ，5 38 9 ，8 89 3 04

15 ，2 0 9 8 68 3 ，47 9 10 ，5 59 3 03

16 ，7 35 1 ，068 3 ，7 70 11 ，5 18 3 79

2 0 ，4 7 0 1 ，5 22 4 ，6 12 13 ，7 98 53 8

23 ，8 3 0 2 ，2 88 5 ，6 96 15 ，180 6 66

36 ，4 44 5 ，2 28 8 ，7 14 2 1 ，2 2 1 1 ，28 1

5 7 ，4 84 10 ，116 13 ，68 4 3 1 ，0 44 2 ，6 40

8 4 ，7 08 15 ，5 60 19 ，106 46 ，0 46 3 ，9 96

113 ，2 34 2 0 ，0 25 24 ，75 2 62 ，5 20 5 ，93 7

Source：Ⅱinistry ofJustice，”statistics on

Immigration ControP’
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Tabe17－卜2　Received Foreign Researchers and Engineers

（Unit：PerSOn）

Year To tal

Purpose

0verseas

stud ies

Training Teaching Artistic　or

academic

ac tiv ities

Provision　of

high grade

technology

1970 3 ，104 2，457 － 200 402 45

1971 4，400 3 ，624 － 257 489 30

1972 4，663 3 ，839 － 216 577 31

1973 5 ，525 4，492 － 307 696 30

1974 6，386 5 ，225 － 389 739 33

1975 6 ，634 5 ，461 － 422 722 29

1976 7 ，164 5，842 － 539 764 19

1977 8，099 6 ，533 － 598 945 23

1978 8 ，624 6 ，782 － 735 1，080 27

1979 9，174 7，234 － 870 1，018 52

1980 10，370 8 ，275 － 946 1，090 59

1981 11，540 9，271 － 1，03 1 1，190 48

1982 24 ，270 10，864 10，328 1，211 1，743 124

1983 28 ，902 12，999 12，6 12 1，275 1，950 66

1984 34，184 16 ，335 14 ，268 1，513 2 ，027 41

1985 38 ，801 19 ，991 14，809 1，582 2，377 42

1986 43，686 23 ，927 15 ，550 1，675 2，499 35

1987 53，103 29，684 18 ，6 13 2 ，009 2，739 58

1988 68 ，304 37 ，445 25，274 ．2，317 3，208 60

1989 84 ，295 45，424 32，5 12 2 ，661 3 ，633 65

N a tion a lity

As ia E uro pe No rth

A me ric a

O the rs

2 ，058 207 7 38 10 1

2 ，96 1 29 9 1 ，0 22 118

3 ，07 9 376 1 ，0 62 146

3 ，39 2 5 17 1 ，4 17 199

4 ，03 9 59 0 1 ，5 37 220

4 ，29 2 63 2 1 ，4 63 247

4 ，58 4 75 7 1 ，548 275

5 ，28 7 80 3 1 ，7 04 305

5 ，7 17 80 0 1 ，7 88 3 19

6 ，22 3 95 2 1 ，652 347

7 ，24 9 97 2 1 ，7 6 1 3 88

8 ，028 1 ，0 15 2，082 4 15

17 ，16 7 1，84 9 2，8 76 2 ，3 78

2 1，0 14 2 ，10 1 3 ，147 2 ，6 40

25 ，2 19 2 ，296 3，7 17 2 ，952

29 ，36 9 2 ，48 7 3，8 2 1 3 ，124

33 ，48 5 2 ，796 4，3 48 3 ，057

4 1，62 1 3 ，38 3 4，8 14 3 ，285

5 5 ，6 17 3 ，80 7 5，27 1 3 ，6 09

6 7 ，248 4 ，64 0 6 ，2 55 6 ，152

Source：Hinistry ofJustice，”statistics on

Immigration Control”
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Table　7－1－3　NuⅡlber oflnternat．ional

COnferences HeldinJapan

Year Total natural

SClenCe

others

1970 267 122 145

1971 165 91 74

1972 214 122 92

1973 227 107 120

1974 234 123 111

1975 236 123 113

1976 200 90 110

1977 236 115 121

1978 389 213 176

1979 315 157 158

1980 320 141 179

1981 371 204 167

1982 456 222 234

1983 384 210 174

1984 408 226 182

1985 438 235 203

1986 502 314 188

1987 549 292 257

1988 764 438 326

1989 865 446 419

Source：Japan Travel Pronotion Association

Table　7－2－1　R＆D Expenditure by Overseas Affiliates

ofJapanese Companies

Unit：雄illion Yen

1983 1986 1989

North　America 8，932 28，363 42，527

Asia 2，531 10，150 5，844

Europe 1，343 16，644 13，750

OciaIla

Central／South

America

638 208 2，037

693 1，218 463

World 14，207 57，653 64，646

Source：稚inistry ofInternational andIndustry，

’lstatistics on ForeignInvestmentM
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Table7－2－2　Number of Research Laboratories Operated by Overseas Affiliates of

Japanese Companies

1986 1989

Total

誰anufactu－ non一祇anuf－

Total

宮anufactu－ non－池anuf－

ri瑚 acturing ring acturing

North　America 46 25 21 98 67 31

Asia 43 42 1 81 74 17

Europe 17 14 3 25 18 7

Ociana

Central／South

America

7 2 5 9 2 7

6 5 1 9 9 0

World 119 88 31 222 170 52

Source：HITI

Table7－2－3　Japaガs Technological Trade byIndustry
（FY1989）

Unit．：Million Yen

Exports Imports

All industries 329，348 329，925

Construction 12，448 2，043

Chemicals 53，616 56，866

Drugs　and　med icines 18，904 21，483

lron　and　steel 21，572 4，776

General machinery 13，210 32，986

Electrical machinery 86，708 120，553

CoTnmunication　and

electronics equipment

58，544 92，036

Transport equipment 87，126 54，912

柑otor　vehicles 83，042 7，248

Source：Statistic Bureau，班anagement and Coordination

Agency，Japan，”Report on the Survey of

Research and Developmenピ’．
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Table7－2－4Japan，s Technological Trade by Region

（FY1989）

Unit用illion Yen
Ex po rts Im po r ts

Wo r ld 3 29 ，348 32 9，9 25
No r th　A me ric a 115 ，136 2 10，74 1

Dr ug s　an d n ed ic ine s 12 ，4 10 8 ，63 5

C om m un ic a tion　and

e le c tron ics eq u ipme n t

12，7 75 70 ，92 4

州o t．o r　veh ic le s 4 1，5 95 38 ，6 17

Eu ro pe 65 ，06 7 118 ，16 3

D rug s　and　me d ic in es 6 ，08 8 12 ，8 48

C omm un ic at io n　and

e le ctro n ics eq u ip men t

16 ，8 94 2 1，09 5

H o to r　v eh ic les 7 ，14 5 9 ，04 2

A s ia 128 ，86 2 －
C on st ruc tio n 997 8 －
Co mm un ica t，io n　and

e le ctro n ics eq u ip men t

27 62 3 －

Ho to r　v eh ic les 27 16 3 －

Source：Statistic Bureau，Management and Coordination

Agency，Japan，”Report on the Survey of

Research and Development”．

Table7－2－5　Technological Trade and Overall Trade Revenue－Expenditure Ratio

Technological Trade 0verall Trade Revenue－

Expenditure Ratio yen－dollar

exchange rate
（yen／dollar）

StatistiCS Of Bank of Japan Statistics of Manage蒜前完nd

Coordination Agency Exports
（million

Imports
（millionRevenue Expenditure Revenue Expenditure

（million dollar）（million dollar）（million yen） （million yen） dollar） dollar）

1975 161 712 66，594 169，131 ．56，004 50，161 296．8

1976 173 846 83，404 177，302 69，394 58，246 296．6

1977 233 1，027 93，325 190，066 83，363 63，028 268．5

1978 274 1，241 122，049 192，058 96，978 76，447 210．4

1979 342 1，260 133，145 240，984 105，059 107，497 219．1

1980 378 1，439 159，612 239，529 134，942 128，176 226．7

1981 537 1，711 175，106 259，632 149，592 129，234 220．5

1982 527 1，796 184，921 282，613 135，993　　 115，852 249．1

1983 624 2，079 240，887 279，280 150，740 116，194 237．5

1984 693 2，317 277，512 281，447 167，858　　 122，257 237．5

1985 746 2，522 234，220 293，173 180，664 119，063 238．5

1986 1，009 3，375 224，078 260，577 211，293 109，645 168．5

1987 1，385 4，177 215，575 283，245 233，435　　 139，401 144．6

1988 1，681 5，076 246，255 312，195 267，365　　 172，063 128．2

1989 2，189 5，455 329，348 329，925 268，085　　 198，086 138．0

Sources：Bank ofJapan

Statistic Bureau誹anagement and Coordination Agency，Japan，”Report on the Survey of Research and
恥velopment”
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Table　7－2－6　Introduction of Overseas

Technology

Year Number Year Number

1950　　　　　　76

1951　　　　188

1952　　　　　252

1953　　　　　235

1954　　　　　213

1955　　　　184

1956　　　　　310

1957　　　　　254

1958　　　　　242

1959　　　　　378

1960　　　　　588

1961　　　　601

1962　　　　　757

1963　　1，137

1964　　1，041

1965　　　　　958

1966　　1，153

1967　　1，295

1968　　1，744

1969　　1，629

1970　　1，768

1971　　2，007

1972　　　2，403

1973　　　2，450

1974　　　2，093

1975　　1，836

1976　　1，893

1977　　1，914

1978　　　2，139

1979　　　2，116

1980　　　2，142

1981　　2，076

1982　　　2，229

1983　　　2，212

1984　　　2，378

1985　　　2，436

1986　　　2，361

1987　　　2，709

1988　　　2，834

1989　　　2，898

Source：NISTEP

Table7－2－7Introduction of Overseas Technology by Techhological Field

Categories
一

r

　

5

　

6

　

7

　

8

　

9

a
　
8
　
0
0
　
8
　
8
　
0
0

e

　

9

　

9

　

9

　

9

　

9

Y

 

l

 

l

　

1

　

1

▲

　

l

electronics machinery chemicals metals others total

900

934

1，274

1，341

1，604

457　　　　　　331

395　　　　　　299

386　　　　　　287

439　　　　　　313

383　　　　　　308

85　　　　　663

66　　　　　667

65　　　　　697

70　　　　　671

60　　　　　543

2，436

2，361

2，709

2，834

2，898

Percentage

P
　
5
　
e
U
　
7
　
8
　
9

a
 
O
O
　
8
　
8
　
0
0
　
8

e

　

9

　

9

　

9

　

9

　

9

V

⊥

　

l

 

l

 

l

 

l

 

l

electronics machinery chemicals metals others total

18．8　　　　　13．6

16．7　　　　　12．7

14．2　　　　　10．6

15．5　　　　11．0

13．2　　　　　10．6

3．5　　　　27．2　　　100．0

2．8　　　　28．3　　　100．0

2．4　　　　25．7　　　100．0

2．5　　　　23．7　　　100．0

2．1　　18．7　　　100．0

Source：NISTEP
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Table7－2－8International Co－authorship of Scientific Literature

1981　　　1982　　　1983　　　1984　　　1985

Ratio ofinternational co－authorship［％］（A／B）

7．5

13．5

W．Germany　　　　　14．2

France　　　　　　　15．2

USSR　　　　　　　　　　2．8

Japan　　　　　　　　5．2

7．9　　　　8．5

13．9　　　14．3

15．0　　　16．4

16．7　　　18．0

2．9　　　　3．0

5．7　　　　6．1

9．3　　　　9．7

15．6　　　15．7

17．6　　　18．8

18．9　　　　20．5

2．9　　　　3．2

6．7　　　　　7．1

2
　
6
　
9
　
3
　
3
　
5

0
　
6
　
0
　
1
　
3
　
7

1
　
1
　
2
　
2

Number ofinternational co－authored papers（A）

U．S．　　　　　　10，296　　11，049　　11，865　　12，760　　14，123　　14，824

U．K．　　　　　　　4，499　　　4，638　　　4，858　　　5，158　　　5，545

W．Germany　　　　　3，560

France　　　　　　　3，069

USSR　　　　　　　　　　836

Japan l，337

3，771　　4，060　　　4，297　　　4，999

3，348　　　3，555　　　3，765　　　4，220

900　　　　　929　　　　　869　　　　　994

1，517　　1，649　　1，881　　2，196

5，789

5，323

4，507

982

2，309

Total number of each countries’papers（B）

U．S．　　　　　137，924

U．K．　　　　　　　33，239

W．Germany　　　　25，133

France　　　　　　20，172

USSR　　　　　　　30，050

Japan　　　　　　25，793

139，696　138，899

33，404　　33，893

25，083　　24，718

20，064　　19，702

30，835　　31，385

26，643　　27，247

137，859　144，915　145，179

33，013　　35，227　　34，812

24，354　　26，565　　25，511

19，918　　20，629　　21，208

29，851　　30，823　　29，778

27，997　　30，768　　30，956

Source：Computer Horizons，Inc．，”science＆EngineeringIndicators Literature
M

Data Base，1989．

Note

（1）Number ofinternational co－authored papers are counted across each

couTlty repeatedly．　Thereby paper for country Ais wrtten by researcher・S

include country A’s researchers，eVenif only one person．

Table7－2－9International Co－authorship of Scientific Literature ofJapan

1981　　　1982　　　1983　　　1984　　　1985　　　1986

Total number

Single authored papers

Co－authored papers

DoTneStic c0－authored

papeI－S

International co－aut．hored

paperS

（Country of co－author）

U．S．

W．Ge川any

U．K．

Canada

France

Australia

Italy

Net，herlands

Sweden

Rest of Asia Pacific

Rest of West Europe

USSR＆East Europe

25，793　　26，643　　27，247　　27，997　　30，768　　30，956

18，086　18，302　18，245　18，267　19，556　19，087

7，707　　　8，341　　9，002　　　9，730　11，212　11，869

6，370　　　6，824　　　7，353　　7，849　　　9，016　　　9，560

1，337　　1，517　　1，649　　1，881　　2，196　　　2，309

7 4
　
5
　
0
　
3
　
6
　
5
　
7
　
7
　
0
　
5
　
5
　
2

9
　
9
　
9
　
0
　
5
　
2
　
　
　
1
　
1
　
2
　
6
　
4

912　　　　890　　1，039　　1，178　　1，269

143　　　　182　　　　181　　　　215　　　　237

98　　　　124　　　　125　　　　185　　　　15g

92　　　　　92　　　　111　　　133　　　　122

67　　　　　88　　　　　91　　　　131　　　　120

28　　　　　36　　　　　28　　　　　32　　　　　43

12　　　　　28　　　　　27　　　　　32　　　　　42

30　　　　　25　　　　　33　　　　　48　　　　　41

23　　　　　43　　　　　35　　　　　37　　　　　41

137　　　　157　　　　219　　　　277　　　　298

78　　　　　89　　　　105　　　　119　　　　134

55　　　　　43　　　　　51　　　　　59　　　　　69

Source：Sane as Table7－2－8
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Table8－1－1R＆D Expenditures and GDP

in the ManufacturingIndustry

（Units：billion yen）

摘D

GDP　　　 Expend itures

1979 65454　　　　　　 2868

1980 71682　　　　　　 3147

1981 76126　　　　　　 3447

1982 77648　　　　　　 3695

1983 83847　　　　　　 4365

1984 93521　　　　　 4520

1985 100064　　　　　　 5100

1986 100606　　　　　　 5095

1987 107902　　　　　　 5438

1988 116496　　　　　　 5973

Sources：Economic Planfling Agency

丹anagement and Coordination Agency

Table8－ト2　R＆D Expendituresin Selected Countries

1979　　1980

Japan

U．S．

W．Germany

France

U．K．

18．80　　21．79

79．02　　82．29

14．22

12．98　13．20

（billionl980dollars）

1982　　1983　　1984　　1985　　1986

25．56

86．29

16．25

14．26

14．49

28．61　32．05　　35．61

89．18　　94．78　102．64

17．35

14．58　14．15　14．44

13．70

Source：OECD，“柑ain Science and TechnologyIndicators，’’1989．

Table8－1－3　GDPin Selected Countries

1987　　1988　　1989

40．06　　41．00　　45．39

110．01111．71114．74

19．97　　20．20　　21．74

14．57　14．48　15．10

14．17　15．08　15．01

（billion1980dollars）

117．87　117．73

22．79

15．77　16．80

Source；OECD，“対ain Science and TechnologyIndicators，”1989．
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Table8－1－4　Primary Energy Basic Unit（GDP Ratio）

（Unit：Mtoe／billion 1985 US dollars）

Year Japan U．S． W．Germany U．K． France OECD

1973 0．391 0．587 0．527 0．571 0．452 0．540

1974 0．400 0．580 0．510 0．558 0．430 0．530

1975 0．37 1 0．572 0．483 0．535 0．409 0．517

1976 0．375 0．584 0．501 0．524 0．411 0．525

1977 0．360 0．571 0．484 0．529 0．404 0．515

1978 0．348 0．562 0．489 0．508 0．413 0．509

1979 0．346 0．550 0．494 0．519 0．415 0．504

1980 0．324 0．530 0．467 0．486 0．409 0．483

1981 0．304 0．503 0．444 、0．474 0．392 0．461

1982 0．288 0．497 0．431 0．465 0．372 0．450

1983 0．283 0．480 0．425 0．448 0．376 0．439

1984 0．288 0．466 0．430 0．437 0．381 0．434

．1985 0．276 0．452 0．43 1 0．445 0．385 0．426

1986 0．272 0．440 0．424 0．437 0．38 1 0．418

1987 0．262 0．440 0．418 0．422 0．384 0．416

1988 0．266 0．436 0．408 0．407 0．370 0．411

Source：OECD，”ENERGY BALANCES OF OECD COUNTRIES1987－1988”

Table8－1－5　Energy CDnSumPiton byJapaTl’s ManufacturingIndustry

（Units：trillion kcal）

Hanu fac tu－ Iro n　and C he m ic a ls P u lp a nd Fob r ica ted No n－feI、rOuS

r irlg s te e l p ape r

pro du cts

me ta l me ta ls　alld

p rod uc ts

197 0 125 8．4 43 0．8 36 8．5 80．5 45．9 38．2

197 1 13 12．4 44 4．9 38 2．2 83．6 45．7 38．5

1972 138 9．7 46 5．5 398．6 90．5 46．3 41．9

1973 15 36．2 544．9 413．3 98．9 50．1 46．9

1974 147 4．0 53 5．9 38 3．1 92．3 43．8 43．5

1975 13 80．8 497．0 353．5 86．6 38．2 38．9

1976 14 60．4 506．5 385．8 88．6 42．3 40．8

1977 1414．6 464．9 387．6 86．2 41．9 41．7

1978 14 18．5 443．5 397．2 90．2 44．1 42．8

197 9 1445．5 467．4 396．5 95．0 44．5 46．1

1980 13 29．8 447．7 326．5 84．7 46．5 44．1

198 1 126 1．2 416．1 294．4 79．9 57．9 35．6

1982 1182．8 380．9 283．5 78．6 56．8 29．9

198 3 1194．0 380．8 28 9．1 80．3 62．5 29．5

1984 125 1．9 402．6 316．7 82．3 67．7 31．4

1985 125 0．6 394．3 323．7 79．9 72．4 31．4

1986 12 17．7 366．2 328．9 82．3 7 1．7 31．3

198 7 1278．0 385．3 349．2 87．1 75．7 28．3

198 8 1357．6 403．3 363．7 99．8 83．0 29．2

198 9 13．94．9 414．5 38 0．2 99．6 87．5 32．2

Source：MITI
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Table8－ト6　Energy Consumption byJapaガS丑ajor Tronsport光eans

pa sse nge r （kc a l／pe rson k n） c argo （k ca l／to n km）

paS Se nge r　Car S bu s ra i lw ay s tr uck s tru cks ra ilw ays ma rlne

（p r iv a te－u Se） （b us ine ss－uSe） （p r iv a te－u Se） （bu s in e ss－u Se） t rans po rt

197 0 5 93．1 130．7 94．1 16 66．6 54 2．7 2 14．4 22 6．7

1975 65 4．2 140．3 92．2 1993．1 64 9．6 144．5 28 6．0

1976 66 0．2 160．2 95．4 2 227．0 67 8．7 14 8．6 27 9．2

1977 74 1．6 158．7 100．4 2 303．9 67 0．3 16 2．8 26 4．4

1978 7 13．3 15 6．5 102．3 2123．9 7 12．9 151．9 233．8

197 9 7 20．6 160．4 103．0 2 0 15．9 6 90．1 13 9．9 220．5

198 0 73 7．1 16 0．1 102．5 2 008．6 65 6．1 14 9．9 18 8．7

198 1 7 22．7 16 3．7 102．8 2 057．1 63 1．4 158．7 135．0

198 2 6 96．5 167．0 105．5 2 073．4 6 03．2 16 7．1 135．0

1983 67 7．9 170．1 104．4 2 13 1．4 5 90．8 16 9．6 13 5．2

198 4 66 8．1 17 0．0 103．1 2 09 9．0 6 05．9 17 2．6 117．9

1985 64 7．5 170．9 102．6 2 084．9 6 14．1 17 0．3 123．0

1986 64 3．5 17 4．3 10 3．2 2 105．8 603．8 163．6 12 9．4

1987 57 4．8 17 5．6 100．3 2 15 2．8 62 3．9 118．4 12 0．7

1988 52 6．5 17 3．2 104．1 2 00 9．3 6 13．4 119．7 12 0．2

Source：Ministry of Transport

－413－



Table8－1－7　Consignment Number ofIndustrial robots

Year Total 推anual Fixed Variable Play－back NC Intelligent

manipulator Sequence Sequence robot robot robot

1970 2，000 400 1，600 0 0 0 0
1971 1，150 250 900 0 0 0 0
1972 2，180 300 1，500 210 170 0 0
1973 3，110 350 2，600 100 60 0 0
1974 4，167 710 3，290 0 165 1 1

1975 4，207 770 3，300 0 137 0 0
1976 7，169 700 6，200 0 183 6 80
1977 8，612 1，130 6，490 425 357 11 199
1978 10，100 1，576 7，086 652 506 25 255
1979 14，555 1，051 10，721 1，244 662 89 788
1980 19，873 1，942 13，438 1，343 2，027 992 131
1981 22，069 964 12，923 2，478 3，928 1，138 638

1982 24，782 1，197 8，648 4，311 6，672 2，001 1，953

1983 30，544 935 11，032 4，457 7，873 3，947 2，300

1984 40，923 1，163 12，659 4，690 11，039 7，620 3，752

1985 48，490 1，177 13，289 6，263 14，384 10，469 2，908

1986 42，066 341 10，262 8，000 12，510 8，964 1，989

1987 45，050 118 11，151 7，201 13，027 10，909 2，644

1988 55，900 66 14，281 7，301 16，930 14，008 3，314

Source；JapanIndustrial Robot Association

Table8－ト8　Consignment Volue ofIndustrial Robots

Unit：Million yen

Year Total Manual Fixed Variable Play－back NC Intelligent

manipulator SequenCe SequenCe robot robot robot

1974 9，724 741 7，752 0 1，197 23 11

1975 10，135 866 8，103 0 1，132 23 11

1976 12，295 1，607 6，712 1，255 1，791 56 874

1977 18，893 1，879 8，424 2，354 3，924 86 2，225‾

1978 25，400 1，379 11，587 4，970 4，373 273 2，817

1979 40，398 1，936 19，011 7，356 6，653 1，745 3，698

1980 75，364 2，803 23，297 9，522 15，786 21，795 2，161

1981 101，531 3，016 23，947 14，398 33，388 16，080 10，702

1982 139，240 2，953 18，339 19，286 53，493 25，588 19，581、

1983 166，909 3，424 18，746 19，503 58，304 47，690 19，242

1984 229，710 3，347 23，885 18，034 74，356 78，603 31，486

1985 269，992 3，296 30，137 23，221 90，978 95，498 26，862

1986 234，974 2，864 27，551 19，140 73，437 89，730 22，252

1987 255，438 3，355 22，537 18，565 72，176 108，443 30，362

1988 324，480 755 26，056 29，142 92，804 133，421 42，302

Source：Japanlndustrial Robot Association
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Table　8－1－9　Nunber ofIndustrial Robotsin Use

manufactu－Chemicals Fabrical Genepal Electrical Transport

ring metal

Products

machinery nachinery equlpment

1970 2，000 － － － － －
1971 3，150 － － － － －
1972 5，330 － － － － －
1973 8，440 － － － － －
1974 12，607 － － － － －
1975 16 ，814 － － － － －
1976 23，983 － － － － －
1977 30，595 －． －．．．・．．・ －・ － －
1978 39，159 2，635 379 534 3，002 1，415

1979 51，207 6，367 889 1，227 7，650 3，672

1980 66，726 13，922 1，586 3，429 9，957 7，344

1981 83，438 21，222 2，421 6，156 13，645 11，459

1982 101，412 27，765 3，297 8，152 18，308 16，816

1983 120，329 36，552 4，629 9，823 24，979 21，720

1984 144，931 45，043 5，869 11，887 35，463 27，975

1985 174，716 51，922 7，097 14，753 44，216 34，563

1986 194，634 56，974 7，647 18，010 49，361 40，506

1987 212，588 57，647 8，203 20，821 56，808 45，370

1988 237，512 61，263 8，539 23，623 65，425 53，971

Source：JapanIndustrial Robot Association

Table8－1－10　Nunber ofIndustrial Robotsin Use（perlOOO Workers）

Units：unit／．1000persons

m anuf ac tu－ chem ic a ls F ab r ic a l Ge ne ra l E lec t r ic a l T ran spo r t

r ing me ta l

prod u cts

m ach ine ry m ac h ine ry eq u lpme n t

197 0 0．18
－ － － － －

1971 0．28
－ － － － －

1972 0．48
－ － － － －

1973 0．74
－ － － － －

1974 1．16
－ － － － －

1975 1．58
－ － － － －

1976 2．28
－ － － － －

1977 2．99
－ － － － －

1978 3．83 6．38 0．51 0．53 2．45 1．61

19 79 5．01 15．57 1．19 1．21 6．09 4．27

198 0 6．48 34．04 2．13 3．34 7．42 8．26

198 1 7．90 52．14 3．17 5．82 9．29 12．40、

198 2 9．68 68．56 4．36 7．72 12．25 18．44

198 3 1 1．30 90．93 6．06 9．05 15．37 24．11

198 4 13．50 113．74 7．76 10．94 19．76 30．28

198 5 16．05 13 1．45 9．02 13．10 24．21 35．93

198 6 17．87 143．87 9．78 16．09 26．44 44．22

198 7 19．81 147．06 10．56 19．33 30．92 49．42

Source：JapanIndustrial Robot Association
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Table8－ト11Robot PriceIndex and WageIndexin the Manufacturing

Ye a r Rob o t　Pr ice W age Inde x

Ind ex （19 80 ＝1 ） （m il lion yen ）

1970 1．78 0．7 4

197 1 1．19 0．8 6

1972 1．69 0．98

1973 1．7 6 1．2 1

1974 1．16 1．5 3

1975 1．3 1 1．7 1

197 6 0．8 9 1．9 2

19 77 0 ．8 7 2．0 9

1978 0．98 2．2 1

1979 0 ．95 2．3 7

1980 1．00 2．5 5

198 1 0．94 2．6 9

1982 0 ．84 2．8 2

1983 0 ．77 2．93

19 84 0．7 0 3 ．0 8

19 85 0 ．68 3．18

1986 0 ．70 3．2 8

19 87 0．6 8 3 ．3 4

1988 0．6 9 －

Source：S．Hori，”Macroeconomic Effects of RobotizationinJapan”

Table8「1－12　Sophisticated Robots Share（applied conversion）

manufactu－Chemicals Fabrical General E lectrical Transport

ring metal

products

machinery machinery equlpment

1974 －1．93 －3．32 －1．87 －1．76 －2．17 －1．49

1975 －2．04 －．－ －1．15 －0．80 －2．01 －1．27

1976 －1．26 －3．73 －2．51 －1．32 －0．29 －0．83

1977 －0．71 －3．18 －2．27 －0．81 0．02 －0．41

1978 －0．88 －4．09 －4．08 －1．40 0．18 －0．86

1979 －0．85 －2．81 －1．18 －1．05 胃0．48 胃1．22

1980 0．11 －2．97 0．16 －0．94 1．96 －0．28

1981 0．37 －1．79 0．59 －0．15 1．64 0．44

1982 0．89 －1．79 －0．07 0．56 1．99 0．72

1983 1．10 －1．73 －0．23 0．95 1．96 1．24

1984 1．40 －1．53 －0．44 1．55 2．18 1．25

1985 1．33 －1．55 0．68 1．95 2．09 1．14

1986 1．32 －1．47 0．14 1．82 2．23 1．40

1987 1．56 －0．92 0．62 2．14 2．55 1．52

1988 1．57 －0．85 0．58 1．39 2．57 1．31

Source：S．Mori，’’Macroeconomic Effects of RobotizationinJapan”

ー416－



T8ble8－1－13　NumberofDirectors of ConpaniesIJisted on the Stock Exchange by Graduate Depar・tnent（1990）

－
　
串
－
↓
　
－

Number of d irectors
Count objeCt

Number of

Objec t

COmPany

Human ites and soc ia l sc iences （HSS）

Econom ics　　　 Law　　　 CommerCe　 Oth ers

Natura l sc ience and eng ineer ing

re lated （NSER）

Sc ience and　 Agr i－　　　 Med ica l ＆

Eng ineer・ing　 cu lture　　 Pharmacy

Sub－tOta l

lass if ica

tion
imposs ib le

Tota l

HSS＊　　　 NSER＊

Who le

Hanufacturi喝

Non－Manufacturing

Co岬 an ies w ith

Cap ita l of lO

2．064

1，196

868

707

2，061

9，627　　 6，59 1　　 4，113　 1，4 67 8，884　　　　 961　　　　 244 31，887 21，798　 10，089 6，598

3，200

3，398

2，060

325

38 ，485

20，5 13

17，97 2

17，417

2，06 1

（30．2％） （20．7％） （12．9％）　 （4．6％） （27．9％）　 （3．0％）　 （0．8％） （100．0％） （68．4％） （3 1．6％）

4，626　　 2，971　　 2，015　　　 614 6，240　　　　　 626　　　　 22 1 17，313 10，226　　 7，087

（26．7％） （17．2％） （11．6％）　 （3．5％） （36．0％）　 （3．6％）　 （1．3％） （100．0％） （59．1％） （40．9％）

5，001　 3，620　　　 2，098　　　 853 2，644　　　　 335　　　　　 23 14，574 11，572　　 3，002

（34．3％） （24．8％） （14 ．4％）　 （5．9％）

4，77 1　 3，557　　　 1，830　　　 685

（18．1％）　 （2．3％）　 （0．2％）

3，965　　　　　 4 13　　　　 136

（100．0％）

15，357

（79．4％） （20．6％）

10，843　　 4，514

biIlion yen or nore （31．1％） （23．2％） （11．9％）　 （4．5％） （25．8％）　 （2．7％）　 （0．9％） （100．0％） （70．6％） （29．4％）

Number of conpany 517　　　 384　　　　 2 19　　　　 47 5 16　　　　　 46　　　　　　 7 1，736 1，167　　　 569

PreSident （29．8％） （22．1％） （12．6％）　 （2．7％） （29．7％）　 （2．6％）　 （0．4幻 （100．0％） （67．2％） （32．8％）

（＊）NSER：NaturalScience and EngineeringRelated

rISS：Hunanities and Social Science

Source：Toyou－Keizai－Shinpou－Sha，”Exective Quarterly Database”1990



Table8－1－14　Distinction of Company Directorsinto Natural Science＆

Engineering Related Graduates and Humanities＆Social

Science Graduates（1990）

Number of directors
（b）／（a）Industry Number of （a）Total （b）NSER＊ （C）HSS＊

COmPany graduate graduate ［％］
All industry 2，064 31，887 10，089 21，798 31．6

Agri．，forest．＆fish． 8 127 52 75 40．9

Mining 10 140 47 93 33．6

Construction 144 2，890 1，755 1，135 60．7

Food 101 1，428 408 1，020 28．6

Textiles 79 1，005 312 693 31．0

Polp and paper 32 508 187 321 36．8

Chenical 181 2，887 1，265 1，622 43．8

Petroleun and coal 12 200 49 151 24．5

Rubber 20 321 113 208 35．2

Ceramics 61 858 309 549 36．0

Iron and steel 58 957 406 551 42．4

Non－ferrous metals 39 654 281 373 43．0

Fabricated metal 58 716 267 449 37．3

General machinery 181 2，204 933 1，271 42．3

Electrical machinery 188 2，765 1，344 1，421 48．6
Transport equip． 87 1，551 763 788 49．2

Precision instruments 35 498 236 262 47．4

Other manufactur ing 64 761 214 547 28．1

Commerce 250 3，488 399 3，089 11．4

Finance／insurance 204 4，267 119 4，148 2．8

Real estate 31 449 46 403 10．2

Land transportation 48 773 143 630 18．5

Marine transportation 25 314 27 287 8．6

Air transportation 5 113 30 83 26．5
Warehouse／other trans． 30 330 13 317 3．9

Communications 9 191 42 14g 22．0

Electricity and gas 18 439 171 268 39．0

Services 86 1，053 158 895 15．0

（＊）NSER：Natural Science and Engineering Related

HSS：Hunanities and Social Science

Source：Toyou－Keizai－Shinpou－Sha，”Exective Quarterly Database”1990
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Table8－2－1Volume ofInformation Supplied and Consuned

Supply Consune Consllmpt－

ion

Ratio （％）（word） （word）

1975 1．88E＋17 1．60E＋16 8．5

1976 1．97E＋17 1．66E＋16 8．4

1977 2．06E＋17 1．65E＋16 8．0

1978 2．21E＋17 1．67E＋16 7．6

1979 2．31E＋17 1．72E＋16 7．4

1980 2．43E＋17 1．75E＋16 7．2

198 1 2．61E＋17 1．80E＋16 6．9

1982 2．72E＋17 1．74E＋16 6．4

1983 2．92E＋17 1．78E＋16 6．1

1984 3．13E＋17 1．78E＋16 5．7

1985 3．48E＋17 1．81E＋16 5．2

1986 3．63E＋17 1．88E＋16 5．2

1987 3．85E＋17 1．94E＋16 5．0

1988 4．13E＋17 1．99E＋16 4．8

SourCe：Ministry of Posts and Telecommunications，’’cenxus onInforma

Flowsl988”

Table8－2胃2Information Supplied Through the Telecommunications Me

Unit：WOrd

To ta l te le ph one f ac s im i ll V ideo te x Da ta

tran S．

VA N／d a ta

CO mm un lC‾

a tion

1975 1．8 5E＋17 1．06E＋13 1．0 7E＋10
－ － 2．36E＋12

1976 1．94E＋17 1．0 6E＋13 2．0 4E＋10
－ －

3．07E＋12

1977 2．03E＋17 1．06E十13 3．7 1E＋10
－ －

3．64E＋12

1978 2．17E＋17 1．1 1E＋13 6．05E＋10
－ －

4．83E＋12

197 9 2．2 8E＋17 1．19E＋13 9．2 5E＋10 － 6．48E＋0 9 5．7 2E＋12

198 0 2．40E十17 1．23E十13 1．3 0E十11 － 1．12E十10 6．36E十12

198 1 2．57E＋17 1．3 3E＋13 1．90E＋1 1 － 5．53 E＋10 7．32E＋12

198 2 2．6 9E＋17 1．4 4E＋13 2．91E＋1 1 － 1．14 E＋11 8．27E＋12

1983 2．8 8E＋17 1．6 0E＋13 4．5 5E＋1 1 － 2．44 E＋11 1．0 1E＋13

198 4 3．09E＋17 1．8 1E＋13 6．8 4E＋1 1 1．54 E＋10 4．09 E＋1 1 2．19 E＋13

198 5 3．44E＋17 2．06E＋13 9．4 61三十1 1 9．6 1E＋10 6．8 1E＋1 1 1．24E＋14

198 6 3．59E＋17 2．3 0E＋13 1．3 1E＋12 1．47 E＋1 1 1．09 E＋12 2．96E十14

1987 3．80E＋17 2．4 1E＋13 2．06E＋12 1．9 9E＋1 1 1．92 E＋12 5．6 1E＋14

198 8 4．08 E＋17 2．16 E＋13 3．05E＋12 3．0 6E＋11 1．58 E＋12 6．5 1E＋14

broadcast

TV

satellite

broadcas－

ting

tele－teXt CATV

1．54E＋17 － － 1．11E＋15

1．57E＋17 － － 1．49E＋15

1．62E＋17 － － 1．81E＋15

1．68E＋17 － － 2．25E＋15

1．73E＋17 － － 2．74E＋15

1．95E＋17 － － 3．20E＋15

1．91E＋17 － － 3．73E＋15

1．99E＋17 － － 4．34E＋15

2．13E＋17 －．． － 5．05E＋15

2．26E＋17 2．21E＋13 － 6．04E＋15

2．47E＋17 4．23E＋13 2．57E＋11 7．15E＋15

2．57E＋17 1．45E＋14 5．65E＋12 8．36E十15

2．58E＋17 6．84E＋14 2．31E＋13 1．06E＋16

2．75E＋17 1．57E＋15 4．14E＋13 1．44E＋16

Source：Hinistry of Posts and Telecommunications，

”cenxus onInformat．ion Flows1988’’
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Table8－2－3　Volume ofInformation Consumed Through the Telecotnmunications

Media

Unit：WOItd

T o ta l te lep ho n fa CS im ile V ide o tex D at a

tI、aIIS．

VA N ／da ta

CO 汀l用un lC‾

a tio n

1975 9 ．96 E＋15 1．06 E十13 2．13E ＋10
－ － 2 ．36 E＋12

1 976 1．05 E＋16 1．06E ＋13 4．08E ＋10
－ －

3 ．07 E十12

1977 1．03 E＋16 1．06 E＋13 7．4 1E ＋10
－ －

3 ．64 E＋12

1 978 1．04 E＋16 1．1 1E ＋13 1．2 1E ＋11
－ －

4 ．83 E＋12

1979 1．08 E＋16 1．19 E＋13 1．8 5E ＋11
－

6 ．4 8E＋09 5 ．7 2E十12

1 980 1．10 E＋16 1．23 E＋13 2．5 9E ＋11
－

1．12E＋10 6 ．36 E十12

198 1 1．14 E＋16 1．33 E＋13 3 ．80E ＋11 － 5 ．5 3E＋10 7 ．3 2E十12

1982 1．07 E＋16 1．44 E十13 5 ．83 E＋11 － 1．14E ＋11 8 ．2 7E＋12

1983 1．10E＋16 1．6 0E＋13 9 ．1 1E＋11 － 2．4 4E＋11 1．0 1E＋13

198 4 1．0 9E ＋16 1．8 1E＋13 1．37 E＋12 3．8 6 E＋08 4．09E ＋11 2．19E ＋13

1985 1．11E ＋16 2 ．06 E＋13 1．89 E＋12 2．4 0E ＋0 9 6 ．8 1E ＋11 1．2 4E＋14

1986 1．16 E ＋16 2．3 0E＋13 2 ．6 1E＋12 3 ．67 E＋0 9 1．09 E＋12 2．96E ＋14

1987 1．2 1E ＋16 2．4 1E＋13 4 ．12 E＋12 5．48 E＋0 9 1．92 E＋12 5．6 1E十14

1988 1．2 3E ＋16 2．16E＋13 6 ．10E＋12 8 ．4 1E＋09 1．58 E＋12 6．5 1E＋14

bI・Oad cas t

T V

s a te l lite

b roa dC aS一

ting

te le－teX t CAT V

9．29E＋15 － － 6．11E＋13

9．71E＋15 － － 8．26E＋13

9．36E＋15 － － 9．29E＋13

9．34E＋15 － － 1．12E＋14

9．64E＋15 － － 1．37E＋14

9．65E＋15 － － 1．55E＋14

9．94E＋15 － － 1．79E＋14

9．23E＋15 － － 1．84E＋14

9．25E＋15 － － 2．09E＋14

9．09E＋15 1．22E＋13 － 2．32E＋14

9．09E＋15 2．32E＋13 1．58E＋09 2．69E＋14

9．28E＋15 3．64E＋13 1．73E＋10 3．09E＋14

9．18E＋15 1．54E＋14 6．83E＋10 3．61E＋14

9．11E＋15 2．43E＋14 1．08E＋11 3．28E＋14

・Source：Hinistry of Posts and TelecoTnnunications
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Table8－2－4　Volume ofInformation Supplied Through the Conveyance

Hedia

Unit：Word

CO nV ey an le tte r po s tcard e le c tron－ han d W o rd

ce　me d ia

to ta l

ic　ma il W r it in g prO Ce SSO

19 75 1．23 E＋15 2．34 E＋12 5．53 E＋11 － 3．8 1E＋12 －

19 76 1．30 E＋15 1．97 E十12 5．42 E＋11 － 3 ．92E＋12 －

1977 1．34 E＋15 2．05 E＋12 5．9 0E＋11 － 4．00E＋12 －

19 78 1．4 1E＋15 2．13 E＋12 6．2 1E＋11
－

4．07E＋12 －

1979 1．5 2E＋15 2．2 2E十12 6．6 9E＋11 －
4．25 E＋12 －

1980 1．5 9E十15 2．33 E＋12 6．88 E＋11 －－．．
4．37 E＋12

－

198 1 1．6 3E＋15 2．37 E＋12 6．19E＋11 1．06 E＋06 4．49 E＋12
－．．．－

1982 1．6 9E十15 2．5 0E＋12 6．4 2E＋11 8．69 E＋06 4．6 1E＋12 1．13 E＋10

1983 1．7 3E＋15 2．6 5E＋12 6．6 4E＋11 1．28 E＋07 4．62E＋12 3．82E＋10

1984 1．8 1E＋15 2．7 9E＋12 6．68 E＋11 1．26 E＋0 8 4．89 E＋12 7．94E＋10

1985 1．88 E＋15 2．97 E＋12 6．7 0E＋11 1．19E＋0 9 5．05 E十12 3．02E＋11

1986 1．94E＋15 3．15E＋12 7．06 E＋11 4．95 E＋09 4．97 E十12 7．18 E＋11

1987 2．02E＋15 3．46 E＋12 7．44 E＋11 5．83 E＋0 9 5．18 E＋12 9．59 E＋11

1988 2．13E＋15 3．8 6E＋12 8．09E＋1 1 9．77 E＋09 5．35 E＋12 1．02 E＋12

neW Spa pe r m ag az ine bo ok v ideo

so f tw a re

8．4 9E＋14 2．6 0E＋14 1．0 2E＋14 －

8．95E＋14 2．77 E＋14 1．14 E＋14 －

9．20E＋14 2．7 9E＋14 1．23 E＋14 －

9．5 8E＋14 2．95 E＋14 1．3 1E＋14 －

1．04E＋15 3．23 E＋14 1．36 E＋14 －

1．08E＋15 3．4 1E＋14 1．4 1E＋14 1．76 E＋10

1．12E＋15 3．4 1E＋14 1．44 E＋14 4．7 1E＋10

1．17E＋15 3．47 E＋14 1．49 E＋14 1．00 E＋11

1．17 E＋15 3．68 E＋14 1．62 E＋14 2．6 4E＋11

1．2 1E＋15 3．90 E＋14 1．7 1E＋14 5．79 E十12

1．24 E＋15 4．25 E＋14 1．76 E＋14 1．07E＋13

1．2 8E＋15 4．32 E＋14 1．77 E＋14 1．33E＋13

1．34 E十15 4．36 E＋14 1．79 E＋14 1．98E＋13

1．4 1E＋15 4．53 E＋14 1．82 E十14 3．68E＋13

Source：杜inistry of Posts and Telecotumunications
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Table8－2－5　Volune oflnfornation Consumed Through the Conveyance

Media

Unit：word

COnVeyan letter postcar d e lectron hand Word

Ce med ia

tota l

iC ma il Writ ing PrOCeSSO

1975 5．22E＋14 2．06E＋12 4．71E＋11 － 1．02E＋13
－

1976 5．31E＋14 1．76E＋12 4．52E＋11 － 1．05E‡13 －
1977 5．38E＋14 1．83E＋12 4．92E＋11 － 1．07E十13 －
1978 5．47E‡14 1．90E‡12 5．18E‡11 － 1．08E‡13 －
1979 5．5聞＋14 1．93E＋12 5．52E＋11 － 1．13E＋13 －
1980 5．80E＋14 2．03E十12 5．67E‡11 － 1．16E＋13 －
1981 5．91E‡14 2．07E＋12 5．1柑‡11 1．06E‡06 1．19E＋13 －
1982 6．03E＋14 2．18E＋12 5．29E＋11 8．69E＋06 1．21E‡13 1．13E‡10

1983 6．09E＋14 2．31E＋12 5．47E＋11 1．28E十07 1．15E＋13 3．82E＋10

1984 6．34E＋14 2．43E‡12 5．50E＋11 1．26E‡08 1．28E＋13 7．94E‡10

1985 6．49E‡14 2．54E‡12 5．51E＋11 1．19E十09 1．38E十13 3．02E＋11

1986 6．74E‡14 2．69E‡12 5．80E‡11 4．95E＋09 1．29E＋13 7．18E＋11

1987 7．05E＋14 2．95E＋12 6．11E‡11 5．83E‡09 1．35E‡13 9．59E‡11

1988 7．42E＋14 3．25E＋12 6．54E‡11 9．77E＋09 1．39E＋13 1．02E‡12

neWSpape magaz ine book V ideo

SOftlはre
1．56E＋14 1．34E＋14 1．85E‡14 －
1．60E‡14 1．36E‡14 1．87E十14 －
1．62E＋14 1．371汗14 1．89E‡14 －
1．65E‡14 1．39E＋14 1．92E＋14 －
1．68E＋14 1．41E＋14 1．94E＋14 －
1．79E＋14 1．43E‡14 1．97E‡14 5．02E‡12

1．80E＋14 1．44E＋14 1．98王汁14 1．08E＋13

1．83E＋14 1．45E十14 2．00E‡14 1．60E＋13

1．84E＋14 1．37E＋14 2．02E＋14 2．54E‡13

1．86E‡14 1．39E‡14 2．04E‡14 4．06E＋13

1．75E＋14 1．40E＋14 2．06E＋14 6．09E＋13

1．77E＋14 1．41E＋14 2．07E＋14 7．93E＋13

1．80E＋14 1．42E＋14 2．09E＋14 1．01E＋14

1．82E＋14 1．44E＋14 2．11E＋14 1．24E‡14

Source：Ministry of Posts and Telecommunications
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Table8－2－6　Volume ofInfornation Table8－2－7　Volume ofInformation

Supplied Through the

Space Media

Unit；WOrd

S pac e

med ia

to ta l

mO V le

1975 1．8 5E＋15 7．06 E＋1 1

1976 1．88 E＋15 7．0 9E＋1 1

1977 1．90E＋15 7．0 0E＋1 1

197 8 1．9 3E＋1 5 6．9 1E＋1 1

197 9 1．96E＋15 6．8 6E＋11

198 0 1．99E＋15 6．8 3E＋1 1

198 1 2．02E＋15 6．6 4E＋11

198 2 2．05E十15 6．5 5E＋1 1

198 3 2．08E＋15 6．4 7E＋11

198 4 2．1 1E＋15 6．33E＋11

198 5 2．14E十15 6．18E＋11

198 6 2．18 E＋15 6．03E＋11

198 7 2．23E＋15 6．10E＋11

198 8 2．29E＋15 5．93E＋11

Consumed Through the

Space Media

Unit：WOrd

Spa ce

med ia

to ta l

m OV le

1975 5．48E＋15 3．7 5E＋13

1976 5．57E十15 3．6 8E＋13

1977 5．6 5E＋15 3．5 6E＋13

197 8 5．7 4E＋15 3．58E＋13

197 9 5．84 E＋15 3．56E＋13

198 0 5．93E＋15 3．54E＋13

198 1 6．0 1E＋15 3．22 E＋13

198 2 6．10 E＋15 3．35 E＋13

198 3 6．18 E＋15 3．67 E＋13

198 4 6．27 E＋15 3．24 E十13

198 5 6．34 E十15 3．34 E十13

198 6 6．45 I汁15 3．44 E＋13

198 7 6．60 E＋15 3．10 E＋13

198 8 6．78 E＋15 3．2 1E＋13

Table8胃2－8　Number of Newspaper Articles on Science and

Technology

SpeCial general

article article

1981 418 382

1982 362 469

1983 366 440

1984 573 576

1985 929 516

1986 1，096 459

1987 1，072 488

1988 1，004 485

1989 1，194 495

Source：Asahi Sinbun
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Table　8－2－9　VTR and Video Camera Production

V　T　R Video　Camera VTR

defusionnu皿ber value nu四ber value

（million yen） （million yen）rating（％）

1975 118，990 24，751 － － －
1976 287，825 57，088 － － －
1977 762，499 126，044 － － －
1978 1，470，439 204，121 － － 1．3

1979 2，199，069 296，168 － － 2．0

1980 4，441，212 562，825 － － 2．4

1981 9，497，865 1，086，799 － －．．．． 5．1

1982 13，134，106 1，284，987 885，332 87，815 7．5

1983 18，216，566 1，513，991 1，201，858 115，027 11．8

1984 28，611，090 2，090，021 1，570，929 154，891 18．7

1985 30，581，452 1，889，254 2，574，159 354，394 27．8

1986 33，879，475 1，659，435 3，258，192 417，228 33．5

1987 30，563，335 1，242，692 4，608，705 482，958 43．0

1988 31，660，444 1，212，004 6，681，510 644，970 53．0

1989 32，014，641 1，134，562 6，934，750 614，546 63．7

Sources用ITI

ECOnOmic Planning Agency

Table　8－2－10　Video Software Sales

Total Sales Rental

million millioIl number million number

yen yen yen
1978 2，048 1，886 137，147 162 26，801

1979 2，165 2，007 134，335 158 6，447

1980 2，967 2，754 176，377 213 16，912

1981 5，273 5，165 474，423 108 1，552

1982 10，935 10，798 1，008，193 137 1，958

1983 22，516 22，335 1，936，997 181 11，113

1984 32，669 31，465 2，990，762 1，204 98，036

1985 37，364 34，019 3，746，906 3，345 263，642

1986 50，472 40，050 4，507，237 10，422 950，886

1987 87，739 68，695 7，625，177 19，044 1，901，186

1988 107，851 79，011 11，691，114 28，840 ，122，196

1989 129，507 93，043 16，989，816 36，464 ，441，522

Source：Japan Video Association
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Table8－2－11Video Software Sales by Use

personal use business　use

Sales

（million yen） ［％］

Sales

（million yen） ［％］

1978 693 35．3 1270 64．7

1979 873 40．5 1284 59．5

1980 1205 45．4 1447 54．6

1981 2596 55．4 2087 44．6

1982 8079 75．3 2655 24．7

1983 19099 86．0 3101 14．0

1984 27751 91．9 2431 8．1

1985 32451 89．4 3837 10．6

1986 45890 93．1 3408 6．9

1987 83638 95．3 4101 4．7

1988 102611 95．2 5204 4．8

1989 121925 94．1 7582 5．9

Source：Japan Video Association

Table8－2－12　Video Software Sales by Genre（1989）

Sales

（million yen） （％）

mOVle 47589 51．1

animation 20882 22．4

muSIC

amusement
／sports

hobby

／culture

14359 15．4

2770 3．0

1443 1．6

education 1345 1．4

others 4655 5．0

total 93043 100

Source：Japan Video Association

Rental

（million yen） （％）

mOVle 28259 77．5

animation 6569 18．0

muSIC

amusement
／sports

hobby

／culture

577 1．6

214 0．6

183 0．5

education 104 0．3

others 558 1．5

total 36464 100
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Table8－2－13　Personal CoTnputer Consigment

number （thousand） value （100 million yen）

total domestic expoI、t total domest，ic export

1978 10 9 1 60 － －
1979 46 36 10 159 － －
1980 111 94 17 337 － －
1981 282 229 53 1，070 － －
1982 762 683 79 2，314 － －
1983 1，141 885 256 3，416 2，668 748

1984 1，874 1，196 678 4，706 3，414 1，292

1985 1，983 1，187 796 5，552 3，748 1，804

1986 2，060 1，236 824 6，373 4，319 2，054

1987 1，976 1，203 773 7，381 5，263 2，118

1988 2，191 1，375 8 16 8，677 6，490 2，187

1989 2，405 1，657 748 10，771 7，881 2，890

Source；

Table8－2－14　Personal CoTnputer Software Consignment

Unit：thousand yen

Total CAD speCifiC－

industry－

oriented

game Word

processing

1985 41，857，860 3，392 ，890 2，685 ，520 9 ，019 ，990 5 ，765 ，560

1986 60 ，521，950 6 ，164 ，940 3 ，270 ，860 11 ，085 ，660 7 ，062 ，810

1987 82 ，386，700 8，778 ，900 5 ，539 ，400 12 ，885 ，000 9，098 ，500

1988 116 ，133，900 13 ，870，700 11，767 ，800 14 ，563 ，700 10，65 1，700

1989 167 ，846，874 21 ，991，995 19，796 ，970 15 ，559，857 14，661，000

graphiCS telecommun－

ication

data　base others

2 ，674，860 2，973 ，690 3 ，132 ，490 12 ，212 ，860

3 ，615 ，930 3，769 ，680 4 ，206 ，650 21 ，345 ，420

5 ，667 ，800 4 ，644 ，300 5 ，057 ，400 30 ，7 15 ，400

9 ，498，500 6，586 ，800 7 ，480 ，900 41 ，7 13 ，800

12 ，382 ，648 10 ，235 ，887 9 ，666 ，8 19 63 ，551，698

Sources：Japan Personal Computer Software Association

Japan Personal Computer Software Technology Researchlnstitute
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Table8－3－1Japan’s Primary Energy Supply

Units：trillion kcal

total Oil COal gaS nuclear hydro／

Others
1960 1008．10 379．29 415．22 9．39 － 204．20

1961 1159．43 470．34 449．54 13．66 － 225．88

1962 1209．92 570．78 418．17 17．63 － 203．36

1963 1365．64 717．84 432．26 20．54 － 195．02

1964 1506．08 851．73 444．50 20．27 －－ 189．58

1965 1689．10 1006．78 456．54 20．27 0．08 205．42

1966 1851．53 1143．95 475．66 21．12 1．34 209．44

1967 2123．86 1380．55 533．22 22．34 1．45 186．30

1968 2431．90 1631．21 573．91 24．09 2．40 200．30

1969 2775．26 1923．44 615．46 28．47 2．49 205．41

1970 3197．08 2298．93 635．71 39．70 10．54 212．20

1971 3247．90 2404．97 558．52 40．02 18．02 226．35

1972 3470．37 2620．14 558．72 40．29 21．33 229．88

1973 3854．09 2982．35 595．87 59．14 21．84 194．89

1974 3846．79 2863．02 636．91 76．84 44．32 225．69

1975 3662．24 2686．42 599．93 92．31 56．53 227．05

1976 3873．33 2873．10 586．42 104．57 76．68 232．55

1977 3872．71 2896．79 558．63 138．60 71．23 207．46

1978 3864．55 2834．05 513．79 180．12 133．46 203．14

1979 4111．39 2939．84 566．77 214．84 158．38 231．56

1980 3971．65 2624．36 673．27 241．64 185．83 246．56

1981 3821．32 2434．52 704．06 242．59 197．60 242．55

1982 3642．86 2253．02 675．38 252．38 230．47 231．60

1983 3835．58 2357．69 689．21 289．24 257．15 242．28

1984 4031．12 2385．61 757．71 369．62 302．10 216．10

1985 4054．01 2280．41 788．10 382．13 359．05 244．32

1986 4023．18 2275．41 732．85 395．92 378．69 240．32

1987 4224．97 2403．17 761．25 408．61 422．46 229．49

1988 4455．02 2554．02 805．39 425．94 401．98 267．69

1989 4618．79 2674．29 796．70 461．58 411．46 274．76

Source：MITI
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Table8胃3－2Investmentin Pollution ControI Equipment

Unit：100　million yen

Industry

total

Irom　and

steel

Electric

pOWer

Chenicals Hachinery

1971 3，057 690 493 222 176

1972 3，311 859 605 229 207

1973 5，147 1，030 726 725 365

1974 9，170 1，671 1，417 1，600 528

1975 9，645 2，091 1，726 1，443 369

1976 7，819 2，654 2，260 607 330

1977 4，055 812 1，569 257 284

1978 3，265 629 1，375 144 242

1979 2，901 680 1，111 113 185

1980 3，128 321 1，699 84 228

1981 4，037 464 2，435 106 223

1982 4，516 694 2，751 112 230

1983 4，540 416 3，555 77 174

1984 3，475 254 2，439 191 197

1985 3，668 260 2，458 162 236

1986 2，672 178 1，913 132 109

1987 2，428 79 1，871 55 103

1988 2，815 159 2，077 89 189

Source：HITI

Table8－3－3Investmentin Pollution ControI Equipment（byIndustry，Type）

amOuflt
（100 mill

ion yen）

［％］

Total 2，815 100

Electric

POWer 2，077 73．8

甑chinery

II・Om　and

steel
Pulp and

paper

products

189 6．7

159

101

5．6

3．6

Chemicals 89 3．2

Others 200 7．1

Source：hITI

amount

（100 mill一

ion yen）

［％］

Air po lト

ution

COntrO l
Water

pollution

control
No ise／

vibI、ation

control
Indut．rial

WaSte

1，726

540

298

61．3

19．2

10．6

94 3．3

acilities 157 5．6

total 2，815 100
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Table8肩3－4　Amount of Pollution ControI Equipment Prduction

million yen

Total

l
Private
Sector

悪霊 ExpoI．t

302，259 193，553 102，393 一
：374，646 218，321 151，538 4，787

：488，248 312，138 166，034 10，076

677，307 450，623 216，867 9，817

；683，082 435，704 238，303 9，075

：693，876 377，991 300，680 15，205

581，127 219，851 348，308 12，968

613，316 171，834 413，351 28，131

644，548 161，124 452，195 31，229

655，109 221，310 393，506 40，293

677，928 243，175 398，915 35，838

610，992 195，472 397，478 18，042

651，436 203，895 424，445 23，096

594，788 211，954 365，222 17，612

652，827 202，863 424，349 25，615

668，603 192，396 418，273 57，934

622，916 173，244 413，913 35，759

644，868 159週 464，767 20，933

Air pollution control Water pollution control

Private

Sector

Public

Sector

Export Private

Sector

Public

Sector

Export

124，651 118，595 3，506 2，550 142，316 70，626 67，927 3，763

132，690 121，827 7，130 3，733 186，513 86，642 98，888 983

209，272 194，149 9，065 6，058 211，890 102，198 105，689 4，003

334，253 318，471 9，820 5，962 265，328 117，517 143，967 3，844

312，464 298，602 10，806 3，056 296，067 125，990 164，296 5，781

280，981 262，134 13，955 4，892 315，841 101，173 204，362 10，306

144，345 127，268 12，677 4，400 324，953 73，790 244，022 7，141

109，758 83，719 10，518 15，521 379，178 65，926 303，418 9，834

112，271 82，407 18，270 11，594 408，223 65，561 323，477 19，185

160，109 122，732 17，216 20，161 352，132 79，081 253，175 19，876

162，846 130，075 11，441 21，330 369，904 87，398 268，605 13，901

141，916 114，060 19，634 8，222 322，981 68，918 244，612 9，451

146，880 119，848 17，411 9，621 337，872 68，791 256，003 13，078

158，323 128，345 20，569 9，409 315，832 ・73，340 234，606 7，886

147，681 118，301 13，819 15，561 322，458 58，417 255，286 8，755

151，759 118，733 11，956 21，070 335，839 54，177 257，595 24，067

143，232 103，180 13，280 26，772 334，679 51，292 277，274 6，113

104，049 82，139 10，376 11，534 343，868 54，227 283，426 6，215

Noise／vibration control Waste dis sal

Private

Sector

Public

Sector

Export Private

Sector

Public

Sector

Export

805 747 58 0 34，487 3，585 30，902 0

1，010 964 45 1 54，433 8，888 45，475 70

1，062 1，007 40 15 66，024 14，784 51，240 0

1，291 1，239 52 0 76，435 13，396 63，028 11

1，541 1，406 134 1 73，010 9，706 63，067 237

2，162 1，598 564 0 94，892 13，086 81，799 7

5，070 3，636 1，025 409 106，759 15，157 90，584 1，018

3，944 2，567 1，201 176 120，436 19，622 98，214 2，600

3，983 2，580 1，313 90 120，071 10，576 109，135 360

6，484 2，947 3，476 61 136，384 16，550 119，639 195

5，746 1，369 4，262 115 139，432 24，333 114，607 492

6，780 4，400 2，213 167 139，315 8，094 131，019 202

4，439 2，232 2，055 152 162，245 13，024 148，976 245

6，672 3，987 2，617 68 113，961 6，282 107，430 249

3，821 2，583 959 279 178，867 23，562 154，285 1，020

3，977 3，213 563 201 177，028 16，273 148，159 12，5妬

4，857 4，427 370 60 140，148 14，345 122，989 2，814

3，630 2．449 1，162 19 193，321 20，353 169，803 3，165
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Table8－3－5　Fluegas Desulphurisation Units and Fluegas

Denitrification Units

Desulphurisation Denitrification

Number Treatment

Capacity

（million Nm3！h）

Number Treatment

Capacity

（million Nm3／h）

1970 102 5．4 － －
1971 183 9．3

－ －

1972 323 18．0 5 0．1

1973 543 28．8 10 0．4

1974 768 42．7 20 1．2

1975 994 79．5 45 4．3

1976 1，134 103．8 71 8．2

1977 1，192 110．5 93 13．7

1978 1，227 114．8 109 22．2

1979 1，266 117．5 122 28．4

1980 1，329 122．0 1．40 39．1

1981 1，362 126．5 175 63．6

1982 1，366 127．2 188 7 1．7

1983 1，405 129．1 23 1 95．1

1984 1，583 133．4 253 103．5

1985 1，741 154．5 305 109．9

1986 1，758 155．0 323 125．9

1987 1，789 169．2 348 138．1

1988 1，810 176．3 379 142．1

1989 1，846 176．0 434 158．7

Source：Enviroment Agency，”white Paper on Enviroflment”

Table8－3－6　SOx，NOx ETnissions

J ap an U．S． ．Ge rm any U．K． Fra n ce

［用83］ ［198 6］ ［1986］ ［19 87］ ［19 87］

S O x

［1000 t］

N O x

［100 0り

1，07 9 21 ，20 0 2，2 23 3 ，8 67 1，5 17

1，4 16 19 ，30 0 2 ，924 2 ，3 03 1，6 52

T P E R

［机 oe］

350．77 17 98．53 27 0．63 20 8．67 20 6．46

SO x／T PE R

［k g／toe］

NO x／TPE R

［kg／toe］

3．08 11．7 9 8．2 1 18．53 7．35

4．04 10．73 10．80 11．04 8．00

Source：OECD，”oECD ENVIROmENT DATA，CO推PENDHm1989’’
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Table8－3－7　Annual Average Concentration of SO2，
NO2

Unit：ppm

S O 2 N O 2

A ir po llutio A ir pollut io Automob ile

mon itoring nonitor ing exhaust mon it

Station Stat ion Or lng Stat ion

1965 0．057 － －
1966 0．057 － －
1967 0．059 － －
1968 0．055 － －
1969 0．050 － －
1970 0．043 0．022 －
1971 0．037 0．021 0．032

1972 0．03 1 0．020 0．034

1973 0．030 0．025 0．037

1974 0．024 0．027 0．040

1975 0．021 0．026 0．040

1976 0．020 0．027 0．042

1977 0．018 0．026 0．042

1978 0．017 0．028 0．043

1979 0．016 0．028 0．042

1980 0．016 0．027 0．043

1981 0．014 0．026 0．042

1982 0．013 0．025 0．042

1983 0．012 0．025 0．040

1984 0．012 0．025 0．038

1985 0．011 0．024 0．037

1986 0．010 0．026 0．039

1987 0．010 0．028 0．041

1988 0．010 0．028 0．042

1989 0．011 0．028 0．042

Source：Enviroment Agency
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Table8－3－8　CO2　Emission from Fossil Fuel Consunpt．ion

Unit：100　million tC
J a p a n U ．S ． ．G e r m a n y U ．K ． F r a n c e C a n a d a

1 9 7 1 2 ．2 1 1 ．6 2 ．0 1 ．8 1 ．2 1 ．0

1 9 7 3 2 ．6 1 2 ．6 2 ．2 1 ．8 1 ．4 1 ．0

1 9 7 5 2 ．5 1 1 ．9 1 ．9 1 ．6 1 ．2 1 ．1

1 9 7 7 2 ．6 1 3 ．1 2 ．0 1 ．7 1 ．3 1 ．2

1 9 7 9 2 ．7 1 3 ．4 2 ．2 1 ．7 1 ．4 1 ．2

1 9 8 0 2 ．6 1 2 ．9 2 ．1 1 ．6 1 ．3 1 ．2

1 9 8 2 2 ．4 1 1 ．9 1 ．9 1 ．5 1 ．2 1 ．1

1 9 8 3 2 ．4 1 1 ．9 1 ．9 1 ．5 1 ．1 1 ．1

1 9 8 4 2 ．6 1 2 ．4 2 ．0 1 ．4 1 ．1 1 ．1

1 9 8 5 2 ．6 12 ．5 1 ，9 1 ．5 1 ．1 1 ．1

1 9 8 6 2 ．6 12 ．4 2 ．0 1 ．6 1 ．0 1 ．1

1 9 8 7 2 ．5 12 ．9 1 ．9 1．6 1 ．1 1 ．2

1 9 8 8 2 ．8 1 3 ．4 1．9 1．6 1 ．0 1 ．2

．S ．S ．R ． C h i n a O E C D W o r ld

to t a l

6 ．1 2 ．3 2 3 ．2 3 8 ．3

6 ．7 2 ．5 2 5 ．5 4 2 ．2

7 ．4 2 ．9 2 4 ．0 4 2 ．5

7 ．9 3 ．5 2 6 ．0 4 6 ．5

8 ．4 3 ．9 2 7 ．0 5 0 ．9

8 ．6 3 ．9 2 6 ．6 4 9 ．7

8 ．8 4 ．0 2 4 ．1 4 7 ．9

8 ．8 4 ．2 2 4 ．0 4 8 ．7

8 ．9 4 ．6 2 4 ．7 5 2 ．0

9 ．1 4 ．9 2 4 ．9 5 1 ．2

9 ．3 5 ．2 2 5 ．0 5 2 ．2

9 ．6 5 ．4 2 5 ．6 5 3 ．8

9 ．8 5 ．7 2 6 ．4 5 5 ．6

Sources：OECD，”ENERGY BALANCES OF OECD COUNTRIES1987－1988”

OECD，’’woRLD ENERGY STATISTICS AND BALANCES1971q1987，

1985－1988”
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Table8－3－9　Primary Energy Supply

Urlit：Mtoe

J ap an U．S． ．Ge rm any U．K． F ran ce C ana da

197 1 282．3 7 16 30．28 23 9．69 2 11．27 159．0 0 15 7．98

197 3 33 1．19 17 54．9 4 26 5．97 22 0．5 8 182．92 17 9．3 9

197 5 3 18．4 6 16 79．43 24 0．74 20 1．5 8 169．8 7 188．46

197 7 34 1．2 7 18 36．48 26 1．38 209．6 9 180．5 2 205．17

197 9 362．3 8 1896．00 28 5．95 2 19．3 3 198．2 1 22 0．5 9

198 0 354．95 18 26．0 6 27 3．99 20 0．6 4 198．19 223．2 7

19 82 336．96 1706．8 4 2 5 1．82 19 2．55 18 7．38 2 12．5 5

198 3 34 1．29 17 11．7 6 25 2．15 19 2．3 0 19 0．3 0 2 12．15

19 84 36 4．00 178 1．99 2 6 1．85 191．72 195．37 223．90

19 85 365．25 179 1．7 9 26 7．92 20 2．00 20 1．3 9 23 0．6 9

19 86 368．80 17 9 2．8 1 26 9．85 20 5．49 20 3．87 233．16

19 87 37 1．1 1 185 9．4 6 2 70．86 208．02 20 9．6 9 24 0．2 5

198 8 398．7 6 1928．3 6 27 4．1 1 208．5 2 208．90 249．5 0

U．S．S．R． C h in a O EC D

777．4 5 24 1．4 5 3 188．14

855．92 27 0．3 2 3 5 19．7 5

95 0．58 32 1．3 9 3 377．4 2

102 9．07 377．4 0 3 65 9．3 7

1 108．3 5 427．8 5 3 84 9．7 7

1 14 0．15 42 3．54 3733．5 6

1 18 4．80 436．54 3 52 1．6 9

1 199．44 46 0．10 353 8．47

123 7．53 4 97．85 3 678．3 9

128 1．33 53 9．89 373 9．5 9

13 14．27 56 8．40 3 76 9．3 4

135 7．12 59 4．57 388 0．4 8

14 05．72 62 5．13 4 00 2．96

Sources：OECD，”ENERGY BALANCES OF OECD COUNTRIES1987－1988’’

OECD，’’woRLD ENERGY STATISTICS AND BALANCESl97ト1987，1985－1988”
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Table　8－4－1　Number ofITlterTlational Table　8－4－2　Facsimill Production

Telephone calls and

Telexes Handled

Unit：10　thousands

T e le phone

ca lls

Te lexe s

1975 8 57 1，6 23

1976 1，022 1，97 1

1977 1，2 12 2，3 44

1978 1，5 66 2，78 6

1979 1，959 3，27 2

1980 2，3 43 3 ，79 8

198 1 2，973 4，2 07

1982 3，8 08 4 ，568

1983 4，974 4，96 2

1984 6，8 90 5 ，2 10

1985 9，5 63 5，0 17

1986 13 ，46 1 4，37 9

1987 18 ，8 30 3，47 3

1988 25 ，286 2，6 57

1989 32 ，102 2，06 1

Source：Ministry of Posts and

Teleconmunications

Number Value

（million　yen）

1975 22，163 11，773

1976 19，380 19，057

1977 29，202 29，671

1978 47，262 42，643

1979 70，071 61，897

1980 100，356 81，070

1981 127，341 105，942

1982 228，933 143，541

1983 303，731 168，762

1984 511，015 247，790

1985 865，575 313，162

1986 1，234，228 302，957

1987 ，411，221 364，844

1988 ，327，834 465，888

1989 ，857，346 502，190

SouIICe：椚TI

Table　8－4－3　0verseas Circulation of

Japanese Newspapers

printed in Japan Satellite

editionmorning

edition

evening

edition
1980 37，269 27，858 －
1981 41，149 30，848 －
1982 44，598 33，272 －
19由3 46，045 34，616 －
1984 48，418 36，677 －
1985 51，393 37，828 －
1986 49，020 35，747 5，333

1987 51，729 27，036 20，039

1988 55，767 26，417 25，520

1989 59，400 27，221 30，182

Sources：Asahi Shinbun

Nihon Keizai Shinbun

Japanese Newspaper Association
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Table　8－4－4　Japanese Residing Overseas

Unit：peI．SOn

T o t a l lo n g－ter m p e r m a n e n t

1 9 8 0 4 4 5 ，372 1 9 3 ，8 20 2 5 1 ，5 52

1 9 8 1 4 5 0 ，873 2 0 4 ，7 3 1 2 4 6 ，142

1 9 8 2 4 6 3 ，68 0 2 1 5 ，799 2 4 7 ，8 81

1 9 8 3 4 7 1 ，87 3 2 2 3 ，60 1 2 4 8 ，272

1 9 8 4 4 7 8 ，168 2 2 8 ，9 14 2 4 9 ，254

1 9 8 5 4 8 0 ，73 9 2 3 7 ，488 2 4 3 ，25 1

1 9 8 6 4 9 8 ，196 2 5 1 ，756 2 4 6 ，440

1 9 8 7 5 18 ，3 18 2 7 0 ，39 1 2 4 7 ，927

1 9 8 8 5 4 8 ，4 04 3 0 2 ，5 10 2 4 5 ，894

19 8 9 5 8 6 ，97 2 3 4 0 ，92 9 2 4 6 ，043

Source：Ministry of Foreign Affairs

Table8－4－51nternational Transmission ofITnageS

Via Satellite

Total Pre－Scheduled Non－Scheduled Asia　Vision

1980 1，279 730 549 －
1981 1，348 729 619 －
1982 1，850 990 860 －
1983 2，300 1，250 1，050 －
1984 3，536 1，889 1，647 －
1985 4，996 1，670 1，899 1，427

1986 6，177 2，245 2，516 1，416

1987 9，447 5，188 2，851 1，408

1988 11，787 7，311 3，524 952

1989 13，242 7，583 4，965 694

Unit：hours

Total Pre－Schedu led Non－Scheduled Asia　Vision

1980 383 161 222 －
1981 503 175 328 －
1982 708 262 446 －
1983 874 359 516 －
1984 1，368 522 846 －
1985 1，585 512 885 187

1986 2，514 986 1，344 184

1987 4，849 2，911 1，757 181

1988 7 ，435 4，094 3，162 179

1989 7，635 4，612 2，861 162

SouI、Ce：NHK
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Table8－4－6　NuJnber of Households Receiving

Sat，ellite Broadcasts

Unit：Households

T o ta l Pe p son a l Co mmu n ity

1984 3 8，100 5 ，100 3 3 ，000

198 5 6 1 ，400 7 ，000 54 ，400

1986 1 17，500 7，500 110 ，000

1987 42 1，600 1 12，100 3 09 ，500

1988 1，248，500 57 0，500 6 78 ，000

198 9 2 ，009，500 1，070，500 93 9 ，000

199 0 2 ，744，000 1 ，726 ，000 1，018 ，000

Source：推inistry of Posts and，TeleCOmmunications

Table　8－4－7　Number of NHK Television Broadcast Subsctibers

Total non－Satellite Satellit．e

broadcastmonochrome COlor

1984 31，061，592 2，155，820 28，905，772 －
1985 31，509，288 2，055，142 29，454，146 －
1986 31，954，635 1，954，888 29，999，747 －
1987 32，396，565 1，704，912 30，691，653 －
1988 32，839，193 1，549，755 31，289，438 －
1989 33，188，737 1，446，803 30，534，930 1，207，004

Source：Ⅳ斑K
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Table　9－1－1Interest．in Science and Technology

Very　　　　 Interested　Not interested，

interested　　　　　　　　　 not　sure

1976／10 15．0　　　　　 47．0　　　　　　　　 38．0

1981／12 9．0　　　　　 43．0　　　　　　　　 48．0

1986／3 10．0　　　　　 37．5　　　　　　　　 52．5

1988！3 9．9　　　　　 42．5　　　　　　　　 47．6

1990／1 10．2　　　　　 45．7　　　　　　　　 44．1

Male 16．5　　　　　 53．0　　　　　　　　 30．3

Female 4．7　　　　　 39．4　　　　　　　　 55．9

Source：Prime Minster’s office，

”opinion Survey on Science，Technology and Nuclear Energy”1976．

’’opiflion Survey on Science＆Technology”1981．

”opinion Survey onInterestin Science＆Technology”1986．

”opinion Survey on Science，Technology and Society”1987，1990．

Table9－1－2　Sources ofInformation on Science and TechnoIogy

l
l Respondents

Both 2，239
舛ale 1‾函1

Female 1，198

Percent喝e（祇ulti 1e answers

二二
T．V．，radio Conversation S＆T magazines Museums

news papers with family and jourflals　＆events

azines　＆friends

Others No sources

90．0　　　　　 23．8　　　　　 10．9　　　　　 6．7　　　　 0．5　　　　　 8．1 140．0

白の！由　　　 1台．．‘2　　　　 1ケ！2　　　　 7．！2　　　 0．ウ　　　　 古．‘白 1舷 の

89．2　　　　　 27．9　　　　　　 5．3　　　　　 6．2　　　　 0．4　　　　　 9．2 138．2

Source：Prime押inister’s office，”opinion Survey on Science，Technology and Society”1990
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Table9－1－3　Recognition of Science and Technology Terms

（1）Japan（Respondents：2，34小and2，239persons）
Percentage

Understand UTlderstand have heard do not

the meaning the neaning the term understand

so皿eWhat

DN A＊

DN A

GN P

Acid rain

Nuclear

fusion

Immunity

Computer

Software＊

Data base＊

Data base

VAN

Ozone

AI

0
　
7
　
6
　
7

8
　
9
　
6
　
0

2
　
3

2
　
0
　
1

1
　
3
　
1

2
　
4
　
2

7

　

ハ

V

　

7

　

5

　

e

U

2

　

4

　

8

　

5

　

5

1

　

1

　

　

　

3

6．6

8．2

18．6

26．6

23．4

31．1

19．3

7
　
1
　
0
　
2
　
0

1
　
3
　
6
　
8
　
4

1
　
1
　
　
　
　
2

6
　
3
　
2
　
0

0
0
　
1
　
0
0
　
4

1
　
2
　
2
　
2

8

　

＜

U

　

9

2

　

7

　

0

3

　

1

　

3

8
　
0
　
4
　
7
　
8

8
　
8
　
6
　
3
　
0

2
　
2
　
1
　
2
　
1

8
　
8
　
5
　
7

6
　
0
　
6
　
0
0

6
　
6
　
2
　
1
－

6
　
9
　
7

2
　
8
　
8

2
　
　
　
　
2

7
　
0
0
　
8
　
7
　
7

6
　
4
　
0
0
　
2
　
9

4
　
4
　
6
　
1
　
7

Not，e；＊　are the results of1987　survey

Source；Prime誰inister’s office，”opinion Survey on Science，

Technology and Society’’1987，1990．

（2）U．S．（ResponderltS：2，005person）

Percentage

know well　 know　　　　　 doガt　know

D N A 14．0　　　　　 24．7　　　　　 61．3

G N P 23．3　　　　　 20．3　　　　　 56．4

CoTRputer

Software

20．3　　　　　 31．8　　　　　 47．8

Source：National Science Foundation，’’science and Engineering

Indicators，”1989
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Table　9－ト4　Recognition of Scientific Zlypotheses

Percentage

True Not　sure／ Untrue

Definitely ：Probably Don’t　know Definitely ：Probably

true　　　 ；True untrue　　 ；untrue

man　evolved　from

animals（＊） 21．6　　　　　 53．2　　　　　 13．1　　　　 10．2　　　　　 1．9

man　evoIved　from　more

primitive　animals 25．8　　　　　 53．4　　　　　 11．8　　　　　　 8．5　　　　　 1．5

COntinents　are　moving

1ittle by little in a

timespan of　thousands

Of years（＊） 24．1　　　　 54．1　　　　 16．7　　　　　　 4．7　　　　　　 0．5

COntinents　are moving

1ittle by little in　a

tiTneSPan Of　thousands

Of years（＊） 28．0　　　　　 53．6　　　　　 14．6　　　　　　 3．4　　　　　　 0．3

the universe began

a massive explosion 16．9　　　　　 36．7　　　　　 33．8　　　　　　 9．9　　　　　　 2．7

1aser　beams　can　be

Obtained　by　concent．rat－
ing　sound waves 8．6　　　　　 32．2　　　　　 45．4　　　　 10．7　　　　　　 3．2

electron　are　smaller

than　atorns 10．0　　　　　 27．1　　　　 48．3　　　　 11．6　　　　　　 3．0

antibiotics　kill

Smaller　than　atoms 17．0　　　　　 53．2　　　　　 21．4　　　　　　 6．5　　　　　 1．8

the　eartガs　COre is

extremely　hot 30．7　　　　　 47．4　　　　 17．8　　　　　　 3．4　　　　　　 0．7

Not：来　are the results of　枕arch1987．

Source；Prime帽inister’s office，’’opinion Survey on Science，Technology and Society’’

1990

Table9胃1－50pinion on Achievenentsin Science and Technology

Percentage

Responden Positive　　 About　　　　 Negative　　 Don’t know

（Number） greater　　 equal　　　 greater　　 ／Not sure

1985／12 2，005　　　　　 68．3　　　　　　 4．4　　　　 19．2　　　　　　 8．1

1987／3 2，334　　　　　 54．3　　　　　 28．7　　　　　　 8．3　　　　　　 8．7

1990／1 2，239　　　　　 52．7　　　　　 30．5　　　　　 7．3　　　　　 9．6

Note：1985　result was from the survey coductedin the U．S．

（Source；National Science Foundation”science and Engineering

Indicators，’’1989）

Source：Prime Miflister’s office，”opinion Survey on Science，Technology

and Society”1990
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Table9胃1－6　Feelings about the Relationship between Scientific and Technology

Progress and Spiritual Richness

（1）”Lifeis becoming TnOVe COnVenient with the steady advance of science and

technology，but along with this，We are graduallylosing the richnessin

ourlives’’

Percentage

Year lose　　　　 indefinable IlOt lose　　 Others　　　 no　aflSWer Total

richness　　　　　　　　　　　　 richness

1953 30　　　　　　 17　　　　　　　 35　　　　　　　 1　　　　　　 17 100（2，254）

1958 33　　　　　　　 17　　　　　　　 34　　　　　　　　 0　　　　　　　 16 100（ 920）

1963 38　　　　　　　 22　　　　　　　 28　　　　　　　 1　　　　　　 12 100（2，698）

1968 40　　　　　　　 16　　　　　　　 35　　　　　　　 1　　　　　　　 8 100（3，033）

1973 50　　　　　　　 21　　　　　　　 22　　　　　　　 1　　　　　　　 6 100（3，055）

1978 43　　　　　　　 21　　　　　　 30　　　　　　　 1　　　　　　　 5 100（2，032）

1983 48　　　　　　　 20　　　　　　　 28　　　　　　　 1　　　　　　　 4 100（4，429）

1988 47　　　　　　　 24　　　　　　　 26　　　　　　　 1　　　　　　　 3 100（1，858）

（2）’’we shall notlose the richnessin ourlives，regardless of how mechanised

society becomes’’

Year lose　　　　 indefinable　notlose　　Others　　　no　answer Total

richness　　　　　　　　　　　 richness

1953 17　　　　　　　　8　　　　　　　58　　　　　　　 1　　　　　　 16100（2，254）

1958 21　　　　　　 10　　　　　　　53　　　　　　　 1　　　　　　 16100（920）

1963 18　　　　　　 19　　　　　　　49　　　　　　　 1　　　　　　 13100（2，698）

1968 22　　　　　　 13　　　　　　　56　　　　　　　 1　　　　　　　 9100（3，033）

1973 31　　　　　　 20　　　　　　　42　　　　　　　 1　　　　　　　 7100（3，055）

1978 25　　　　　　 15　　　　　　　53　　　　　　　 1　　　　　　　 6100（2，032）

1983 31　　　　　　 17　　　　　　　46　　　　　　　 1　　　　　　　 5100（4，429）

1988 33　　　　　　　22　　　　　　　42　　　　　　　 1　　　　　　　 3100（1，858）

Source：Institute of Statistical Hathematics，”A Study of theJapanese National

Character－The Eighth Nation Wide survey－”（Research Report General Series

No．69），1989
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Table9－ト7　0pinions forImpaCtS Of ScierlCe and Technology

’’work will become noreinteresting as science and technology advances”

Percentage

Ture Not sure／ Untrue

Definitely ：Probably Doガt　know Definit．ely ：Probably

true　　　　 ：true untrue　　　 ：untrue
1986／3 8．4　　　　　 38．2　　　　 16．8　　　　　 32．3　　　　　 4．3

1990／2 9．5　　　　　 32．4　　　　　 22．0　　　　　 30．6　　　　　 5．4

Ourlives will become more comfortable as science and technology advances’’

Tur・e Notsure！ Untrue

Definitely：Probably Don’t　knowDefinitely：Probably

true　　　　：true untrue　　　：untrue
1990／2 14．0　　　　　40．4　　　　13．5　　　　　25．8　　　　　　6．3

’’Enployment will fall due to the spread of robbots and computers”

TuI・e Notsure／ UntI・ue
Definitely：Probably Doガt　knowDefinitely：Probably

true　　　　：true untrue　　；untrue
1990／2 11．7　　　　　43．7　　　　12．5　　　　　27．5　　　　　　4．6

’’virtually all socio－eCOnOmic problems we are facing today cafl be resoIved

by scientific and technological progress”

Ture Notsure／ Untrue

Definitely：Probably Don’t　knowDefinitely：Probably

t，rue　　　　：true untrue　　　：untrue
1986／3 2．5　　　　17．1　　　　16．7　　　　　50．6　　　　13．2

1990／2 3．9　　　　　20．1　　　　17．2　　　　　44．4　　　　14．3

Source：Prime舛inister’s office，”opinion Survey on Science，Technology and

Society”1990
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Table9－1－8　Unease Regarding Science and Technology

’’feel concerned about the growing danger of abuse or mistaken use of science

and technology”

feeluneasy others／ don’tfeeluneasy

feeluneasy：feeluneasy not　sure don’t　feel　　：don’t　feel

seriously　；somewhat uneasyso皿uCh；at　all

1986／3 32．0　　　　　　50．8　　　　　　6．4　　　　　　　 10．0　　　　　　　 0．8

1990／2 23．1　　　　　 54．3　　　　　　6．9　　　　　　　 13．9　　　　　　 1．8

”feel coTICerTled that although ourlives are becoming more convenieTlt，itis at

a cost of alower capacity for action andliving’’

feeluneasy others／ doガt　feeluneasy

feeluneasy：feeluneasynot　sure don’t　feel　：don’t　feel

Seriously　isomewhat uneasysomuch：at　all
1986／3 17．5　　　　　　52．0　　　　　　5．8　　　　　　　　 21．5　　　　　　　 3．2
1990／2 1′5．5　　　　　　55．3　　　　　　5．9　　　　　　　 19．8　　　　　　　3．3

’’feel concerned that science and technology will become even more minutely

CategOrised，and that non－SPeCialists will nolonger be able to understand”

feeluneasy others／ don’t　feeluneasy

feeluneasy：feeluneasynot　sure don’t　feel　：doガt　feel

Seriously　；somewhat uneasysomuch；atall

1986／3 18．0　　　　　　47．7　　　　10．5　　　　　　　　 21．1　　　　　　 2．7
1990／2 15．1　　　　　49．6　　　　　　9．7　　　　　　　　 21．9　　　　　　　 3．5

”feel concerned that scientific and technological progressis moving too fast

to keep up’’

feeluneasy others／ doバt　feeluneasy

feeluneasyifeeluneasy not　sure doガt　feel　　：doガt　feel

seriously　；somewhat uneasysomuch：at　all

1986／3 12．9　　　　　　 47．8　　　　　　 5．8　　　　　　　　 28．2　　　　　　　 5．3
1990／2 12．0　　　　　　 46．4　　　　　　 5．8　　　　　　　　 28．9　　　　　　　 6．8

Note：Number of respondents are2，334for1986survey，and2，239for1990survey．

Source：Prime推inister’s office，’’opinion Survey on Science，Technology and

Society’’1990
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Table9－1－9　Categories of Science and Technology to be Developed

Percentage（”ultiple answers）

Categories　of　science and　technology Total 凋ale　Female

Development　of　products　to assist

46．3　　40．2　　51．6aged and handiCapped persons

Development of　alternative

38．8　　47．8　　30．9（non－fossile）energy sources

DevelopTnent　Of earthquake and

35．1　 34．7　　35．4disaster prevention　technology

Development　of　art．ificial organs

32．5　　32．5　　32．5

DevelopTnent，Of　anti－pOllut，ion

31．6　　32．7　　30．6technologies

Development of forest　resource

29 1　 31．3　　27．2

PrOteCtion ＆dessert　arridation

technology

Development of phsycology and

19　2　 18．2　　20．2medicine　for　mental healt．h　treatnent．

Development　of　technology　to　raise

13．7　 13．5　 13．9

agricultutal productivity especially

in　factories

Development　of　home infom ation

10　4　　　 9．9　 10　8

SyStemS Which allow purchases　from

a　home　T．V．monitop

Developnent of new forms　of　high

9　6　 13　7　　　 5　9

Speed　transportatiofl SuCh　as　a

linear　motor　car

Outer space development　such　as

4　8　　 6 1　　 3　6SPaCe　Station　corlSt．ruCtion
Others

0．1　　 0．1　　 0．2
None in　particular

2．4　　 1．5　　 3．2
Doガt　know

4．2　　 2．4　　 5．8
Number of　respondents 2，239 1，041 1，198

Source：Prine Minister’s office，’’opinion Survey on Science，

Technology and Society’’1990
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Table9－2－1TheInforDlation Society

’’Do you think modern societyis aninformation

SOCietyプ’

Percentage

Yes No Not　sure

yes Yes，tO

a degree
1981／2 39．2　　　 34 5　　　　 8 0　　　 18 3

20　to　29 50．6　　　 34．0　　　　 8．1　　　 7．3

30　to　39 44．8　　　 36．3　　　　 7．6　　 11．3

40　to　49 36．4　　　 39．0　　　　 8．9　　 15．7

50　to　59 35．4　　　 31．6　　　　 8．6　　　 24．4

60　to　69 26．2　　　 28．9　　　　 7．1　　　 37．8

70　and　o lder 16．2　　　 25．3　　　　 6．1　　 52．4

1985／7 42．0　　　 34．7　　　 10 8　　　 12　5

20　to　29 55．7　　　 33．5　　　　 7．8　　　　 3．0

30　to　39 48．5　　　 38．9　　　　 7．0　　　　 5．6

40　to　49 45．1　　　 36．7　　　 10．2　　　　 8．0

50　to　59 37．6　　　 35．5　　　 13．9 －　　 13．0

60　to　69 27．7　　　 27．4　　　 17．5　　　 27．4

70　and　older 23．0　　　 29．1　　　 8．5　　　 39．4

Source：Prime正inister’s office，”opinion Survey on

Protection of Privacy’’1981，and’’opinion Survey

On Protection of PrivateInformation”1985

Table9－2－2lmages of anInforJnation Society

Percentage（Multiple answer）

王mages 1981／2　　　 1985！7

”there is　too　much infornation” 48．4　　　　　 47．0

”it．is　convenient’’ 38．2　　　　　 35．4 、

’’has little bearing on me’’ 9．2　　　　　 18．3

”feel cramped by　the controlled society’’ 9．6　　　　　 12．8

’’it is　affluent” 12．8　　　　　 10．1

”feel nothing in paticular” 9．1　　　　　 8．4

Others 1．5　　　　　　 0．8

州not　surell 2．3　　　　　　 6．9

Note：RespondetltS Who answered”Not sure”to the questiotl Of”Do you

think modern soCietyis aninformation society？”are excluded．

Source：Prine枕inist．er’s office，”opinion Survey on Protection of Privacy”

1981，and’’opinion Survey on Protection of PrivateInformatioTl”1985
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Table9－2－3　0pinion for defusion of Co叩uterS

Percentage

Yes　　　 Yes，tO　　　 No　　　 Not　sure

a degree

”the world　has　been　convenienも 61．2　　　　 27．4　　　　 4．0　　　　 6．4

owing to computers，’ 57．5　　　 27．6　　　　 9．5　　　　 5．3，

”computers do not　always work 35．7　　　 29．4　　　 18．3　　　 16．7

for　the benefit　of　the individual’’ 32．8　　　 29．1　　　 26．4　　　 11．8

”any　confliCt Of interest　that

arises　through　the　computers is 44．2　　　　 26．0　　　 10．7　　　 19．0

caused by the person using iピ’ 48．7　　　　 24．6　　　 10．7　　　 16．0

”the spread of computers increases

the　risk of　people’s　private lives

being violated”

20．2　　　　 22．3　　　　 36．7　　　　 20．8

29．4　　　　 21．9　　　　 32．2　　　 16．6

’’somehow，just canrl0t get uSed　to 30．2　　　　 26．1　　　 33．6　　　 10．2

computers” 30．8　　　　 25．3　　　　 38．2　　　　 5．8

Note：Numbersin the upper row are the result fron1981survey，Whilein the

lower row are the result from1985　survey．

Source：Prime Hinister’s office，”opinion Survey on Science，Technology and

Society’’1990

Table　9－2－4　0pinion forInvasion of Privacy

”Do you thinkinvasions of privacy have

incleased？”

Percentage

Yes Ⅳ0 Not　sure

198 1／2 31．2　　　　 48．9　　　 19．9

20　to　29 32．5　　　　 54．2　　　 13．4

30　to　39 34．0　　　　 50．2　　　 15．8

40　to　49 33．8　　　　 48．4　　　 17．8

50　to　59 27．3　　　　 48．3　　　　 24．4

60　to　69 ・24．4　　　　 47．7　　　　 27．8

70　and　older 27．3　　　　 27．3　　　　 45．5

1985／7 48．2　　　　 33．8　　　 18．1

20　to　29 57．8　　　 31．1　　 11．1

30　to　39 54．3　　　　 31．8　　　 13．9

40　to　49 5 1．0　　　　 36．5　　　 12．4

50　to　59 46．5　　　　 34．1　　　 19．4

60　to　69 36．9　　　　 37．6　　　　 25．5

70　and　older 26．1　　　 27．9　　　　 46．1

Source：Prime Minister’s office，’’opinion Survey

On Science，Technology and Society”1990
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Table9－2－5　0pinion for Energy Conservation

Percentage

1978／21980！21980／111981／11

We should not．increase our energy consumption even

ifit means sotne sacrificein our standard ofliving．

We must accept aniTICreaSeiTl energy COTISumption

necessary toimprove our standard ofliving，although

We Should try to check the consumption as much as

possible．

We should save energy，and at the same time，itis

necessary to develop new energy source to make up for

shortage．

We should develop new sources of energy whenever

neCeSSary．

Others

Doガt know

8．8　　13．3　　13．5

39．5

54．2　　　55．8　　　54．9

19．2　　　16．1　　18．1

0．3　　　　0．5　　　　0．6

17．4　　　14．2　　　12．9

Note；The second aTISWer WaS nOtincludedin the responderlピs choice of the surveyiTl1978
and1980．

Source：Prime誰inister’s office，”opinion Survey on Energy and Resouce Use’’1978，1980，and

’’opinion Survey on Energy Use”1980，1981．

Table9－2－6　0pinion for Nuclear Power Generation

Percentage

Year／Nonth Yes　　　　　　　 No No　ans．etc．

1978／12 55　　　　　　　　 23 22

1979／6 50　　　　　　　　 29 21

1979／12 62　　　　　　　 21 17

1980／12 56　　　　　　　　 25 19

1981！12 55　　　　　　　　 29 16

1984／12 47　　　　　　　　 32 21

1986年／8 34　　　　　　　　 41 25

1988年／9 29　　　　　　　 46 25

1990年／9 27　　　　　　　　 53 20

Source：Asahi Shirnbun

Reference：Opinion for the future of Nuclear Power Generation

Asahi Shimbun Should　　　　 maint．ain　the　should　　　 should　be　　　 not　sure

（1988／9） 1nCreaSe　　　 StatuS　quO　　 decrease　　　　　　　 l

Percentage 9　　　　　　　 55　　　　　　　 17　　　　　　　 10　　　　　　　　 9

Prime to be　　　　 not　to be　　 to be　　　　 should be　　　 not　sure

対inisteドS increased　 increased　　 decrease　　　 shut　down

（1990／9） any　mOI－e
PerceIltage 48．5　　　　　 30．2　　　　　　 8．9　　　　　　 2．6　　　　　　 9．8

Source：Asahi Shimbun

Prime Xinister’s office，’’opinion Survey on Nuclear Power”1990
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Table　9－2－7　Future Hain Source of Electric Power

”what do you think wi11be the main source of electric power ten years from now

Percentage

Main　source 1975／10 1976／10 1978／2 1980／2 1980／11 1981／11

Nuclear power 48．4　　　 49．1　　 38．1　　 32．5　　　 46．6　　　 49．8

Solar light （heart） 8．4　　 16．9　　　 26．3　　　 27．7　　 18．2　　 10．8

Hydropower 4．9　　　 5．5　　　 5．2　　　 7．1　　　 6．0　　　 4．6

Thermal generation 7．9　　　 4．4　　　 4．5　　 12．1　 12．5　　 14．5

Geothermal 1．1　　 1．8　　　 1．9　　　 1．4　　　 0．9　　　 0．2

Others 0．1　　　 0．1　　　 0．3　　　 0．2　　　 0．2　　　 0．1

Not　sure 29．1　　 22．2　　　 23．8　　 18．9　　 15．6　　　 20．0

Main　source 1984／3 1987／8 1990／9

Nuclear power 50．9　　　 60．6　　　 50．5

Solar light （heart） 18．3　　 10．7　　 12．6

Hydropower 6．4　　　　 4．0　　　　 5．4

Thermal generation 9．9　　　　 9．3　　 15．2

Geothermal 0．8　　　　 0．5　　　　 0．7

Others 0．1　　　 0．1　　　 0．2

Not　sure 13．5　　　 14．8　　 15．4

Note：This category was given as’’solar heat”generationin the surveys done

in November1981and prior．

In the surveysin1988and prior，didn’t ask’’tey years frorn now’’but

’’in future”

”In these surveys，thermal generatiorL devided crude oil，natural gas

and coal thermal generation．

Source：Prime Minister’s office，’’opinion Survey on Nuclear Power”1975，and

’’opinion Survey on Science／Technology and Nuclear Power”1976、，and

’’opinion Survey on Energy and Resouce Use’’1978，1980，and”opinion

Survey on Energy Use”1980，1981and”opinion Survey on Nuclear Power”

1984，1987，1990．
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Table9－2－8　Perception on Current Achivementin Life Sciences

（Ⅱultiple answers）

Achievement ％
Artificial conception of human babies 75．2
ArtifiCial heart 73．0
Fuel obtained from garbage／waste （energy） 43．1
Treatment of caTICer and hereditary diseases 40．1
Plant producing rast number of fruits 36．0
Computer having the capability　to learn and reason 31．5

31．0

1ike　human　brain

Bacteria capable of cleaning up polluted sea

Tomatoes and potatoes growing or sauce plant 27．7
Drugs（insuline growth hormone）produced by colitis 24．7

12．9

gerlnS
Drugs　to retard aging

No experience　so far 7．3
Not　suI、e 5．9

Source：Prime推inister’s office，”opinion Survey concerning

Life Science”1985

Table9q2－9　Expectation to Life Sciences

（Xultiple answers）

Items ％

TreatTnent Of　cancer　and hereditary diseases 45．3

Prevention of public nuisance／po llution 13．0

1tnprovement of liv ing standard 11．2
DevelopDent Of　new industry 4．9

Increase of agricultural output 4．2

Development of new products 4．1

No expectation 4．2

Not　sure 13．1

Source：PriDe慣inister’s office，’’opinion Survey concerning

Life Science’’1985

Table9－2－10　0pinion forⅡedical Care for Prolonging Human Life

Pereentage

All the　available　　　 Let　the life　to　run　　 Not，Sure

resources in　tnedicine its　own　course　without

and　science　should　　 unnatural interfereTICe

be　utilized

Total　 （7，439） 32．1　　　　　　　　　　　 59．6　　　　　　 8．3

推ale　　 （3，307） 36．0　　　　　　　　　　　 56．8　　　　　 7．2

Female　 （4，132） 28．9　　　　　　　　　　　　 61．8　　　　　　 9．3

20　to 29 （ 944） 40．1　　　　　　　　　　　 53．5　　　　　　 6．4

30　to 39 （1，837） 37．5　　　　　　　　　　　　 54．4　　　　　　 8．1

40　to 49 （1，732） 31．6　　　　　　　　　　　　 60．1　　　　　 8．3

50　to 59 （1，518） 28．3　　　　　　　　　　　　 62．5　　　　　　 9．2

60 and older（1，408） 24．3　　　　　　　　　　　　 66．5　　　　　　 9．2

Source：Prime Hinist．er’s office，’’opinion Survey concerning Life Science”1985
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Table9－2－110pinion for Brain Death（Should the”Brain Death”be considered as the”Death’’？）

Percentage

Agree　　　　　 Rather　　　　 Not sure　　　 Rather　　　　 Disagree　　　 No answer

agree　　　　　　　　　　　　　　 disagree

1982／10 15．2　　　　　　 13．4　　　　　　 23．4　　　　　　 14．7　　　　　　 24．8　　　　　　　 8．5

1984／2 21．5　　　　　　 11．7　　　　　　 22．2　　　　　　 12．8　　　　　　 24．0　　　　　　　 7．8

1984／11 23．5　　　　　　 14．3　　　　　　 16．8　　　　　　 13．1　　　　　　 25．7　　　　　　　 6．7

1985／11 27．8　　　　　　 14．3　　　　　　 19．9　　　　　　 11．5　　　　　　 20．3　　　　　　　 6．1

1986／11 28．0　　　　　　 14．0　　　　　　 23．4　　　　　　　 9．4　　　　　　 18．2　　　　　　　 7．0

1987／11 29．9　　　　　 16．3　　　　　　 21．9　　　　　 11．6　　　　　 16．7　　　　　　　 3．7

1988！11 30．6　　　　　 15．3　　　　　　 23．9　　　　　　　 9．8　　　　　 15．8　　　　　　　 4．6

1989／12 28．9　　　　　　 20．6　　　　　　 27．2　　　　　　　 9．3　　　　　　　 9．3　　　　　　　 4．8

1990／11 31．4　　　　　　 19．2　　　　　　 21．7　　　　　　 10．3　　　　　　 13．2　　　　　　　 4．2

Source：The Yomiuri Newspaper National Opinion Surveys

Table9－2－12　0pinion for How Life Science Researchis being Conducted

now life science research is being conducted ％
Approve research and utilization in our society，

42．6

21．7

9．5

3．5

1．2

21．4

although it is necessary to have understanding

Of　the public．

Understanding of　the public is necessary at　the

stage of　research．

Research　and　utilization of life science　should

be　free．

Research may be done，but it should not be

utilized in　the society．

Both　research　and　social use of life science

Should be prohibit．ed．

Not　sure

Source：Prime鴇inister’s office，’’opinion Survey corlCerning Life Science’’1985

Table9－2胃13　0pinion for Relat，ionship between the Nature and Human Life

Percentagre

We should　stop interfering　We should　respect　the　柑en should controI Not sure

With　the nature　and let　　　 nature　and　the life，　 the　nature．

the nature and　the life　　　 while　taking advantage

in geneal stay as　they　are．from　them．

1985／12　 （7，439） 29．4－　　　　　　　　　　　　 50．8　　　　　　　　　　　 8．0　　　　 11．8

1988／1　 （2，362） 35．7　　　　　　　　　　　 45．4　　　　　　　　　 10．9　　　　　 8．0

Male　 （1，092） 32．0　　　　　　　　　　　　 50．5　　　　　　　　　　 11．9　　　　　　 5．5

Female （1，270） 38．9　　　　　　　　　　　　　 40．9　　　　　　　　　　 10．0　　　　　 10．2

Source：Prine丼inister’s office，”opinion Survey concerning Life Science”1985，and’’public Opinion

Survey on EnvironmentalIssues’’1988．
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