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DA HRESNIAFHFERMMICETBMISLERLEE XK, TR ZAROH~D HFE
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£R Li<L,

FSPILL, =) PR,
j#i
LGB (EEEZRT HRAFIEER) . ST, ERFFREOEEL TN TORMBEEIZE T
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BETERDRE LA —NR—HR, HINIRMERINERTHIEDEREEWD, 22T, B
AEEEFICKDIRE LA —N\—RZH51EHEEL T, Henderson and Cockburn [1996]12&%
FEZRAWNT, NEWSIPN VS E#EERMLT-, 2T, ER X B FEH=Za—X &0,

Nt = Xt _d<t—l

% {1z £, Branstetter [1996], Kaiser [2002] % # &
3 Jffeet al. [1993| =SB,
¥ Odagiri and Goto [1996], # /- KH [1997], Okadaand Asaba[1997], [EH [1998]%S &,
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L, KIE X IZETRRMIEH, O IZRMNIDEEILETHZE, ChEERIIZ, %D
FPILL LR#HDFZERVTEAT DA DA REAREEZMEMLISELHTICRIALT
IS, HEHERIIBEM oz, ChITNERELBARDELEEDEERELF—N—T
—JLE, BERDEDHIZEKBRE A —IN—T—)LEDHRENELHTEWLNIEIZEDENDER
b, ZIT, BRIZBITHMMBEEDHREIMZ R H5FFAMNIEHE LRD LS
A—RIEHELTHERLT, A SZEEICHTAEEEICSI RSN rO MBS
M558 52N RDIEELEY COEHMDERITELTIE, HMFEMOFHAIZENT O
E1D 273 EFFRRALIIEIZELL, T40hbRICEMMEE CIEE MRt (X 1, B4R5EIMEE
TlE 0 THD. 458, BFHFAMIDERICHALET —2ET R TENEFHER O HFEET
H5%,

EXfEtE

FTRTOERICEAT DEARMIAENR —2(TREINTVD, BADE 104 FHT204E7F
AR (1990FEA—R) DMRFAFEEZIRL, 1EXH-YVEFHY 6234, 1 EMEEHH-VEFY
5.67 D EHREL TS, 1FrERE LEH YO ERRIREEIIEFYTIIEALLS,
F1z, 10 B ESIASN IS 1 EDEEH-YETFY 089 4 THY, 20 BLIESIASNT=
HEFIEETY 0.37 - TH-T=,

FTARTOEHIITHEDIESDELNH D, BRIMICHDE, L EEH-YDOHAERHREIL—
ELTLERLTEY, 1981 F£0 116 EAN S 298 BEM (LVFhE 1990 FRE) AN ERMITHEML
TW%, EIFIC, HrERE1EHY, HAIVEEHEESIRFF1EH-YOMERRELDRE
[TEARLTWS, SEES I AT HBICEERIRINEIOTERMICEELEETHIENT
EEW, LI o THFHBEH B CTEERMLLEREZ T 5L, fHirtifE 1 Hh-YOmMEMRIRESRE
[, 1981 FIZIFFHT 21 BAESzDIZHLT, 1994 FIZ(F 44 BAICETLERELTWS,

COLIHEIRMEFERELTIE, HFHIEICEKLT BAELHIMELNGND, JYKRER
[CEELROLNDLDIE, EXEREXICBTOARMARERL, 2 -AMEOHEFRD-HODEER
JRMDBKRICEELTWASIE, FEHARRMEEBROFED, BLELIUE L-RY)—=U T2
KBLLT=FED D, R FEMEDESITHED, JYSENLRIEANLEGLTELIENEZD
hb, BRRERRE, BIEERELLICHREDEIMERMNEETHEDEEZLND,

¥ ZZTOHBANIDEELRIE, SLOXBMEREIC 20%ELT=, B, 10%EL=15A THHHERICIFS
AEERITELEI ST,

S ZCTHHBANYIDBEELEIL 20%&LT=, ANy D EIZIFIE R MRE 3 (perpetual inventory
method) ZFALV TS,

B COEHITERNENEES EOEFFAMIEHESOVEBEER > TV, LENST, AR TIXERIZES5E
BT EDFF AR IERITHEKICED TUEL, HFFHBEH S (SPC I EEHRITNITHHFR M IEHLE
EICFHAITESDD, MAZHRKICEDDEFHAMNIIFERELGLEN 1=, BH, HrHESNEHALER
MOERWHEEHZH (T DEHF AN IBEHD/INSA—REBE B LT 06 FBETH o1 IFHFAMIIZTEWLWTEHHE
DR FMERBI LML TERM ST,
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5. HEER

F—ABLUVR-SHHFEREFTLOLDTH D, HETIERAL-FLUF(YEAR)Z TR
TOHERICEALTH S, T, BFIIADEIFZEREFRL TS, GY)RIIEEREER
DHEEBLEHAXTHD, NIk DESZE DRTA—4, TibhbIREEMEEL 0.85 &4
Y1 &YNSK, FHEOBRFEIEBOTUOENDEWSTERE Rz, CRIE/NTA—2DEIPPKE
OTIEHZIEDD, ZLDOETHARLAFZDOHERTHD, £, EMEHBLOHEHHK
(SPC)MIRSA—ARIF 1.44 THY, ChETODIIMEMOBEOBFHEBRI NIL, RiE
DIFFUENTFEELTNDIEITHED, 1120, KIThRf=&512, SPC (FENFEE T LD HfiTHk
SNBEZLRMLTVSEEZLNDIDT, IMALELICHR IO VMBI TRIEDRFE
MNFETHEEAFTELGL, TP/ MEGORENRELTRRT DB S (CIE, Hffiig
RICKDINATANHDEICBETREENSTH D,

GARIIEEREBEOEHFDFEFZFME(FSCOPE ), $LUZHILDIEE (FDIVERS ) %5t
EHICMA LD THD, CNhIZEDE, NIA—RIELLLHEETHHIENHERTED, T2,
DEMREICETZHMEE 048 ITETHAL TS, BERBORFMEIL, SHOBRFEHS
WEHAE T IO SHRIEDEEICKEFHAEIN TSI EERLTIND, HEHEKLY, SEH
DBFMICE>T 10 B LSIASNAFFONMSEHERIETHT 47.2%(=[exp(0.012)-1] x
30.06) BRLI-C&IZED, T=-ZHRIEDFIFEICL-T 10 L ESIHSNEFFOMEBHEHN
64.9%(=[exp(0.059)-1] x 10.68) AL =C&IZhd, MEZHHEDHE 100% LU LDE KRS
HOCENTREEIND MEFAFRLEEREZRETHIERLLT, GEOEFEICEADLLIHEN
ELHTEETHLIENEDOND,

BIHXTIE, EMNEHL NI DEHEDOREME (HIWNEIEERNRENLA—N—PR)EI5IC
SEBAZEHICMA LD THD, HEHEITHEETHY, L 2 ROBED/INTA—EINTAFRER
Y, # U FEROBRKELTVAEWSTERER -, Thhs, EYEBR—IXTH-EHEDEF
HIEZTSATHAHLOD, TOC /MO EMIZAESEEE EFORAMSHRIZERB LTS
CEDNTRMEIND, CNITEMBEBEMTHBRY, TSI VMM EZ 5L T, RS
ASIIMIBITHREIRMMERTHILETELTNDS, SHEES | A RICER2E
£, 17.7%(=[exp(0.091)-1] X 1.86) RE D KIZBF->TLVEZ,

RIZ, BAHRIITEEMAE LA —/IN—%R (FSPILL, NEWSIPN )#Z&EL-#E51XTH
5, CNICKBEFBIETSREGED, HFAMICIETEETHEWL, —H, DEFZI—
(FIRM DUMMIIES) ##5tXICEA L35 X TIE, BERBMREILA—N\—HRD/FA—
AMELICHEE LGSz, L, BIEKEWNIEIC, BRICB AR EMRE LA —N—EMNT
SREWGBH—AT, BREMGRELA—N—NREZBRBLI-RALTRD/N\SA—RITAFREL
Stz METHMAEEEPPBEVE00, BAERNIZE TEREMRE LA —N—HRIETIX

BB CELALOBEOBFEICOVTERKOBEIR TR ELEEMof, LHL, COHEHEIZIE
EHNRATZDBMESTVDFRESEDH DD T, COENSELITERMNBAGVEEIETELLY,
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(T ITEALTVS—AT, MAFEREA—D—DOREHFIBIEMNTEEENT XD
RIS A TR (KB ITERALTLAIEERIEL TV,

TEAI—FZHHXICEATIE, LEAKIBICERELTNS, £, EEBEMTH-EED
BEEDNFA—ZEOOFPLTNED, BHRAEDFBICEEHLL/N\TA—2EFEFFLRELTL
B, FENEHBECOHBEDREE (HINIDERNRE LA —N—UR) D/ISA—42% L
Rl Ff-, #H LOMBERELT, ERE(IZE) ICET S EFFSHTEERL TS
FTREGY, BKEE LGSz, £FFLUKRIE(YEAR) DINTGA—A2E KEC LR LTS, ThiT,
R ETEED-MEMFRREE AL EREORAMRIL, ©EBHROE TR
B (fixed effect) BEUERA L FLURIZE O TREHER SN TNVBIEERIEL TS,

Tt B3 BLUKR—4 TEEBLTHID, DESAI—DEIFTRTHEEETHY, =
TEILITKRECELGSIELL> TV, i, HIFIREFICET 2 EROBENEENESE
[CKREWCEETRELTVD, FI—EHOHEHEIL, BH)RDIBE, RALET 346, &/t
£ T130 ThHof=, BHMITFHET 5L, RAREETRHEEFHRDOERIZL>T 308.2% D554
BOERMELHH-DIZHLT, RIMEETIE 26.7%DERDNBRLNEMSI22EITHE. &
SEE S| A OIBEE DR EIXIZF 115 BICEETHILITHD, ThiE, BiTORREN
(absorptive capacity) ORI AU AU NEE, CEBOBERMEENDREERMLI-E0D LM
RTELS,

T4 [FWRALEHE5 I AR 20 B EOFHFIRBHEHELT, FHROHTEToHERE
FEH-LDTHD, BELRER—3 LAKDERNFON TS, KENRHFBDAZRAT
HBLL, BHEDBEFMEICREOIHEEHENPOREHIZTTHY, Fiz, LERN-DEMREILA—
N—HRHLOPBDIZH TS, 12120, BEMAE LA —N—HRITHENIZHEELIEVZA
o TW5, BRI EES LD ARBOT—2 IR #EH T TEHEA DD, 10
ELLEE LV 20 B EDSIAE BRI REHRATRELEICEVTHIEERERD
BRLIBONIZIEDD, KBOHHEROTERENHIEERETEEVR LD,

CNOHHERKY, RR1BLMRGE2IXFEFYR—rTELCEIZHS, ThHbE, BAD
BEA—N—IZBTEAERFKEORH DR T TEHEERBEORFEEIBLOTEST (R
1), FELROEHEHELOMETOCIIMIEVNTIEIMRRAKICE TEREORFHED
BHEIEETEHEVEOD, CNOHEHEXTOS /DRSS DIEIZEHUREFEL TS E
EZ2oN51=0, BAOTOCIHNSEDENNEETHIEINREESNEY, — 5, BELA
ILBEFUVEMBELANILTIE, SEOBFENEBIVTLS REE2), 345, TAS I+
DEMEZDIFE, FAR—rTA)A DY —IL T HFE, HRAREEENBEEITTFLHEL
Z%o0

—7, RERSICAEALTIE, DIKELERTERDRE LA —N\—$RETSRIZEINTINSE
WRZS5THD, LHL, NERFEA—H—FELZBELTO—NIILEBRE LA —N\—HRTIE/N

© B EEIUNE— LT RN TENEEA I—EMA LA, BRIERFTII M of, Bl
AR RS M EE RIS I — L OB R THAHEE A DN D,
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FA—BDENTA T REGDTNS, DIEKEBEFIBRABAFEIZLEY DT VEERDFFHF T,
B A1k (appropriation) DR A FEEIK =012, HFIHEREA—D—LARDREA—N—LD
RITIE, KENENBLIZEBULOTOSAEEEAHDENSTETHAS,

=L, —fRIZ, NMABERDIILGHAIVR-R—IADEXETIE, X -EXDEREM
ZTLARILT, FIZIEAHAEEBECKREZEDTHTITDA U ITA—IERYNT—0%EL
TERBRE LA —N—DRIBOTODEDEREZ N KBTI, HFEWSBRESNE
BAOHANLRENLA—N—NREEEMITRIELESIELTNSS, DEDEREHBZ S
A—NIVBRELA—N—RORBEF+ 2GR ELGI-hELNAEL, 12120, HREDRE
FEHLHEORFEICOVTIIEYTEREI N TEEEZ TEN DS,

BE, ARBOBRISEARNICRELGEERIECTOD/DOEHE -BRERETLENSIE
[ETEBVZEITEESNIZW, YU TILESHREMETOD ISR EHEEEND
BRINTHY, #HEREIETAST 20N\ I—avhomah = a8 1 tEICH T
HIRAMINEEFHEHL-EDICTELRLINSLTHS, TADCIINDER PR ERRNICE
BLEGSICHRMBEERICKEGEENH A LIIHERTESLON, REICTEHH I
ELVSEDEIFHELBEVDTHY, RERICHILED, BEDLERBELTOD/LDEHEE
2fBICLIZEEIC, RELARDORERIEORFECEHEDREFEICEDLIGEEN RSN,
TEFEDODERIZL>TREKELGH>THKDIDTH D,

6. #asd

ARODEIELGRERE, SEMRRCETLI2EFRREOBALAMEE, EERABOHEEDEFE
ERENA—N—ENRMIZFIAT SREAITEBLLTLEDTHY, RIEOEFUEZNLEEN
BAIEDRREGDDIT TR, EVWSRIZH D, DPEELRIELANILTOEEDRERIRE
ROZERF, EENHTHEEDEFENEDRERETTHEIICFIATELNELDIRIZHD F
EABEREZEMCRIN-FIRT DAL, EREFROZRITIKET SMANKRES Bdd
ERENFRFELMDOFERICEHEVIDITTIHELY,

FEARBOEERENOTEEINSRELT, REOEFHOHEDOKEFME, RELA—N
—HREEZEBLTHRFAREERZHRTHEEICE, RELANILDOT—E2DH KT HD
TRAEGHERICEDDIENSITETHD?, A TREDBEA—RITEFTIL—IFI0Eh
T3 MATHEICE>TRRDHARIYIEREICEERNTOARARTOLREZDRK
REEBILTDLITHILTIND, T, AREARRELGE, ARAFETO RO TIbE

4 512 I£, Cockburn and Henderson [2001-a], David, Foray and Steinmueller [1999], Toole [2000], Zucker and
Darby [2001] %518,

2 KXBHEDHHTFED S <EREEL TS Henderson and Cockburn [1996] S BEh =LY, COFAE TIXR—
DT—2 IO ELANILERETOD I LA OHEHERD LERFAEToTL S, AR TIIAFICD
ELRLTOHFHEREBELTOEVD, YU T VBN DEN T DITRY RFEHEN GO NGA ST,
=1L, HEORFEELRIYRESh LG, ST,
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REGTET—2DAHEMALTHAERAREESZBTIOLMENZNENSRICHEET
RETHD, AR TSI AR TIIA DTSN G HER W01, EXDODHELY
IAEFAREDT I TIRE LY ERICRMLI-FEREBLIENTEENZ LS,

SIS, RETLOTOD IO - ER - D ITARONTH—T U RD SHENEREICKEL
CELTRBHTH D, ERDEARTIE, BERENREVIZTE, BHMEAICERNELGS, T
BhbBNEMELANSEERINTERLR, ChiZTotR A/ R—Lav i EFiélor-
BHEICEWTHRB AL HDIA—)—TH 5, LHOLIRILEVDRIETHEINE>TLWSEEMR
EETIE, 4/ R—2av0EMAEIE, RERBICEKRLBFETOEAZMOZEENIZHEL
TREBEINDEVNSKYL, TAFT VA /R—=2 3 % F T HHBRENICEVWTHREBESNW S LN
STE%E, ARBOHEHERIIARCRELTWS, MEMRICHITAEEOREFEPRE LA —N
—NRDOREERELT, TADIIDOER-$, S5I2ZDT— /Ay T DO H|EEIFEIZ(TH
SHBRENCELAEBHUICEETHIHELIRNETHS,

COEIGHBRENDEHMEL -0 LEERIIARBTIEHRITHARTOVGELD, SHMED
BRELT, HIRIERENLA—N—NRERET DERZISICHELRFATILELHDENZ
&5, TDMRIZ, HAMTRRMOWMEI AR NZBEENDREZR EMAMNERETTEHIENKRELGTF
BMVIZHLERODNS, RRAMBEEMLIEMBROEEEIZIINGESEN, ZTO KI5
BRI, AHEMMEEENY TN OMEZLEHLEF D B EDLSUXELLSN
f=, BB Ea—F 1k (codified) SN f=ENEIEMNY THL, BN CHEBICE LS ERIN-IRER
WOEID K575HE ERAN (tacit knowledge) A%, EED XM ERARKETSIL S H-FMEIEEENT
[EREGHRBNZLEHD, I—FESNRBOFIRAICHELTH, BERAOFAFIDERARGE
DEHRD, CNLHEBDESEE, EASCHEBIC, LWHhIXARIESNTERIN TN, ZDELSIC
EREINTOEIBRM I MMEMEDER LGS, TOEKT, MMEMEREITLAMIZE
BHUMEZFEDOIDZALD, COIIGEEHLTHMBORRIZELTIE, A-MHERFTORIM
HFEROEEIORNME, BIZa—FMMeSN BRI ITEBET S5 JYEMNICKRELYES,

LT=AoT, BB TESIHERSE, HA5WNIIERDOREFEEF CREMEDITEIMEIZIL,
DEDOBFAMERZEZWAINT 5O DR (VDO HIEMIRR) EL TOMHEERLED BRARBFEIC
&, BOICEPMBOREEE=ENONOMBORIRENS —EEAFRARHESIDTHZY,
BEMIZRTYH, XIS RNTBEAZRADEE, TOHIED=OHIZ, LEICEXRGHRARE
BEWELETHDEFZDRONTH S, Thbhb, BEEERMEHROBELLS BHERBFFIZ,
NEMISDEIMERDZBENEEDOI=OICLHERREETEO>TLS, DERN-BEMBAE
WA—N—NROEEFESOMRERE N, FICTOMBEENICL>TREKERSINS L
BEZHORETHA,

RRIZ, FHEROMEDAEMEIZDONTIAAMNTEERL F 1S, SINETISHMN TE&
1T, BEBEORFECHFDORFHEL, EEFROERIZRELG SN S, Chandler [1990]

 Davies[1979) %388, 1= Geroski [2000], Stoneman [2001] (& A EEHEDH—RAESBENT=LY,
4 Cohen and Levinthal [1989] %588,
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4> Dosi, Nelson and Winter [2000] (&, &% DEBEE NN HZBBD A/ R—2 30D /N\TH—7
VRERECEETHEERLTWD, Thh5, MEZESLEFLERTSEENIZEVLTIE,
BEADREANTZIFTTIEGL, ERENFUIVICHEBIDRENEVSEDONERELTHEET HELOID
ThHd, EEREXICBITAABENOERIL, I7EBZ~ADEFEERLTWSELIIICERAS
L, R&D 3 EHTHRRBLARILTDT I T ERLTWSKSIZER 25, 110, 1£%
EORBEMECHEORENE, HAV TN -HEBRICETIRELF—N—HREDEET,
b R&D D EFILENEIEDEETEE D KLSITEET RED, RIEZ+RDEHAENEBRS
NTNBEELDNEELND,

212, LREORICEET B, BRRMARREFETEO - EREORF I AT CIIBEH
TEEM STz AT RUFv—DELRFEA—D—LOEEIEZDOHLLEMNT, BEAR
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X DRNEERADT 7 ERDHLEIND, BMELRIALILFLEALTHR TGN,
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REEOHEHREEMEEHD, THHLLAEICIIHTNERNSHLLTIRIAEHARS, &
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A. R

FEMEIE T L DYF R B HAO5 | AR 3T —4 (3 Derwent Patent Citation Index (DPCI)% F|
ALTWS, CHITRIEZEEMT OB OHFICEALT, XE, EE, F4Y, BX, 3—Ov/ T
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HHIZELT, BRANKIZELTHETZLOERONEH, KFBICEITHLERMORHEEYE
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DUTREMSBONSFERICE DL, EMEHAOTOADIIMUIEKREL R TELEEH T 4
~5ETHY, SHITHEMNEEMBELICH T TEEE LT 10EREETHD. CNLDKREEEL
T, KRBT =a7I)L-3—FI2&5 106 D5EZE 21 R EICETENT ERZEITo-. 648, 21
SEUSNDT—RIZDOWTHEMMIZEHAZTHOTHIDENH DD, SEIFZCETHAD
CEMTELGMN ST ELIBICHRE TELHLIITLIZLEEZ TS,

SE 3 ER

¥ [1998], HFErHIEOEERFE L, [T1F0ovilbEa—], & 46 5, pp.110-137,

fE 346 - A REE [2000], [ BADEEMEFRICE T HHFHER M EH IOPIR Y —F-
R—\—-21)—X, Nob, EREEXBRMAR(BAREIERR).

®EER - KARM [1997], T4/ RA—2a0 OEFARERERITHES — X T—2I2L5H X
LEERBFE 1, NISTEP Report, n0.48, 4R 4lT T # AT BURBE R A (BT o

Arora, A., A. Fosfuri, and A. Gambardella[2001], Markets for Technology: The Economics of
Innovation and Corporate Srategy, MIT Press.

Audretsch, D. B. and M. P. Feldman [1996], “Knowledge Spillovers and the Geography of
Innovation and Production,” American Economic Review, vol.86, pp.630-640.

Baldwin, W.L. and J.T. Scott [1987], Market Sructure and Technological Change, Harwood

23



Academic Publisher.

Bound, J., C. Cummins, Z. Griliches, B. Hall, and A. Jaffe [1984], “Who does R& D and Who
Patents?’, in Z. Griliches ed., R&D, Patents and Productivity, Chicago: University of
Chicago Press.

Branstetter, L. [1996], “ Are Knowledge Spillovers Intranational or International in Scope?
Microeconometric Evidence from US and Japan,” National Bureau of Economic Research
Working Paper no.5800.

Chandler, A. [1990], Scale and Scope: The Dynamics of Industrial Capitalism, Harvard University
Press.

Christensen, C. [1997], Innovator’s Dilemma, Harvard Business School Press.

Cockburn, I. and R. M. Henderson [2001-a], “Publicly Funded Science and the Productivity of the
Pharmaceutical Industry,” in A. B. Jaffe, J. Lerner, and S. Stern eds., Innovation Policy
and the Economy, MIT Press.

Cockburn, I. and R. M. Henderson [2001-b], “ Scale and Scope in Drug Development: Unpacking the
Advantages of Size in Pharmaceutical Research,” Journal of Health Economics, vol.20,
pp.1033-1057.

Cockburn, I. M., R. Henderson and S. Stern [1999], “The Diffusion of Science Driven Drug
Discovery: Organizationa Change in Pharmaceutical Research,” National Bureau of
Economic Research Working Paper, no.7359.

Cohen, W. M. [1995], “Empirical Studies of Innovative Activity,” in Stoneman ed., Handbook of the
Economics of Innovation and Technological Change, Blackwell.

Cohen, W. M. and S. Klepper, [1996], “ A Reprise of Size and R&D,” Economic Journal, vol.106,
pp.925-951.

Cohen, W. M. and D. A. Levinthal [1989], “Innovation and Learning: The Two Faces of R&D,”
Economic Journal, vol.99, pp.569-596.

Cohen, W. M. and F. Malerba[2001], “Is the Tendency to Variation a Chief Cause of Progress?,”
Industrial and Corporate Change, vol.10, no.3, pp.587-608.

Comanor, W. S. [1965], “Research and Technical Change in the Pharmaceutical Industry,” Review of
Economics and Satistics, vol.47, pp.182-190.

David, P, D. Foray, and W. E. Steinmueller [1999], “ The Research Network and the New Economics
of Science: From Metaphors to Organizational Behaviors,” in A. Gambardella and F.
Malerba eds., The Organization of Economic Innovation in Europe, Cambridge University
Press.

David, P, B. H. Hall, and A. A. Toole [2000], “Is Public R& D Complement or Substitute for Private
R&D? A Review of the Econometric Evidence,” Research Palicy, vol.29, pp.497-529.

Davies, S. [1979], The Diffusion of Process Innovations, Cambridge University Press.

24



Dosi, G, R. R. Nelson and S. G. Winter eds. [2000], The Nature and Dynamics of Organizational
Capabilities, Oxford University Press.

Drews, J. [2000], “Drug Discovery: A Historical Perspective,” Science, vol.287, pp.1960-1964.

Geroski, P. A. [1995], “Markets for Technology: Knowledge, Innovation and Appropriability,” in P.
Stoneman ed., Handbook of the Economics of Innovation and Technological Change, Basil
Blackwell.

Geroski, P. A. [2000], “Models of Technology Diffusion,” Research Policy, no.29, pp.603-625.

Goto, A. and K. Suzuki [1989], “R&D Capital, Rate of Return on R&D Investment, and Spillover of
R&D in Japanese Manufacturing Industries,” Review of Economics and Satistics, vol.71,
pp.555-564.

Graves, S.B. and N. Langowitz [1993], “Innovative Productivity and Returns to Scalein the
Pharmaceutical Industry,” Srategic Management Journal, vol.14, pp.593-605.

Griliches, Z. ed. [1984], R&D, Patents, and Productivity, Chicago: University of Chicago Pressfor
the National Bureau of Economic Research.

Griliches, Z. [1990], “ Patent Statistics as Economic Indicators: A Survey,” Journal of Economic
Literature, vol.28, pp.1661-1707.

Griliches, Z. [1991], “The Search for R&D Spillovers,” Scandinavian Journal of Economics, 94,
supplement: S29-S47.

Hall, B. H. [2002], “ The Financing of Research and Development,” National Bureau of Economic
Research Working Paper, no.8773.

Hall, B.H., Z. Griliches and J. Hausman [1986], “ Patents and R&D: IsThereaLag?’ International
Economic Review, vol.27, pp.265-283.

Hall, B. H., A. Jaffe and M. Trajtenberg [2000], * Market Value and Patent Citations: A First Look,”
National Bureau of Economic Research Working Paper, no.7741.

Hall, B. H., A. Jaffe and M. Trajtenberg [2001], “ The NBER Patent Citations Data Files: Lessons,
Insights and Methodological Tools,” Nationa Bureau of Economic Research Working
Paper, no.8498.

Hausman, J., B. Hall, and Z. Griliches [1984], “Economic Models for Count Data with an
Application to the Patents-R& D Relationship,” Econometrica, vol.52, pp.909-938.

Henderson, R. [1994], “The Evolution of Integrative Competence: Innovation in Cardiovascular
Drug Discovery,” Industrial and Corporate Change, vol.3, no.3, pp.607-630.

Henderson, R. and I. Cockburn [1996], “ Scale, Scope and Spillovers. The Determinants of Research
Productivity in Drug Discovery,” Rand Journal of Economics, vol.27, pp.32-59.

Henderson, R., L. Orsenigo, and G. P. Pisano [1999], “The Pharmaceutical Industry and the
Revolution in Molecular Biology: Interactions Among Scientific, Institutional, and
Organizational Change,” in D. C. Mowery and R. R. Nelson eds., Sources of Industrial

25



Leadership, New York: Cambridge University Press.

Jaffe, A. B.[1999], “The U.S. Patent System in Transition: Policy Innovation and the Innovation
Process,” National Bureau of Economic Research Working Paper, no.7280.

Jaffe, A.B. and M. Trajtenberg [1998], “ International Knowledge Flows. Evidence from Patent
Citations,” National Bureau of Economic Research Working Paper, no.6507.

Jaffe, A.B., M. Trajtenberg and R. Henderson [1993], “ Geographic Localization of Knowledge
Spillovers as Evidenced by Patent Citations,” Quarterly Journal of Economics, vol.108,
pp.577-598.

Jensen, E. J. [1987], “Research Expenditures and the Discovery of New Drugs,” Journal of
Industrial Economics, vol.36, pp.83-95.

Kaiser, U. [2002], “Measuring Knowledge Spilloversin Manufacturing and Services. an Empirical
Assessment of Alternative Approaches,” Research Palicy, no.31, pp.125-144.

Klette, J. and Z. Griliches [2000], “Empirical Patterns of Firm Growth and R&D Investment: A
Quality Ladder Model Interpretation,” Economic Journal, vol.110, pp.363-387.

Klevorick, A. K., R. C. Levin, R. R. Nelson, and S. Winter [1995], “On the Sources and Significance
of Interindustry Difference in Technological Opportunities,” Research Policy, vol.24,
pp.185-205.

Lanjouw, J.O., A. Pakes and J. Putnam [1998], “How to Count Patents and Value Intellectual
Property: The Uses of Patent Renewal and Application Data,” Journal of Industrial
Economics, vol.46, pp.405-433.

Lanjouw, J. O. and M. Schankerman [1999], “ The Quality of Ideas: Measuring Innovation with
Multiple Indicators,” National Bureau of Economic Research Working Paper, no. 7345.

Lerner, J. [1994], “ The Importance of Patent Scope: An Empirical Analysis,” Rand Journal of
Economics, vol.25, pp.319-333.

Levin, R, A. K. Klevorick, R. R. Nelson and S.G Winter [1987], “ Appropriating the Returns from
Industrial Research and Development,” Brookings Papers on Economic Activity, 3,
pp.783-820.

Maddala, G.S. [1983], Limited-Dependent and Qualitative Variables in Econometrics, New York:
Cambridge University Press.

Odagiri, H. [2001], “Transaction Costs and Capabilities as Determinants of the R& D Boundaries of
the Firm: A Case Study of the Ten Largest Pharmaceutical Firms in Japan,” Discussion
Paper, no.19, National Institute of Science and Technology Policy.

Odagiri, H. and A. Goto [1996], Technology and Industrial Development in Japan: Building
Capabilities by Learning, Innovation, and Public Policy, Oxford University Press.

Odagiri, H. and N. Murakami [1992], “Private and Quasi-Social Rates of Return on Pharmaceutical
R&D in Japan,” Research Palicy, vol.21, August, pp.335-345.

26



OkadaY. and S. Asaba[1997], “ The Patent System and R&D in Japan,” in A. Goto and H. Odagiri
eds., Innovation in Japan, New York: Oxford University Press.

Pakes, A. [1986] “Patents as Options. Some Estimates of the Value of Holding European Patent
Stocks,” Econometrica, vol.54, pp.755-784.

Pakes, A. and Z. Griliches [1980], “Patents and R&D at the Firm Level: A First Look,” Economic
Letters, vol.5, pp.377-381.

Pisano, G. P. [1996], The Development Factory: Unlocking the Potential of Process Innovation,
Harvard Business School Press.

Rothaermel, F. T. [2001], “ Complementary Assets, Strategic Alliances, and the Incumbent’s
Advantage: An Empirical Study of Industry and the Firm Effects in the Biopharmaceutical
Industry,” Research Policy, vol.30, pp.1235-1251.

Saxenian, A. [1994], Regional Advantage: Culture and Competition in Slicon Valley and Route 128,
Harvard University Press.

Schankerman, M. and A. Pakes [1986], “ Estimates of the Value of Patent Rights in European
Countries During the Post-1950 Period,” Economic Journal, vol.97, pp.1052-76.

Schwartzman, D. [1976], Innovation in the Pharmaceutical Industry, Baltimore: Johns Hopkins
University Press.

Stoneman, P. [2001], The Economics of Technological Diffusion, Blackwell Publisher.

Toole, A. A. [2000], “The Impact of Public Basic Research on Industrial Innovation: Evidence from
the Pharmaceutical Industry”, Stanford Institute for Economic Research Discussion Paper,
no.00-07.

Tong, X. and D. Frame [1994], “Measuring National Technological Performance with Patent Claims
Data,” Research Policy, vol.23, pp.133-141.

Trajtengberg, M. [1990], “A Penny for Your Quotes: Patent Citations and the Value of Innovation,”
Rand Journal of Economics, vol.21, pp.172-187.

Vernon, J. M. and P. Gusen [1974], “ Technical Change and Firm Size: The Pharmaceutical Industry,”
Review of Economics and Satistics, vol.56, pp.294-302.

Zucker, L. G and M. R. Darby [2001], “ Capturing Technological Opportunity via Japan's Star
Scientists: Evidence from Japanese Biotech Patents and Products,” Journal of Technology
Transfer, vol.26, pp.37-58.

Zucker, L. G, M. R. Darby, and M. B. Brewer [1998], “Intellectual Human Capital and
the Birth of U.S. Biotechnology Enterprises,” American Economic Review, vol.88,
pp.290-306.

27



AROEE KB R

=1 T2 DEH
T EE REBEHELT T— A EHREL
BEETREN 52000F12AKFETITIOE o, =y s om it — 1 oo Sz 25h AT b —
CITESIO UL B R & A= 5% 0> B 15 P 2 W EMMERIC B T A AERER EhiElE — &
BSRAEEIRED 520005128 KE TI20E 4, 2y ssp o e sy
CITES20 UL 3 R & A= 5% 0> B 15 P 2 W EMMERIC B T A AERR EhiElE — &
— s 3 LEREMBEEAOHEREEEDH St Ash At
SDC {%ﬁﬁigﬁﬂ:—'—to)ﬂfﬁq’ﬂjﬁﬁﬁlﬁ gb‘fi;ﬁﬁﬁ%%@ﬁﬂ?ﬁ%ﬁ %)JJFEH ﬂ':
5 - ks HHrHBEGRERD I T4 _
APPJPN BAREHFTOHHES -5 DEHEEE 2 TE—%F
BRAETREN H2000EFTH
AGE BHIEEREN D2000EFE TORBE SIRG#MICEZS5a—HkR—F tE—-F
(F#r) DR
sz FAMERAR (90FA—2 - RUR  peepomnmams S
Dip &3 1 HOHFEA & > f=Derwent . . _
FSCOPE Manual Codest TELANILOEEDORFLE TE—F
FDIVERS ﬁgﬁjﬁﬁ#&w"_g‘ YIIWERDE oo Loyt st BE T
o 2 33 SN RIS B T DB DR
SCOPE LEEMBEICEVWTOHEC EDIEDOHEE FH (HAITYRETEEEIC I — &
H 3 - 1=Derwent Manual Codes %k B‘f%)l*]‘&ﬂx%t;)l/ﬂ'—/(—ﬁ] ~n
BETEOHERARIREEOMEN (VT
FSPILL 4 Hiﬁ%Faﬁo)?iﬁEE%ﬁ(:J:o'C§+%C, X TCEBRAEILA—N—HE TE—F
=)
LEEMNERICE T IS AR EDHEN . N St A e
NEWSIPN ﬁﬁﬁ%}%w o] (AXBE) ERRELF—N—E EMEE— &
HHEHEIOtwX, SIEREO
YEAR BRAL FLUKR BREE, 7O RFTUREDOH =3
RANMZE(E
FIRM DUMMIES s HRHER ORBEN L LR R -




&-2 EXmEtE

ZH Fi TERE &/IME =KfE
CITESIO 0.89 1.99 0 24
CITES20 0.37 1.13 0 16
SPC 5.67 7.34 0 78
APPJPN 38.69 16.65 7 86
AGE 12.50 4.03 6 19
SIZE 20.47 10.00 4.67 56.82
FSCOPE 39.06 14.24 13 90
FDIVERS 10.68 2.37 4.25 1544
FSPILL 699.23 208.93 285.64 1084.50
SCOPE 1.86 1.80 0 15
NEWSJIPN 981 18.58 -40.20 121.30

E) YU T ILERIX2940(FESHFEEL RN IL)B KV 140(HELA)L)



#&-3 ENRBLANICE T HFHFRGEBOREER

PERZE#: CITESIO

Negative Binomial Regression. 427 JL #2940

Eq. 3.1 Eq. 3.2 Eq. 3.3 Eq. 3.4 Eq. 3.5
Constant -24.513 -24.026 -23.640 —23.854 -20.225
(1.831) (1.835) (1.847) (2.067) (1.993)

log (SPC) 1.437 1.402 1.361 1.347 1.246
(0.037) (0.037) (0.049) (0.049) (0.048)

log (AGE) 6.985 6.998 6.836 6.879 6.831
(0.581) (0.585) (0.590) (0.651) (0.639)

log (APPJPN) -0.427 -0.556 -0.546 -0.540 -0.567
(0.069) (0.071) (0.071) (0.071) (0.086)

log (SIZE) 0.852 0.476 0.478 0.473 -1.453
(0.072) (0.096) (0.096) (0.096) (0.332)

FSCOPE 0.012 0.013 0.013 0.008
(0.003) (0.003) (0.003) (0.003)

FDIVERS 0.059 0.057 0.050 0.071
(0.016) (0.016) (0.018) (0.019)

SCOPE 0.091 0.086 0.118
(0.041) (0.041) (0.039)

SCOPE -squared -0.010 -0.009 -0.011
(0.004) (0.004) (0.004)

FSPILL 0.0005 -0.0014
(0.0005) (0.0006)

NEWSJIPN 0.0014 0.0021
(0.0011) (0.0011)

FIRM DUMMIES Significant
YEAR 0.409 0.402 0.390 0.373 0.604
(0.048) (0.048) (0.049) (0.050) (0.061)

Over dispersion 0.243 0.213 0.209 0.204 0.132
parameter (0.036) (0.034) (0.034) (0.034) (0.029)
Log-likelihood -2604.68 —2587.53 -2584.57 —-2583.41 -2524.13

) VAR DERFRERETHS,

EHDENAEODESILIog(ZEE) =0TH S,



EEEBLAIICE T2 MEGHROREER
PERZES: CITES20

Negative Binomial Regression. 427 JL #2940

Eq. 4.1 Eq. 4.2 Eq. 4.3 Eq. 4.4 Eq. 4.5

Constant -44.157 -44.439 -43.554 -44.043 -39.595
(3.730) (3.880) (3.893) (4.293) (4.266)

log (SPC) 1.468 1.434 1.389 1.365 1.242
(0.057) (0.059) (0.077) (0.078) (0.076)

log (AGE) 12.622 12.925 12.582 12.707 13.056
(1.196) (1.257) (1.262) (1.374) (1.368)

log (APPJPN) -0.036 -0.204 -0.193 -0.183 -0.272
(0.113) (0.117) (0.117) (0.117) (0.142)

log (SIZE) 0.996 0.556 0.553 0.542 -2.442
(0.106) (0.148) (0.147) (0.147) (0.563)

FSCOPE 0.015 0.017 0.017 0.013
(0.005) (0.005) (0.005) (0.006)

FDIVERS 0.071 0.067 0.058 0.059
(0.026) (0.026) (0.029) (0.031)

SCOPE 0.134 0.126 0.178
(0.073) (0.073) (0.071)

SCOPE-squared -0.016 -0.016 -0.019
(0.008) (0.008) (0.008)

FSPILL 0.001 -0.0011
(0.001) (0.0010)

NEWSJIPN 0.003 0.004
(0.002) (0.002)

FIRM DUMMIES Significant
YEAR 0.757 0.768 0.744 0.725 1.052
(0.094) (0.096) (0.097) (0.099) (0.114)

Over dispersion 0.444 0.405 0.398 0.385 0.252
parameter (0.080) (0.077) (0.077) (0.077) (0.066)
Log-likelihood -1536.51 -1527.30 -1524.92 -1523.46 -1490.45

) AYANDEEERETHD,

EHDEAETODEELIog(EE) =0TH S,



FEVIS

f

e

H-1 HH5IRAGBOESSH
BAMSE 10 D#E
BEIETREND2000E12AETHOS| AHH

1200

1000 r

800 -

600 r

400

200 r

A 4

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
FErSI R H

) 2 HIESI RS FETERTLTH D, xASIHEGEHIT2184THS,
F—AHAT) Derwent Patent Citation Index.



S EETLS S

i

¥

B-2 $EFSIREROERSH (BEETREER)

BAR{E R G104t D#ET

BEIETIREHI 520005128 ETHOF I AHH

160

140 |-

120 |

100 |-

80 -

40 +

20 -

12 3 45 6 7 8 9 101112 13 14 15 16 17 18 19 2

) EHSTIISIREH3IEEFTERRLTHS,
F—AHAT) Derwent Patent Citation Index.

FrEFSI R

21 22 23 24 25 26 27 28 29 30 31

—e— 1981

—— 1985

—A— 1989

—>— 1993




100

90

80

70

60

50

40

30

20

10

H-3 SHEESIABHTEH
BASE 100G
BEIETREND2000E12AFETHO S| AR

—— 5| F20[E LI ED
FREFERG 2

—e— 5| F10E LD
RT3

1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995

BEEERE

T—AHFT) Derwent Patent Citation Index.



F=-A

F—x b v=a7I)L-3—FEREETLEEE

KyH$E Manual Code EELhPEE BEM215 58
nEHl B12-A01 Antibacterial Gl &) nEYE
Antimicrobial Type B12-A02 Antifungal,antialgal,antilichen general (EH) RE&EH

B12-A03 Antileprotic (151 &) mEME
B12-A04 Antitubercular(#&#%) hmEME
B12-A05 Antivenereal (T4£4&) hEME
B12-A06 Antiviral ("7 4 JLR) oA ILRH
B12-A07 Skin and wound treatment(FZ &) mEME
B12-A08 Antifouling (3R &E - HE) mEYME
InEREE B12-B01 Amoebicide(7 A—/\) R RE
Antiparasitic Type B12-B02 anthelmintic(BF &£ H) R HRE
B12-B03 antimalarial (¥3!)7) R HRE
B12-B04 antiparasitic (general) acaricide (% =) R HRE
B12-B05 Coccidiostat (BkH) R RE
B12-B06 Schistosomicide ({¥ M A% &) R RE
B12-B07 Trypanocide (X M#FE H) nERE
FiRRER O B12-CO01 Anaesthetic(general) (FRE}EE - — %) IR R R
CNS-Active Type(l) B12-C02 Anaethetic(local) (FREXZE - ) REHZER
B12-C03 Analeptic (AR ZEE - 584 - 380 F - BRAEFD) R IR R
B12-C04 antiparkinsonian drug (31/8—F%> V) AR 1R R
B12-C05 Central depressant ($8E%%l) iR IR R
B12-C06 Central stimulant (BRZEHI]) =ap i EED
B12-C07 Hypnotic ({£IRZE) PR EE R
B12-C08 Sedative (FEE%%) PR EE R
B12-C09 Synergist (£ EZE - {£3) PR EE R
B12-C10 Tranqulliser (kS F 545 —) iR R
AR AR 2 (1) B12-DO01 Analgestic (F8fF - JH %) fREN-GER - HR
CNS-Active Type(ll) B12-D02 Antiallergic general (31 7L JL¥—) FLILE—
B12-D03 Antiarthritic (B &7 %) fREN - fEEH K
B12-D04 Anticonvulsant (3 % 35 ) iR AR R
B12-D05 Antemetic (F#IEZE) iR AR R
B12-D06 Antihistamine general (J1ERXARZY) FLILX—
B12-D07 Antiinflammatory (371 %4 ) fREN-fEEH K
B12-D08 Antipyretic (FREAZE) fRE-SER-HR
B12-D09 Antirheumatic (1) 2—<F) fREN-GER - H R
B12-D10 Convulsant (TAMAEE) iR R




K (B R B12-E01 Autonomic N.S. active general (B {2 f#H{¥) RIGHIE R
Autonomic N.S.Active Type B12-E02 Muscle-relaxant, inotropic (F7thfEZE) RKEMHRER
B12-E03 Mydriatic/myopic (BREEZE) RKEMHRER
B12-E04 Parasympathetic blocker ({&@3Z Bt % B ) REMHRER
B12-E05 Parasympathetic stimulant, acetylcholine potentiator (&l 32 &%t $Z {E &h) RKEMHRER
B12-E06 Sympathetic blocker general (3 B # §53 35 7 ) RKEMHRER
B12-E07 Sympathetic atimulant adrenergic stimulant adrenaline potentiator(3 R IF{ESE)) |RIEEHZFR
B12-E08 Ulcers (peptic and duodenal) ;&%) REHER
B12-E09 Uterus—active (F = URHE) REHER
RBIER B12-F01 Cardioactive general(5&:1[>%l]) RIER
Cardioactive Type B12-F02 Coronary dilator (7 ‘& i 5k) RBER
B12-F03 Ganglion—blocker (&1 8 #r) BER
B12-F04 Hypertensive (FE &) RIER
B12-F05 Hypotensive general (f&EF) RIER
B12-F06 Vasoconstrictor (I & INHE) P ER
B12-F07 Vasodilator (I & i 5&) EER%R
I EA B12-GO01 Antimetabolite general ({$#% - —#%) ER
Metabolism Active Type B12-G02 Chleretic and liver (BB 22 - FFfig) RHR
B12-G03 Duretic and kidney (FI| R - B &) RBR
B12-G04 Hormone adrenocortical (BIB R BERILEY) RILEE
B12-G05 Leukaemia treatment ( 5 MM4F) M AE
B12-G06 Thyroid agent (ER4KAR) RBR
B12-G07 Tumour—inhibitor (fE%) mAAE
Mm% B12-HO1 Antianaemic (J1 & ) Jiih
Blood Active Type B12-H02 Anticoagulant ($1M14%) ik ER
B12-H03 antilipaemic (= g M fE) IMi& %
B12-H04 Coagulant (1% %% E #ll) Jiit
B12-H05 Hypogycaemic (5 M%) FERIR
B12-HO06 Plasma and blood substitutes (IM#F) Mm% %
HIESRR B12-J01 Anabolic agent, nutritional, achlorhydria treatment(humans) (4t . £ & . EIEERME) [JHIL3ER
Gastrointestinal Active Type B12-402 Anorectic, antisecretory (BARHNH . $143 i) HIEZR R
B12-J03 Antacid (| E& %) HIEES R
B12-J04 Antidiarrhoeal, antihaemorhoidal (TFi1E&) HIEZR R
B12-J05 Antidote general (£235%l) HIEZR R
B12-J06 Emetic (4 1) HIEES R
B12-J07 Laxative ($& T %) HIEES R
B12-J08 Bone disorder treatment, osteoporosis (‘5 & & - F A FRJE) B&E




SR -IEIRES R B12-KO01 Antitussive (% 1E &) (EANETED
Diagnostics respiratory Active Type B12-K02 Bronchodilator (& & X L3R H!) FEIR 28 2R
B12-K03 Contraceptive (T ZE) Z Dt
B12-K04 Diagnosis and testing general (SZHZ - R B E—H) BRE-ZHE
B12-K05 Expectorant (ZEEEHI) SIS E
B12-K06 Respiratory active (FEIRZR R ) [EANETED
B12-K07 X-ray contrast medium (X§:& 22 5l) X & 2 &l
b %t & B12-L01 Antiperspirant (il ;T %) ZDith
Cosmetic Preparetaion Type B12-L02 Cosmetic (b £ &) ZDith
B12-L03 Dental agent (g%} ) ZDfh
B12-L04 Ear, nose, eye, mouth and throat preparation (B - £ -0 -0 - & - 5FF) ZDith
B12-L05 Hair preparation (&2 R #l) ZDfh
B12-L06 Insect repellent (f5 H - BR B i) ZDfh
B12-L07 Perfume(F&#l) ZDfh
B12-L08 Sunscreen agent ( BELE) Z Dt
B12-L09 Veterinary (Bf[E=) Z Dt
B12-L10 Agricultural composition general (2 2) ZDih
I B12-MO01 Aerosol, inhalent, smoke general (IE5% I AZE, —fi%) HWHEFH*E
Formulations Type B12-M02 Cream, ointment, plaster (Z')— L., 85, SH) HRAHE
B12-M03 Emulsion (£L;%) BEIAE
B12-M04 Packaging material, apparatus (213£, 33 &) BE|F L
B12-M05 Pharmaceutical composition general (& B —fi%) BE|FH L
B12-M06 Preservatives ({R 73 - B IE &) BEFE
B12-M07 Solution ;&%) BEIAE
B12-M08 Suppository (44 %2) BEIAE
B12-M09 Surfactant (SR E ETEH]) BEIAE
B12-M10 Sustained and delayed release general BEIAE
B12-M11 Tablets, capsules etc. general (§EF|- HTEIL—#%) BEIAHE
-y up 53 B12-NO1 Pesticides general Z Dt
Pesticides, Fertilizers B12-N02 Insecticides Z Dt
HE¥) R = ER & B12-P0O1 Plant growth regulants general ZDith
Plant Growth Regulant Type B12-P05 Herbicide(total and general) Z Dt
B12-P06 Herbicide(selective) Z D4t




