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Introduction

Research　obj　ectives

The　i皿ovation　policy　has　recently　become　one　of　the　most　important　agenda　in．　many

developed　and　developing　countries，　and　one　can　see　a　growing　public　and　academic　interest　in

the　hmovation　systems　and　programs．　In　Japan，　comprehensive　i皿ovation　policy　began　with

the　enactment　of　Science　and　Technology　Basic　Law　in　1995，　and　40　trillion　yen　had　been

血vested　to　R＆D　activities　betWeen　1995　and　2005　by　the　govemment．

　　　This　paper　examines　robot　technology（RT）i血Japan，　which　is　one　of　the　prioritized　field　in

the　Science　and　Technology　Basic　Plan，　as　a　case　study　to　analyze㎞ovation　system　and

policies．　The　questions　that　the　paper　attempts　to　answer　are　as　follows．

1）

2）

3）

What　are　the　characteristics　of　innovation　activities　in　this　industry？

Does　market　failure　exist　in　this　industry？If　so，　what　is　the　source　of　market　failure　and

how　can　it　be　solved？

How　can　the　govemment　policies　and　supports　this　industry　be　evaluated？

To　answer　these　questions，　this　paper　fmst　qualhatively　analyzes　robot　technology　and　indicates

that　the　lack　of　co叩oration　among　f㎞s　in　R＆D　is　a　bottleneck　to　the　deveIopment　and　the

promotion　of　inter－firm　collaboration　is　a　key　to　the　development（Chapter　1）．　Based　on　the

analysis　of　C畑pter　1，　Chapter　2　quantitatively　examines　the　sta加s　of　inter－flrm　R＆D

collaboration　of　RT　in　Japan　by　utilizmg　patents　data．　Chapter　30f　this　paper」血t㎜，　evaluates

the　RT－related　govemment　sponsored　R＆D　consortia　in　Japan，　which　is　the　maj　or　policy

instmment　to　this　industry．

Plan　of　this　paper　and　the　background　of　the　analysis

This　paper　examines　characteristics　of　innovation　activities　in　RT　and　in　tum　empirically

analyzes　collaborative　R＆D　and　govemment　sponsored　R＆D　consoHia血Ja卿．　These　topics

have　been　analyzed　extensively　hl　the　ec皿omic　literature，　but　were　examined　hldependently

without　clear　indication　of　their　relation．　This　paper　systematically　analyzes　these　su句ects　and

a仕empts　to　contribute　to皿derstanding血e　problems　of　imovation　and也e　role　of　govemment

り　　　　　　　

1n　lnnovatlon．

　　　Chapter　l　of　this　paper　qualitatively　analyzes　the　robot　technology　based　on　the　viewpoint

也at　there　is　signi血cant　variety　in　technology　on　whic“㎜s　and　indusロy　are　depended．　A

comprehensive　framework　that　examines　the　variety　in　technology　among　sectors　was　first

suggested　by　Pavitt（1984）．　B　ased　on　the　concept　of　technological　t間ectories，　which　was　first

introduced　by　Nelson　and　Winter（1977）amd　extended　by　Dosi（1982），　Pavitt（1984）classi丘ed

ihdustry　sectors　by　the　determinants　of　tec㎞ological　changes　and　proposed　five　major

1



technologica1　traj　ectories．　Martin　and　Scott（2000）extended　the丘amework　of　Pavitt（1984）and

developed　typology　of　hmovation　modes，　sectoral元nnovation　failures，　and　policy　responses．

　　　The　analysis　of　this　chapter　indicates　that　the　possible　source　of　innovation　failure　in　RT

comes丘om　its　complexity　in　tec㎞010gy．　B　ased　on　the丘amework　of　Martin　and　Scott（2000），

it　is　suggested　that　the　promotion　of　R＆D　collaboration　among丘㎜s　is　a　key　to　the

development　of　this　industry．　In　Chapter　1，　it　is　also　argued　there　is　not　enough　inter－fum

collaboration　hl　RT　in　Japan　and　the　colIaboration　among　flrms　should　be　encouraged　fbr　the

development　of　this　industry．

　　　Recent　work　of　Malerba（2004）provides鋤other丘amework　to　look　at㎞ovation　in　sectors．

Malerba（2004）suggestS　a　sectoアα1聯彪ms　ofinnovationframework　which　are　affected　by　three

main　building　blocks（㎞owledge　and　technologies，　actors　and　networks，　institUtions）and

analyzed　the　six　main　sectors　in　Europe　based　on　this丘amework．　An　important　featUre　of　this

framework　is　the　inclusion　ofthe　netWork　of　non－fum　agents　and　the　role　of　institUtion（such　as

norms，　routmes，　rules），　which　had　not　been　paid　much　attention　hl　the　economic　literature．　The

concept　of　sectora1　Syste〃2ぷ々〆innov励ion，　he　claims，　plays　important　role　in　the　relation　with

national　institutions　as　national　institutions　have　different　effectS　in　different　sectors．　The

analysis　based　on　sectoral　systems，　thus，　complements　other　concepts　such　as　national　Systems

qブinnovation　and　teehnolog『cal　OP～ste〃zs．

　　　　Based　on　the　analysis　of　Chapter　1，　Chapter　2　emp口元cally　examines　the　status　of　inter－flrm

R＆D　collaboration　of　RT　in　Japani　One　can　see　a　remarkable　increase　in　the　empirical　literature

on　R＆D　collaboration　in　tl　te　recent　years　as　the　importance　of　this　topic　has　been　recognizedi．

Most　of　the　empirical　analysis　on　R＆D　collaboratioh　a能mpts　to丘nd　one　or　both　of　the

fbllowing　issues．

－What　are　the　dete㎜inants　and　motives　fbr㎞s　to　engage　in　R＆D　collaboration？

－What　are　the　effects　of　R＆D　collaboration　to　participating　firms？

The　analysis　of　Chapter　20f　this　paper　also　tries　to　answer　these　questions　by　utilizhlg　the

patents　data．

　　　One　important　reason　to　analyze　RT　is　the　fact　that　there　are　very　few　empirica1　studies　that

analyzed　robot　industry　as　a　case　stUdy．　The　examples　of　such　studies　include　Kondo（1990）and

Kumaresan＆Miyazaki（1999）．　Also，　Lechevalier，　lkeda，　and　Nishimura（2007）analyzed　the

status　of　R＆D　collaboration　in　RT　m　Japan．　This　paper　utiliZes　the　patents　data　in　RT　used　by

Lechevalier，　Iked隅and　Nishi血ura（2007）and　attempts　more　detailed　analysis　of　collaboration

of　RT　in　Japan　by　classifying　various　types　of　R＆D　collaboration．　Analysis　of　Chapter　2　shows

that　half　of　the　inter－fmn　R＆D　collaboration　in　RT　have　been　conducted　within　the　group　fums

1For七he　Survey　of　theoretical　and　empirica1　literature　on　R＆D　collaboration，　see　Hadedoon　et　a1．

（2000）．
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and　this　type　of　collaboration　do　not　exert　positive　effects　on　the　productivity　of　participating

firms．　Also，　R＆D　collaboration　with　firms　which　are　outSide　of　group　have　positive　effects　on

the　productivity　of　pa託icipating　firms，　but　the　rivalry　among　firms　and　existence　of　transaction

costs　hinder　the　realization　of　R＆D　collaboration　of血is　type．

　　　Chapter　30f面s　paper　in　tUrn　empirically　evaluates　RT－related　gove㎜ent　sponsored　R＆D

consortia　in　Japan，　which　is　the　maj　or　policy　instrument　to　this　industry．　There　are　a　number　of

empirical　stUdies　that　evaluate　the　govemment　sponsored　R＆D　co輌a．　Most　of也ese　s加dies

are，　however，　the　case　stUdies皿1imited　numl）er　of　pr（6　ects．　The　examples　of　such　case　studies

include　the　research　on　SEMATCH　pr（）j　ect　of　semiconductor　in　the　US（lrwin　and　Kehlow　1996，・

Link　et　al　1996）and　fif也generation　computer　prqi　ect（Odag辻i　et　al．1997）2．

　　　There　are　a　very　few　studies　that　empirically　analyze　this　problem　using　a　relatively

comprehensive　dataset．　An　example　of　such　studies　is　Branstetter　and　S　akakibara（1998），　which

uses　a　sample　of　145　govemment－sponsored　R＆D　consortia　in　Japan　to　examine　the　effects　of

participation　to　the　consortia　on　the　level　of　research　expenditしure　and　research　productivi‡y　of

firms．　Lechevalier，　Ikeda，　and　Nishimura（2008）extend　the　empirical　study　of　Branstetter　and

Sakakibara（1998）．　They　consider也at　government　sponsored　consortia　is　one　form　of　R＆D

collaboration　and　analyzed　the　effects　of　govemment　spornsored　R＆D　consortia　by　compa血g

market－coordinated　R＆D　collaboration（inter－fmn　collaborative　R＆D）and　government－

coordi疏d　R＆D　collaboration（govemment　sponsored　research　consortia）．　The　analysis　of

Chapter　30f　this　paper　utilizes　the　viewpoint　that　Lechevalier，　Iked4　and　Nishimura（2008）

proposed　and　shows也at　government　appear　to　have　played　the　role　of　coordinator，　helping　to

realize　such　R＆D　collaboration　that　cannot　be皿dertaken　in　the　market　but　that　have　significant

effects　o血research　productivity．

　　　　　The　fmal　section　gives　the　summary　of　this　paper．　An　importa血t　feature　of　this　paper　is

the　systematic　analysis　fbr　the　sectoral　characteristics　in　irmovation，　collaborative　R＆D，　and

gove㎜ent　sponsored　consonia　m　the飼d　of　I口．　A　motive　for　the　research　comes丘om　the

viewpoint　that　the　sources　of　innovation　failure　are　different　among血dustrial　sector．　The

evaluation　of　govemment　policy　should　reflect　this　fact　as血e　expected　role　of　govemment　is

also　different　among　industrial　sectors．　The　results　of　the　analysis　in　this　paper　can　be

summarized　as　fbllows．　Where　inter－fu　n　collaboration　is　required　in　imovation　but　the

coUaboration　is　hindered　by　rivalry　among」日rms　and　transaction　costs，　the　active　involvement

of也e　gove㎜斑t　as　a　coordinator　to　conduct　1arge　scale　proj　ects　is　necessary．

2　See　Okada（2006）for血e　survey　of　case　stUdies　of　govemment　R＆D　proj　ectS．　Also，姐he　survey　of　empnical

s加dies　on　government　R＆D　pr句ect，　see　David　et　aL（2000）．
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　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　Chapter　1：

Market　failures　in　innovati皿and　the　case　study　of　robot　technology

This　chapter　attempts　to　qualitatively　analyze　robot　technology（RT）in　Japan　and　propose

policies　that　are　apPropriate　to　the　current　status　of　technology　and　businesses　in　the　robot

industry　in　Japan・In　order　to　achieve　this　obj　ective，　this　chapter　frrst　review　theories　on　market

failures　in　i皿ovation　which　justifies　the　govemment　involvement　in　innovation．　Then，　it

analyzes　the　technological　characteristics　of　RT　and　gives　the　policy　implication　based　on　it．

　　　Analysis　of　this　chapter　clarifies　that　an㎞por㎞t　feature　of　RT　is　its　complexity，　and　the

development　of　robots　requires　highly　specialized　t㏄㎞ologies　in　various　fields．　This　implies

that　the　collaboration　artd　cooperation　are　important　for　the　development　of　the　industry　and　the

policy　should　be　directed　to　promote　the　collaboration　among　fwnis．

　　　The　subsequent　sections　of　this　chapter　are　organiZed　as　fbllows．　Section　l　provides　a

theoretical　overview　on　market　failures　in　ir　novation，　which　gives　j　ustification　of　govemment

involvement　in　this　area　of　economic　activities，　and　discusses　policy　tools　to　correct　the　market

failures　ih　innovation・This　section　also　briefly　describes　the　hmovation　policy　in　Japan．　S　ection

2examines　the　characteristics　ofrobot　technology　based　on　the　theoretical丘amework　suggested

by　Martin　and　S　cott（2000）．　Section　3　depicts　the　recent　movements　in　robot血dustry　and　robot

technology　in　Japa血．　Section　40utlines　RT　related　public　poIicies　in　Japan．　The　f血al　section

gives　the　conclusion　ofthis　chapter

1：Theoretical　review　on　the　role　of　government　to　innovation

1－1：Market制ure　in　innovation　and　the　mles　of　govemment

One　can　see　the　recent　increase　in　public　attention　to　the　policies　toward　science　and

technologies　alld　the　increase　of　govemment血volvement　in　promoting㎞ovation　activities　in

m孤ycoun廿ies．　Theoretically，　government血volvemenぬeconomic　activities　is　justi丘ed　as　a

correction　to　various　market　failures．　Market　failures　in　innovation　processes　involve　various

kinds　of　market　failures　such　as　public　goods，　extemalities，　and　risks（Uekusa，2006）．

　　　Goods　that　are　nonrivlrous　and　unexcludable　are　called　public　goods．　Ideas，　which　are

necessary　elements　of　teclnology，　are　inherently　nonrivalrous　and　at　least　partially　excludable

（Romer，1990）．　This　implies　that　technologies　have　important　characteristics　of　public　goods．

Also，　some　knowledge孤d　technologies　not　only　impact　one　sector　of　the　economy　but　also

exert　significant　extemalities　to　other　sectors　or　the　whole　economy．　hl　that　case　the　social

benefit　of　inllovation　is　much　greater　than　private　benefit　accrued　by　the　tmovation．

Fu血e㎜ore，　incentive　for　innovation　is　reduced　by　the　risks血at　involve　it（Uekusa，2006）．

4



9

　　　Because　of　the　existence　of　these　market　failures，　there　is　no　guarantee　that　market

economy　produces　socially　optim㎜level　of㎞ov鉱ion　activities，　and　govemment　can　play　a

role　hl　correcting　these　market　failures　by　supPorthlg　R＆D　activities．　The　policy　methods　to

support　R＆D　activities　can　take　two　approaches．　One　approach　is　to　encourage　public　R＆D

activities　thorough　public　research　institutions　and　universities．　The　other　is　to　promote　R＆D血

private　institUtions　through　tax　credits，　subsidies，　and　government　sponsored　cooperative　R＆D．

　　　David　et　al．（2000）points　o砿that　there　are加portant　differences　am皿g　these　policy　tools

in　their　economic　impacts．　While　tax　credits　directly　reduce　the　marginal　cost　of　R＆D，

sul）sidies　raises　the　marginal　retum　on　R＆D．　There　is　no　crowdi血9－out　effect　ofboth　tax　credits

and　subsidies　on　industrial　R＆D．　Government　sponsored　cooperative　R＆D，　however，　have也e

crowding　out　effect　of　private　R＆D　in　case　of　inelastic　supply　of　the　inputs　fbr　R＆D（David

and　Hall，2000）．

1－2：Innovation　policy　in　Japan

Comprehensive註movation　policy　in　Japan　has　sta【ted　with　the　enactment　of　Science　and

Teclmology　B　asic　Law　in　1995．　Since　then，　Science　and　Tech血ology　Plan　has　been　implemented

every丘ve　years．　Wi也蹴rst　Basic　Pl孤（1996－2000），也e　govemment　expenditure　on　R＆D

has　increased　to　17trillion　ye11（kl　five　years），　and　the　plan　attempted　to　achieve　such　targets　as

the　increase　in　post－doctoral劔lows，　promotion　of　mdus呼academia－govermment　collaboration，

and　implementation　of　evaluation　systems．　In　2001，　Counci1　for　S　cience　and　Technology　Policy

（CSTP）was　established　in　the　Cabinet　Office．　The　CSTP　has　played　a　coordinating　role　among

the　ministries　in　the　science　and　technology　policies．　The　second　Basic　Plan（2001－2006）

selected　life　science，　IT，　environmenta1　science，　and　nano－technology　as　primary　prioritized

areas　and　budgeted　24　trillion　Yen　in　five　years．　The　third　Basic　Plan　was　started　to　be

implemented　iI12006．　It　budgeted　25　Uillion　yen　in　five　years　artd　selected　secondary　prioritized

areas（energy～MONOZUKURI　technology，　infrastructure，　outer　space　and　oceans）as　well　as

primary　prioritized　areas　listed　above．　The　target　of　the　third　plan　include　the　expansion　of

opportしmities　of　female　researchers，　increase　th．e　attractiveness　to　work　hl　Japan　fbr　fbreign

researchers，　and　the　promotion　ofregional　innovation　activities　c皿ducted　by　local　universities．

　　　Along　with　the　vadous　policy　measures　that　are　associated　with　the　Basic　Plans，　there　are　a

couple　of　policies　which　worth　mentioning．　Firsちthere　are　several　tax　incentives　fbr　experiment

researches．　In　2003，　special　tax　deduction　scheme　for　experimental　research（allowing　firms　to

deduct　8－10％of　experimental　research　spending）was　established．　Also，　even　higher　tax

deduction　is　allowed　fbr　SMEs，　fbr　IT　related　researches，　and　the　collaborative　researches

among　universities，　govemments，孤d㎞s．

　　　Moreover，　in　1998，　Japanese　Small　Business　Innovation　Research（SBIR）was　enacted．　It
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allowed　ministries　to　provide　subsidy　to　promote　i　lovation　of　SMEs．　Furtihermore，　various

measures　to　encourage　the　collaboration　betWeen　universities　and　firms　such　as　’IILO　act　and

Japanese　Bayh－Dole　act　have　been　enacted　since　1998．

2：Sectoral　difference　in　innovation

2－1：Theoretica1　review

Section　l　of　this　chapter　formulates　the　theoretical　explanation　to　the　govemment　involvement

to　i㎜ovation丘om　the　neoclassical　point　of　view．　As　early　as　1980s，　however，　there　was　a　wide

range　of　diss　atisfaction　to　the　representation　of　technological　change　in　the　neo－classical

economic　model．　One　of　such　dissatisfaction　comes　from　the　fact　that’　the　neo－classical　model

飴ils　to　capture　the　considerable　variety　in　innovation　process　which　was　revealed　by　empirical

studies（Nelson　1981，　Rosenberg　1982）．　since　then，　a　number　of　industrial　economists　have

tried　to　generalize　sectoral　pattems　of　imovation．　The　analysis　of　Sherer（1982）was　one

earliest　attempt　of　such　generalization．　He　looked　at　the　generation　and　use　of　patents　and

constructed　an　intersectora1　matrix　of　the　origin　and　use　of　R＆D　in　the　U．S　economy．

　　　It　is，　however，　the　work　of　Pavitt（1984）which　first　present　a　comprehensive丘amework　of

the　diversity　of丘movation　process．　An　important　fea］tUre　of　the　analysis　of　Pavitt（1984）is　the

utilization　of　the　notion　of‘冠echnological　traj　ectories”which　was丘rst　proposed　by　Nelson　and

Wihter（1977）and　elaborated　by　Dosi（1982）．　According　to　Dosi（1982），　a　technological

t司ectoly　is‘篭he　pattern　of　normal　problem　solving　activity（i．e．　of　progress）on　the　ground　of　a

technological　paradigm”，　where　technological　paradigm　is　defmed　as“model　and　a　pattem　of

solution　of　selected　technological　problems”．　Pavitt（1982）　uses　the　data　on　about　2000

significant　innovations　in　Britain　since　1945　and　classified　them　into　fbur　groups（science　based，

supplier　dominated，　scale　intensive，　specialized　intensive）based　on　the　determinants　of

technological　tr勾ectories．

　　　Martin　and　S　cott（2000）extended　the　analysis　of　Pavitt（1982）and　developed　a　typology　of

i皿ovation　modes，　sectoral　i　novation　failures，　and　policy　responses（Table　1－1）．　A　significance

of　their　analysis　is　the　combination　the丘amework　of　Pavitt（1982）and　the　n．otions　of　market

飽ilures　in　innovation　which　is　articulated　in　the　neo－classical　economic　theories．　The　analysis

of　the　fbllowing　sections　of　this　chapter　is　based　on　the丘amework　suggested　by　Martin　and

Scott（2000）．

2・・2：Characteristics　of　innovation　in　RT

　　　One　important　feature　of　the　development　of　robots　is　its　complexity．　It　involves　various

kinds　of　highly　specialized　technology　such　as　censor，　powertrain，　intelligence，　and　control

technQlogies　which　are　the　obj　ects　ofvarious　i　ldustries．　Thus，　any　shlgle　company　is　not
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Table　H：Innovation　modes，　sources　of　s　ectoral　innovation　failure，　and　policy　responses

Source二Martin　and　S　cott（2000）

Main　Mode　of Sources　of　sectoraI

innovation innovation　fらilure
Typical　sectors Policy　instmment

F血a血cial　market

tranSaCtiOnS　COSt　faC丘19 SupPort　fbr　venture

1）
Development　of　inputs

?b秩@ushlg　industries

SMEs；risk　associated　with

唐狽≠獅р≠窒р刀@fbmew
Software，　equipmenち

｡ms㎞ments

capital　markets；

b窒奄р№奄獅〟@institutions

tec㎞ology；limited to　facilitate　standards

apPropriability　of　generic adoption

tec㎞ologies

2）

ApPlication　of　inputs

р?魔?撃盾垂?п@in　supPlyhlg

奄獅р浮唐狽窒奄?

Small　firm　size，　large

??狽?高≠戟@benefits；1imited

≠垂oropriability

Agriculture，1ight

奄獅р浮唐狽窒

Low－tech　bridging

奄獅rtitutiOnS　tO

?≠モ奄撃奄狽≠狽?@technology

狽窒≠獅ksfbr

R＆Dcooperation，

3）
Development　of

モ盾高垂撃??@systems

High　cost，亘sL　limited

≠垂oropriability
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capable　of　dealing　with　al1　aspectS　of　robots　systems（JARA，2001）．　Similar　characteristics　can

be　fbund　ill　the　analysis　of　Wengel　and　Shapira（2004）on　the　sector　of　machine　tools－an

inportant　part　of　RT．　They　state　that　the　sectoral　scope　of㎞ovation　in　machine　tools　has　been

expanded　and　the　sectoral　system　involves　extensive丘movation　netWorkS　of　various　kinds　of

institUtions　with　complementary　skills．　This　indicates　that　the　RT　is　classified　into　the　type　3）in

the　table　1－1．　For　this　kind　of　industry，　market　failure　in　innovation　arises　because　the　R＆D

　　　ご　　　　　　　　　　　　　　　　　　　　　　　　　

pr（）j　ects　requlre　costs　and　technologies　that　cannot　be　dealt　with　by　any　single　f㎞．　Also　the

high　risk　involved　in　the　R＆D　activities　limit　expected　private　gains；thus，　the　equilibrium　leveI

ofR＆D　is　deemed　to　be　significantly　lower　than　the　socially　optimum　level．

3：0verview　of　robot　industry　and　RT　in　Japan3

The　Japanese　robot　industry　has　grown　significantly　in　the　1990s　mainly　due　to　the　boost　of

plant　and　equipment　investment　in　the　fast－9rowing　IT　industry．　JaPanese　robot　manufactures’

production　values　exceed　600　billion　Japanese　Yen　in　the　early　2000s，　ranking　the　first　in　the

world　in　production．　There　have　also　been　a　series　of　new　movemellts　in　R＆D　and　dramatic

tec㎞oIogical　advances　in　robotics　tec㎞ologies　since　the　early　1980s．　Namely，　many　fmms　have

invested　a　lot　of　effort　developing“next　generation　robots”which　consist　of　new‡ypes　of

血dustrial　robots　and　service　robots．　Service　robots　are　the　ones　that　are　used　outside　factories，

in　places　such　as　households　and　public　areas．

　　　The　leaders　in　the　development　of　new　generation　industrial　robots”are　mainly　composed

of　robot　makers　with　long　tradition．　They　include‘‘biggest　fbur”in　the　robot　industry

伍ANUC，　YasUkawa，　Kawasaki　Heavy　Industry，貢tj　ikosi），　Denso，1argest　small　type　robot

ぬker，　Mitsubishi　Electric，　and　Calmon．　Among　them，　FANUC　leads　in　the　development　of

artificial　intelligence　in　robotics，　and　several　robot　cells　that　use　its　state－of」art　intelligent　robots

are　currently　in　operation．　Yasukawa　leads　in　the　development　and　production　of　arm　robots，

and　started　to　produce　a　new　generation　industrial　robot　which　have　two　hands　and　seven　pivots

in　2006．　Also，　Canon　utilizes　its㎞owledge　in　image　processing　and　censor　as　a　precision

machinery　maker　and　has　been　conducting　researches　on　elements　technologies　of　robotics　that

can　be　apPlied　to　its　prOduction　lines．

　　　One　significant　fea加re　in　the　recent　movements　of　RT　is　the　development　of　service　robots

and　it　has　gone　hand　in　hand　with　the　entry　of　many　f壮ms　ill　various　industries　into　the　robot

industry．　Examples　are　some　electric｛卿1ia血ce　makers（such　as　S　on）5珂itsu，　NEC，　Matsushita，

Omron），　automotive　makers（such　as　Honda　and　Tbyota），　general　machinery　makers（such　as

Fuj　i　HeaVy　lndustries　and　Mitsubishi　HeaVy　lndustries），　securities　companies（such　as　SECOM

3
　This　section　is　based　on　Lechevalier，　lked4　and　Nishimura（2007），　JARA（2001），　and　Ishihara　and　Gonaikawa

（2007）．
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and　ALSOK），　and　ven加re　fmms　that　specialiZe・　in　RT（such　as　Tmsuk，　Viston，　and　ZMP）．　There

are　a　number　of　service　robotS　which　have　been　put　into　the　markets．　They　include　business－use

cleaning　robot，“RF　S”，　by　Fuj　i　HeaVy　lndustry，　home　robot，“Wakamaru”，　by　Mitsubishi　Heavy

Industry，　hobby　robot‘‘Tetsuj　inラ’by　Viston，　and　reception　robot，‘‘Ridic”，　by　Tmsuk．

　　　In　spite　of　the　considerable　effbrts　of　these㎞s　of　R＆D　on　service　robots，　they　are　still　at

the　dawn　of　market　cultivation　and　there　is　not　such　robot　that　is　successfUl　on　the　market　where

AIB　O　by　Sony　is　an　exception．　Indeed，　many　point　out　that　the　lack　of　cooperation　among　firms

is　a　maj　or　bottleneck　fbr　the　development　in　RT．4　Lechevalier，　Iked隅and　Nishimura（2007）

empirically　analyzed　the　condition　of　R＆D　collaboration　in　RT　in　Japan　and丘nds　that　the　Ievel

of　collaboration　is　quite　low　even　though　the　engagement　in　R＆D　collaboration　has　positive

impact　on　flrms’research　productivity．　During　the　interviews　we　conducted　wi也anumber　of

related　firms，　most　of　the　interviewees　claim　that　there　is　less　collaboration　in　R＆D　among

fhms　than　there　should　be．　Thus，　it　is　clear　that　the　current　status　of　RT　in　Japan　is　characterized

as　a　low　degree’　of　collaboration　and　the　collaboratioll　among　firms　should　be　encouraged　fbr

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　■

the　development　of　this　industry．

4：Public　po血cies　in　the　field　of　robot　technology

The　new　development　in　the　R＆D　activities　of‘『next　generation　robots”has　attracted　a　great

deal　ofpUblic　attention，　and　a　number　of　central　and　local　govemments　have　been　involved　wi血

supporting　this　industry．　The　public　involvements皿RT　have　been　extended　to　the　domain　of

various　minis仕ies　in也e　central　government．　However，　only　the　Minis噂of　Economy，　Trade，

and　Industry（METI）and　Ministry　of　lnternal　Affairs　and　Communication（MIC）have　had

relatively　comprehensive　views　on　the　industry－wide　technological　development，　and　their

budgets　on　RT　related　pr（）j　ects　are　the　biggest　among　these　ministries．　The　involvements　of

other　ministries（Ministry　of　Educatio4，　Culture，　Sports，　S　cience｛and　Technology，　Ministry　of

Health　Labor　and　Welfare，　Ministry　of　Land，　In丘astructure　and　Transport，　Ministry　of

Agriculture，　Forestry　and　Fisheries）are　more　fbcused　on　very　specific　issues　which　relates　to

RT．

　　　The　fbllowing　parts　ofthis　secti皿briefly　describe　the　involvements　ofeach　ministry　on

RT．5

Public　policies　of　METI　on　RT

METI　has　l）een　engaged　in　the　RT　related　commissioned　R＆D　proj　ects　since　the　early　1980s，

and　most　of　the　such　pr（）j　ects　are　carried　out　l）y　its　R＆D　agency，　NEDO．　By　the　late　1990，

4
　This　kind　of　claim　can　be　fbund　ill　JARA（2001），　Tanie（2004），　and　Nakayama（2006）

5　Th・f・ll・醜剛・・f也i・・ecti・n　i土・d・nLech・v由i，，，　lk，d。，　and・Ni、him頑2008）血d　K孤、ai」i、ed、i　R。b。t

Suishin　Kaigi（2006）．
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METI　had　not　have　a　general　strategy　on　the　development　of　the　industry，　and　the　topics　of　RT

related　pr（）j　ects　of　NEDO　in　the　1980s　and　1990s　were　fbcused　to　very　specific　fields．　These

pr（）jects　include“Robot　fbr　Hazardous　Zone”（1983－1991），“R＆D　on　the　Micromachine

Technology”（1991－2000），“Mobile　Meal　Delivery　Robot　fbr　Aged　and　Disabled　People”

（1995－1999），“The　Surgery　Support　System　for　Bra血Tumors”（1998－2000）．

　　　In　1998，　NEDO　started　to　ca1Ty　out　the　Humanoid　Robotics　Pr（）ject（HRP）．　HRP　pr（）j　ect

was　the丘rst　pr（）j　ect　which　had　an　industry－wide　strategic　view，　and　the　pr（）j　ectS　was　aimed　at

developing　humanoid　robots，　which　was　thought　to　bring　about　a　significant　technological

breakthrough　and　variOus　commercial　applications．　Various　ma皿facturing㎞s　participated　to

this　pr（）j　ect，　mcluding　Honda　which　was　considered　to　be　the　leading　f㎞in　this　field．　The

achievements　of　the　pr（｝j　ects　include　the　development　of　a　comprehensive　hardware（HRP－2）

and　comprehensive　software（OpenHRP）．　Howeveちit　ac加ally　did　not　generate　any　commercial

outcomes．　S　ome　critic靴ze　that　the　goal　of　the　pr（）j　ect　was　too　vague　without　any　clear　views　on

co皿ecting　to　the　R＆D　to　commercial　applicati皿s．

　　　Since　the　early　2000s，　METI　s皿ted　to　formulate血e　comprehensive　s仕ategy　for　the

promotion　of　rol）otics　research，　and　the　implementation　of　post－HRP　pr（）j　ectS　has　re且ected　the

criticism　on　the　HRP　pr（）j　ect　and　was　more　focused　on　problem　solving　and　on　practical　uses　of

robot　technologies．　In　2002，　the　21st　Century　Robot　Challenge　Program　was　established．　It

connected　all　the　related　robot　proj　ects，　and　its　ma輌ective　is　to　research　on　the　common　and

basic　teclmologies　necessary　for　the　development　of　robots．

　　　In　2003，血e鉦st　meetmg　of　Robot　Wsion　KONDA㎜（committee）was　held，　where

important　figures　in　the　academics　and　businesses　discuss　the　problems　they　faced．6　The

committee　pub　lished　a　report　in　2004，　and　the　report　indicated　some　pointS　that　the　govemment

should　fbllow　fbr　the　development　of　the　industry．　These　points　include　the　promotion　of

collaboration　among　firms　and皿iversities　to　complement’ 狽?モ?獅盾撃盾№奄?刀C　the　supPort　fbr　the

modulerizaion　and　standardization　of　teclmologies，　and　to　build　up　the　safety　standard　fo’r　the

uses　of　rol）ots．　In　2006，　METI　proposed　New　Industries　Creation　Strategy（NICS），　and　RT　was

selected　as　one　of　the　priority　industry．　The　recent　RT　pr（）j　ects　have　been　implemented　based　on

the　proposals　of血e　Qommittee　reports　and　the　abtion　plan　in　the　NICS，　and　the　themes　of　the

pr（）j　ects　are　grouped　into　systematization　technology，　base　technology，　and　elements　technology，

and　the　targets　of　each　theme　a血d　the　relation　between　them　is　clearly　specified．

　　　Also，　subsidies　have　been　provided　to　several　RT　related　ventures　companies　and　SMEs

血ough　NEDO　and　Development　Bahk　of　Japan．

6　Another　co皿mi七tee　for　the　RT　related　project（Robot　Pohcy孤㎜㎜）was　estab五shed　in　2005．
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Public　policies　by　MIC．

MIC　has　been　supPorti血g　the　development　of　network　robots，　which　uses　co㎜皿ication　and

netWork　technologies．　As　it　has　overall　responsibilities　on　communication　related　policies，　M［C

is　the　sole　adm麺s廿ator　for　the　policies　for　the　network　robots　at　the　central　govemment　level．

The　public　policies　on　network　robot丘rst　appeared　in　the　R＆D　proj　ects　on　the　NetWork　Human

Interface（NHI），　and‘‘Network　Rol）ot　where　Ubiquitous　Network　Tec㎞010gies　and　Rol）ot

Technologies”was　carried　out　between　2004　and　2008　as　one　topic　of　NHI　pr（蓼ects．　This　was　a

commissioned　R＆D　proj　ect，頗d　its倣get　is　to　establish　the　necessary　component　technology　to

materialize　network　robot．　The　pr（蓼ect　was　carried　out　1）y　National　lnStitUte　of　lnformation　and

Communications　Technology（MCT），　an　incorporated　administrative　agency　of　MIC．

　　　MIC　also　conducted　an　empirical　test　on　network　robot　in　cooperation　with　electric　f辻ms　at

the　2006　CEATEC（Combined　EXhibition　of　AdvanCed　Technologies）．　Furthemlore，　M【C　has

been　working　with　NetWork　Robot　Forum　on　the　standardization　of　technology　in　the　field　of

network　robots．

Public　policies　by　MExT（Ministly　of　Education，　Culture，　Sports，　Science　and

Technology）．

MEXT　fUnded　two　RT　related　pr（）j　ects：‘‘MEXT　Special　Pr（）j　ect　fbr　Earthquake　Disaster

Mitigation　in　Urban　Area”（DDT　Pr（）j　ect）and“Bio－Mimetic　Control　Research”．　DDT　Pr（｝j　ect　is

a　commissioned　R＆D　to　rese肛ch血e　disaster　mitigation　m励皿雛ea，　and　One　of　its　programs

includes　robotics　related　technology．　This　program　was　administrated　by　an　NGO，　IRS，　and　is

carried　out　between　2002　and　2007．　Bio－Mimetic　Control　Research　was　conducted　by　Riken，　an

Independent　Administrative　Institution（IAI）subordinated　to　MEXT．　The　pr（）j　ect　aims　to　create

advanced　engineering　systems　such　as　soft　human　interactive　robot．　Also，　some　RT　related

small　research　program　has　been　fi　nded　through　JST，　a　pr（）j　ect－oriented　fUnding　agency（IAI）

under　MEXT．

Public　proj　ects　by　other　ministries

Minist【y　of　Land　In丘astructure　and　Transport　has　carried　out　two　pr（）jects　involved　robotics

technologies　in　the五elds　of　construction　and　infrastmcture　building．　These　two　proj　ects　are

“The　Development　of　IT　Constnlctioll　System　by　Robotics”and“The　Research　on　the

Operation　and　Surveillance　by　Underwater　Robots”．　Mhlistry　of　Health，　Labour　and　Welfare

（N旺LW）fUnded　a　research　grant，“R＆D　fbr　Human　Body　Analysis，　Supporちand　Substitution

Instrument，’（2003－2008）．　The　aim　of　the　pr（）j　eCt　is　to　promote　the　new　medical　instruments　to

substitute　and　support　human　body．　The　Ministry　of　Agriculture，　Forestry　and　Fisheries（MAFF）

五mded“The　Emergent　Development　of　Next　Generation　Agricultural　Machines　Pr（）j　ect”，　which
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ahns　to　develop　the　high　quality　agricultural　machines　that　wiU　save　energy，　cost，　and

environmenta1　damage．

Inter－ministerial　coordinatio皿and　involvement　of　the　CSTP

Like　the　other　R＆D　policies，　the　RT　related　public　policies　described　above　have　been

implemented輌ndependently　l）y　each　of　the　ministry　without　inter－ministerial　coordillation．　In

the　mid－2000s，　the　Council　fbr　Science　anポrechnology　Policy（CSTP）stalted　to　work　on

promoting　the　cooperation　among　the　ministries　in　the　important　technological　fields．　In　2004，

CSTP　adopted　“Reform　on　S　cience　and　Technology　related　budget　for　fiscal　year　2005”．　B　ased

on　this　plan，　it　appointed　the　coordinators　to　remove　the　dupIicated　pr（）jects　and　promote

coordination　among　policies　of　ministries　fbr　respective　technological　fields．　Next　generation

robot　was　selected　as　one　of　these　technological　fields，　and　fbur　RT　related　public　pr（）j　ects　were

carried　out　in　2004　and　2005　through　the　ftmding　of　MEXT　to　complement　the　existhユg　pr（）j　ects．

　　　CSTP　has　recently　launched　a　program　1血at　evaluates　the　teclmology　policies　of　the　various

ministries　in　the　important　technological　fields　which　inblude　RT．　The　administrative　works　fbr

this　program　is　commissioned　to　JST，　and　the　coordination　program　for　RT　is　led　by　Dr．　Kazuo

Tanie．

5：Summary
This　chapter　exarn血ed　the　rQbot　technology（RT）皿d　RT－related　govemment　policies　in　Ja卿

by　closely　looking　at　the　market　failures　in口movation　of　this　industry．　An㎞portant

characteristic　of　RT　is　its　complexity．　The　source　of　inmovation　failure　in　this　indust【y　is　likely

to　be　resulted丘om　the　fact　that　R＆D　pr（）j　ects　require　costs　and　technologies　that　ca皿ot　be

dealt　with　by　any　single丘㎜and　the　high　risk　involves血R＆D．　According　to　the丘amework　of

Martin　and　Scott（2000），　the　most　ef民ctive　way　to　solve　this　market　failure　is　to　promote　R＆D

collaboration　among　fu　ls．　The　current　status　of　RT姐Japan，　however，　is　characterized　as　a　Iow

degree　of　collaboration．

　　　The　policy　ins血ments　to　support　this血dustry　m　Japan　hlclude　the　tax　incentive　fbr　S唖s

and　formation　of　a　committee（舵晦醐，　however血e　maj　or　public　support　for　RT　is

materialized　in　the　form　of　govemment　sponsored　R＆D　consortia．　It　is　obvious　that　the　maj　or

figしロes　and　policy　maker　recognized　nature　of　RT　discussed　in　the　preceding　section（complex

system　that　require　various　specific　tec㎞010gies　and　the　development　involve　high　cost　and

risk）and血e　implementation　of　these　consonia　was　an　attempt　by　the　government　to　mitigate

the　market　failure　in　inmovation　of　this　sector7．　As　R＆D　collaboration　is　an　important　issue　fbr

7Many　RT－related　comrnittee　reports　states　the　needs　for　various　types　of　collaboration　in　R＆D　such　as　the

collaboration　with　systems㎞tegrators，　parts　makers，　and　users　and　also　the　collaboration　with　universities．　These
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the　development　of　robot　industry　and　govemment　has　been　actively　involved　with　supporting

this垣dus輌也e　form　of　govemment　research　consortia，　RT　should　provides　a　very　valuable

case　stUdy　for　collaborative　R＆D姐d血e　issue　ofthe　govemmentうs　role血hmovation．

claims　have　been　reflected　to　the　implementation　of鯉related　pr（）j　ectS　of　METI．
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Chapter　2：Empirical　studies　on　R＆D　coUalboration　in　RT　in　Japan

The　analysis　of　previous　chapter　of　indicates　that　the　promotion　of　R＆D　collaboratioll　as　a　key

to　the　development　of　robot　industry．　This　chapter　in　tum　empirically　analyzes　collabor就ive

R＆D　in　robot　industry　in　Japan．　An　important　fea加re　of　the　empirical　analysis　of　this　chapter　is

the　consideration　for　the　difference　in　the　benefits　and　determinants　for　R＆D　collaboration

among　the　types　of　pa血ers．

　　　Economic　literatUre　has　indicated　several　factors　that　lead　to　the　heterogeneity　in　the

benefits　of　R＆D　collaboration　depending　oll　the　type　of　partner．　For　example，　Katz（1986）

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ミ
states　that，　if　a　fiml　tries　to　conduct　R＆D　collaboration　with　a　partner　that　competes　in　the

market，　part　of　the　rent　bom　out　of　the　collaborative　R＆D　can　be　lost　in　the　subsequent　Market

competition．　This　fbllows　the　argument　that　benefits　of　horizontal　cooperation（cooperation

between　competing　finns）are　vitiated　by　the　ex　post　market　competition，　while　there　is　no　such

detrimental　effect　for　vertical　cooperation（cooperation　with　suppliers　or　customers）（De　Bondt

et　at．，1992）．　The　same　logic　can　be　applied　to　inter－industry　cooperation　versus　intra－industry

cooperation（Steurs，1995）．　Another　important　factor　would　be　transaction　costs．　Where

皿certainty　over　specifying｛amd　monitoring　performance　of　pa血er　is　higheち㎞s　will飽ce

higher　oppo血mistic　risk　when　they　are　engaged　in　collaborative　R＆D．　In－house　R＆D　tends　to

be　more　advantageous　in　this　case．　These　transaction　costs　are　likely　to　be　lower　fbr　the

collaboration　among　the丘mls　with　close　relations　such　as　those　with　af鼠liated　f㎞s．

　　　Even　though　a　large　volume　of　theoretical　litera加re　has　been　developed　on　this　subj　ect　so

far，　most　ofthe　empirical　stUdies　on　R＆D　collaboration　do　not　distinguish　R＆D　cooperation　by

type　of　partner．　The　exceptions　to　this　include　Leiponen（2001），　who　distingUishes　R＆D

cooperation　with　competitors，　customers，　suppliers，　and　universities　using　1997　CIS　data　fbr

Finnish　manufacturing　fums，　and　B　elderbos　et　al．（2004），　who　differentiate　these　four　types　of

cooperative　partners　using　survey　data　of　Dutch　fums．

　　　The　chapter　examines　the　heterogeneity　in　R＆D　collaboration　by　differentiating　types　of

collaboration（in・・group，　non－group，　inter－industry，　and　intra－industry　collaboration）．8　1n－group

collaboration　represents　the　collaboration　among　the　firms　in　the　same　company　group，　and

non－group、collaboration　represents　coIlaboration　with　firms　which　are　outside　of　the　group．　The

analysis　based　on　this　categorization　make　it　possible　to　see　the　effects　of　market　competition

and　transaction　costs　described　above　on　collaborative　R＆D　among丘ロns．

8Another　important　distinction　is　differentiation　of　the　collaboration　with　firm，　university，　and　public　institution．　Yet

this　paper　focuses　on　inter－firm　collaboration　and　does　not　consider　the　collaboration　with　university　and　public

　institUtion．　For　the　investigation　on　this　topic，　see　Lechevalier，　lkeda　and　Nishimura（2007）．
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　　　While　most　of　previous　studies　use　questionnaire　survey　data，　which　inevitably　encounter

the　problem　of　sampling　biases，　I　use　patent　data　fbr　empirical　tests．　As　the　patent　data　colltains

data　on　smaller　f㎞s，　so　the　sample　is　less　biased　than　questio皿aire　surveys　in　terms　of　the

size　of　insti加tions．　Moreover，　patent　data　contain　i㎡formation　such　as　the　number　of　claims，

citations，　inventors，　and　technological　fields，　which　can　l）e　used　as　indicators　of　the　quality　of

the　R＆D．　This　makes　it　possible　to　measure　the　benefits　of　collaboration　as　well　as　the

determinants　for　collaboration，　while　the　previous　studies　investigate　only　one　of　the　two　issues

at　a　time．9

　　　Tl　te　subsequent　sections　are　organized　as　follows．　S　ection　l　descril）es　the　dataset．　Section　2

empirically　analyzes　the　benefits　of　collaborative　research　distillguishing　the　type　of

collaboration．　Section　3　examines　the　motives　and　determinants　for　firms　to　engage　in　R＆D

collaboration．

　　　This　study　shows　that　the　benefits　of　and　determinants　fbr　R＆D　collaboration　differ

significantly　across　types　of　partner．　One　finding　is　that　transaction　costs　which　relate　to

appropriability　play　an　important　factor　fbr　non－group　collaboration　but　do　not　affect　the

in－group　collaboration．　This　implies　that　the　l）oundar元es　of　firms　within　a　group　are　not

detrimental　fbr　in－group　collaboration　in　terms　of　appropriability　and　monitoring　costs．　The

analysis　of　this　chapter　also　shows　that　in－group　R＆D　collaboration　does　not　exert　any　impact

on　research　productivity　of　participating　firms，　whereas　non－group　R＆D　collaboration　is

associated　with　higher　research　productivity　of　participating　flrms．　Within　non－group

collaborati　on，　the　impact　of　ihtra－industry　collaboration　on　research　productivity　is　greater　than

inter－industry　collaboration，　which　suggests　that　rivalry　among　participating　firm　do　not　have

negative　impact　on　the　l）enefits　of　participating　f㎞s，　contrary　to　the　prediction　of　theoretical

studies　on　R＆D　collaboration．　Even　though　intra－industry　collaboration　is　most“beneficial　to

the丘㎝s，　it　is　realized　in　only　a　few　occasions．　This　generates　imp　ortant　implication’for　the

na血e　of孤d　development　of　the　indus醇Finally，　Section　4　provides　a　summary　of　the

analysis　and　policy　implications．

1：1）ataset

The　dataset　used　in　this　chapter　is　drawn　from　two　complementary　data　sources：Industrial

Property　Digital　Library　or　IPDL　（‘‘kOho　text　kensaku”）　and　Standardized　Data

（‘‘Seiri－Hy（）jyunka　Dataっ．　The　IPDL　data　enable　us　to　clearly　classify　4　macro－and　26

micro－technological　fields　of　RT．　However，　f（）r　some　unlmown　reason，　the　JPO（Japan　Patent

Offlce）does　not　provide　information　on　6　categories（‘‘other　robots，”‘‘modular　sructures，，，

9See　Lechevalier，　Ikeda　and　Nishimura（2006）fbr　the　discussions　on　the　merits　and　demerits　of　using　patent　data　for

the　analysis　on　collaborative　R＆D．
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“attachments，，，　“control　units　operated　by　fbot，”　‘‘virtual　reality，”　and　“netWorking

technology，’）．10　Thus，　the　analysis　in　this　chapter　is　1imited　to　20　technological　fields．　Moreover，

the　IPDL　only　covers　the　patents　from　aro皿d　1991　and　does　not　contain　nformation　on

citations．　On　the　other　hand，　the　Standardized　Data　do　include　such　i皿fo頂ation．　Yet　we　cannot

clearly　identify　the　RT－related　patents，　and　it　covers　patents皿til　around　2001．TherefOre，　these

two　data　were　merged　to　get　a　more　co叫）lete　dataset　for　the　empirical　analysis　in　this　chapter．

　　　By　doing　this，16，736　patent　numbers　were　collected　through　the　IPDL（12，863　patents　of

the　total　are　matched　with　the　Standardized　Data）．　Then，　unbalanced　panel　data　Which　were

organized　by　company　and　year　were　created．11　Within　these　data，　many　firms　have　only　a

small　number　ofpatentS．　As　it　is　difficult　to　assess　the　R＆D　productivity（quality　of　patents）fbr

血ese㎞s，也e㎞s　which　have　less　th孤飾e　p劔ents　were　excluded．　In　s㎜，　our　sample

includes　316companies　and　13，711patents，12　with　a　sample　period　between　1991　and　2004．

　　　As　a　next　step，　I　identified　the　patents　that　derived　from　inter－」日rrm　collaboration　using　the

information　on　the　inventors　of　patents．　The　patents　whose　inventors　belong　to　more　than　one

are　considered　to　be　inter一丘rm　collaborative　patent．13　The　colIaborative　patent　is　used　as　proxy

to．measure　collaborative　R＆D　activity』alld　non－collaborative　patent　is　used　to　measure

in－house　R＆D　activ辻y．14

　　　These　inter－fum　collaborative　patents　are　fUrther　divided　depending　on　the　type　of　part皿ers．

The　collaborative　R＆D　between　the　fums　in　the　same　company　group　is　labeled　as　in・group

collaborative　R＆D，　while　the　collabOration　with　the㎞（s）outside　of　the　l　group　is　labeled　as

non・・group　collaborative　R＆D．15　Moreover，　within　non－group　collaborative　R＆D，　collaboration

between　the　flrms加、　the　same　industry　is　labeled　as　intra－industry　collaborative　R＆D，　and

collaboration　l）etween㎞（s）in　different　industries　is　labeled　as　inter－industry　collaborative

R＆D．16

lo　We　did　not　receive　a　satisfying　answer　f『om　the　JPO　as　to　why　they　are　not　available．　This　is　probably　due　to

identification　problems　for　these　six　technologies．

11See　Lechevalier，　Ikeda，　and　Nishimura（2007）fbr　more　details　on　the　creation　of　dataset．

12Among　these　patents，　some　patents　overlap　because　some　are　collaborative　patents．

13As　this　paper　focUses　on　the　analysis　of　inter－firm　collaboration，　the　co11aboratioll　with　university　or　public

　institution　is　not　considered　to　be　collaborative　patents．

14Pa　ents　data　are　often　used　in　many　empirical　studies　on　innovations　as　proxy　for　innovative　activities．　Howeveち

according　to　Jaffe　and　Tr司tenberg（2002），　there　are　two　types　of　limitations　in　using　them．　First，　the　range　of

patentable　innovations　constitutes　just　a　sub－set　of　all　research　outcomes：fbr　a　patent　to　be　registered，　it　is　indeed

required　to　be“noveP’，‘‘non－trivia1”and　“commercia1　application”．　Secon（L　fi㎜s　may　deliberately　choose　not　to

apply　fbr　patent　but　to　keep　it　secret．　Hence，　not　all　patentable　innovations　are　actually　patented，　because　of　this

trade－off　between　patenting　and　secrecy」

15The　definition　ofgroup　firms　varies　from　company　to　company．　lt　usuaily　includes　subsidiary　firms　and　affiliated

compallies　and　sometimes　firms　with　long－term　transaction　and　human．　I　used　this　de丘nition　because　the　relevant

in品㎜ation　is　readily　available　at　the　company　homepages，　and血ese　are　the　companies　th杣lms　s吻ectively

recognize　they　are　closely　related．
16The　classi五ca60n　of　indust亘es　isbased　on‘品ゴ短乃o，．
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2　lmpact　of　engagement　on　R＆D　collaboration

In　this　section，　I　try　to　examine　if　R＆D　collaboration　exert　benefits　to　the　participating　firms

and　if　it　differs　depending　on　type　of　partners．工b　do　this，　I　conduct　economic　estimation　to

see　if　collaborative　research　will　affect　research　productivity　of　participating丘㎜s，　by　using

quali巧indicators　of　paten加such舳e　n㎜ber　of　claims孤d　mvento岱．　Before　describing　the

empirical　mode1，　brief　reviews　on　the　theoretical　and　empirical　literature　on　this　topic　are

provided．

t

2－1：Review　on　theoretical　and　empirica1　literature

The　theoretical　explanation　to　j　ustify　collaborative　R＆D　is　originated丘om　the　pionee血g　study

by　Spence（1984）．17　Spence　indicates　that　R＆D　activities　are　involved　with　two　types　of　market

failures　which　counteract　each　other．　The　existence　of㎞owledge　spillovers　Ieads　to

incomplete　appropriability　of　the　R＆D　results，飢d也us血e　equi1価㎜1evel　of　R＆D　is

deemed　to　be　significantly　lower　than　the　socially　optimum　level．　The　er血ancement・of

intellectual　property　rights　corrects　the　incentive　problem　of　R＆D．　Yet　this　will　create　the

duplication　of　R＆D　activities　and　hence　leads　to　an　excessive　level　of　R＆D．　Under　these

circumstances，　R＆D　collaboration　can　mitigate　the　tradeoff　between　the　incentives　fbr

appropriation　and　the　duplication　of　R＆D　and　can　provide　a　solution　fbr　the　dilemma．

Collaborations　enable　the　participating丘rns　to　intemalize　the　e文temality　created　through

spillovers，　and廿1e　spillovers　which　are　internalized　constitUte　the　benefit　for　these　participating

firms．

　　　The　level　of　spillovers　that　collaborating　fhms　can　internaliZe　depends　on　number　of

elements，　and　economic　literature　has　suggested　two　main　factors　fbr　it：the　level　of　ex　post

market　competition　and　technological　proximity　among　participating　fimls．　For　example，　Katz

（1986）states　that　the　incentive　to　fomm　R＆D　collaboration　can　be　affected　by　the　states　of　the

ex　post　market　competition．　If　a　firm　tries　to　conduct　R＆D　collaboration　with　a　partner　that

competes　i　1　the　market，　part　of　the　rent　bom　out　of　the　research　can　be　lost　in　the　subsequent

market　competition．　Thus，　if　the　market　competition　among　the　collaborat血g　fimls　is　intense，

welfare　gah1　of　single　participating　fum　is　offset　by　the　fall　in　costs　of　its　rivals　that　come　with

collaboration．　Anticipating　this　effbct，　firms　set　their　R＆D　activity　levels　lower　than　they　would

achieve　in　equilibrium　without　research　collaboration．　Steurs（1995）uses　this　idea　and　shows

that　equilibrium　ex　post　R＆D　investment　level　is　lower　fbr血tra－industry　cOoperation　than　inter

industry　cooperation．　Attallah（2002）uses　the　same　logic　and　indicates　that　horizontal

cooperation　may　decrease　R＆D　investment　level　while　vertical　cooperation　with　suppliers　is

not　affected　by　such　detrimental　effect．

17This　paragraph　is　based　on　Lechevalier，　Ikeda，　and　Nishimura（2008）
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　　　Branstetter　and　S　akakibara（2002）is　an　exampIe　of　the　empirical　studies　that　considers　the

relation　between　benefits　of　collal）oration　and　rivahy　among　participating　f吐ms．　They　uses　the　a

sample　of　145　govemment－sponsored　R＆D　consonia血Ja鋼and　fmds　that　the　outcomes　of

the　consortia　are（weakly）negatively　related　to　the　degree　ofproduct　market　competition　among

participating　fums，　as　Katz　model　predicts．

　　　Also，　a　number　of　economic　researches　point　to　the　relation　between　the　welfare　impact　of

collaborative　research　and　technological　proximity　among　the　participating　f吐ms，　yet　there　are

two　countervailing　arguments．　On　the　one　hand，　there　is　an　argument　based　on　the　concept　of

“absorptive　capacity”of　firms．　According　to　this　type　of　argument，　the　level　of　incoming

spillovers　to　participathlg　firms　is　higher　if　the辻absony）tive　capacities　are　higher，　and　the

absorptive　capacity　of　a　f血n　is　higher　when　the　technological　proximity　among　the

collaborating　films　is　higher．　For　example，　Cohen　and　Levintha1（1989）claims　that，　fbr　the

collaborative　research　to　be　success血1，　the　prior　knowledge　of　a　firm　must　be　similar　to　the　new

㎞owledge　on　the　basic　level．

　　　On　the　other　han¢resource－based　s踏egic　management　theory（also㎞own　as‘‘capability

theory”）suggests　that　benefits　of　collaboration　fbr　a　participating　f㎞［is　accrued丘om　its　access

to　complementary　knowledge．　Thus，　the　effect　of　collal）oration　is　greater　if　the　pa血1er　firms

have　different　technological　orientation．

　　　The　empirical　studies　on　this　issue　provide　diverse　results．　OIl　the　one　hand，　Branstetter　and

S緬bara（2001）uses　a　sample　of　Japanese　govemment－sponsored　R＆D　consonia　involving

213firms　and　fhld　that　diversity　in　technological丘elds　among　the　pa仕icipating　fmms　is

associated　with　greater　R＆D　expenditUre　by　participating　firms．　On　the　other　hand，　B　anstetter

and　Sakakibara（2002）used　the　same　dataset　and　find　that　leveI　of　similarity　in　technology

among　particip就ing　is　associated　with　higher　outcomes　of　consortia．

2・2：　Empirical　mode1　and　variables

Asimple　model　of　research　productivity　is　specified　fbr　est㎞ati皿．　I　assume　that　productivity

of　the　R＆D　activities　is　a　ftmction　of　firm　level　R＆D　spending　and　the　intensity　of　engagement

hl　collaborative　R＆D．

∧Xi　＝：∫（Ri，　Ci，　Zり （1）

where　IW　is　i皿ovation，　Ri　is　R＆D　spending，αis　intensity　of　engagement　in　collaborative

R＆D，and　Zi　i　s　other　factors　that　affects　the血10vative　level　of　fum　i．

　　　To　estimate　this　model，1　use　the　number　of　claims　for　patents　as　a　proxy　measures　fbr　the

unobservable‘‘innovation”．　The　claims　in　the　patent　specification　delineate　the　property　rights

●
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protected　by　the　patent　　The　larger　the　number　of　claims，　the　broader　and　the　greater　the

expected　pro飽bili巧of　an㎞ov飢ion　is．　While　the　number　of　patents　has　often　been　used　as　a

proxy　fbr“innovation”（fbr　example，　S　akakibara＆Branstetter，2002；Darby　et　al．，2003），　the

number　of　claims　is　considered　to　be　proxy　to　measure“quality－a輌sted　R＆D　productivi巧”

amd　has　recently　been　alternatively　used　as　proxy　fbr　the　outcome　of　innovation　activities．18

　　　Conceming　R＆D　spending，　ideally　it　would　be　desirable　to　collect　data　on　R＆D　expenses

ill　the　RT　field　by　each　firm　It　is，　howeveちextremely　difficult　to　obtain　such　data；thus，　the

number　of　inventors　ofpatents　is　used　as　a　proxy　fbr　R＆D　expenses．　This　variable　is　considered

to　measure　the　scale　of　a　research　proj　ect　and　the　accumulation　of　human　capital．　Goto　et　aL

（2006）and　Mariani　and　Romanelli（2006）use　the　number　of　inventors　as　a　proxy　fbr　R＆D

expenses　and　fmd　that　this　variable　has　a　significant　and　positive　impact　on　R＆D　productivity．

　　　The　model　is　based　o浦㎜level　observation．　Estimation　based　on　fum　leve1　data　is

expected　to　capture　the　spillover　effects　of　coUaboration　to　the　collaboratmg　f㎞s　rather　than

direct　impact　of　collaboration　on　the　quality　of　its　research（patents）．

　　　The　equation　I　seek　to　estimate　is　based　on　the（1）and　takes　the　form　of

Nit　・＝β0＋β吻叫、＋β2加θγ∬十β31卿0μρ∫∫＋β4R，ご十β5Tech＿Proximityit＋β6Sciceneeit＋μ∫τ

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　（2）

where

2Vit　・　the　number　of　claims　ofpatents　gener劔ed　by㎞lmtimeτ；

抗かα∫ご＝the　number　of　mtra－industry　collaborative　patents　for　fum　i　i　time　t

Interit＝娠number　of　inter－industry　collaborative　patents　by　two　or　more　fums　for丘m　m

　　　time　t

IngroUρit　nc　the　number　of　in－group　coIlaborative　patents　by　two　or　more　fimls　for　f㎞l　i　in

　　　time　t

The　coeffiTcients　of　these　three　variables　indicate　the　inpact　of　each　type　of　collaboration　on

research　productivity．　As　the　degree　of　competition　is　greater　fbr　intra－industry　collaboration

then　inter－industry　collaboration，　the　coefficient　of　lnter　is　expected　to　be　higher　than　that　fbr

Intγa．　Also，　the　coe茄cient　for　lngroUp　is　expected　to　be　higher　than　that　for　lnter　for　the　same

reason．

18The　nUmbers　of　forward　and　backward　citations　of　patents　are　also　often　used　as　proXies　to　measure　research

productivity　offirms．　Yet　the　data　of　citation　is　included　only　up　to　1997　in　the　dataset，　so　the　number　of　citations　is

not　used　fbr　the　estimations　in　this　paper．
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R　it　：the　number　of　inventors　for　the　patent

Tech＿Proximめノガ＝the　index　of　technological　proximity　fbr　the　collaborative　partners．　The

　　　proximity　between　two　fimls　is　calculated　based　on　the　fξamework　suggested　by　Jaffe

　　　（1986）．Tlhis　variable　measures　the　similarity　in　technologica1　fields　among　firms　which

　　　engaged　in　collaborative　R＆D．　Negative　coe」fficientS　for　this　variable　will　indicate　that

　　　the　result　is　consistent　with　capability　theory，　whereas　a　positive　coe伍cient　will

　　　indicate　the　consistency　with　absorptive　capacity　argument．

Scienceit・＝the　number　of　patents　in　the‘‘science－based”technologies　among　the　sub－types

　　　of　RT　technologies．19　R＆D　activities　ill　science－based　technology　are　more　complex

　　　｛md　exert　more㎜cenain培thus　more　coUaboration　is　expected．

　　　The　dependent　variable　of　the　models（the　number　of　claims）is　a　count　variable　that　takes

on　no皿egative　integer　values　and　its　distribution　does　not　follow　norrnal　distribution．　Poisson

Regression　and　Negative　Binomial　Regression　models　are　the　two　common　estimators　for　count

data．　Yet　one　assumption　of　the　Poisson　Regression　model　is　that　its　mean　is　equal　to　its

variance．　As　the　variance　of　dependent　variable　is　greater　than　its　mean　in　the　dataset，　it　does

not　appear　to　satisfy　this　assumption．　Thus，　the　estimation　of　Poiss皿Regression　model　seems

to　lead　to　over－dispersion．　Accordingl）～Negative　Binomial　Regression　model　will　be　used　in

the　est加ation　of　the　model（2）．

2－3：Sample　statistics

Table　2－1　gives　descriptive　statistics　fbr　each　type　of　collaborative　R＆D．　Among　13，707　RT

related　patents　durmg　the　sample　perio（L　inter一丘mユcollaborative　patents　are　only　976（7％）．

Thus，　the　amount　of　inter－fum　collaboration　is　quite　limited．　Of　the　total血ter－firm　collaborative

patents，490（50％）are　in－group　collaborative　R＆D，　indicating　that　many　of　the　inter－firm

collal）oration　are　conducted　within　a　relatively　small　extent　of　networks．　One　can　notice　that

intra－industry　collaborative　patel並s　are　only　39（4％of　total　hnter－flrm　collaborative　patents），

and　it　is　a　suΨrisingly　small　number．　During　the　interviews　I　conducted　with　the　key　players　in

this　industry，　most　of也e　interviewees　state　that　horizontal　cooperation　with　competitors　is　quite

few．　If　we　assume　that　intra－industry　collaborative　R＆D　is　very　close　concept　to　horizontal

collaboration　R＆D，也is　evidence　is　consistent　with　the　comments　of　these血terviewees．

191fbllow’狽??@classification　defined　by　MO　to　identify　the　science－based　tec㎞ologies．　ACcording　to　JPO，

science－based　technologies　in　RTs　include　five　sub－types　of　26　sub－types　of　all　RT．
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Table2－1：　Summary　statistics　for　each　type　Qf　R＆D・collaboration

Total

mumber

Bac㎞ard

モ煙ﾞtion

Forward

モ奄狽≠狽奄盾

Claims Inventors T㎞c㎞ological

oro】dmity

抗一gro㍑ρco11αろor酩加θPoオeηぴ 490 1．07 0．20 5．24 5．24 0．67

加θ戸∫η吻巧co11α60τατ∫vθρατε砿 447 1．22 056 255 3．90 0．70

血力α一仇∂田カツCO110ゐ0γ斑∫Vθクατθηぴ 39 0．43 0．96 3．65 5．39 0．73

7b云α1抗彪たガγη2001伝ゐoτo！τ」γθ」oo‘θηぴ 976 1．12 0．39 3．95 4．63 0．69

ハbηco1／αゐoγαガveρα’εηぴ 12，731 0．71 0．25 555 2．20

1b孟α1Pαオθηぴ 13，707 0．74 0．26 5．44 2．37

　　　The　table　also　gives　the　data　on　the　indicators　of　the　quality　of　research（patents）fbr　each

type　of　collal）oratioI1：the　number　of　citations，　claims，　and　hlventors．　One　can　notice　that　the

number　of　inventors　is　much　larger　in　the　case　of　inter－firm　collaborative　patents　than

non・・collaboration　patents．　This　indicates　that　the　scale　of　R＆D　is　greater　fbr辻1ter－f㎞

collab　oration　than　in－house　R＆D．　Also，　number　of　claims　and血ventors　are　smaller　for

inter－industry　collaboration　than　other　types．　Yet　there　is　not　much　difference　in　the　number　of

tec㎞ological丘elds　among　these．　Technologica1　proximity　among　the　participaing　fums　is

greater　fbr　intra－industry　collaborative　R＆D　than　inter－industry　collal）oration；it　is　consistent

with　our　intUition　as　technological　orientations　tend　to　be　similar　among　the　firms　in　the　same

industly．　Also，　technological　proximity　is　smaller　for　in－group　collaboration　than　other　types　of

cellaboration，　whiQh　suggests　that　the　technological　orientation　among　fums　tend　to　be　different

fbr　in－group　collaboration．　It　may　suggest　that　the　specializations　in　technological　fields　are

built　up　among　the　group　flrms血RT．

24：Estimation　results

　　　The　Table　2・2　shows　the　results　of　the　est丘nations　with　fixed　effects　and　random　eff巴ts．

Hausman　specification　test　suggests　that　fixed　model　is　appropriate，　even　though　the　results　of

both　models　are　quite　similar．　The　coefficient　fbr　Tec乃＿1）rox肋め～is　positive　and　significant，

indicating　that　the　level　of　similarity　in　tec㎞010gy　among　participating　is　associated　with

higher　positive　ef飴cts　of　R＆D　collaboration　on　p血icipating且㎜s．　T加s，　the征gument　of

“al）soq）tive　capacity”rather　than　capability　theory　is　relevant　in　this　case．

　　　Ifwe　look　at　the　coeffricients　for　the　three　types　of　collaboration，　a　ve】ワh並eresting　variation

appears．　The　coefficients　on　lntra　and　lnter　are　positive　and　signifiQant　whereas　that　on　lngroup

is　insignificant．　It　indicates　that　the　non－group　R＆D　collaboration　has　positive　impact　on　the

research　productivity　ofparticipating　flrms（by　spillover　effects），　but　the　in－group　collaboration，

which　constitute　more　than　half　of　the　total　inter－flrm　collabotation，　does　not　lead　to　the
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increase　in　research　productivity　of　the　participating　firms．　Thus，　while　nol1－group　collaborative

R＆Dgenerates　positive　spillovers　to　participating　f辻m　in　a　way　that　Spence　model　suggest，

in－group　collaboration　do　not　exert　spillovers　to　participating　fhms．　It　may　suggest　that　the

motives　and　expected　outcomes　to　engage　in　in・・group　collaboration　are　different丘om　Spence

model　indicates，　or　it　can　be　considered　to　be　quasi－intemal　R＆D．

Table　2－2：The　effect　of　collaborative　patents　on　R＆D　productivity　of　firms

（Negative　Binomia1　Estimation）

Variable
．Dβρθπ庇M　wr加bノεごNθ2μmbeア4c吻伽力

Fixed　EHbcts Random　Ef琵cts

1カぴα 0．1214＊＊＊

i0．0397）

0．1424＊＊＊

iα0360）

1酩θγ 0．0224＊＊＊

i0．0094）

0．0236＊＊＊

i0．0089）

1カ9γ0μρ 一〇．0070

i0．Ol56）

一〇．00767

i0．0148）

R侮vθ吻⇒ 0．0087＊＊＊

i0．0007）

0．00943＊＊＊

i0．0006）

7εc乃＿・Pτox∫〃2めノ 0．3711＊＊

i0．2051）

0．3461＊＊

i0．1786）

＆31θηce 0．00005

i0．1110）

0．0203

i0．0969）

Co船故ητ 0．1291

i0．20882）

0．1598

i0．1898）、

アεαアD24〃2η2∫θぷ yes yes

Number　of　samples 521 ’582

Number　of　groups 118 179

1・og　likelihood 一1587．8787 一2522．3756

Hausma血Specification　test chi2（19）＝　　44．63　　　　Prob＞chi2　＝　　0．0008

＊Significant　at　the　10％1evel

＊＊Significant　at　the　5％1evel

＊＊＊Significant　at　the　1％1eve1
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　　　Moreover，　the　coefflci斑t　on　lntra　is　much　larger　than　that　on、ln彪r．　This　indicates　t塊

within　non－group　collaboration，　intra一01dustry　type　collaboration　has　more　significant　impact　on

research　productivity　than血ter－industry　type　collaboration．　These　results　are　inconsistent　with

the　predictions　of　Katz　model．　Thus，　we　can　infer　that　rivalry　is　not　relevant　to　determine　the

impact　of　collaboration　on　research　productivity　in　this　case．　It　is，　however，　not　clear　why　the

㎞pact　of　intra－industry　collaboration　on　research　productivity　is　greater　than　that　of

inter－industry　collaboration．　One　possible　e）中lanation　would　be　that　the砒fference　in　the　impact

between　two　types　of　collaboration　may　come丘om　the　degree　of　similarity　in　organizational

context．　Knoben　and　Oerlemans（2006）argue　that　inter－organizational　collaboration　is　more

e茄cient　and　lead　to　better　outcomes　when　the　organizational　colltext　of　interacting　f辻rns　is

similar，　as　similarity　promotes　mutual　understanding．　Corporate　culture，　customs，　norms，　and

routines　tend　to　be　similar　among　the」rums　in　the　same　industry　than　with　the　fums　in　different

industry，　therefore　transfer　of　knowledge　may　be　easierコfor血tra－industry　collaboration　and　thus

it　might　result　in　greater　spillover　effects　than　hlter－industry　collaboration．

　　　To　sum　up，　the　estimation　in　this　section　suggests　that　the　impact　of　R＆D　collaboration　on

research　productivity　significantly　differ　depending　on　the　types　of　partners　hl　a　contradict血g

way　to　Katz　model．　The’re　is　no　evidence　that　in・・group　collaboration　has　any　impact　on　research

productivity　of　participating丘nns，　yet　the　engagement　in　non－group　collal）oration　is　associated

with　the　increase　in　research　productivity　of　the　fimls．　Also，　within　the　non－group　type

coUaboration，　the　tntra－industry　collaboration，　in　which　the　degree　of　Competition　among　the

particip毎s　is　higher，　exerts　greater　effect　on　research　productivity　than　inter－industry

collabor就i皿．　Thus，　the　degree　ofrivalry　is　not　relevant　factor　to　determine　the　degree　of　impact

on　the　research　productivity　ofparticipating　firms．

　　　These　facts　exert　imp　ortant　implication　fbr　the　nature　of　and　development　of　the　industry．

The　estimation　results　suggest　that　among　these　inter－fi㎝collaborations，　in－group　collaboration，

which　is　composed　of　more　than　half　of　the　tota1　number　of　inter－firm　collaboration，　does　not

have　any　impact　on　research　productivity　of血e　participating　fums．　Furthermore，　intra－industry

collaboration，　which　can　be　fo皿d　in　ohly　a』cases，　is　proved　to　be　most“beneficia1”type　of

collabor就ion　to　participating　firms．　It　is　puzzling　to　see　that　the　intra－industry　collaboration　is

“beneficial”to　the　fu　ns，　yet　it　is　realized　in　only　a　few　occasions．　This　makes　us　to　wonder　if

there　may　l）e　some　factors　that　hinder　such　beneficial　cooperation．　For　example，　some　of　the

interviewees　state　that　rivalries　among㎞s　on　the　market　and　high　coordination　costs　prevent

the　likelihood　of　cooperation　among　flrr　ls．　These　two　factors　may　play　critical　roles　i　1　firm’s

decision　to　conduct（and　not　to　conduct）collaborative　R＆D　with　other　fi㎜s．
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3：Determinants　and　motives　fbr　co皿aborative　R＆D

This　section　empirically　examines　the　determinants　and　motives　of　collaborative　R＆D

distinguishing　them　by　type　of　partner．　B　efore　describing　the　empirical　tesち　1）rief　review　on　the

theoretical　and　empirical　litera加re　on　this　topic　is　provided．

3－1：Theoretical　Perspective

There　is　a　vast　literature　that　attempts　to　theoretically　explain　the　motives　fbr　f辻ms　to　conduct

collaborative　R＆D．　One　can　group　them，　however，　into　three　main　categories：industrial

organization　theor）駕trallsaction　cost　theor）～and　strategic　management　theory（Kogut，1988；

Hagedom　et　al．，2000；and　Belderbos　et　al．，2004）20．

Industrial　Organ肱ation　Theories：

IndusUial　organization　literature　has　claimed　that　knowledge　spillover　plays　an　important　role　as

an　incentive　and　disincentive　fbr　the　engagemellt　to　collaborative　research．　On　the　one　hand，

firms　try　to　make　use　of　external　information　flow（o廟co〃2ゴη9ザ110vεrぷ）for　their　irmovation

process，　and　thus　incoming　spillovers　are　maj　or　incentives　fbr　collaborative　research．　On　the

other　hand，　firms　often　attempt　to　avoid　infbmlation　flows　out　of　the　company（or　outgoing

sρillovers），　and　thus　outgoing　spillovers　may　decrease　the　attractiveness　of　cooperation．　Recent

stUdies　on　this　topic　emphasize　that　fums　in　fact　have　abiliry　to　control　spillovers，　minimizing

outgoing　spillovers　while　maximizing　incoming　spillovers．　A　key　factor　fbr　fhm’s　al）ility　to

control　spillovers　is　the　level　of　its　absorptive　capacity・F口ms　ca血increase　their　ability　to　utilize

eXternal　knowledge　more　effectively　by　increasing　absorptive　capacity　through　investments　in

intemal　R＆D　eff（）rts．　Thus，　it　is　necessary　fbr㎞s　to　engage　in　a　certain　level　of　in－house

R＆D，and　a　key　issue　is　to　determine　relative　level　of　in－house　R＆D　activities　and　the

utilization　of　outside　knovvledge．　Also，　the　concept　of　absorptive　capacity．　is　closely　related　’to

the　technological　Proximity　among　the　collaborating　institUtions，　as　the　prior㎞owledge　which

is　similar　to　the　new㎞owledge　will　enhance　the　abso叩tive　c叩acity　of㎞s　in　collaborative

research（Cohen　and　Levipthal，1989）．

Strategic　Management　theories

Resource　based　view　of　strategic　management　perspective－also　known　as　capability　theory　一一

considers“f㎞，’as　a　unit　of　analysis　and　the　boundaries　and　structure　of　fums　are　dependent　on

the丘unique　capabilities　or　Core　competences．　Given　that　it　is　costly　to　create　and　maintail

capabilities　and　is　diffTicult　fbr　its　competitors　to　imitate　them，　cooperation　can　be　seen　as　a

20Trahsaction　cost　theory　and　strategic　management　theory　constitute　the　two　maj　or　Streams　of　institutional　theories

of　firms．　For　the　overview　ofthe　institUtional　theories　of　firms，　see　Langlois　and　Robertson（1995）and　Isogai（2004）．
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means　to　effectively　combine　the　capabilitieS　of　other　firms　by　utilizing　their　complementarities．

According　to　this　argument，　institUtions　will　have　an　incentive　to　collaborate　when　their

capabilities　are　different　and　potentially　compIementary．　Yet，　as　discussed　in　section　2－1，　this

argument　contradictS　with　the　concept　of　absorptive　capacity　which　claims　that　the　similarities

in　teclmoIogy　among　partners　are　important　for　successfU1　collaboration．

Tra皿saction　Costs　Theories

Tra血saction　costs　approach　originates　Williamson（1979），　and　this　approach　uses‘‘transaction”

as　a　unit　of　analysis．　According　to　this　branch　of　tthought，　entrepreneurs　choose　an　insti加tional

organization　between　a㎜．’s　length　transaction　in　the　market　and　vertically　integrated　ownership

in　a　way　to　minimize　the　sum　of　transaction　costs　and　i　ltegration　costs．　On　the　one　ha血d，　if　the

costs　of　investing　and　managing　different　activities（integrating　costs）are　high，　market

transaction　is　more　advantageous　than　integrated　ownership．　On　the　other　hand，　under

uncertainty，　asymmetric　distribution　of　infb皿a　ion，　and　bounded　rationality，　entrepreneurs　face

high　oppo血mity　risk　and　thus　high　cost　of　transaction　in　the　market．　Integrated　ownership　is

pre免rable　to　market㎞saction　in　such　env壮o㎜ent．・

　　　The　choice　between　R＆D　collaboration　and　in－house　R＆D　can　be　explained　in　the　same

logic．　Ifthe　participants　to　coUaboration　are　likely　to　behave　in　oppo】血mistic　ma皿er，　fmms　tend

to　avert　collaboration　with　others　and　in－house　R＆D　tends　to　be　selected　rather　than

collaborating　with　others．　Thus，　the　formation　of　R＆D　collaboration　is　discouraged　where

transaction　costs　are　high．

　　　The　level　of　transaction　costs　which　arises丘om　opportunistic　risk　depends　on　many

elements，1）ut　one　main　factor　is　the　degree　of　defnability　and　enforceability　of　property　rights．

When　one　tries　to　transact　intangible　assets　such　as　technology，　he　usually　faces　a　difficulty　in

specifying　the　ra血ge　of　technology　to　be　transacted．　Accordingly，　each　party　has　incentive　to

interpret　it　in　a　favoral）1e　to　them，　and　this　increases　the　oppo血皿istic　risks　and　decrease　the

incentives　fbr　transacting　tec㎞ology（such　as　R＆D　collaboration）．　The　intellectual　property

rights　system，　such　as　patent　system，　mitigates　the　problem　of　these　oppo血mistic　risks　as　the

range　of　relevant　technology　is　specified　in　a　patent．

　　　In　reality　patents　do　not　guarantee　the　inventor　to　fUlly　appropriate　profits丘om　the

invention．　Also，　it　is　suggested　that　the　extent　of　such　appropriability　is　different　across

industries（Nakamura　and　Odaghゴ，2005）．　I　will　include　the　effects　of　appropriability　and　the

differentiation　across　industries　in　the　sub　sequent　empirical　analysis　in　this　chapter．

　　　In　addition　to　these　three　maj　or　theoretical　explanations，　there’are　some　other　factors　that

may　affect　the　probability　of　collaborations　15．　First，　it　is　claimed　by　many　that　the　more　science

based　the　research　is，　the　more　complex　it　is，　and　the　more　collaboration　is　required．　This　aspect，
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which　is　partly　related　to　the　capal）ility　arg㎜1enちis　suggested　to　be　important　factor　for　the

increasing　trend　of　collaboration　in　the　world　Since　the　1970s（Hagedoom，2002）．　S　econ4　past

experience　of　collaboration　can　be　thought　to　be　am　important　factor　to　affect　the　prob　ability　of

collaboration（Hagedoom　et　al．，2003）．　These　factors　are　also　included　in　the　econometric

models．

3－2：Empirical　literature：

There　are　growing　numbers　of　empirica1　litera加re　on　the　determinants　and　motives　of　R＆D

collaboration．　Yet　these　studies　produce　contradicting　results，　which　imply　that　the　Ilature　of

R＆Dcollaboration　is　quite　complex　and　it　is　dependent　on　number　of　factors．　For　example，

Nakamura　and　Odagiri（2005）support　absorptive　capacity　and　transaction　theory　as　the

determinants　for　R＆D　collaboration　based　on　the　survey　data　of　14，000　manufactUring　firms　in

Japan．　Yet　the　empirical　study　of　Odagiri（2003）indicates　that　compIementarity　is　a　maj　or

dete頂inantコfor　collaboration　among　maj　or　phamiaceutica1　firms　in　Japan，　but　does　not　support

transaction　costs　theory　as　a　determinant　for　it．

　　　Even　though　it　is　widely　recognized　that　the　determinants　for　cooperation　differ　depending

on　type　of　partner，　very　few　empirical　stUdies　has　explore　the　differentiation　by　type　of　partner．

Examples　of　these　empirical　studies　include　Leiponen（2001）who　considers　fbur　types　of

cooperation（competitors，　suppliers，　customers，　and　universities）and　shows　that　fum　size　and

membership　of　larger　group　increase　the　likelihood　of　these　fbur　types　of　R＆D　cooperation．

Also，　Nakamura　and　Odagiri（2005）indicates　that　the　level　of　approl）iliability　by　patents　has

positive　impact　on　the　likelihood　of　non－group　R＆D　collaboration　but　do　not　affect　in－group

R＆Dcollaboration．　One　can　also　find　some　contradicting　results　among　these　empirical　studies

that　consider　the　heterogeneity　in　determinantS　by　type　of　parmer．　For　example，　Fritsch　and

Lukas（2001）uses　sample　of　1，800　German　manufacturing　enterprises　and　indicates　that　there　is

not　much　difference　in　determinants　among　the　types　of　cooperation．　However，　B　elderbos　et

a1．（2004）argue　that　the　determinants　of　R＆D　cooperation　significantly　differ　across　the

different　types　of　cooperation：fbr　example，　the　positive　impact　of　firrn　size　and　R＆D　intensity

is　weaker　in　the　case　of　cooperation　with　competitors．21

3－3：Empirical　models　and　variables：

Based　on　the　theoretical　discussion　on　collaboration　above，　the　empirical　model　to　examine　the

determinants　of　R＆D　cooperation　is　specified　here．　The　est㎞ation　model　is　based　on　fhm－level

data　and　is　in　the　form　of：　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　”

21This　sentence　is　based　on　Lechevalier，　Ikeda，　and　Nishimura（2007）．
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CoinVit ＝β。＋βメ酬o∫＋，B2Spillp・・lit＋β32PatStocki、＋β4Tech＿P方o渤め・∬＋

　　β5ぷC匡enceit＋β6CO伽stockit＋μ∫ご

where

Co軌ご＝the　number　of　collaborative　patents　by　fum　i　i　year　t．

Appro匡・・　lndustry　level　survey　data　collected　by　Nakamura　and　Nagata（2005）22　is　used　fbr

　　　this　variable．　It　measure　firms　subj　ective　judgrnent　as　to　how　much　patent　application　is

　　　effective　in　protecting　competitive　advantages丘om　hmovation，　and　so　it　is　considered

　　　to　measure　extent　of　appropriability　of　patents．　As　discussed　earlier，　higher

　　　apPropriability　of　patents　decrease　the　transaction　costs　in　the　transaction　oftechnology

　　　and　encourage　inter一丘ml　collaborati皿．　A　positive　coefficient　fbr　this　variable　is

　　　consistent　with　the　prediction　oftransaction　costs　theory．

励∫1φoo1Dt＝the　spillover　pool　of　firm　i　in　year　t』b　calculate　this　variable，　the　framework

　　　suggested　by　Jaffe（1986）is　used．　T垣s　variable　measures　the　potential　level　of

　　　opportunity　for丘rm　i　to　take　advamtage　of　outside　knowledge　at　t．　A　positive　coefficient

　　　for　this　variable　is　consistent　with　the　prediction　of　industry　organization　theory，　as　this

　　　variable　祖dicates　potential　incoming　spillovers　when　R＆D　collaboration　is

　　　conducted．23

1）at　Stockit＝the　accumulated　number　of　patents　applied　by　fi㎜iat　year　t　with　the

　　　depreciation　rate　of　10％．　This　variable　is　considered　to　measure　the　knowledge　stock

　　　that　fi㎜ihas　accumulated　by　year　t，　so　it　is　thought　to　be　a　proxy　to　measure

　　　absorPtive　capacity　of　the　firm．

Tech＿proximity，ご＝the　hldex　of　technological　proximity　fbr　the　collaborative　p訂tners．　The

　　　proximity　betWeen　tWo　firms　is　calculated　based　on　the　framework　suggested　by　Jaffe

　　　（1986）．This　variable　measures　the　similarity　in　technological　fields　among丘㎜s　which

　　　engaged　in　collaborative　R＆D．　A　negative　coef6cient　fbr　this　variable　will　indicate　that

　　　㎞scollaborate　in　order　to　obtain　access　to　complementary　knowledge，　which　is

22The　survey　by　Nakamura　and　Nagata（2005）extellds　only　to　23　sectors，　and　some　industries　such　as　service

induStry　and　electric　power　industry．　Twenty－one　cases　of　collaborative　R＆D　of　the　firms　i　1　these　two　industries　in

the　sample　data　are　exclude　in　the　estimation．

23The　derivation　of　spillover　pool　is　presented　in　Appendix　　　　　　　’
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consistent　with　capability　theory．　Yet　a　positive　coefficient　for　this　variable　wil1　indicate

that　the　similarities　in　tec㎞ology　are　associated　with　the　likelihood　to　realiZe　R＆D

collaboration，　which　is　consistent　with　absorptive　capacity　argument

Scienceit　＝：the　number　of　patents．血血e“science－based”technologies　among血e　sub一取pes

　　of　RT　technologies．　R＆D　activities　in　science－based　technology　are　more　complex　and

　　exert　more㎜．certainty，　thus　more　collaboration　is　expected．

Co加励t＝　the　accumulated　number　of　collaborative　patentS　of丘㎜lbe允re　ye硫田s

　　　variable　is　used　to　test　if　past　collaborative　experience　affectS　the　tendency　of

　　　collaboration　in　the　fUture．

Ialso　consider　the　heterogeneity　in　the　determhlants　of　collaboration　among　the　different　types

of　collaboration：in－group　a血d　non－group　types　of　coUaboration．　In　other　words，　the　fbllowing

models　are　estimated　to　see　if　and　how　the　determinants　of　collaboration　differ　among　these

cases．

N（）ngroupit ＝βo＋β1ApρrOi＋192SLpillLpoolit＋、β32Pat＿Stockit

fi5Scienceit＋β6ZVongr（）UIP．．．Sstockit＋μ∫，

＋、β4丑c見P力o痂2めノテ，＋

Ingroupit ＝βo＋fii4pproi＋，B2Spillpool，，＋β32Pαち5γoc克∫ご

β5Scienceit＋βStngr（）up＿Stockit＋，Uit

＋β4距c乃上力o励晦，＋

where

NongroUpit，．ti　number　of　non－group　type　collaborative　patents　of　firm　i　and　time　t．

Ingroupi　t＝number　of　in－group　type　collaborative　patents　of　fum　i　and　time　t．

吻g卿一醜鴫＝the　accumulated　number　of　non・・group　type　collaborative　patents

　　　　　　　　　　applied　l）y　fum　i　at　year　t　with　the　depreciation　rate　of　10％．

IngroUp＿Stockit＝the　accumulated皿mber　of　patents　applied　by　fhm匡at　year　t　with　the

　　　　　　　　　　depreci就ion　rate　of　10％．

The　last　two　variables　are　included　to　see　if　the　past　experiences

collaboration　will．affect　the　1ikelihood　of　that　type　of　collaboration．

in　the　same　type　of
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3－4：Estimation　Results

The　estimation　results　are　reported　in　table　2・・3．　Random　Effect　Tobit　estimation　is　used　for　the

esthnation，　as　the　dependent　variables　have　many　zero　values　and　they　apPear　to　be　left

censored．

　　　Results　show　that　the　coefficient　for　Apρro　is　statistically　significant　wi血expected　sign　in

model　3－1　where　Coinv　is　dependent　variable．　It　indicates　that　higher　appropriability　of　patents

reduces　transaction　costs　in　conducting　inter－flrm　collaboration．　There　is，　however，　clear

difference　in　result　fbr　this　variable　between　model　3－2　and　3－3．　W正rile　Appro　is　statistically

significant　in　the　case　of　model　3－2　whereハTongroup　is　dependent　variable，　it　is　not　significant

in　the　case　of　mode13－3　where　lngroUρ　is　dependent　variable．　This　suggests　that　in－group　type

of　collaborative　research　can　be　considered　to　be　quasi－intemal　R＆D　and　thus　the　issue　of

m皿itoring　costs　and　approbiliability　do　not　emerge．

　　　The　coeffrlcients　fbr　Pat＿Stoek　and　SpillLpool　are　insignificant　fbr　all　of　three　models，

indicating　that　the　leve1　of　spillover　poo1　and　the　accumulated　knowledge　stock　do　not　affect　the

likelihood　of　inter－firm　collaboration．　Thus，　we　cannot　see　support　fbr　the　industrial

organization　arguments　in　this　case．

Tech＿proximity　is　positive　and　sigrtificant　in　model　3－3，　indicating　that　similarity　in　technology

is　positively　associated　with　the　like1血ood　of　in－group　collaboration．　Howeveちit　is　statistically

insignificant　i　1　the　model　3－2　where　N（）ngroup　is　dependent　variable．　The　positive　coefficient

for　this　variable　in　mode1　3－3　may　i　idicate　the　support　for　absorptive　capacity　argument，　yet，　if

we　assume　so，　it　is　hard　to　interpret　why　absorptive　capacity　matter　only　fbr　in－group

collaboration　but　not　fbr　non－group　collaboration．　In　any　case，　strategic　management　theory

which　claims　the　importance　of　the　access　to　complementary　capabilities　is　not　supported　in　this

case．

　　　Science　is　insignificant　in　all　of　the　models，　indicating　the　research　themes　do　not　affect．the

prol）ability　of　R＆D　collaboration．

　　　Finally，　the　coeffricient　of　Ccoinv．－sto　ck　is　positive　and　significant　in　model　3－1，　indicating

that　past　experience　辻L　collaboration　　affects　the　prol）ability　of　fUt皿re　collaboration・

NongroUp＿Stock　and　IngroUp＿stock　are　also　positive　and　significant　in　the　mgde13国2　and　3－3

respectively，　showing　that　past　experiences　in　particular　type　of　collaboration　increases　the

likelihood　of　the　same　type　of　collaboration．

　　　　Tb　sum　up，　the　estimati皿results　indicates　that　appropriability　reduces　transaction　costs，

which　is　consistent　with　the　hypothesis　of　transaction　costs　theory．　Yet　this　is　not　applicable　to

in－group　collaboration　where　the　oppo血mistic　risk　appears　to　be　not　relevant．　There　is，　however，

no　evidence　to　supPort　the　hypothesis　of　industrial　organization　and　resource　based　argumeAt・

except　for　that　absorptive　capacity　argument　may　relevant　for　the　case　of　in－group　collaboration．
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Table・2－3：Determinants・for・R＆D・collaboration（RE・Tobit・Estimatioll）

3－1 3－2 3－3

晦γ∫ob1θ
Dependent

魔＜Giable：

@　Coinv

Dependent

魔≠窒奄≠b撃?F

mongroup

Dependent

魔≠р≠b撃?F

@Ingroup

吻P 6．055＊

i3．463）

6．34＊

i3505）

一4．173

i6．959）

顕1φoo1 一〇．0002

i0．0008）

1．0001

i0．0002）

0．0004

i0．0014）

1）ατぷ『ocん　　一

0．0016

i0．0036）

0．00416

i0．0039）

一〇．1053

i0．0064）

艶c乃」Pγoxfmfリノ　　　ー 1．625＊＊＊

i0．64106）

0，106

i0．6917）

3．185＊＊＊

i1．147）

＆フゴθηoθ 0．0408

i0．3095）

0．3444

i0．3576）

一〇．5934

i05361）

Cbiηvぷ友）cた　　　　一 0．090＊＊＊

i0．0146）

∧bη9アOZ49＿＆OCλ 0．1588＊＊＊

i0．027）

血9アoz4θ＿＆oc克・ 0．2983＊＊＊

i0．0346）

Coηぷ故斑 一1．1538

i1．1512）

一2．111

i1．762）

一2．864

i3．533）

ハ勧功θγρブ

盾薰ﾕθrvατゴoηぷ 404 404 404

W〃2ゐθγρブgro吻りぷ 151 151 151

Lo91匡舵1仇004 一842．25245 一665．85766 一519．77995

L匡舵1沈004」γα’fo’θぷτ

@co晒αア加9〃20鹿1

ｿgo加ぷ『ρoo1θ4オoろ匡τ

@　　　　mo品1

Prob＞chi2　　＝

@　　　0．0000

Prob＞ch口　　＝

@　　0．0000

Prob＞chi2

＝@0．0173

＊Significant　at　the　10％1evel

＊＊Significallt　at　the　5％1evel

＊＊＊Significa疏at　the　1％1eve1
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It　is　not　really　clear　why　these　theories　do　not　hold　in　this　case．　One　possibility　is　the　existence

of　tra血saction　costs　prevent　fhrms丘om　conducting　even　though　it　would　generate　incoming

spillovers　and　give　access　to　complementary　technology．　Finall）膓we　find　that　the　past

experience　in　collaboration　increase　the　’ 垂窒盾b≠b奄撃奄狽凵@to　conduct　collaborative　R＆D　in　the　fUtUre，

and　the　past　experiences　in　particular　type　of　collaboration　increases　the　likelihood　of　the　same

type　of　collaboration．24

4：Concluding　discussion

4－1：Summary　of　findings

　　　’lhis　chapter　examines　the　benefits　of　and　determinants　for　inter・・firm　R＆D　collaboration血

RT　i血Japan　by　fbcusing　on　the　differentiation　between　types　of　cooperation　partners・The

analysis　of　this　chapter　shows　that　there　are　substantial　differences　in　the　determinants　and

benefits　of　the　different　type　of　cooperation．

　　　The　main　findings　ofthe　analysis　can　be　summarized　as　follows．

－hlter－fhm　cooperation　is　not　conducted丘equent1）Te　and　more　than　half　of　inter－firm

collaboration　is　in－group　cooperation．

－Among　the　non－group　collaboration，　most　of　them　are　inter・industry　collaboration．

Intra－industry　collaboration　is　very　few．

－In－group　R＆D　collaboration．　do　not　exert　any　impact　on　research　productivity　of　participating

firms，　whereas　non－group　R＆D　collaboration　has　positive　impact．　Within　non－group

collaboration，　i血tra－industry　collaboration　exerts　greater　positive　hnpact　on　research

productivity　than　祖ter－industry　collaboration．　These　results　suggest　thaち　contrary　to　the

prediction　of　Katz　model，　rivalry　among　participat輌ng　firm　do　not　have　negative　impact　on　the

benefits　of　participating　firms．

－As　to　the　determinants　and　motives　fbr　R＆D　coUaboration，仕ansaction　costs　theohes叩pear　to

hold　in　the　case　of　non－group　collaboration．’Yeち　in　the　case　of　in－group　collaboration，

transaction　cost　theories　do　not　hold．　This　suggests　that　transaction　costs　play　the　role　to　hinder

the　likelihood　of　collaboration　fbr　the　non－group　collaboration，　while　groups　can　be　thought　of

quasi－internal　organization　and　thus　the　problem　of　monitoring　costs　and　approbiliability　do血ot

24　The　determinants　for　the　inter・・industry　collaboration　and　intra－industry　collaboration　would　be　potentially　very

　　interesting　topic．　Yet　this　issues　are　not　considered　here　as　the　regression　against　these　types　of　collaboration　did

　　not　generate　any　mealling血I　results（most　of　the　variables　are　indicated　to　be　insignificant）．　It　may　be　resulted

　　from　the　fact　that　the　numbers　of　these　two　types　of　collaboration　is　quite　small　in　the　sample　data．and　there　are　a

　　lot　of　zeros　in　the　depehdent　values　ln　these　regresslons・

31



emerge．　We　can　infer　that　the　boundaries　of　firm　in　terms　of　fmancial　relation　matter　for　the

determinants　for　R＆D　collaboration．

－The　estimation　results　do　not　support　industrial　organization　theory　and　capability　theory．

Incoming　spillover　and　access　to　complementary　technology　are　not　important　factors　in　the

determinants　of　R＆D　collaboration　in　RT　in　these　period．

－Past　experiences　in　particular　type　of　collaboration　increases　the　likelihood　of　the　same　type　of

collaboration．

4－2：Policy　Implications

　　　Based　on　the　analysis　of　this　chapter，　some　implications　caM　be　addressed．　First，　as

non－group　collaborative　R＆D　has　positive　impact　on　research　productivity　of　participating

firms　but　it　is　actually　conducted　in　very　few　occasions，　the　research　pa血ership　among　firms

which　are　not　fmancially　related　should　be　more　encouraged．　The　analysis　of　this　chapter　shows

that　there　are　a　couple　of　factors　that　affects　the　1ikelihood　of　R＆D　collaboration．　F蝕st，　the　level

of　transaction　costs　that　relates　to　monitoring　and　apPropriability．　Second，　even　though　this

chapter　does　not　directly　investigate　this，　rivalry　among　fhms　seems　to　play　a　major　role　fbr

firms’decision　to　and　not　to　conduct　collaborative　R＆D　and　appear　to　be　a　reason　that

intra－industry　collaboration　is　quite　rare　even　though　it　is　the　most‘beneficial’type　of

collaboration．　Dur血g　the　interview　we　conducted，　most　of　the　interviewee　agree　that　the

㎞ter－flrm　collaboration　is　not　enough　and　suggest　that　rivahy　among　the　fums　are　preventing

the　realization　of　inter－firnl　collaboration．　One　i血terviewee，　reacting　to　our　question　of　the

reason　fbr　the　lack　of　horizontal　cooperation，　stated　that‘℃urrent　stage　of　RT　is　that　fmns　put

new　different　ideas，　paying　attention　to　what　other丘mls　are　doing，　and　try　to　get　the　de　fact

standard　in　the　fUture　if　possible．”Thus，　the　market　condition　of　robot　industry　has　beell　such

that　potential　benefit　of　getting　ahead　of　the　competitors　is　quite　large　and　there　is　a　chance　of

mollopolization　of　markets　or　of　getting　large　share，　as　the　current　service　robot　market　is　very

small　but　the　potential　demand　is　thought　to　be　large．

　　　Under　these　conditions，　govemment　involvement　to　promote　inter－fum　R＆D　collaboration

or　formation　of　government　sponsored　R＆D　consortia　might　be　j　ustified．　And也e　discussion

above　indicates　that，　in　conducting　R＆D　consoni4　the　government　should　select　research

themes　in　the　way　that　common　interests　of　main　producers　in　this　industly　are　reflected　in

order　to　mitigate　their　rivahy．　Also，　we　have　to　pay　attention　to　the　agreements　on　intellectual

property　rights　and　monitoring　to　mitigate　the　problem　of　appropriability　and　oppo血nistic

risks．
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Chapter　3：Empirical　studies　on　RT」related　government　sponsored

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　consortia

This　chapter　empirically　analyzes　the　impact　of　public　policy　on　robot　industry，　focusing　on　the

RT　related　govemment　consonia．　The　start血g　point　of　the　analysis　is　Lechevalier，　Ikeda，皿d

Nishimura（2008）which　fmds　that　govemment　sponsored　R＆D　cons斑ia　has　a　non－negligible

impact　in　the　field　of　RT　in　Japan．　They　did　not，　however，　examine　what　factors　make

govemment　sponsored　R＆D　collaboration　have　positive　impact　on　research　productivity．　To　see

what　factors　affect　the　impact　of　participation　to　public　pr（）j　ects，　I　classify　the　RT　related　pr（）j　ect

into　three　groups－－the　ones　that　involve　more　than　ten　participants，　those　of　intra－industry

coIlaboration　type（Whose　participating　fu　ls　belong　to　the　sarne　industry），　and　other　pr（）j　ects．

　　　The’empirical　result　of血is　chapter　show　that　impact　o拙e　govemment　sponsored　research

consortia　significantly　differ　depending　on　the　types　of　prql　ects，　and　thus　there　is　no　evidence

that　public　pr（）j　ects祖trinsically　have　positive皿pact　on　research　productivity・Yet　the　reason

that　govemment　sponsored　R＆D　consonia　have　positive　impact　on　research　productivity　is　that

they　tend　to　have　a　1arge　number　of剛ici脚ts　and　the　participantS　tend　to　belong　to　the　same

industry．　These㎞ds　of　R＆D　collaboration　are　in　fact　difficult　to　be　realセed　by　market

coordmation．伽s，　goverrrment　appears　to　have　played　the　role　of　coordinator，　helpmg　to　realize

such　R＆D　collaboration　that　cannot　be皿dertaken　by　the　market　coordination．

　　　The　subsequent　sections　are　organized　as　fbllows．　S　ection・1　briefly　reviews　the　theoretical

justification　of・govemment　support　for　tmovation　in　the　form　of　R＆D　consonia・Section　2

describes　the　da伍set．　Section　3　empirically　examines　the　benefits　of　RT－related　government

research　consortia　in　Japan．　Finally，　S　ection　4　provides　a　summary　of血is　chapter．

　　　　In面s　chapter，　I　de血e也e　govemment　sponsored　consortia　as　govemment　coordinated

R＆D　collaboration　and　de丘ne　R＆D　collaboration　which　is　engaged　by　firms　without

govemment　involvement　as　market　coordinated　R＆D　collaboration．

1：Theoreti口l　overview　on　government　R＆1）consortia

The　economic　literatUre　identifies　several　potentia1　chamels　whereby　govemment　R＆D　pr句ects

benefits　private　R＆D．　For　example，　David　et　al．（2000）indicates　the　fbllowing　three

mechanisms　through　which　public　R＆D　encourage　complementary　private　R＆D　expenditures：

1）Publicly　supported　R＆D　generates　learning　effects　which斑hance　the　ability　of　private丘rms

　　　to　obtain　the　latest　scientific　and　technological　knowledge．（∠bsoηガive　capa⇒）

2）Using　public　fUnds　to　enable　the　use　of　experimental　facilities　and　research　facilities　and

　　　hav血g　the　g・vernment・assume・th・丘xed　c・sts・f…establi・hing　speci五c　R＆D　p・句ects　all・ws

　　　’private　flrms　to　start　pr（麺ects　with　low　additional　costs．　This　increases　the　expected　re加m
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〆

　　　on　R＆D　investment．（α）st　shar仇9）

3）Commissioned　R＆D　signals輌e　demand血the　public　sector　and　demand　for　goods　and

　　　services　diverted　to　the　private　sector．　Accordingl》らthis　increases　the　expected　return　on

　　　R＆Dinvestment．（1）u〃塑アγ∫7ηiη9繊oτ）．

　　　AIso，　Lechevalier，　Ikeda，　and　Nishimぱa（2008）s雄s伽t　the　goverrment　sponsored　R＆D

coIlaboration　tend　to　have　greater　positive　㎞pact　on　participating　flrms　than　R＆D

collaboration　among㎞s　without　gove㎜ent姐volvement．　They　list　the品110w血g　possible

reasons　which　explain也e　difference．　First，　themes　of　govemment　R＆D　co輌a　tend　to　be

closer　to　the　technological丘ontier，　and　their　goals　tend　to　be　more　ambitious．　This　knd　of

research　is　likely　to　generate　significant　spillover　effects　and　the　learning　effects　tend　to　l）e

bigger，　but　it　is　often　inappropriate　to　the　R＆D　ofprivate　fhms　as　it　is　potentially　more　risky．

　　　Second，　there　is　less　risk　of　oPPortunistic　behavior　and　necessity　of　bargaining　over　the

research　outcome　is　lov馬as　participa之ion　in　public　pr（）j　ects　goes　with　an　ex　ante　agreement　on

the　ownership　of　research　o叫）ut．　Also，　having　monitorklg　and　evaluation　by　a　public　institution

promotes　tnlst　among　the　participants（institutional一ゐuildingかust）．　This　encourages　the

participants　to　collaborate　with　other　which　will　promote㎞owledge　sharing　and　more

㎞owledge　spillovers

　　　舳d，也e　scale　of　research　of　the　govemment　sponsored　R＆D　tends　to　be　bigger．　Larger

the　number　of　pa就icipating丘mls　is，　the　greater　the　accumulated　leve1　of　knowledge　of　the

participants．　There　will　be　more　chances　fbr　each　participating　firm　to　access　complementary

technology；thus，　thg　spillover　effects　tend　to　be　largeL　The　obstacles　fbr　the　fbrmation　of　such

large　scale　collal）orative　research　includes　the　coord祖ation　costs　such　as　search　costs　to丘nd　a

proper　partner，　the　cost　of　negotiations　on　the　allocation　of　the　research　results，　and　the

management　costs　for　the　proj　ects．　By　be卿也ese　costs，也e　govemment　plays　a　role　of

coordinator　making　it　possible　to　realize　large　scale　R＆D　collaboration　that　cannot　be

undertaken　by　the　coordination　of　markets．

2：1）ataset

The　main　purpose　of　the　subsequent　sections　is　to　empirically　assess　various　types　of　RT－related

govemment　sponsored　consortia．　For　this　purpose，　I　utilize　infbrmation　about　patents　that

derived　f｝om　the　govemment　consortia．　The　dataset　used　fbr　the　analysis血this　chapter　is　the

same　as　the　one　used　in　Chapter　2，　which　includes　13，711　patents　of　316　flrms，　with　a　sample

period　between　1991　and　20041

　　　Among　these　patents　data，　I　identi飼the　patents　that　are　derived廿om　inter－firm

collaboration　using　the　infbrmation　on　the　inventors　of　patents．　The　patents　whose　inventors

belong　to　more　than　one　are　considered　to　be　inter－firm　collaborative　patents．　Inter－firrn
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collaborative　patentS　are　used　as　proxy　to　measure　market－coordinated　collaborative　R＆D

activity，　and　non－collaborative　patent　is　used　to　measure　in－house　R＆D　activi巧．

As　a　next　step，　we　ide血i五ed血e　pate耐s　that　are　related　to　government　sponsored　R＆D　proj　ects

out　of　these　patents．　By　referring　to　the　of6cial　reports　of　the　12　pr（）j　ects　by　NEDO　and　NICT

which　are　listed　in　Table　3・1，　we　fbund　that　there　are　94　such　patents　in　the　dataset．251define

these　patents　as　Gl　patents、　Howeveちthe　number　of　Gl　patents　is　quite　small　relative　to

non－Gl　patents（13，711－94＝13，617）．　We　then　borrowed　the　methodology　used　by　Branstetter＆

Sakakibara（2002）and　consider　the　patents　apPlied　fbr　by　participat口1g丘rms　hl　the　ta㎎eted

tec㎞ologies　during　and　after　consortia　as　the　outcomes　of　these　consortia．　We　define　these

剛ts　as　G2輌ts皿d　the　sum　of　the　G1孤d　G2　patents　as　govemment（G）patents．　G

patents　are　used　as　proxy　to　measure　govemment－coord血就ed　collaborative　R＆D　m也e

SUbSeqUer並SectiOn．

251t　would　be　de　s土rable　to　include　the　patents　th｛エ七are　born　out　of　all　the　R1｝related　public　projects

into七he　empirical　anaユysis．　Yet，　due　to　lack　of　injbrmation　on　the　patentS　that　are　related　to　pub五c

pr・ject8，1　f・cus　on　12　’垂秩Ejects　listed　in　table　2．
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TabIe　3－1：List　of血e　12　govemment　proj　ects　related　to血e　robot　industry　stUdied　in　this　chapter

（source：LechevalieちIkeda，　and　Nishimura，2008）

Name　of　the　program Pehod Participants（nrms） Name　of　the　program Period Participants（firms）

1）R＆Don　Micromachine

sechnology

1991

|2000

Around　30　fi㎜s（the

垂≠窒狽奄モ奄垂≠宙ｸs　changed　over

狽奄高?j，　including　Mitsubishi

dlec廿ic，　Yaskawa，　Fanuc，

sbshiba。　Hitachi

7）　Key　Technology

qesearch　　　　　　　　and

cevelopment　　　fbr

g㎜㎜oid　Robots
nperathlg　in　Actual

dnvironments

2002

|2007

2　　（Kawada　　Industries，

jawasaki　　　　Heavy

hndustries）　　　　　　　　　in

モ盾撃撃≠b盾窒≠狽奄盾氏@with　AIST

2）Mobile　Meal　Delivery

qobot　fbr　Aged　and

cisabled　People

1994

|1998

2（Y乞skawa＆Ft∂itsu） 8）　Pr（カect　fbr　the

oractical　Application　of

mext－Generatibn　Robots

2004

|2005

Around　　40　　（includ血g

latsushita　　Elec垣c

vbrks，　Mitsubishi　Heavy

hndustr汚　　　　ALSOK，

smsuk，　　NEC）　　hl

モ盾撃撃≠b盾窒≠狽奄盾氏@with　many

@　■　　　　　　　　　　　●　　　・

浮高魔?窒唐撃狽撃?

3）　　Surgery　　SupPort

rystem品r　Br血T㎜ors

1995

|1999

3（HitachiJbshiba，　N田（

dngj且eerh19琴ervices）

9）R＆Don　Medical

velfare　　Machinery

sbc㎞ology

　　　　」
P999

|2003

6　　（including　　Hitachi，

xaskawa　Electric，　Da血ell

sec，　Sanyo　Electdc）

4）H㎜㎝oid　Robot・

or句ect

1998

|2002

12　　（including　　ALSO瓦

gitachi，　Kawasaki　HeaVy

hndustries，　　　　　『Yaskawa

dlectric，　　　　　Kawada

?р浮唐狽窒奄?刀C　Honda，　Fanuc）

奄撃戟@　　　　　colla】：）orεdion　　　　　　vv元th

浮獅奄魔?窒唐奄狽奄?刀@and　AIST

10）Epigenetic　Interface

?b秩@Appropriating　Social

bommunication　SkUls

2002

|2004

1（ArR）in　coll司）oration

翌奄狽?@universities

@　　．

@　　　　　　　　　，

5）　Advanced　support

唐凾唐狽?香@fbr　endoscopic

≠獅п@　other　　mi血hnally‘　　　　　　　　　　　■mVaSIVe　SUrgery

2000

|2004

2　（Toshiba　＆　Asahi

nptical）

@　　　　　　　　　　　　　　　雰

11）R＆DonH㎜an
h血fb㎜ation

bo㎜血c就ion

2002

|2006

1　　（Ar】R）　　in　　c（）11aborεttion

uVi血UniVerSitieS

6）Development　of　a

roftvvare　　II舳tmctuぽe

?b秩@Robot　Systems（RT

liddleware　Pr（刀ect）

2002

|2004

1　（Matsushita　Electric

vbrks）in　collabora丘on

翌奄狽?@AIST　and　JAIしA

12）R＆Don　Network

hluman　　　　　　　　‘Ir“erface

iNetwork　Robots）

2004

|2008

5（ArRJbshiba，　N汀

lits曲ishi　　　Heavy

hndustries，　Matsushita

dlectric　Industries）
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3：Impact　of　engagement　on　R＆D　co皿aboration

In　this　section，　I　try　to　empiricaUy　examine　the　factors　that　affect　the　impacts　of　the

呼icipation　to　govemment　consortia　on　research　productivity，　by　using　quality　indicators　of

patents　such　as　the　number　of　claims　and　inventors．　Before　describing　the　empirical　model，　I

provide　brief　reviews　on　the　empirical　literature　on　which　the　study　ofthis　chapter　is　based．

3－1：0verview　on　past　empirical　literature

There　are　a　number　of　empirical　stUdies　th就examine　the　effects　of　govemment　consortia　on

research　capabilities　of丘㎜s．　Most　of　these　studies　are，　however，　the　case　studies　on　limited

number　of　proj　ects，　and　a　very　few　stUdies　empirically　analyze　this　problem　using　a　relatively

comprehensive　dataset．　One　of　the　examples　that　systematically　analyze　it　with　a　large

number　of　data　is　Branstetter　and　Sakakibara（1998）．　They　uses　a　sample　of　145

govemment－sponsored　R＆D　consortia　in　Japan　and　finds　that丘equent呼icip就io品these

consortia　has　a　positive　impact　on　the　level　of　research　expenditUre　and　research　productivity．

Lechevalier，　Ikeda，　and　Nishimura（2008）extend　the　empirical　study　of　Branstetter　and

Sakakibara　（1998）　1）y　comparing　market－coordinated　R＆D　　collaboration　and

govemment－coordinated　R＆D　collabor劔ion　and血d也at　the　m訂ket－coordinated　R＆D

coUaboration　has　a　limited　impact　on負㎜s’research　productivity，　whereas

government－coordinated　R＆D　has　a　non－negligible　impac由the　field　of　RT　in　Japan．　One　of

the　grounds　of　this　conclusion　is　that　past　experiences　of　market－coordinated　R＆D

collaboration　do　not　exert　any　impact　on　fums’research　productivity　while　those　of

gove㎜ent－coordinated　R＆D　collaboration　have　positive　impact　on　research　productivity．

　　　Lechevalier，　Ikedeg　and　Nishimura（2008）do　not　examine　what　factors　make　govemment

sponsored　R＆D　co1励oration　have　greater　impact　on　research　productivity　but　postulate　some

possible　expl鋼tions，　which　include　greater　scale　of　research，　a　greater　number　of　partici卿ts，

and　choice　of　research　themes．　Among　these　possible　explanations，　this　chapter　tries　to　examine

if　the　nurnber　of　participants　affects血e　impact　of　govemment　research　consortia　on　fums，

rese訂ch　productivi取．　Indeed，　some　of　the　RT　related　govemment　research　consortia　involve　a

large　number　of　participants，　which　cannot　be　seen　in　the　case　of　market－coordinated　R＆D

collaboration　in　RT．　This　characteristic　seems　to　be　resulted丘om　the　existence　of　coordinati皿

costs（such　as　search　costs　and　the　cost　fbr　negotiati皿）which　are　necessary　to　form　R＆D

collaboration．26　As　these　coordination　costs　will　become　larger　as　the　number　of　participants

becomes　larger，　the　govemment　might　have　played　the　role　of　coordinator，　bearing　these　costs

26　Many　ofthe　interviewees　we　met　have　confirmed　this　claim．　See　Lechevalier，　lkeda，　and　Nishimura（2008）for　the

　detai1．
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and　helping　to　rea1靴ze　larger　scale　R＆D　collaboration　that　cannot　be　undertaken　by　the

coordination　by　markets．

　　　To　see　if　the　number　of　participants　affects　the　impact　of　participation　to　govemment

research　consortia　on　research　productivity，　I　will　classify　the　RT　related　pul）1ic　pr（）j　ects　into

those　with　more　than　ten　participants　and　those　with　less　than　ten　participants　and　then　will　see

if　and　how　the　impacts　of　these　types　of　pr（）j　ects　differ．

　　　Also，　gove㎜ent　conso丘ia雛e蝕her　c1卵si録into血仕a－industry　collaboration（whose

participating　flrms　belong　to　the　same　industry）and輌nter－industry　collaboration（whose

participating　firms　belong　to　different　industries）．　This　cla§sification　is　based　on　an　empirica1

丘ndi血g　Chapter　20f　this　paper．　By　classifying　market・，　coordinated　R＆D　collaboration　into

“in－group　collaboratioバ（between　the　flrms　in　the　same　company　group），‘‘intra－industry

collaboration”（between　the　firms　in　the　same　industry），　and‘‘inter－industry　collaboration”

（betwee口㎜（s）in　different　industries），　the　analysis　of　Chapter　2　fmds　that　intra－indus的

collaboration　are　rarely　realized　probabIy　due　to　rivalry　among　f㎞．7　Yet　intra－industry

collaboration　exerts　greater　positive　impact　on　research　productivity　than　other　types　of

collaboration，　probably　because　the　similarity　in　technology　and　organizational　stnlc血e

between　the　partners　make　the　participants　firms　easier　to　leam　each　other．

　　　Thus，　to　examine　the　hnpacts　of　these　types　of　R＆D　collaboration，　inter－firm　collaborative

patents　and　G　patents　are　divided　into　six　categories　as　depicted　in　Table　3・2．　ln　the　Table　3・2，

G＿10is　defined　as　the　public　pr（）j　ects　which　involve　more　than　10　participants，　and　which

include　pr（）j　ects　1，4，　and　8　ih　the　table　2．　G＿lntra　is　de丘ned　as　the　pul）lic　pr（）j　ects　in　which

participating　fums　belong　to　the　same　industry（intra－industry　type）and　those　with　less　than　ten

participants．　Even　though　the　prql　ect　1，4，　and　8　are　also　intra　i血dustry　type　pr（～l　ects，　these　are

excluded丘om　G」lntra　to　avoid　overlap．　Thus，　the　G」ntra　includes　the　pr（）j　ect　3，6，9，　and　12　in

the　table　2．　G＿Other　is　the　pr（）j　ects　that　are　not　intra－industry　type　and　has　less　thε血ten

participants（prqi　ects　2，5，6，10，　and　l　l　in　the　table　2）．

　　　IngroUp　is　the　market－coordinated　R＆D　collaboration　between　the　firms　in　the　same

company　group．　Among　the　collaboration　with　the　firm　outside　of　the　group，　I　divide　them　into

intra一㎞dustry　collaboration（1カか4）and　血ter一㎞dustry　collaboration　（lnter）．　Thus，　these　six

groups　are　mutually　exclusive．　　　　　　　　　　　　　‘
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Table　3・2：Types　of　R＆D　collaboration（variable　in　parentheses）

Intra－lndustry野pe（Glntra） ”Intra－Industry　　　　Type”　　　　and

Gove㎜ent
Collaboration　with　More　Than　10 9℃011aboration　with　More　Than　10

Coordinated
Participants（G＿10） Participants（Glntra　10）

R＆D
0血er　Gove㎜ent　Collaboration

Collaboration
（GOther）

＆D

011aboration Market
IntraFIndustry　R＆D　Collaboration

侮〃α）

Coordhlated Non－gmop　R＆D　Collaboration

R＆D
Inter・・Industry　R＆D　Collaboration

（励θア）

Collaboration

（ガ励2ぷ）
In・・Group　R＆D　Collaboration

獅Xτo幼

3－2：Empiricall　model　and　variables

As㎞ple　model　of　research　productivity　is　specified　fbr　estimation．　The　model　is　based　on　the

assumption　that　productivity　of　the　R＆D　activities　is　a血nction　of丘㎜level　R＆D　spend血g

and　the　intensity　of　engagement　in　collaborative　R＆D．

∧li－＝fa～i，　Ci，　Zり （1）

where　Ni　is　irmovation，　Ri　is　R＆D　spending，αis　intensi‡y　of　engagement　in　collaborative

R＆D，and　Zi　i　s　other　factors　that　affects　the　innovative　level　of　fum　i．

　　　Tb　estimate　this　mode1，　I　used　the　number　of　claims　as　a　proxy　measure　fbr　innovation　in

the　same　way　as　in　Chapter　2．　Also，1　use　the　number　of　inventors　of　patents　is　used　as　a’ 垂窒盾?

fbr　R＆D　expenses．

　　　Concerning　the　intensity　of　engagement　in　collaborative　R＆D，1　use　collaborative　patents

and　G　patents　as　a　proxy　to　mea8ure　f㎞s’engagement　in　collaborative　R＆D．　These

collaborative　and　G　patents　are　divided　into　six　categories　as　depicted　in］rable　3，　depending　on

the　type　ofpartners　and　na加［re　of　collaboration．　This　will　enable　us　to　examile　the　difference　in

the　impact　among　these　types　of　R＆D　collaboration．

　　　　　　As　for　the　other　factors　that　affect　firms’research　productivity，　I　include　spillover　pool

of　each　fim，　which　is　suggested　by　Jaffe（1986）．　The　spillover　pool　measures　the　potential

level　of　oppo】血1nity　fbr　a㎞to　make　use　of　outside㎞owledge　at　a　given　time，　and　spillover

pool　for　the　fum　i　m’　time　t　is　formularized　as
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Kit二Σ乃R／t

　　　　　i≠ノ

（2）

where　Rl’　i　s　the　number　of　patent　application　of　firm　j，and窃is　the‘笛ec㎞ological　distance”

betWeen　the　fum　i　andノ．　It　can　be　thought　as　the　sum　of　knowledge　stock　of　other　firms

weighed　by　the　technological　distance　to　the　firm／

　　　Also，　the　number　of　patents　in　th．e‘‘science－based，’technologies　is　included　as　independent

variable．　R＆D　activities　in　science－based　tec㎞ology　are　more　complex　and　exert　more

uncertainty，　thus　more　coUaboration　is　expected．

　　　The　model　is　based　on　fiml　level　observation．　Estimation　based　on　flrm　level　data　is

expected　to　capture　the　spillover　effectS　of　collaboration　to　the　collaborating　f㎞s　rather　than

direct　impact　of　collaboration　on　the　quality　of　its　research（patents）．

　　　The　estimation　model　takes　the　form　of

珊戸β・＋β・R・汁β2G＿励α・’＋β3G＿10・1＋β4G＿0功θγ・，＋β鋤⇒＋β吻θぴβ砲9力o抑σ

　　　　＋β8Spi11＿Poψ∫、＋β9＆c∫cθηcθ∫，＋μ鉱　　　　　　　　　　　　（3）

where

Nit　・＝　the　number　of　claims　of　patents　generated　by　firm　i　in　time　t；

R・t　＝』却er・f血vent・rs　9・r　th・pat・nt

G＿lntrait＝the　number　of　patents　that　are　bom　out　of　public　pr（）j　ects　in　which　participatin琴

　　　　　丘rms　belong　to　the　same　industry　fbr㎞∫in　timeオ　（which　corresponds　to　pr（）j　ect　3，

　　　　　6，9，12in　the　table　2）

G＿10輌‘＝the　number　of　patents　that　are　bom　out　of　public　pr（）j　ects　with　more　than　ten

　　　　　participants　fbr　f㎞［ii　time　t（which　corresponds　to　pr（）j　ect　1，4，8in　the　table　227）

G＿α乃θアit＝the　number　of　patents　that　are　bom　out　of　other　public　pr（）j　ects　for　flrm　i　in　time

　　　　　t（which　corresponds　to　pr（）j　ect　2，5，6，10，11　i血the　table　2）

励砲oo1ゴt　＝：　the　spillover　pool　of　firm　i　in　year　t

Intrait　＝：　the　number　of血tra－indust巧collabor誕ive　patents拓r㎞∫mt㎞eτ

琉θゲ血e　number　of　inter－industry　collaborative　patents　by　tWo　or　more　firms　for　fi面in

　　　　　time　t

Ingroul）ゴ‘＝the　n㎜ber　of　m－group　collaborative　patents　by　two　or　more　firms　fbr　f㎞ih1

271ndeed，　these　projects（1，4，8）are　also　intra・iロdustry　type　collaboration．　Yet　the　patents　of　these

projects　are　excluded　from　6L1η頗to　avoid　overlap．　　　　，
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　　　　　time　t

Scienceit＝　the　number　of　patents　in　the‘‘science－based”tec㎞ologies　among　tb．e　sub－typ　es

　　　　　of　RT　technologies．　R＆D　activities　in　science－based　technology　are　more　complex

　　　　　and　exert　more皿certainty，　thus　more　collaboration　is　expected．

Ialso　estimate　the　fbllowing　models　by　groupi血g　lntra，、Tn彪r，　and　lngroUp　into　the　all　inter－f㎞

collaborative　patents（Eカ〃zs）；also　grouping　G＿1カか’a　and　G＿10into　G－一．lnna＿10．

Nit＝βo＋β1R　f汁β2G＿1カかαコ0∫，＋β3　G＿αピfご＋β4Fir〃2ぷ元，＋＋！95SIPil1＿，PoolLPit ＋β6Seicenceit

　　　＋μ」τ（4）

where

Fか〃zsit　＝inter－firm　collaborative　patents　fbr　fin血ii血time’（lntrati＋Interit＋lngroupit）

G．．lntroコOit＝the　number　of　patents　that　are　bom　out　of　public　pr（）jects　m　which

　　　　　participating　flrms　belong　the　same　industry　and　pr（）j　ects　with　more　than　ten

　　　　　participants　fbr丘rm　i　in　time　t（G＿lntrait＋G－．．．1　0∫，）

　　　The　mode1（2）and（3）will　only　captUre　the　impact　Of　current　collaborative　R＆D　on　the

research　productivity　of　firms　at　that　time．　To　examine　the　impact　of　past　experience　of　R＆D

collaboration　on　firms’research　productivity，　I　also　estimate　the　following　model，　adding　the

stock　variables　of　collaborative　and　G　patents　to　model（3）．

∧rit＝βo＋β1R∫，＋β2σ＿Intrai汁β3　G＿10，，十β4　G＿Otherit＋fi5G．＿lntrα＿Stocki，＋β6　Gコ0－．Stoeki・

　　　＋β7G＿α乃θγ＿Stockit＋fisFか聯t＋β9・Fか〃2＿Stocksit＋β・翻11＿Po吻，＋β1βdcθηcθ∫噛・（5）

where

G抗かoStocki，＝the　accumulated　number　of　G＿．intra　patents　for　fum　i　applied　before　time　t

　　　with　a　depreciation　rate　of　10％

G＿10＿、9tockit　・・　the　accumulated　number　of　G」O　patents　fbr　firm　i　applied　befbre　time　t

　　　with　a　depreciation　rate　of　10％

G一α屹協oc左∫∫＝the　accurnulated　number　of　G－0血er　patents品r㎞⑭plied　before

　　　time　t　with　a　depreciation　rate　of　10％

F吻Stocksit＝　the　accumulated　number　of　inter－f㎞．　collaborative　patents　for　fi面applied

　　　befbre　timeτwith　a　depreciation　rate　of　10％
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The　coef丘cients　of　these　fbur　variables　will　indicate　the　impact　ofpast　participation　to　each　type

of　collaboration　on　fums’research　productivity．

　　　The　dependent　variable　of　the　models　（the　number　of　claims）is　a　co皿t　variable　that　takes

ono皿egative　integer　values　and　its　distribution　does　not　follow　normal　distribution．　Poisson

Regression　and　Negative　B　inomia1　Regression　models　are　the　two　common　estimators　for　count

data．　Yet　one　assumption　of　the　Poisson　Regression　model　is　that　its　mean　is　equal　to　its

variance．　As　the　variance　of　dependent　variable　is　greater　than　its　mean　in　the　dataset，　it　does

not　appear　to　satisfy　this　assumption．　Thus，血e　estimation　of　Poisson　Reぽession　model　seems

to　lead　to　over－dispersion．　Accordingly，　Negative　Binomial　Regression　model　will　be　used　in

the　estima‡ion　ofthe　model（2）．

3－3：Sample　statistics

Table　3－3　gives　descriptive　statistics　ofthe　quality　ofpatents　fbr　each　type　collaborative　patents．

One　can　notice　that　the　average　numbers　of　citations（backward　and　fbrward）are　much　higher

fo血ter－f㎞［collaborative　patents　than　govemment　patents．　However，　the　number　of　claims　is

much　higher　fbr　G　patents　than　inter－fum　collaborative　patents．　This　may　be　due　to　the　fact　that

the　data　on　citations　are　available　only　up　to　1997．　Indeed，　Lechevalier，　Ikeda，　and　Nishimura

（2008）finds　lthat　the　impact　of　participation　to　RT　related　public　prql　ects　are　statistically

significant　only　after　1997．

Table　3－3．：Summary　statistics　fbr　each　type　of　R＆D　collaboration（per　patent）

Tbtal

mumber

Backward

モ奄狽≠狽奄盾

Forward

モ奄狽≠狽奄盾

Claims Inventors

1カー9邪0240CO11αboγατjve　Pα’e砿∫ 490 1．07 0．20 5．24 5．24

抗彪芦仇磁ぷ砂CO〃0ゐOmガveカαオθηお 447 1．22 0．56 2．55 3．90

1カかrα司η6ψぷカyco11αbo7百τ加θρατθη施・ 39 0．43 0．96 3．65 5．39

1～）オα1」勿’θγプr功co11αゐoτoガvθ」9α彪ηぴ 976 1．12 0．39 3．95 4．63

G抗Pατθη応　一 98 0．35 0．10 7．59 3．54

G10Pαオεηぴ　一 830 0．44 0．12 7．21 2．65
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GO仇eγPα彪7刎5　一

337 0．21 0．08 6．45 253

1～）加1GPατeηぴ 1，265 0．41 0．13 6．94 2．63

入bηco11αboγαオ了vθカoオθ〃加 11，466 0．74 0．26 5．40 2．15

7bオα11）α彪η砧 13，707 0．74 0．26 5．44 2．37

3－4：Estimation　results

The　Table　3・4　shows　the　results　of　the　estimations．　Hausman　specification　test　suggests　that　for

all　the　models　fixed　effects　models　are　appropriate，　thus　the　resu．lts　of　fixed　effects　models　are

presented．

　　　The　results　show　that　there　are　significant　variations　in　the　coeff7icients　fbr　each　type　of

collaborative　patents．　If　we　look　at　the　results　of　Model（2），　the　coefficients　fbr　G力斑and

GコOare　significant　and　positive，　whereas　that　fbr　G＿Other　is　not　statistically　significant．　This

implies　that　the　participation　fbr　the　public　pr（）j　ects　has　positive　impact　on　fums’research

productivity　only　if　the　participants　of　the　pr（）ject　beiongs　to　the　same　industry　or　if　it　is　big

enough　to　have　more　than　ten　participants．　The　coefficients　for　intra　and　inter　are　positive　and

significant，　but　that　ofIngroup　is　not　significant，　indicating　that　intra－industry　and　inter－industry

types　of　inter－fum　collaboration　have　positive　impact皿research　productivity　while　ingγoUp

type　of　collaboration　do　not　have　impact　on　it．　This　result　is　consistent　with　a丘nding　of　Chapter

2．

・　The　results　also　show　that　the　scale　of　impact　on　research　productivity　differ　among　the　G

patents．　The　elasticity　of　G＿10　is　O．185（＝［exp（0．0169）－1］×0．495），　which　is　much　higher　than

th批of　G迦7αpatent　on也e　n㎜ber　of　cla㎞s（0．015）．　Yet　the　elasticity　for　these　tWo　types　of

Gpatents　is　still　lower　than　that　of」Firms（＝0．23）．　This　implies　that　the　impact　of　any　kind　of

public　pr（）j　ects　on　research　productivity　is　lower　thari　market－coordinated　collaboration．

　　　It　is　important　to　note　that，　however，　the　results　of　mode1（2）and（3）only　capture　the　impact

of　participation　on　current　research　activity　of丘rms．　Indeed，　one　of　the　find血gs　of　I」echevalieち

Ikeda，　and　Nishimura（2008）is　that　past　experiences　of　market－coordinated　R＆D　collaboration

do　not　exe輌impact　o面㎜s，　rese励productivity　while　those　of　govemment－coordinated

R＆Dcollaboration　have　positive　impact　on　research　productivity．　The　empirical　anaIysis　of

Mode1（4）extends　this　finding．　The　results　of　Model（4）show　that　that　all　ofthe　coefficients　for

stock　variables　are　statistically　insignificant　except　fbr　the　G＿1　O．．．StocたThis　implies　that　o血Iy

the　govemment－coordinated　R＆D　collaboration　which班e　big　enough　to』more　th鋤ten

participants　have　lasting　impact　on　fums’research　productivity，　while　the　impact　of　any　other

types　of　R＆D　collaboration　dissipate　quickly　overtime．　It　is　indicative　to　see　that　there　is　no

inte苗㎜collaboration　with　more　than　ten　pa血ers　in　our　dataset．
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Table　3・4：Estimation　of　Research　Productivity　Function

Dependent 迦able：N（n㎜ber ofclaims）
陥γ匡oゐ1召ぷ

励4θ1ρノ Mo4診Z③ M）鹿16り

Rぴπ脚ro⇒ 0．0096＊＊＊ 0．0093＊＊＊ 0．0093＊＊＊

（0．0005） （0．0004） （0．0004）

G血かα 0．0364＊＊ 0．0432＊＊＊

一

（0．0169） （0．0164）

G10 0．0169＊＊＊ 0．0124＊＊＊

一

（0．0035） （0．004）

G抗かα10 0．OI63＊＊＊
一　　　　　　　　　　　　　　　　　｝

（0．027）

GOψθγ 0，003 0．0095 0．0079
一

（0．006） （0．0052） （0．0063）

（｝1カぴα　＆00た 一〇．01
一　　　　　　　　　　　　　　　　　　

（0．0121）

G108τocl㌃ 0．0038＊
一　　　　　　　　一

（0．002）

GO〃2θγδγooん 0．0079
一　　　　　　　　　　　　　　　　　　　　

（0．0063）

血かα 0．1100＊＊＊

（0．0417）

抗ぽ 0．02524＊＊＊

（0．0078）

血8ア0μρ 一〇．0123

（0．0138）

Fか7ηぷ　　　　　　　　　　　　　　　　　　． 0．0131＊＊ 0．0129＊

（α007） （0．0069）

抗τFか〃23＆OCた α0018

一一 （0．0034）

励1〃＿Poo1 0．0008＊＊＊ 0．0008＊＊＊ 0．0008＊＊＊

（0．0002） （0．0002） （0．0002）

8ヒ匡εηce 0．0599 0．0591 ・0．0589

（0．04769） （0．0477） （0．0479）

Number　of　observations 2324 2324 2324

＊Signi丘cant　at　the　10％level，＊＊Significant　at　the　5％level，＊＊＊Significant　at　the　1％1evel
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　　　To　sum　up，　the　estimation　in　this　section　suggests　that　the　impact　of　the　participation　to

public　pr（）j　ects　on　research　productivity　significantly　differ　depending　on　the　types　of　prcj　ects．

Thus，　we　cannot　find　the　evidence　that　public　pr（）j　ectS　int血sically　have　positive　impact　on

research　productivity　or　exert　greater　impact　than　market－coordinated　R＆D　collaboration．　Yet

也ereason　th就government　consortia（govemment－ncoord血ated　collaboration）on　average　exert

greater　impact　than　market－coordinated　collaboration　is也at　government　consortia　tend　to　have

more　participants　and　its　participants　tend　to　belong　to　the　same　industry．　These　knds　of　R＆D

collaboration　are　in　fact　dif6cult　to　be　realized　by　market　coordination．　hltra－industry　R＆D

collaboration　is　quite　rare　probably　due　to　the　rivalry　among　the　丘㎜s　even　though　it　exerts

significant　positive　effects　on　research　productivity．　Also，　R＆D　collaboration　with　more　than　ten

餌icipat㎞g㎞s（wnhout　govemment　involvement）has　not　been　rea1屹ed　yet．　It　is　probably

because　coordination　costs　to　engage　in　such　collaboration　are　quite　1arge．　Thus，　govemment

appear　to　have　played　the　role　of　coordinator」helping　to　realize　such　R＆D　collaboration　that

camot　be　undertaken　by　the　coordination　by　markets　but　that　have　significant　effects　on

research　productivity．

4：Summry
This　ch叩ter　qualitatively皿alyzed蛭related　gove㎜ent　conso宜ia血Ja脚by　compa血g血e

血ter一㎞R＆D　collaboration　without　govemment　involvement．　The　analysis　of　Chapter　1　indicates

that　the　source　of　innovation　failure血rol）ot　industry　is　resuIted丘o血the　fact　that　the　rol）ots　are

complex　systems　and　the　development　requires　various　kinds　of　highly　specialized　technology．

R＆Dp呵ects　require　costs　and　technologies　that　cannot　l）e　dealt　with　by　any　single　f㎞，　and

the　high　risk　involved　in　the　R＆D　activities　limit　expected　private　gains．　R＆D　collaboral　i　on

will　solve　this　innovation　failure，　but　the　lack　of　coordination　among　fums　hiders　the　realization

of　R＆D　collaboration　at　the　su」田cient　level．　Under　these　conditions，　appropriate　policy

instmment　appear　to　be　the　promotion　of　cooperation　among丘㎜s．　Recognizing　the

technolbgical　statUs　of　robot　industry，　central　govemments　of　Japan　have　implemented　many

govemment　sponsored　R＆D　consortia　as　the　main　policy　instrument　to　suppo舳is　industry．

The　empirical　analysis　on　the　RT　related　govemment　sponsored　R＆D　consortia　in　this

chapter　extends　the　analysis　of　Lechevalier，　Ikeda，　and　Nishimura（2008）which　showed　that

govemment　sp皿sored　R＆D　consonia　have　positive　impact　on血e　research　productivity　of

p　articip　ating　frrms　and　the　impact　is　oIl　average　greater　than　market　coordinated　R＆D

collaboration．　The　empirical　results　show　that　impact　of　the　govemment　sponsored　research

conso］眈ia　on　fums’research　productivity　significantly　differ　dependmg　on　the　types　of’proj　ects，

and　thus　there　is　no　evidence　that　public　pr（）j　ects　inUinsically　have　positive　impact　on　research

productivity　or　exert　greater　impact　than　market－coordinated　R＆D　collaboration．　The　reason
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that　govemment　sponsored　R＆D　c皿sonia　exert　greater　impact　than　market－coord血ated

collaboration　is　that　government　consonia　tend　to　have　more　partici卿ts　and　its　participants

tend　to　belong　to　the　same　industry．　These　knds　of　R＆D　collaboration　are　in　fact　difficult　to　be

realized　by　market　coord血ation．　Thus，　govemment　appear　to　have　played　the　role　of　coordinator，

helping　to　realize　such　R＆D　collaboratioll　that　ca皿ot　be　ulldertaken　by　the　coordination　by

markets　but　that　have　significant　effects　on．research　productivity．
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Conclusion

This　paper　examines　characteristics　of　innovation　activities　in　RT　and　in加m　empirically

analyzes　collaborative　R＆D　and　government　sponsored　R＆D　consortia　in　Japan．

　　　Chapter　l　of　this　paper　qualitatively　analyzed　robot　hldustry　based　on　the　vieWPoint　that

there　is　significant　variety　in　technology　on　which丘㎜s　a血d　industry　are　depeIlded．　The

analysis　of　this　chapter　indicates　that　the　possible　source　of・imovation　failure　in　RT　comes　from

its　complexity　in　tec㎞ology．　Based　on　the　fヒamework　of　Martin　and　Scott（2000），　it　is

suggested　that　the　promotion　of　R＆D　collaborat輌on　among　firms　is　a　key　to　the　development　of

this　industry．　Yet　the　robot　technology　in　Japan　is　characterized　as　a　low　degree　collaboration

among　firms　and　thus　inter－fm　1　collaboration　should　be　encouraged　for　the　development　of　this

industry．

　　　Based　on　these　results，　the　subsequent　chapters　empirically　a血alyze　the　status　of　hlter－fi㎞

collaborati皿and　govemment　sponsored　consortia．ぴe鋤1ysis　m　Chapter　2　shows　that　more

than　half　of　inter－firm　collaboration　is　in・・group　cooperation　and　this　type　of　R＆D　collaboration

do　not　exert　any　impact　on　research　productivity　of　participating　f辻ms．　Also，　the　results　of

estimation　fbr　the　benefits　of　collaboration　indicate　that　the　type　of　R＆D　collaboration　with

higher　the　degree　of　competition　among　the　participants　exerts　greater　effect　on　research

productivity．　This　result　actually　contradicts　the　prediction　of　Katz　model．　These　results

suggest　that　the　rivalry　among　fimls　hinders　the　realization　of　R＆D　collaboration　in　RT，

whereas　in　the　Katz　model　rivalry　reduces　the　benefits　of　collaboration　to　the　participating

f吐ms．

　　　As　to　the　determinants　and　motives　fbr　R＆D　collaboration，　the　estimation　results　do　not

supPort　hldustria1・organization　theory　and　capabili鯉theory．　Transaction　costs　theories　apPear　to

hold　in　the　case　of　non－group　collaboration　and　thus　play　the　role　to　h血der　the　likelihood　of

collaboration　fbr　this　type　of　coIlaboration．　However，　transacti皿costs　do　not　exert　any　impact

in　the　case　of　in－group　collaboration．　This　suggests　that　transaction　costs　that　arise　from

monitoring　costs　and　approbiliability　is　not　a　problem　fbr　in－group　collaboration　and　groups　can

be　thought　of　quasi－intemal　organization．　This　result　is　consistent　with　the　empirical　results　of

Nakamura　and　Odagiri（2005）which　analyzes　the　determinants　of　R＆D　collaboration　based　on

the　sample　of　1400　Japanese　firms．

　　　The　results　of　empirical　analysis　in　Chapter　2　indicate　that　only　the　non－group　R＆D

collaborati皿has　positive　impact　on　the　research　productivity　of　participating　frmis　a血d，　fbr　this

type　of　collal）oration，　the　existence　of　traエ1saction　costs　play　a　role　to　prevent　the　realization　of

inter－firm　collaboration．　Also，　it　is　shown　that，　within　non－group　collaboration，　intra－industry

collaboration　is　the　most‘beneficial’type　of　collaboration，　yet　this　type　of　collaboration　is　quite
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rare．　Rivalry　among　fums　seems　to　be　an　obstacle　to　the　realization　of　this　type　of　collaboration．

From　these　facts，　we　can　infer　that“bo皿dary　of　f㎞”is　an　imp斑ant　element　to　deter　the

i皿ovative　activities　of　RT　which　require　the　collaboration　among　fir　ns．

The　analysis　on　the　RT　related　govemment　sponsored　R＆D　consortia　in　chapter　3　eXtends

the　analysis　of　Lechevalier，　lkeda，　and　Nishimura（2008）which　showed鋤t　gove㎜ent

sponsored　R＆D　consortia　have　positive　impact　on　the　research　productivity　of　participating

firms　and　the　impact　is　on　average　greater　than　market　coordinated　R＆D　col励oration．

The　empirical　results　show　that　impact　of　the　government　sponsored　research　consonia　on

fhms’research　productivity　significantly　differ　dependhlg　on　the　types　of　pr（）j　ects．　Therefbre，

there　is　no　evidence　that　public　prql　ects　intmsically　have　positive　㎞pact　on　research

productivity　or　exert　greater　impact　than　market－coordinated　R＆D　collaboration．　Yet　only　the

pr（）j　ects　with　more　thart　ten　participants　and　the　ones　whose　participants　belong　to　the　same

industry　have　positive　impacts　on　the　research　productivity　of　participating　firms．　These　kinds

of　R＆D　collaboratioll　are　in　fact　difficult　to　be　realized　by　market　coordination．　Thus，

govemment　appear　to　have　played　the’　role　of　coordinator，　helpmg　to　realize　such　R＆D

collal）oration　that　cannot　be　undertaken　by　the　coordination　by　markets　but　that　have　significa証

effects　on　research　productivity．

　　　　　The　basis　of　the　analysis　i血this　paper　is　the　viewpoint　that　the　source　of　mnovation

血ilure　and　expected　role　of　govemment　are　different　among　industrial　sectors．　There　are　a

various　s　ources　of　market　failures　in血novation，　and　apPropriate　policy　instrument　should　differ

depending　on血e　types　of　market　failures．　Thus，　the　evaluation　of　govemment　policy　wi血out

the　consideration　fbr　the　characteristics　of　industry　may　not　be　appropriate．　The　detailed

analysis　of　this　paper　exposes　the　problem　of　coordmation　in　innovation　in　RT　and　shows　the

government　role　as　a　coordinator　which　promotes　the　collaboration　and　knowledge　flow　among

丘㎜s．This　paper　analyzes　only　robot　technology　as　a　case　stUdy，　but　it　carries　the　following

general　message　wi血regard　to　the　role　of　government　in　innovation：where㎞e苗m

collaboration　is　required　in　innovation　but　the　collaboration　is　hi血dered　by　rivalry　among　firms

and　tratisaction　costs，　the　active　involvement　of　the　govemment　as　a　coordinator　to　conduct

large　scale　prql　ects　is　necessary．
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AppendiX：The　I）erivation　of　Spillover　Poo1

Fi㎞s　are　usually　engaged　hl　research　activities　in　various　fields．　Jaffe［1986］expresses　the

technological　position　of　a　firm　in　the　vector　which　are　composed　of　the　portion　of　its　RandD

e餓）rt　in　each　technological　field

Fi＝（ri・・〃fti

where　each　element　of　technological　position　vector　represents　the　ratio　of　RandD　resources

used　by　fmm　i　i　each　technologica1　field．　One　way　to　calculate　the　teclmological　position　o　f

the　firm　using　the　distribution　of　RandD　spending　in　each　field，　yet　it　is　quite　dif猛cult　to　obta血

the　portion　of　RandD　spending　across　teclmological　fields．　Thus，　we　follow　Jaffe［1986］and　use

the　distribution　of　patents　that　flr　n　apllies　in　each　technological　field．To　calculate　the

technological　position　of　frmis　we　classify　RT　patents　into　twenty　micro　technological　fields

based　on　the　classification　of　JPO（2002）．

　　　Funher，　Jaf正b［1986］defmes　the‘‘techonological　distance”between　the丘㎜iand　j　using

the　their　vector　of　technological　position，　which　takes　the　form　of

　　　　　　　　　　F，F」

T，・＝
　　　　［（F，F，）（呪号）］’／2

Here，　technological　distance　Ti’　is　E　n　index　to　measure　the　magni加de　of　similarity　in　the　patCnt

portfolio　betWeen　the　firms　and　it．　approaches　to　1　as　the　similarity　of　technological　position

become　more　similar．　Following　Jaffe［1986］，　we　assume　that　the　technological　position　and

technological　proximity　are　fixed　in　the　short　mn．

　　　V陀can　then　calculate　potential　spillover　pool　of　each　firm　using　the　index　of　technological

distance．　The　idea　behind　this　is　that　spillover　effects　fbr　firm　i　will　l）e　bigger　as　its

technologica1　position　become　more　similar　to　the　furnノ．　The　spillover　pool　fbr　the　fim1∫hl

time　t　is　formularized　as

Ki，　・ΣTi」R」一、

　　　　　ゴ≠ゾ
■
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