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0NageswaranKumares ㎝，宮崎久美子 ( 東工大社会理工学 ) 

Abstract@ ， Though@spillover@potenti*@   has@been@i   entified@for@the 

betterment@ of@ economic@ growth,@ the@ studies@ on@ necessary 

infrastructures@to@induce@spillovers@is@still@in@their@early@stages   

Th@@   paper@ discusses@ how@ integrating@ techn0ogies@ functi   n@ as 

spillover@infrastructures@ in@the@advanced@stage@of@technolog@   4   

dev Ⅰ   opment ・ Taking@ the@ case@ of@ robot@@   technology@ aS@ an 

Ⅰ   tegrati   g@techn0ogy,@this@paper@argues@the@important@ro@@   of 

certain@ integrating@ technologies@ in@ creating@ a@ medium@ for 
㎞ owledee                             in an                         system ・ Utilizing the 

Techno-Economic@ Network@ framework,@ this@ paper                   

empirical@evidences@to@show@how@the@robotic@technology@in@Japan, 
has@ been@ functi   ning@ as@ an@ inv@   ib Ⅰ   infrastructure@ to@ induce 

sPl@   vers ・ Ths@ paper@ conc Ⅰ   des@ that@ as@ intangi   le@ factors 

becomes@ important@ for@ building@ technologic4@   infrastructure, 
iden Ⅰ     fying@ the@ characteris Ⅰ     cs of integrating techn0ogi   s in   

INTRODUCTION 

Recen4y,@@@   is@widely@accepted@that@"technological@infrastructure" 
should@be@considered@separately@from@the@socio ・ economic@structures 

as@ @@   includes@ delicate@ and@ distinguishably@ diferent@ components   

Technological@ infrastructure@ (TI)@ buiding@ process@ has@ been 
considered@as@a@process@not@only@just@to@accelerate@economic@ac4viy 
but@ also@ bring@ the@ system@ more@ ef@ci   nt@ and@ productive@ [1 Ⅰ   5]   

Three@ infrastructures@ are@ highly@ interdependent@ and@ join Ⅰ   y 
determine@ the@ capabiiies@ and@ competi4ve@ poS4ons@ of@ nation3   
                        systems ， They "co                 wih one               and 

dynamically@ determine@ their@ tr4ectores@ generally@ to@ promote@ the 
na4onal@ objectives ・ TI@ generally@ includes@ the@ exitence@ of 

convention3@   infrastructure@(transportation,@ communi   a Ⅰ     on,@power, 

etc ， %@   human@ capi8@   (engineers,@ scientits,@ etc ，Ⅰ   instiu Ⅰ     on3   

infrastructure@ (patent@ system,@ bridging@ ins Ⅰ     tu Ⅰ     ons Ⅰ   firm@ based 

capabiliies@ @@   production, investment and interdependenCes of 
investment@deciions   It is a《et of…ol Ⅰ   ctiv0y《upp Ⅰ     ed, industry 

speciic, industry-re Ⅰ   vant capabiiies, intended 正 O 「 several 

app Ⅰ     ca Ⅰ     ons@in@two@or@more@firms@or@user@organizations@[4] ・ In@recent 

years,@most@of@the@studies@recognized@the@@ntangible@components"@in 
the@ infrastructure@ devCopment@ and@ increaSngly@ v3ue@ importance 
especia Ⅰ   y@in@advanced@industr3@   economies@[1][3][4] ， As@intangib Ⅰ   

component@ increases@ in@ the@ infrastmcture@ building@ process,@ it 

becomes@more@dynamic@than@static 
Justman@and@Teub3@   [4]@ditinguih@between@two@extreme@type@of 

T Ⅰ     baSc@and@advanced ・ Basic@TI@comprises@routne@or@conventiona   

capabiiies@ that@ support@ low@to@ medium@ technology@ac Ⅰ     vi4es@ and 

advanced@TI@serves@high@tech@and@ Ⅰ   ading@edge@industres@providing 
necessary@R&D@inputs@to@the@specific@innovatons@or@dev0opments   

Tassy  [1]                 as‖n・                     that（s 

jointly@ used@ by@ competing@firms ・ He@ categorizes@ the@ advanced@ TI 
under@three@broad@topics ， (1 Ⅰ   Generic@technologies@-@core@product 

and@process@technologies@from@which@specific@commerci   l 

app Ⅰ     catons@ are@ dev0oped@ through@ subsequent@ appli   d@ R&D@ by 

competing@ f@ms ・ (2 Ⅰ   Methodological@ technologies@ -@ techniques, 

methods@and@procedures@necessary@to@imp Ⅰ   ment@f@m's@strategies@e ， g   

TQM ， JIT ， ISO@9000 ， heuristics@methods@developed@internally ， (3)   

Technology ， based infrastructure   set of "techni   al tools" 正 O 「 

making@the@entie@economic@process@efficient@and@collec Ⅰ     vCy@these 

too@@   are@ ca Ⅰ   ed@ as@ "Infratechnologies" ・ Infratechnologi   s@ are 

embodi   d@in@or@support@generic@technology@and@its@app Ⅰ     ca Ⅰ     ons ， It 

inCudes@ sCentfic@ and@ engineerng@ data, measurement and test 

methods,@produc Ⅰ     on@practces@and@techniques@and@interfaces@and@act 

as@intermediaTes@for@effici   nt@transfer@of@knowledge@and@information 

and supports all phases 0 Ⅰ R&D   production and market 

development ， 

Many@research@ in@recent@years@identi@ed@ the@enormous@soci   l@and 

economic@ benefits@ of@encouraging@ the@ technology@ spilovers@ over 
Ⅰ     miing@ the@ spilovers@ excesSvCy@ to@ mo Ⅰ     vate@ innovators@ Ⅱ   7]   

Knowledge                                                             which @   a subset of a 

broader@definition@ of@technological@ infrastructure ， should@ consider 

factors@that@encourage@spilover@[3][1l   Ⅱ   7] ， Developing@the@TI@ to 
encourage@the@knowledge@spilovers@has@different@exp Ⅰ     c@@   objec Ⅰ     ves 

from@ the                                     Ⅲ                                 Though both 
mainly@ consider@how@ to@improve@ the@ knowledge@ flows@within@ the 
system,@the@concepts@of@advanced@TI@focus@on@improving@efficiency 
of@the@infrastructure ， Infra-technologies@are@encouraged@basically@to 

improve@ the@ overall@ effiCency@ and@ productviy@ of@the@ system@ by 
improving@ the@ intermedi   ry@ technical@ too Ⅰ・ One@ of@ the@ main 

difference of above system with that of SPiIIove ア biased 

infrastructure@would@be@the@focus@on@ "medium" ・ We@argue@in@thi   

paper@ that@ spi@over@ biased@ TI@ needs@ to@ consider@ al   o@ an@ effectve 

medi   m@to@ carry@ the@ know Ⅰ   dge@ from@ one@ point@ to@ the@ other ・ The 

medium@ can@ be@ a@ tangib Ⅰ   (viSble)@ component@ or@ an@ intangible 

(inviib Ⅰ   )@component ・ Spi Ⅰ   over@component@@@   larg0y@neglected@in 

the@infrastructure@ building@process@ until@ recently@ as@ the@ notion@ of 
spilover@ st Ⅰ   l@ in@ the@ process@ of@ development   Furthermore   it's 

sensitivity@ wih@ poS4ve@ and@ nega Ⅰ     ve@ effects@ make@ it@ difficult@ to 

explicily@strike@a@balance@at@the@policy@ Ⅰ   vel ・ We@identiy@the@role@of 

integrating@technologies@ in@ spillover@biased@ infrastructure@building 
process ， We@ propose@ in@ advanced@ TI,@ in@ addi Ⅰ     on@ to@ geneTc, 

methodological@ and@ infra@ technologies,@ we@ have@ to@ consider 
integra Ⅰ     ng@ technologies,@ which@ have@ different@ characteris4cs@ from 

the@above@three@wih@respect@to@spilovers ， Improving@the@spilover 

characteTs4cs should be viewed differently than improving 
efficiency ， In@this@paper,@we@discuss@how@an@integrating@technology 

acts@as@medium@of@spilover@taking@the@case@of@robotics@in@Japan ， We 

further@argue@that@inherent@characteristics@of@a@technology@iself@with 
activiti   s@ in@ research,@ development@ and@ market,@ importance@ and 
pattern of ditribu Ⅰ     on     na Ⅰ     onal level, Ⅱ nka 色 es with other 

technolo 目 es and the evolutionary t イ na Ⅱ ecto 「 y OVe ア the yea ブ S 

dis4nguish@ the@ capac Ⅰ   y@ of@ the@ spilover@ effects@ of@ integrating 
technologies   
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FRAMEwoRK   

ⅠⅠ le  spiIIove プ Ⅱ etwo プ kk  and                                                                           The               that  "knowledge  is                                   is largely a 

under@the@baSc@framework@of Techno-Economic¨etworkー6] [7] ， contemporary construct reflecting the growing importance and 
Techno-Economic@Network@can@be@defined@as@a@coordinated@set@of@ complexity@ of@knowledge@ used@ in@ the@ production@ of@goods@ and 
diparate@ actors@ such@ as@ firms,@ universities,@ research@ centers,@ servies@ [3] ・ Though@ technology@ sectors,@ na Ⅰ     onal@ innovation 
financi3@   and@other@organiza Ⅰ     ons,@which@participate@co Ⅰ   ectiv0y@in@ envionment,@ global@ competi Ⅰ     on@ also@ largely@ determine@ the 
the  design, development, producti   n and diffuSon of“oods and distTbution power thus spilover of》echnology, we analyze the 
services@some@of@which@give@rise@to@commercial@transac Ⅰ     on ， It@has@ capabiities@ of@ technologies@ as@ spillover@ infrastructure ・ Largely 
been@organized@around@major@poles@and@each@of@which@are@defined@ agreeing@ with@ the@ earlier@ definition@ of@ advanced@ technological 
by@ the@ type@ of@intermediaries@ circulated@ by@ the@ members@ of@the@ infrastructure,@we@consider@"integrating@technologies"@in@addition@to 
network ， generic ， methodological‖nd（nfra》ype｛f…ategories   

Each@of@the@poles@are@defined@in@the@following@way ， 

Science@Pole:@ Mainly@ the@ activities@ of@ producing@ certified 
knowledge@ are@ considered@ in@ th@@   pole   Output intermediares are 
generally@pub Ⅰ     catons@(in Ⅰ   udes@articles,@ reports,@working@papers Ⅰ   

Generc 
embodied@ know Ⅱ   dge@ (graduates,@ traned@ sCent@ts@ moving@ to Technol0 回 。 s 
industry)@and@sometimes@technic3@   devi   es,@etc   
Technology@ Pole:@ Mainly@ characterized@ by@ the@ conception@ and № 丘 a Methodological 
development@ of@mater3@   products@ that@ are@ coherent@ (durab Ⅰ   and Technol0 が es Technolo 回 es 

relab Ⅰ   )@and@capable@of@rendering@specific@services ・ Intermedires 

of@this@po Ⅰ   can@be@patents,@prototypes,@standards,@ru Ⅰ   s@and@methods Ⅲ tegrahng 

etc   T ㏄ hn0lo 摩 es 

Market@Pole:@Mainly@refers@to@the@users'@state@of@demand@(identity@of 
                    the             0 士                                                                 etc.).. The 

prmary@i   termediry@here@@@   money ・ The@transacti   n@in@this@pole@ FIGURE@1:@TECHNOLOGY@GROUPING@FOR@SPILLOVER@INFRASTRUCURE 
reflects@the@utility@of@the@goods@and@services   

Integratedly the networks       all three poles identify how Generic》echnologies have come to be viwed as a｝ub@c｛r 
knoWedge@ flows@ within@ and@ between@ these@ three@ poles@ and@ quasi-public@good@and@therefore@easily@accessible ， Methodological 
characteritis@ of@ knowledge@ distribu Ⅰ     on@ power@ of@ integra Ⅰ     ng@ and@infra@kind@of@technologies@can@be@categorized@as@"quasi@public" 
technology   goods@or@services@with@its@inherent@characteristics@as@intermediate 

technologies ， But@the@integrating@technologies@in@contrast@are@mostly 
DATAヾOURCES、ND｀ETHODOLOGIES "private"（n］ature‖nd…orporations‖re『illing》o《pend｛n》heir 

own@ to@ accumu Ⅰ   te@ know Ⅰ   dge@ in@ these@ technologies ， Integrating 
Data@bases@and@interview@data@were@used@in@our@research@and@in ， technologies@are@application@level@technologies@and@"customization" 
(a)@ Scince@ Pol Ⅰ     The@ publiation@ ac Ⅱ     viis@ are@ considered@ and@"system@integration"@are@the@two@core@technological@competence 

                                                                                                                                required’or》he》echnological‖ccumulation   

for@ the@ analytical@ purposes ・ Compendex@ Engineering@ database ， a 

  
  

in@the@sci   nce@po Ⅰ   of@our@analysi     

(b Ⅰ   Technology@PolC@     Patenting@@@   conSdered@as@a@representa Ⅰ     ve 

                    for》he                                         in》he                     pole ， Though 

the@ patents do not cover the entie domain of technologic3   Hl 日 1 
Ⅰ 0 卍サ 

inventons@[2 Ⅰ   [23]@and@a Ⅰ   patents@do@not@ Ⅰ   ad@to@innovation,@@@   has 
some@strength@to@use@as@representative@tool@[24]   

(c) ・ Market@Po Ⅰ   :@Interna4onal@trade@data@taking@into@account@of@the 

圓 

nation3@   diference@compied@by@Interna Ⅰ     on3@   Federaton@of@Robots 

(IFR Ⅰ   a@body@ comprising@most@of@the@robot@produCng@countries, 
data@taken@annua@y@by@Japan@ Robot@ASsociation@(JARA)@are@used 
speCfica Ⅰ   y@to@analyze@the@market@po Ⅰ     

目 

A@ combina Ⅰ     on@ of@ co-word@ and@ co-classifica4on@ techniques@ i   
used@for@data@analysis@in@Science@and@T0chnology@poles ， Co-word 
                                                                                          keywords（n》he 園 LO イ Ⅰ 

Higli 

respective@fi0ds@to@extract@the@informa Ⅰ     on@from@the@database ・ Co- 

CasSficaton technique   on the other hand ， uses the existing 

classificalon@codes@of@the@databases considers@the@entie@spectrum@of@the@pub ・ The@classification@analysis Ⅰ ca Ⅰ ons@and@has@a FIGURE・ VALUE，HAIN   

wihout@any@informa Ⅰ     on@loss   
The  knowledge                                     of each technology           

differs@ based@ on                               As a                                           

  

Market,@generally@the@identity@of@the@generic@technology@gets@blurred 
and@ mostly@ integrated@ technologies@ becomes@ apparent ・ Generic 

一 16 一 



technologies@for@example,@a@new@mateTal@or@chemical@compound@or 
electronic@ device,@ can@ carry@ an@ inherent@ and@ comp Ⅰ   mentary 

know Ⅰ   dge@ component@ mosty@ in@ the@ Science@ and@ Science@ - 

Technology@ interface@ and                                     舐伍 。 " i' 。 。 m 。 "0 

Techn0I0 名 y  一 Ma ブ ket inte アイ ace  and  then  to  Ma 丁 ket p0le, it gets 

integrated into the application models and the integrating 
technologi   s@ takes@ over@ the@ knowledge@ carrying@ capacity   

Methodologi   al@and@infra@technologies@on@the@other@hand,@in@gener Ⅰ   

carries@the@know Ⅰ   dge@component@within@a@limited@space ・ It@may@be 

within@the@po Ⅰ   s@or@interfacing@space ， Figure@2@shows@the@conceptu3   

model@to@show@the@knowledge@carrying@capacity@of@each@technology 
in@the@value@ch3n   

Figure@3@conceptu3izes@a@general@pattern@of@knowledge@carrying 
capacity@ of@ technology@ groups@ and@ the@ extent@ of@ the@ knowledge 
carrying@space@ may@ differ@ depending@ on@ the@ technology   Consider 

for@example,@the@combinations@of@generic@technology@and@integrating 
technology@of@tranSstor@and@ televiion,@ microchip@ and@ controllers, 
engine@ and@ motor@ vehicle   in each case, the generIc technoIo 呂 y 

would@be@the@core@technology@for@the@integrated@technology ， It@forms 

the@ advanced@ infrastructure@ for@ the@ development@ of@ integrated 
technologies@and@functions@as@an@independent@know Ⅰ   dge@component   

Integrating@technologies@on@the@other@hand@forms@the@"platform"@for 
integration ・ 

呂 cienti 十 c Di Ⅰ ciD Ⅱ nel 

  
  
  

@ 甘 ㏄ 

Ⅰ -T 

音耳 

    

    

T- Ⅱ 

  

  
  

App Ⅱ c フ廿 onl 

FlGURE3: P ぬ WORMFORMTI0NOFl ℡ GMT@NGmCHNo ㏄ GIES 

Figure@3@above@shows@how@an@integratng@technology@functions@as@a 
pIatfo ァ rm  to                       The  pIat 化 )rm  0 Ⅰ あ ⅠⅠ                           technology 

お o 丘 ms nationally and its k Ⅰ lowledge ca ァブ ying 正 eatu ブ es depend on 

several@factors@both@endogenous@ and@exogenous@to@the@technology   

  

carrying@ capability@ and@ spillover@ infrastructure@ of@ the@ integrating 
technologies@taking@the@case@of@Robotics@technologies@in@Japan   

C だ E0 丁 ROBOTICSINJAPAN 

Robotic@technology@can@be@a@typical@example@for@an@ integrating 
                    肝 oup. ㎞ y                           model of‖ robot depends on 

successful@ integration@ of@number@ of@generic@ (controlling,@ sensing, 
communication@ etc ， %@   methodologi   al@ (system@ configurations@ lke 

CIM ， operational@ sequence@ specifically@ designed@ to@ meet@ the 

applications,@heuristic@methods@developed@internally@etc ， )@and@infra- 

(interface@standards,@deSgn@architectures,@monioring@and@calibrating 

  

number@ of@ integrating@ technologies@ also@ proportionally@ increase   

One@can@ observe@ another@co-evolutionary@ dynamics@between@ these 
technology@ groupings ， Robotics@ has@ been@ widely@ quoted@ as@ an 

examp Ⅰ   for@the@equipment@embodied@knowledge@diffusion ， When@a 

  

transferab Ⅰ   may@ also,@ diffuses@ into@ user@ side ・ Of@ course,@ the 

  

                                      Ⅵ 牛 en Ⅱ se Ⅰ sta"S Ⅰ slng the Ⅰ obot@                   

strong@possibility@of@knowledge ， which@is@obtained@through@the@robot 

inst3   ⅠⅠ     on,@usage@and@m6ntenance,@ spillover@to@other@areas@of@the 

user@firms ・ T@is@ had@ been@the                                       of ㎞ owIedge 

difusion,@which@primari Ⅰ   takes@p Ⅰ   ce@when@a@technology@intensive 
capital@ good@ diffuses@ to@ a@ user@ with@ absorptive@ capacity ・ Market 

mechanism@plays@an@important@role@in@shaping@the@diffusion@process 
of@this@kind                                                                                               

reveals@ very@ interesting@ know Ⅰ   dge@ spilover@ charactefs Ⅰ     cs ， We 

found@robo Ⅰ     cs@in@Japan@func Ⅰ     ons@as@ "an@invi   ible@knowledge@flow 

infrastructure",@which@supports@heterogeneous@knowledge,@not@only 
diectly@ re Ⅰ   ted@ to@ roboti   s@ but@ alo@ diferent,@ flow@ through@ this 

network ・ Many@cases@the@network@itself@functions@as@a@link,@we@call@it 

as@"knowledge@cross@links",@medium@to@transfer@knowledge ・ It@can@be 

inferred@ that@ it@ could@ a Ⅰ   o@ lead@ to@ know Ⅰ   dge@ spilovers@ from@ one 

technology@to@the@other   

Robotics@in@Japan@unlike@ many@other@countries@ is@having@wider 
knowledge@ network@ from@ top@ to@ down@ streams,@ crossing@ many 
disparate@industries@[23 Ⅰ   Differing@from@the@narrower@de Ⅰ niion@of 
embodied@ knowledge@ diffusion ， which@ takes@ place@ only@ through 
market@ mechanism,@ it@ conSders@ the@ knowledge@ diffuSon@ network 
structure of total innovation cycle, f ァ om creation     

commercia Ⅰ     zation ・ The@integrated@network@functions@in@a@disparate 

way@ and@ identifica Ⅰ     on@ of@ such@ networks@ together@ wih@ their 

know Ⅰ   dge@ flows@ mechanim@ in@ many@ ways@ help@ to@ build@ the 
na Ⅰ     onal@ knowledge@ networks ・ In@ addi Ⅰ     on@ to@ related@ technolog@   s 

and@ app Ⅰ     cations, there have been many other factors decide the 

extent@ and@ coherence@ of@the@ overall@ network ， Some@common@ factors 

Ⅰ     nking@the@robotic@technology@in@to@a@Sngle@platform@are@(1) ・ Term 

"ROBOT ， -@ widely@ used@ not@ only@ for@ academic@ and@ industrial 

purposes@ but@ also@ in@ medi   .@ entert3nment@ sectors,@ etc ， (2 Ⅰ   

Promoting@ institutions@ -@ JARA(Japan@ Robot@ Asso Ⅰ     ation),@ RSJ 

(Robotic@ Society@ of@Japan Ⅰ   JSME@ (Japan@ Society@ of@ Mechanical 
Engineers)@ etc ・ (3) ， Promotng@ national@ institutions@ -@ MEL 

(Mechanical@ Engineering@ Lab),@ ETL@ (E Ⅰ   ctro@ Technic8@   Lab), 
IROFA@(Interna Ⅰ     on3@   Robot@@   and@Factory@Automation@center) ， (4)   

Publication@ Journals ， (5) ， Patenting@ class@ (USPTO@ office@ (901) ， 

Japan@Patent@office@(361))   

-- 工 7 一 



EMPIRICAL@EVIDENCES 

In@ this@ sec Ⅰ     on,@ we@ di   cuss@ some@ empirc3@   evidences@ found 

through@our@research@in@three@poles,@about@the@characteristics@of@the 
                                                                                                This…ould”elp 

                          the knowledge carrying capacity of this integrating 

technology ・ 

(a)@Market@Pole 
A@ country@ deserved@ to@ be@ called@ a@ "Robot@ kingdom"@ presently 

holds@around@60%@of@the@world@robot@stock     Japan《upp Ⅰ     ed‖round 
80%@ of@ the@ world@ demand@ in@ 1997.@ There@ were@ around@ 300           

producers@at@the@peak@in@1990s@and@the@market@structure@was@highly 
compettive@and@segmented ・ Japan@overtook@US@in@robot@difusion@in 

early@ 1980s@and@ the@recent@figure@shows@that@in@ 1996 ， Japan@had@ 6 
times@ more@ stocks@ than@ US ・ Almost@ all-Japanese@ manufacturing 

industries@utilize@robotc@technology@much@higher@rate@than@any@other 
country@ in@ the@ world ・ Recently@ it@ shifted@ further@ into@ non- 

manufacturing technologi   s and evidences show that there       

considerab Ⅰ   movement@ towards@ non-manufacturing@type@ robots@ in 

Japan@in@all@three@poles@[23]   

In@order@to@identify@the@spilover@infrastructure@the@robo Ⅰ     cs@form 

in@ the@ Market@ pole,@ we@ mapped@ the@ inter-linkages@ between 
app Ⅰ     ca4on@spectrum@using "technology-market" matrix   Based on 

the@makers@and@their@application@spectrum@we@identified@the@clusters 
of@applica Ⅰ     on@sectors@based@on@ their@proximity ， It@is@assumed@ here 

that@two@applications@are@close@to@each@other@@@   one@maker@targets@the 
both@app Ⅰ     ca Ⅰ     ons ・ In@other@words,@there@@@   a@strong@possibility@for@the 

spilover@between@ two@ app Ⅰ     cation@ sectors,@ @@   Smilar@makers@ serve 

them ，   
  

  C 牡接 Ⅰ 5 合 

  

      c"" 。 『 ' 
    

  
      

  
      
    Ⅰ 正           

園 9% 臼曄轄 
      

FIGURE4: POSS 田旺 SP 血刀Ⅶ RCLUS Ⅱ RS Ⅳ M 皿細 TPO 旺 

Figure@4@identifies@five@separate@clusters@and@their@closest@linkages ， 

One@interesting@feature@in@this@cluster@segments@is@that@there@appears 
to@ be@ close@ links@ within@ clusters@ and@ overlapping@ of@ clusters       

mapped@out@the@possible@spillover@pathways@in@the@Market@pole@of 
                                  ⅠⅠ 兎                                                   changes『ith 
year ， By@tracing@dynamically,@one@could@identify@the@changes@in@the 

spillover@infrastructure@in@the@Market@pole@ robotic@techno Ⅰ   gy@forms ・ 

As@the@users@in@the@Market@pole@have@been@mostly@corporations@and 
the@nature@of@the@technology@needs@intense@involvement@of@the@user, 
the@ knowledge@ could@ spillover@ in@ the@ Market@ pole ・ In@ Japan,@ we 

found, @   has been relatively long term and large network with 
effectve@knowledge@carrying@capaci Ⅰ     es   

(b)@Technology@Po Ⅰ   

We@ found@ through@ patent@ analysis,@ Japan@ has@ been@ given@ more 
importance@ nationaly@ to@ robotic@ technology@ compared@ to@ other 
advanced@countries@[23] ・ Tablel@shows@the@percentage@of@paten Ⅰ     ng 

of@ top@ robot@ makers@ and their respective patenting in overall 
Japanese@ paten Ⅰ     ng   It shows that first 25 top makers who have 

approximately@ 45%@ in@ robotic@ paten4ng@ also@ have@ around@ 21% 
patenting@overall@in@US@patents@in@1991-95.@overa Ⅰ   patents@inCude 
3l@ kind@ of@ patents@ and@ @@   we@ Ⅰ     mit@ over@ analysis@ to@ engineering 

related@patents,@ the@percentage@will@be@much@higher ・ It@reveals@that 

the@ size@ of@the@ possible@ knowledge                     network, the robotc 

technology@has@been@having@in@Japan   

TABLE@ 1:@ PERCENTAGE@OF@PATENTING@OF@ROBOT@MARKES@IN@ROBOTS 

AND@ TOTAL 

Further,@ in@ order@ to@ identify@ the@ spillover@ poten Ⅰ     al@ within@ the 

technology@ cluster@ of@ robotcs@ (Japan's@ case),@ we@ calculated@ the 
spilover@ potenti3@   wihin@ robo Ⅰ     c@ technology@ po Ⅰ   using@ below 

equation@[11]   

Where ，   
SP・ P 廿 @ -¨umber｛f｝atents…o-classified｜oth with（‖nd） 

It@measures@the@potenti6@   of@each@technology's@spi Ⅰ   over@potential 
with@other@technology@within@particular@domain ， Table@2 lists the 

spillover@ potential@ of@ technologies@ within@ Japanese@ robotics 
technology@pole@for@two@periods ， 1986-90@and@1991-95   
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S ・ llloverPotentlals ・ 

Technolo  Class Ⅲ cations  l 弼 ・㏄ 1991-g5  Di 什 

[a]  [b]  [b].[a] 
Data@Pcocessi   g:C9ibrati   n 0.62  0.67  0.05 

Data@Processing:navigation 
Computers@and@data@process 
Motor@Vehi   l   s 

Communi   ati   nS@     0ectri   8   

Optics:measuring 
l   formati   n@proces$ng@system 

Image@anal   si   

Surgery 
Coating@appartus 
El   ctri   it Ⅴ     moti   e@power 

Mechine@Element@&@ Mechanism 
Materi   l@or@arti   @@   han0i   g 

Metal@Working 

  0 0.62  ・㏄ 0.63 0.59 
0.56  0.59 

0.57  0.56 

0.50  0.55 

0.60  0.50 

0.59  0.50 

0.00  0.50 

0.18  0.45 

0.57  0.43 

0.37  0.39 

0.36  0.38 

0.34  0.32 

0
0
0
0
0
0
0
0
0
0
0
0
0
 

㏄
㏄
㏄
㎝
㏄
 

冊
 ㎎
切
れ
 

何
 ㎝
㏄
㎝
 

El   ctr@   heati   '   I@ 0.36@ 0.19@ -0.171 
Tot@@   Difference@@@   S Ⅰ     ll   ver@potenti   l 0.4 Ⅰ 

TABLE@2:@SPILLOVER@POTENTIAL@IN@TECHNOLOGY@POLE 

Table@2@list@out@key@technology@classi@cations@based@on@US@patent 
CasSficaton@ in@ descending@ order@ of@ 1991-95@ figures   It cleaTy 

                                                                                              The  difference 
in@ spilover@ potential@ column@ shows@ a@ net@ poS4ve@ Ⅰ gure@ (0.41 Ⅰ   
indicating@a@ net@ increase@ in@ spillover@potential   It also shows the 

varia4on@ of@ spilover@ potenti3@   among@ technology@ classi Ⅰ cations 
were@not@ very@diferent@from@ 1986-90@to@ 1991-95.@ In@other@words, 
there@ are@ technologies@ that@ have@ more@ potential@ to@ spilover@ than 

others@ and@ those@ act@ as@ even@ links@ to@ many@ other@ wihin@ the 

Technology@pole   

(c)  Science  Pole 
Japanese@Robo Ⅰ     c@technology@improved@is@poSlon@in@the@Sci   nce 

pole@after@gaining@the@strength@in@Technology@and@Market@po Ⅰ   s ， We 

found@ that@ recen Ⅰ   y@ national@ importance@ to@ robotics@ has@ been 

increasing@in@Japan@with@compare@to@many@other@advanced@countres 
[23] ・ It@also@indicated@that@there@had@been@increase@in@ac Ⅰ     vii   s@of@6l 

main@ actors@ as@ companies,@ instiutions@ and@ univer64es   Similar to 

Technology  pole   we identified the top compani   s active in the 

Science@ po Ⅰ   and@ found@ out@ the@@   activiies@ in@ roboti   s@ and@ other 

engineerng@ rel   ted@ fields ， Tab Ⅰ   3@ shows@ the@ changing 

concentration@ of@ top@ robot@ compani   s@ ac4ve@ in@ Sci   nce@ po Ⅰ   in 

1987-88  and  1995-96  period                                                                       
database@showed@that@companies@ac Ⅰ     ve@in@robotics@were@also@ac Ⅰ     ve 

in@ the                                   fields ・ Though the gap widens in             

years,@the@posSb Ⅰ   spilover@network@has@been@sti Ⅰ   high@in@Japanese 
companies   

T 朋旺 3:PERCENTAGEOFPUBLICATIONSOFROBOT 掛鮭 SlNRoBoTS 棚 D 
ToT 虹   

we@did@in@the@market@pole,@we@found@that@the@technology@coalescence 
taking@place@ in@ the@Japanese@ robotic@ Sci   nce@pole   It『as Cearly 

observed@that@the@activ Ⅰ   ies@of@computer@Custer@and@control@cluster 

which@were@operated@mostly@in@a@separate@manner@have@now@been 
integrating@together@and@becoming@closer@to@other@structures       i99 色 

  
    

  

  
      
  

    

  

  
                                      

FIGURE・ 

Figure@5@above@shows@the@main@clusters@operating@in@the@Japanese 
robo Ⅰ     c@ SCence@ pole@ in@ 1995.@ We@ observe@ Cos Ⅰ   y@ Ⅰ     nked@ three 

Custers@as@controls@&@computer,@electrcal@and@mechanical ・ It@can@be 

seen@ that@ clusters@ have@ been@ overlapping@ and@ exit@ wih@ close 

proximity                                                                                               
other@and@centered@in@the@knowledge@network ・ 

Complementary/Peripheral and other technologies were 

surrounded@by@the@core@technology@cluster@and@then@by@app Ⅰ     caton 

oTented@ technologi   s ・ The@main@ features@ in@ the@ structure@ were@ (a) 

3most@ all@ engineering@ fi0ds@ (based@ on@ Compendex@ engineeTng 
database)@ have@ some@ linkage@ with@ the@ knowledge@ networks@ of 
robo4cs@ (b)@core@ technologies@ centered@ in@ the@overa Ⅰ   network@(c) 
structure@ is@ highly@connected@ and@ coalescence@ taking@place@within 
the@network   

These                                   the                     pathways with the                 

pole@knowledge@network ，   

We@could@ easily@identify@the@ possible@spillover@pathways@for@each 
teChnoIo 珪 y classifications   As we mentoned above, network 

operates@in@three@di   tinguishable@clusters@and@core@technologies@are 
                  This                                                                                 among 

techno Ⅰ   gy@ groupings ， The@ know Ⅰ   dge@ can           throu 臼 h 

technology@ groupings@ and@ can@ form@ cross-links@ whi   h@ faC     Ⅰ     tates 

strong@spilover@posSbiiies ， Further,@the@overall@network@shows@the 

robotic@structure@connects@disparate@technology@groupings@and@forms 
a@technology@infrastructure   

NATIONAL！NFRASTRUCTURE。UILDING‾ROCESSES 

In》he゛apaneseヽobo Ⅰ     cs］etwork,『e（dentified‖ Ⅰ   four］ational 

Ⅰ   vel@ infrastructure@ ini Ⅰ     atives@ (demand@ drven,@ supply@ driven, 

network@based@and@infrastructure@buiding)@in@order@to@strengthen@the 

ac 

雙
恭
 

№
 g
 

O
n
 

t
e
c
h
n
 

m
a
p
p
i
 

 
 

㎡
・
 
M
 

爬
 ㏄
 

n
g
i
n
g
@
t
 

c
l
a
s
s
i
f
i
 

 
 

㎝
㏄
 

№
・
㎎
 

 
 №

 U
 

 
 ㎝

㏄
 

蛆
珂
 

 
 

]
c
 
3
n
 
2
 

e
 

 
 

 
 

ぬ
 t
 

 
 

a
S
 

h
e
  
 

W
e
 
t
i
v
i
t
 

    
O
e
 

 
 

恥
 ㎡
 

№
 穫
 

Ⅰ
Ⅰ
 

k
 
a
m
e
W
0
 
丁
 

n
f
 

a
S
t
m
C
t
 

ア
 
Ⅰ
 

T
E
N
 

i
n
k
a
g
 

 
 

ユ
下
 
丘
 

N
 
a
m
e
w
O
r
k
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 

e
n
n
 

h
0
I
 

は
 C
 

㎝
 匝
 ・
㎝
 

 
 

 
 

一 19 一 



                                                            National｝rojects.¨ational´abs 

  Demand‥Tven（nitiatives   Special projects based on 

demand@ condiions@ e ， g   incen Ⅰ     ves for companies, lnltla は Hng 

app Ⅰ     cation@projects 

  Network based initiati   es   Brid8ng institutions especilly 

JARA,@academic@associations,@etc     

  Infrastructure｜u Ⅰ   ding・ Ⅰ     on 

under@MITI ， organizing@exhibitions@and@events ， etc   

ⅠⅠ 止 

（ 
" 浮 
    Ⅰ 

S 丁 

/   玉   
FIGURE6: NA Ⅲ ONAL Ⅲ FRASTRUCTUJRE Ⅲ r Ⅱ LA 丁 仏工 S ⅢⅠⅠ N 

FRAMEWORK 

The@above@figure@explans@the@government@in@ia Ⅰ     ves@to@promote 

the@ robot@@   technology@ from@ catch@ up@ stage@ to@ word@ leader   As 

technol0 色 ly develops and diffuses   government progresSvely 

                      new                 to  shape  the                         This process of 

nation3@   I   vC@   infrastructure@ buiding@process@ not@ only@ considered 
the@ technological@ development@ but@ a Ⅰ   o@ encouraged@ co Ⅰ   aborations 

  
effectveness@ of@ these@ inii   tives@ (Interviews@ data)@ but@ from@ the 
spilover@ point@ of@ viw, these injl Ⅰ al Ⅰ ves p 丁 ovlded cooperative 
opportuniti   s@in@a@highly@competitive@environment ， We@found@that 

these Inlt Ⅰ a Ⅰ「 lves helped     an indirect sp@lover plat 田 o ブ m     

encourage@knowledge@flows@between@d@ferent@entities ・ Besides@these 

ア obot spec Ⅰ 血 c Ⅰ ni Ⅰ i.la Ⅰ illVes, there have been many other system 

speciic@ components@ such@ as@ difusion@ inCined@ IPR@ poliCes,       

Japanese national lnnovatlCon system promote the SpIUllove 「 

component ・ 

DISCUSSION@AND@CONCLUSION 

The@ m8n@ 3m@ of@this@ paper@ is@ to@ emphaSze@ the@ importance@ of 
integrating technologi   s       advanced sPillove ア infrastructure 

building@ process   Generic   methodological and infra technologies 

play@an@important@role@in@advanced@infrastructure@process@but@when 
@@   comes@ to@ spilover@ infrastructure,@ the@ role@ of@ integratng 
technologies@also@ becomes@prominent ・ As@we@discussed@ above ， the 

integratng@technologies@form@a@"dynamic@platforms"@to@know Ⅰ   dge 
flows@wihin@the@technology@ ise Ⅰ   and@ other@technologies@consider 
this@ as@ a@ medium@ for@ knowledge@ flow ・ In@ our@ case,@ the@ robotic 

technology@as@an@integrating@technology@found@to@be@functioning@as@a 
dynamic@ platform                       all three poles in Japan ・ The 

characteriti   s@ of@ the@ technology@ and@ other@ nation3@   lev0@   factors 

(discussed@above)@ identify@the@ knowledge@carrying@capacity@of@the 
i   tegrating@technologies   

As@ countries@ become@ technologically@ advanced ， intangible 
components@ than@ tangible@ components@ play@ an@ important@ role@ in 
formulating@the@infrastructure ， Encouraging@spillover@components@in 

the@ infrastructure@ building@ process@ become@ an@ important 
consideration@ in@ the@ advanced@ stage@ of@ infrastructure@ building ， It 

makes@ policy@ makers@ to@ conSder@ intangible@ components, which 
encourage@the@spillover@naturally@ as@they@develop@in@an@innovation 
system ・ TFerefore@ identifying@ the@ nature@ of                                             
technologies@ and@ their@ knowledge@ carrying@ capaciy@ wihin@ the 
innova Ⅰ     on@system@becomes@policy@task@that@can@not@be@ignored   
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