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Abstract-@ Th@@   paper@ d@   cusses@ the@ techno4   gy 
management@issues@related@to@the@4@layers@in@the@research 
innovation@ system,@ based@ on@ an@ empi   ical@ anaysis@ in@ a 
high@tech@sector@where@changes@are@taking@place@in@the@S, 
T@ and@ M@ poles ・ This@ paper@ d@   cusses@ the@ streamlined 
type@ of@ innovation@ trajectory@ and@ comp@   x@ type@ of 
innova Ⅰ     on@trajectory   

I ． INTRODUCTION 

Innovation@is@considered@as@a@complex@interactive@process 
that@i   vo Ⅰ   es@many@disparate@actor@groups ・ Unli   e@tra6tional 

demand-pull@ and@ market@ push@ concepts,@ complex 
interac Ⅰ     ons@ among@ various@ interest@ groups@ considerably 

stimulate@the@innovation@process@and@thus@innovation@process 
is@ better@ seen@ from@ the@ system@ perspective ・ For@ example, 

innovative@ performance@ of@ a@ country@ depends@ to@ a@ large 
extent@ on@ how@ these@ actors@ prima Ⅱ ly@ private@ enterprises, 
u Ⅰ     verSti   s,@publ@@   research@institutes@and@other@contributing 

individuals,@relate@to@each@other@as@elements@ of@a@collective 
system@of@knowledge@creation@and@use ・ National@Systems@of 
Innovation@ is@ basically@ considered@ as@ the@ network@ of 
institutions@ of@ disparate@ actors@ whose@ interactions@ lead@ to 
initiate, develop  and  diffuse  new  lechnologies. Sim ㎡Ⅰ 打 ly, 
                                                      performance depends on the 

external@ and@ internal@ interac Ⅰ     ons@ of@ divi   ions@ and 

individuals@within@that@organization   

Innovation@not@only@depends@on@new@technology@invention 
but@ many@ other@ factors@ inCuding@ maker-user-suppl@   r 

rela Ⅰ     onships,@diffuSon@mechanisms,@competi Ⅰ     ve@structures, 

                                      ' 。 " 。 """1 。 "'                       role of 

intermediaries@ etc ， New@ technologies,@ new@ actors,@ new 

markets@ all@ integratedly@ change@ the@ structure@ and@ the 
。 y 。 町仙 。 ' 。 '""'" 。 """ ノ   

In@our@previous@papers@ Ⅱ   Ⅰ   [6 ⅠⅠⅠ   we@studi   d@the@na Ⅰ     onal 
innovaton@ system@ and@ innovaton@ tr3ectories@ extensively   
We@showed@how@Innovation@trajectories@should@be@analyzed 
and@ what@ structural@ impacts@ it@ causes ・ In@ this@ paper ， we 

discuss  about  the  technology  management  issues  that  may 
arise@due@to@shifting@innovation@tr3ectories   

II ・ MAPPING@INNOVATION@TRAJECTORIES 
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tr3ectory@ wi Ⅰ   not@ reveal@ the@ complete@ pi   ture@ of@ the 
innova Ⅰ     on@ process ， Innovation@ trajectories@ depend@ on@ the 

evolution@at@research@(Science) ， development@(Technology) 
and@together@with@the@market@activities ， the@role@of@dominant 
actors@and@their@inter-linkages   

Unli   e@ traditi   nal@ i   put/output@ methodoogies,@ whi   h@ o Ⅰ   y 

show@a@snapshot@picture@of@the@system,@the@network@approach 
                          an 目 yzing  lhe                  of  the  evolution 町 y 
process@ of@ innovation ， We@ chose@ a@ network-based 

framework@ called@ ㏄ Techno-Econom@@   Network@ (TEN)@ [I] ， 

[2]@ to@ understand@ the@ inter-inked@ characteristcs@ of 
innovation@ process ・ TEN@ @@   regarded@ as@ b0ng@ organized 
around@ "po Ⅰ   s",@ such@ as@ Science,@ Technology,@ Market, 
Regulation@and@Finance,@etc ・ Poles@are@primarily@defined@by 
the@intermediaries@circulated@by@the@members@of@the@network   

Regulatory@ and@ Financial@ poles ， mostly@ indirectly,@ play@ a 
considerable@ supportive@ role@ in@ the@ innovation@ system@and 
Science,@Technology@and@Market@po Ⅰ   s@play@a@direct@ro Ⅰ   in 
the@i   novation@process@for@the@anaysi   ・ The@TEN@ concepts 

broadly@ analyze@ a@ system@ by@ activity@ and@ actor@ networks   
Refer@ the@ fo Ⅰ   owing@ for@ details@ about@ TEN@ concepts,@ and 
application@[I] ， [2] ， [5] ， [6] ， [7] ， There@are@number@of@ways@a 

                strategy or                   poli   y can be formulated 

around@ these@ Science ， Techn0ogy@ and@ Market@ poles ， 

Companies@ sometimes@ import@ a@ product@ and@ start@ their 
activity@ from@ the@ Market@ side@ and@ then@ develop@ their 
technologies@ or@ start@ from@ the@ basic@ research@ and@ push 
tow 町 ds  m 打 ket.  Sin Ⅱ l 打 ly  from  indus け y  pe Ⅰ spechve 

  

of@Science ， Technology@and@Market@poles   

I1I.SHF ℡ GINNOVA Ⅲ ONTR Ⅲ ECTOR 正 S 一 WHY 

sIGN Ⅲ c 卸 T 

The@dynamic@characteristic@of@an@i   novati   n@system@is@a@key 
component@ in@ deCding@ the@ sustainable@ innova Ⅰ     ve 

capabilities ・ A@ shift@ in@ an@ innovation@ tr8ectory@ can@ occur 

due@to@ several@reasons ， A@new@discovery@in@sCence,@a@new 
technology@ invention ， a@ new@ application@ identification ， a 

change@in@the@market@and@its@structures@etc ， can@cause@a@shift 

in@ the@ innovation@ tr8ectories ・ The@ origin@ of@the@ shift@ can 
emerge@ from@ any@ of@ the@ pol   s@ we@ defined ， The@ rate@ of 
change@in@different@structures@by@these@shifts@can@also@vary 
depending@on@the@case ・ Innovation@trajectories@would@need 

to@re-align@and@adapt@within@it@and@among@other@systems@in 
m3or@technological@shifts ， Co-evolutionary@structure@and@its 
trajectoFes@ would@ begin@ to@ re-3ign@ themselves@ and@ the 
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capaUliy@to@re-align@@@   the@i   novation@system,@ determines 
the@ dynam@@   capa5lii   s@ of@innovati   n@ process ・ Nature@ of 
complex@relationships@and@understanding@these@dynamics@are 

  

process ・ 

Innovation@ trajectories@ are@ by@ defi Ⅱ     tion,@ "complex 
tr3ectoTes"@where@there@@@   no@clear@diec Ⅰ     on@in@any@of@the 

poles ， Constantly@ changing@ the@ actors ， network@ and@ their 
activities@in@each@pole@are@typical@phenomena@of@comPe Ⅹ     ty   

Ability@ to@ predict@ the@ tr3ectory@ is@ difficult@ and@ therefore 
there@are@difficulties@in@formulating@policies@at@national@level 
and@strategies@at@corporate@level ・ On@the@other@hand ， forces 
both@at@national@and@organization@level@work@to@stream@line 
the                                                   A  "streamlined"                             
define@ as@ a@trajectory@in@whi   h@ the@m3n@actors@can@eaSly 
predict@ with@ considerable@ certainty@ the@ direction@ of@ the 
innovation@tr3ectory ・ In@the@stream@ned@trajectory,@there@are 
clear@and@less@uncertain@situations@prevailing@in@the@Science ， 

Technology@ and@ Market@ poles ・ It@ is@ posSble@ to@ create 
virtuous@loops@in@these@three@poles@by@manipulating@market- 

  

Actors@ in@ the@ Regulatory@pole@ had@ clear@ vision@ that@ made 
them@ formulate@ policy@ directives@ to@ create@ momentum@ in 
virtuous@cycle ・ Streamli Ⅱ     ng@an@i   novat@   n@trajectory@needs 
careful@ planning@ and@ visions@ and@ it@ is@ impossible@ to 
                    streamline  an                                                               
l   vC@   instiutions@and@corporate@organi   ations@work@in@many 
ways@ to@ improve@ the@ predi   tabiliy@ and@ to@ streamli   e@ the 
tr@ectories ， A@shft@in@innovation@trajectories@can@also@shift 
the@streamlined@trajectory@to@a@complex@tr3ectory@and@ag3n 
new  struclur 田 re-%ignmnenlshou 」 d  bedonelo  stre 町 nline 田 e 

tr3ectory ・ 

We《tudied゛apanese〉obotic（ndustry｛ver》he【ears‖nd 
@   entified@ a@ shit@ in@ i   novati   n@ tr3ectory ， We@ studi   d@ the 

sHft@ uSng@ the@ TEN@ framework ・ Robotic@ i   novati   n@ has 
been@undergoing@drastic@technological@changes ， application 
diverSfication@ and@ market@ challenges ・ It@ has@ been 
traditionally@ thought@ that@ robots@ are@ of@ use@ only@ for 
manufacturing@ applications ， Recent@ technological@ changes 
taking@place@ in@this@ sector@show@that@robots@ are@ no@ longer 
restricted@ to@ manufacturing ・ Emerging@ new@ directions@ is 
shiting@ the@ exiting@ innovation@ tr3ectory ・ With@ the 
emerging@structural@changes@in@recent@years ， we@may@say@that 
lt  pushes  a  st Ⅰ e ㎝ T 廿 lned  tra0ect0 丁 y  tow 打 ds  a  "complex 
trajectory" ， in@which@the@drivers@of@the@virtuous@loop@in@the 
course@of@the@industrial@robot@trajectory@have@been@changing ， 

The@ shift@ has@ changed@ the@ existed@ innovati   n@ structures 
and@th0r@dyna Ⅲ cs ・ We@ summarize@ some@of@the@structural 
changes@caused@by@this@shift   

Sci Ⅰ れ c ⅠⅠれ れ Te0c 冴れ 0logy ノ どかⅡ c ィ Ⅱ ァ Ⅰ     

There@ were@ changes@ in@ the@ structure@ of@ component@ of 
component  technologies  both  in  Science  and  Technology 
poles ， Dominant@ technology@ clusters@ changed@ both@ in 
Science@ and@ Technology@ poles@ and@ new@ technologies 

一 6C 

emerged@ by@ co3escence@ of@ activiies@ was@ taking@ place 
among@ the@ component@ technologies ・ Increasing@ technology 
convergence@ and@ structur3@   changes@ in@ component 

technologies  both  directly  and  indirectly  affect  and 
accelerate@shits@in@innovation@tr3ectory   

Market@ Structures: 
A@major@structural@shift@in@the@product@structure@of@industry 

was@ observed@ and@ tradition@@   product@ line@ was@ shifting 

towards@new@diverse@product@portfolio   

We@observed@major@changes@ which@directly@or@indirectly 
have@ impacts@ on@ the@ innovation@ trajectory ， First ， as@ we 

observed@ @@   the@ product@ structure,@ industrial@ robots@ are 
slowly@ saturating@ in@ the@ Japanese@ market ， But@ at@ the@ same 
time,@WC@noted@a@Hgh@replacement@rate@of@i   dustrial@robots 
and@ increasing@ export@ demand ・ We@ also@ observed@ a 

reduction@ in@ the@ number@ of@makers@ and@ mode Ⅰ   of@industFal 

  

the@ other@ hand,@ are@ slowly@ establishing@ their@ commercial 
markets ・ Evolutionary@ forces@ in@ the@ product@ structure@ have 
been@steadily@shifting@towards@exerting@structural@changes@in 
the@innovation@trajectory   

Reg は肱 to りタげ Ⅱ c 加用     

The@ government@ and@ is@ poi   i   s@ executed@ through@ its 
agencies@ shapes@ the@ diffusion@ process,@ competitive 
envionment,@and@manipulate@market@forces   

In@ industrial@ robots@ case.@ Government@ played@ mainly@ a 
promotion8@   role,@3med@ Ⅰ   rgely@at@encouraging@competition 
and@ strengthening@ demand@ in@market@pole ， One@ of@the@key 
success@ factors@ in@robot@@   evolution@ @@   Japan@ would@be@ the 
correct@ iden Ⅰ     fication@ of@ strateg@@   importance@ of@ robo Ⅰ     cs 

potentials@in@its@early@stages   

Market@ pole@ has@ been@strengthened@uSng@ sever@@   p0icy 
too Ⅰ   such@ as@ finanCal@ asSstance@ to@ users,@ loan@ guarantee 
schemes,@leaSng@schemes ， Fi   anC@@ i   centi   es@have@been@i   

the@ form@ of@ low-nterest@ loans,@ depreciaton@ schemes@ in 
order@to@ encourage@robot@ introduction@m3nly@ in@ small@ and 
medium@ enterp Ⅱ     ses ・ The@ shiting@ tr3ectory@ requires@ new 

policy@ tools@ and@ manipulation@ techniques@ uLike@ in@ the 
earlier@ streamlined@ tr8ectory@ where@ the@ predictability@ rate 
was@high   

Ac Ⅰ o ⅡⅠ 's かは c ⅠⅡⅠⅠ， 

The  changes  were  obserVed  in  the  actor  smclure  lo0, 

complying  wilh  the  changes  in  the  other  smclures. In  the 
Ma Ⅰ kel pole, as  new  users  wi 市 disp ぴ ate  (especially  non- 

i   dustria)@ appli   ati   ns@ enter ， tra4ti   n3@   indust Ⅱ     @@ robot 

users@remain@intact@by@replacing@their@stocks ， In@other@words, 
the@structure@keeps@on@expanding@with@its@own@segmentation   

In@contrast,@in@the@Technology@and@Science@poles,@we@see@the 
entry@of@new@actors@espeC3ly@for@non-ndustTal@robots,@and 
exit@ @@   tra4ti   nal@ i   dustrial@ robot@ sectors ・ Our@ empiical 
resuts@ also@ showed@a@deCi   e@ @@   the@number@of@robot@makers 

of@ manufacturing@ applications@ and@ @so@ a@ decline@ in@ the 
number@of@models@in@the@market   

@3  一 



SocioEco れ omiC ど 立 mc Ⅰ 甘ァ Ⅰ $, 

Webe Ⅱ eve  ぬ atthe  Ⅰ obohcsindus 呵 willhave  to  manage 
ano ぬ er  socio-econo 血 c  change  w 」 lh  this  eme Ⅰ ging 

s Ⅲ ュ ctwalchangein  市 einnovahon  甘 g%ectory. 
On  lhe  one  hand  the  new  emerging  こ Ⅰ 8 Ⅰ ectory  jsexpecIed 

to  inc Ⅰ ease  the  sland 町 d  of Ⅱ vjng, thus  bejng  econoI Ⅱ jc 托れ ly 
positive ， On@the@other@hand ， intelligent,@relatively@cheap@and 

technologically@ easily@ transferable@ evolution@ can@ cause@ a 

potential@ threat@ to@ human@beings,@ as@ for@ instance@ robotic 
technology@can@be@easily@used@to@carry@potentially@dangerous 
                Poten Ⅰ     al》hreat［ay‘ven｜e」i   wed’urther『ih 
robot@technologies@converging@with@many@other@technologies   

One@could@expect@this@ shift@may@be@ the@major@social@ issue 
next@ to@ industrial@ robot@ i   troduction ・ Th@@   @@   just@ one 

e Ⅹ る ⅠⅡ ple  of st ⅡⅠ ctur 田                                                     

As@discussed@in@this@section@with@an@example@case@study ， a 

shit@@@   i   novati   n@trajectory@causes@wi   e@spread@impact@on 
several@ structures ・ Managing@ these@ structural@ changes 
effectively@at@nati   nal@and@organizati   n@levC@   @@   important@to 
shape@the@shift@to@achieve@better@results   

planning@innovations ， By@"actor@level" ， we@refer@to@corporate 
level@ or@ department@ level@ decision-makers@ who@ are 

concerned@with@innovation@itself@and@its@integrated@impacts   

P0i   y@ levC@   deCSon-makers@ are@ direc Ⅰ   y@ working@ for 

development@ and@ are@ assumed@ to@ come@ in@at@ the@ "network 
level",@ such@ as@ bridging@ institutions ， promoting@ institutions 
or@ those@ who@ can@ i   f Ⅰ   ence@ the@ i   nova Ⅰ     on@ po Ⅰ     cy@ at@ the 

national@ level ・ This@ level@ is@ considered@ as@ an@ interface 
between@ corporate@ or@ univerSty@ and@ the@ na Ⅰ     on@@ levels   

Finally@ the@ "national@ level"@ means@ the@ technology@ policy- 
makers@ at@ the@ national@ level.@ Their@ consideration@ is@ how 
technology@ innovation@ wo Ⅰ   d@ be@ tranSated@ into@ a@ nation's 
economic@ growth@ and@ the@ w04being@ of@ people ， By 
combining@ the@ first@ two ， we@ call@ them@ the@ "management 
level"@ issues@ and@ the@ other@ two@ the@ "policy@ level"@ issues   
TaKng@ the@ case@ of@innovation@ tr3ectory@ shift@ in@ Japanese 
robotic@ industry ， we@ summarize@ technology@ management 
i   sues@uSng@four@layer@analySs   
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Four@Layer@Analysis 

Fi   ure・   sis｛f（nnovation》r8ectory 

Activity@ Level:@ Innovati   n@sHft@caused@structur8@   changes 
IV ． AGENDA@FOR@TECHNOLOGY@MANAGEMENT@ in@Science ， Technology@and@Market@poles ， New@techno Ⅰ   gies 
BY@SHIFTING@INNOVATION@TRAJECTORIES@ ， were introduced in research (Science) and development 

FOUR@LAYER@ANALYSIS (Technology)@and@a@higher@rate@of@technology@convergence 
within Science‖ndゝechnology ， Changes｜etween〕inkages 

In@this@section ， we@summarize@the@possible@management@ between@ component@ technologies@ also@ observed ・ This 
and@policy@level@issues@that@need@attention@resulting@from@the@ requires@ continuous@ s Ⅱ ll@ search@ and@ building@ of@dynamic 
shfts@ @@   @   novation@ trajectories ， To@ understand@ the@ i   sues ， knowledge@bases@at@the@acti   ity@leve Ⅰ・ Thus@there@could@be 
we@ categorize@ the@ analysis@ at@ the@ four@ levels@ as@ activity,@ changes@ Research@ and@ development@ networks@ (research 
actors ， network@and@nation@based@on@decision@hierarchy ・ We@ groups)@ and@ their@technology@portfolio ， It@ can@ also@change 
mean@by@ "activity@level" ， the@ people@ directly@ involved@ in@ the@ spill@ over@ dyna Ⅲ cs@ within@ and@ between@ Science ， 
innovation@activities@such@as@corporate ， university@or@public@ Technology@ and@ Market@ poles ， Inter-linkages@ between@ the 
research@ institutes ， R&D@ labs@ and@ activities@ involved@ in@ distinct@ entities@ in@ Science ， Technology@ and@ Market@ poles 
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facilitating@ new@ knowledge@ creation@ could@ easily@ be trajectory@need@conSderab@@   poi   y-4   vC@   attenti   n ・ The@new 

transferred@ to@ the@ other@ technologies@ in@ the@ integrated emerging@tr3ectory@may@have@the@potential@to@develop@new 
network ， Therefore@ we@ emphaSze@ the@ need@ for 
understanding@ the@ dynam Ⅰ   s@ of@ the@ spillover@ du Ⅱ     ng@ the 

innovation@tr3ectory@shits   

Further@more ， as@new@technologies@and@markets@emerges@by 
the@shift ， it@is@important@to@maintain@and@improve@the@ R&D 
producti   ity@at@actors ， level ・ Effecti   e@knowledge@transfers 

and@ networ Ⅹ ng@ can@ substantially@ affect@ the@ overall 

productivity@of@the@Science@and@Technology@poles   

Actors@ Level:@ Managing@ the@ actors ， network@ and@ their 
integration@is@one@of@the@key@factors@during@trajectory@shifts   

As@technologies ， products,@and@their@use@changes@there@will 
be@ changes@ in@ the@ actors ， networks@ and@ the@@   l   vel@ of 

integration ・ NCw@ 3li   nces@ and@joint@ research@ groups@ Ⅲ 8y 

need@ to@ face@ the@ challenges@ caused@ by@ the@ shifts ， The 
dominant@actor@group@may@change@and@if@the@shift@is@science 
biased ， then@ the@ role@ of@university@ may@ also@ change ， Joint 
activiti   s@ and@ infrastructure@ promotions@ mechani   m@ may 

change@ by@ the@ sHfts@ and@ knowledge@ networks@ between   

We@ believe@ that@ there@ should@ be@ awareness@ and@ flexible 
approaches@at@each@actor@ Ⅰ   vel@and@allowance@of@successful 
l@   ks@ to@ be@ created@ between@ tho Ⅲ ． ODr@ research@ on@ roboti   

innovation@ showed@ that@ though@ there@ are@ concerns@ on 

networking@ between@ actors,@ regulatory@ and@ administrative 
                                    @   government-contr0led                               

including@ universities ， faced@ some@ barriers@ for@ effective 
integration ・ Effecti   e@strategi   s@may@be@requied@to@promote   

Network@Level:@ As@the@innovation@s Ⅱ     ft@towards@complex 

tr3ectory,@ one@ of@ the@ pTme@ forces@ that@ streamline@ the 
                                            @   the network Ⅰ   vel intermediaTes   

Managing@ different@ networks@ with@ different@ customized 
policies@ would@ be@ one@ challenge@ at@ the@ network@ level ， Our 
analysis@ stresses@ that@ creating@ awareness@ of@ the 
distinguishing@ differences@ and@ similarities@ at@ the@ network 
level@ is@ vital@ for@ shaping@ the@ innovation@ trajectory   
Organizing@ knowledge@ sharing@ conferences,@ standardizing 
technologies@ and@ products ， promoting@ through@ incentive 
schemes ， recommending@ national@ policies@ are@ some@ of@the 
streamlining@activities                                                               
from@one@network@wo ℡   d@be@useful@and@resource-effiCent@for 
other@networks ， Policy@tools@on@how@those@competencies@can 

be@ transferred@ and@ utilized@ effectively@ need@ network-level 
awareness@ and@ attention ・ The@ characteristics@ of@ indust Ⅱ     3   

convergence@ and@ technology@fusion@ need@ delicate@policies, 
whi   h@ co ℡   d@ i   tegratedly@ shape@ the@ diparate@ i   dustrial 
innova Ⅰ     ons ， Managing@ linkages@ wih@ extern8@   networks 

would@also@be@a@critic@@ challenge,@a Ⅱ     sing@from@the@shifting 

innovation@trajectories   

Ⅳの ガ 0 れ 複 JL Ⅰ ノ Ⅰ f,  Un Ⅱ ketheothe Ⅱ tl Ⅴ eelevels,lhenaHonal 
Ievel 丁 elatesl0theove 丘 alIeconomyand  thewell-beingof Ⅱ s 

nationals ・ Thus@ we@ believe@ that@ shifts@ in@ the@ innovation 

fronti   rs（n》heヾCence ， Technology‖nd｀arket｝o Ⅰ   s‖nd 

concerns@ over@ regul   tory@ pole ， For@ exampl   .@ roboti   s@ in 

welfare,@medical,@entertainment,@safety@(e ・ g ・ minesweeping), 

underwater@ explorations,@ etc ， are@ recent@ emerging 

developments@ and ， if@ properly@ shaped,@ can@ form@ new 

。 c 。 " 。 Ⅱ " 。                       Japan can have economic and             
opportunities as we discussed in terms of《ocio-economic 

structures@above ， Turning@these@frontiers@ into@growth@ fields 
is@a@ch3lenge@at@the@national@level   

Furthermore ， another example for national level issues 
would@be,@@@   robot@@   i   novati   n@shi   t,@for@the@first@time@ever 
in”istory,》hese［achines…ome，oser》o”uman｜Cngs‖nd 
in@some@ways@may@threaten@human@l@e ， Therefore@innovation 

shift@may@require@natonal-level@attention@and@may@even@l   ad 
to №Ⅱ nLllale a Ⅱ ew                         to  shape  the                         

trajectory@in@a@useful@as@wCl@as@safe@diection   

V. SUMIMIARY 

This｝aper‥iscussed（nnovation》rajectories‖nd”ow‖ny 
shifts@ in@ those@ trajectory@ changes@ the@ several@ innovation 

  

a@se due to several factors and depending on the case, i   

should@be@managed@both@at@organizational@and@nation3@   levC   
to@ achieve@ better@ results   Innovation trajectory shit was 

analyzed@ based@ on@ the@ example@ case@ of@Japanese@ robotic 
innovation@tr2ectory@shift@and@di   cussed@some@of@the@agenda 
for@ technology@ management@ using@ a@ four@ layer@ analysis 
fma 町 m)ework   
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