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2A05 技術開発支援手法ロードマ ッ ピンバプロセスに 関する研究 
一 燃料電池技術開発支援助 訊 IST 

0 閻 潔 ，三宅幹夫，小林俊哉，中森 義輝 ( 北陸先端科学技術大学院大 ) 

ABSTRACT 
Wth@the@development@of@Management@of@Technology@(MoT)@in@industry ， many@methods@of@MoT@have@been@proposed@for@technology 
development ・ In@this@research@we@want@to@propose@some@methods@which@have@been@used@successfully@in@industry@to@deal@with@some 
prob Ⅰ   ms@for@techn0ogy@devoopment@in@a@univerSty@set Ⅰ     ng ・ Fist,@after@introduces@differences@between@technology@devCopment@in 

industry@and@university ， we@get@a@conclusion@that@the@process@of@technology@development@in@industry@and@university@is@very@si   ilar ， 
Therefore ， in@this@research@we@will@propose@a@process@method ， roadmapping@for@supporting@technology@development@in@university 

setting@with@cooperation@among@government ， industry@and@university ， Then ， a@roadmapping@system@is@proposed ， based@on@a@case@study 

concerning@integrated@forecasting@of@a@transportation@fuel@cell@roadmap ， 

Keywords:@Supporting@for@technology@development ， Transportation@Fuel@Cell@Forecast ， Roadmapping@Method 

1.@ INTRODUCTION 

Technology@roadmapping@is@a@disciplined@process@for@identifying@the@activities@and@schedules@necessary@to@manage@technical@ (and 
other)@risks@and@uncertainties@associated@with@solving@complex@problems ・ Robert@Galvin ． CEO@of@Motorola ・ 1998 

Technology@roadmapping@is@used@as@a@planning@process@that@gives@decision-makers@a@means@to@identify ， evaluate@and@select@among 
                                                                                                                          in  industry[l]                                                                                                 
developing@process@for@supporting@researchers@doing@scientific@research@in@a@university@setting ， A@roadmap@is@an@extended@look@at@the 

future@of@a@chosen@fi0d@of@inquiy@composed@from@the@collective@knowledge@and@imagina Ⅰ     on@of@the@bFghtest@d@vers@of@change@in@that 

伍 e@d  .Aen Ⅱ e 打 R.7d4 百。 Ⅳ 4 ガ。 れ ㎡ Engi れ ee バれ 9o 材 E れ v ヵ 0 れ me 川りⅠ L Ⅰ み 。 ア窩 /0l7  % Ⅳ EEl ノ 
The  roadm 叩 d ㏄ umentresul Ⅱ ng  仕 om  the  technol0gy  roadmapping  p Ⅰ㏄ ess  isthe  Ⅱ 幡 tstep  loward  technologicalinnoVahon  [I]. ㎞ 

indusl ヴ ， a  lechnoi0gy  ァ oadmap  documentpr ㏄ enls  consensus  0n  a  numbe プ oftop@cs:a  v@s@on  oflhe  indusl Ⅳ ala  selhme  in  lhe 

future;@what@new@types@of@products@(or@services)@will@be@required;@the@enabling@technologies@to@create@those@products;@the@feasibility@of 
creating@the@needed@technologies;@the@technological@ alternatives@for@achieving@the@needed@technologies;@ and@how@to@address@these 
technoogy@needs@through@R&D@ [2] ， The@roadmap@ document@addresses@the@r0e@of@an@industry's@ suppli   rs@in@creating@the@des@ed 
future,@human@resources@needs ， governmental@and@non ・ governmental@barriers ， and@other@topics@[1] ， In@this@context ， companies@must 

use@effec Ⅰ     ve@too@@   to@p Ⅰ n@the@@   future ・ Technology@roadmapping@@@   a@way@to@iden Ⅰ     fy@future@product@or@servi   e@needs,@map@them@onto 

technology@alternatives ， and@develop@plans@to@ensure@the@required@technologies@will@be@available@when@ needed@ [1] ， The@principal 
func Ⅰ     ons@of@technology@roadmaps have｜een’or〉epresenta Ⅰ     on,…ommunica Ⅰ     on,｝l   nning,…oordina Ⅰ     on,‖nd》echnology’orecas Ⅰ     ng 
and@sCection@[3] ・ For@ researchers@in@univerSty@tim0y,@advantageous,@and@oFgin@@   research@@@   what@they@want@to@do ・ How@techn0ogy 

will@ be@ dev0oped,@ what@ are@ the@ advantageous@ of@ techn0ogy@ and@ products,@ what@ are@ the@ soCet3@   influences@ on@ technoogy 
development@[4] ， As@a@result@what@we@find@in@this@research@is@the@process@of@technology@development@in@industry@and@university@is@very 

similar ， based@ on@ the@ process@ of@technology@ development@ in@ industry ， we@ propose@ a@ process@ model@ for@ supporting@ technology 
devCopment@in@u Ⅰ     verSty ・ 

2.@TECHNOLOGY@DEVELOP@IN@ UNIVERSITY   

techn0ogy@dev0opment@@@   an@extrem Ⅰ   y@important@proUem@@@   uRverSty@setti   g   

2.1@Why@support@for@researchers 
For@ almost@ technology@ development@ topics,@ a@ cooperative@ effort@ among@ industry,@ research@ institutes@ and@ government ・ In@ this 
cooperation,@ the@ most@ important@ part@ is@ between@ industry@ and@ research@ instiutes@ Ⅱ   ] ， In@ th@@   paper,@ we@ present@ a@ concept@ for 
c0@ や e プ a 血 ve 叢 s ㏄ rchfortechnol0Wdevel0pmentamonglndust 甲 ， lns Ⅱ m(esandgovemment[6]     

  Industry:（ndustries that（ntroduce｝roducts 

  Instltul ㏄ :un@vers@t@ ㏄ that makelechno@ogyo ア melhdoftechnologydeve@opment バ丘 ㏄ e ㎝ chtoplcs   

  Government:“overnment｛rganizations》hat［ake》he｝olicy’or》echnology‖nd［arketing‥evelopment   

As@Fi   ， 1@ shows ， there@@@   an@obstaCe@to@re8i   e@cooperati   n@between@i   dustry@and@i   stitutes ・ In@i   dustry ， there@@@   support@from@the 
technoogy@dev0opment@ and@ marke Ⅰ     ng@sec Ⅰ     ons@to@obt3n@patents@ [7] ， In@u Ⅰ     verSti   s@there@are@no@such@ organiza Ⅰ     ons@to@support 
rese 荻 chers@n  lheirscimt 市 cr ㏄ e 打 ch.on  theolherh 杣 d, 俺 sh0Wn  in  Fig.2,goVemmenlusesrepons 仕 om  indust ヴ to  getdatat0 

make@policies@technology@development,@while@industry@gets@data@from@universities@to@create@marketing@strategies@and@develop   

*The@research@is@supported@by@21st@CoE@(Center@of@Excellence)@Program@"Study@of@Scientific@Knowledge@Creation"@ofJAIST ， a@funds@by@Ministry@of 
                                    ， Sports 、 Science‖ndゝechnology・               
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technology@[8] ， but@where@will@the@researchers@in@university@who@want@to@do@technology@development ， get@their@data?@Therefore ， in@this 

make                                         deve@opment, whlle indusW gets 血ぬ 什 om                             to create marketing                     and  develop 
technology@[8 Ⅱ   but@where@will@the@researchers@in@univerSty@who@want@to@do@technology@dev0opment,@get@thCr@data?@Therefore,@@@   thi   

paper,@we@want@to@propose@a@model@supporting@researchers@for@technology@development@in@university ・ 

Government:［ake｝olicy 

Ⅰ 十 l 十 干 

    セ lenty 

                                            Ⅱ だ訂巨 。 れ                   

                2/  dataforprducldeve@menlandm 荻 keting(indust ゆ   車 t techn0ogy…rea Ⅰ on 
Techn0ogy@devCopmen     Prnofesso 「 

M 打 ket@ngs Ⅰ ale Ⅳ Ⅰ 右カ メ ors ㎡ 玖暉 ficrese 什 c んぱ % ぬ町屋 / 
， @@ @@ -21- J ， -@   Student easy 

sections   
  
  

Paten は   Pacers 
SeC 「 et 

Fig. IC ㏄ ゆ eratlonbetweenl"d ㎎ lryandacademy Fig ・ 2．ata〉esource 

Indus Univers   
new  prduct new》heory 

PU 「 POSe  benen. Ⅰ knowled   
new@technique new  l ㏄ hnlque 

Needs 

Process   ぽ下 。 " 
Evaua Ⅰ     on Result 

Definite/objective@technique@ Ambiguous/suUective@knowledge 

Object 
Original（deal/theory 

Result Bene 丘 twealtM 俺 me 
W 尽 ldomIVCa ab Ⅲ t 

Fig ， 3@Comparison@of@technology@development@between@industry@and@university 

2.2@How@to@support@researchers@for@technology@development? 
As@Fig ・ 3@shows ， the@process@of@technology@development@in@industry@and@university@is@very@similar ， so@if@we@can@find@a@process@method 

of@techn0ogy@dev0opment@in@industry,@maybe@@@   can@alo@de3@   wih@some@technology@devCopment@probl   ms@in@univerSty ・ W@h@the 

devCopment@of@MoT@in@industry,@many@technology@roadmapping@methods@have@been@proposed@as@a@process@way@to@do@forecas Ⅰ     ng 

and@planning@for@supporting@technology@development ・ Therefore ， in@this@research ， we@will@use@roadmapping@process@to@propose@a 

roadmapping@process@modC@   for@suppor@ng@techn0ogy@dev0opment@in@univerSty ， In@industry,@they@use@technology@roadmapping@as@a 
way@for@techn0ogy@development@with@four@approaches     

  Topr ㏄ entaconc 叩 toflhen ㏄ dsoftechnologyand  ma 爪礫 

  To’orecast》he》rend｛f》echnology 

  To｝rovide》he‥ata］ot｛nly’or》echnology ， but‖lso（nclude》he《ociety（nfluences 

  To《upport‥eci   ion［akers》o‥o》echn0ogy‥evoopment 

and@three@steps     

  stepi，entr@izing:‥ecide》echnology‥evelopment》opics 

  step2．ispersing:《hare‖nd‥iscussion 

  step3，entralizing:’eedback‖nd…onclusion 
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For〉esearchers（n「niversity》hey”ave］o…hance》o‥iscussion｛n》echnology‥evelopment》opics『ith｛ther〉esearchers’ace》o’ace 

who  are  in  lhe  samee  r ㏄ e 酊 chfie@d  ㎝ d  getnecessa Ⅳ data  and  in № rmation  丘 om  industry  and  government.There 飴 re  wewIIlpr 中 ㏄ e 
a@ roadmapping@process@ model@ for@ supporting@researchers@ in@university@to@ do@ technology@development@ with@ cooperation@ among 
industry‖nd“overnment: 
  Data  co@le 血 on: Collect  data  丘 om  four  sides, technology, m ぴ keting,  economic  inlfluence  such as  c ㏄ ts  md  ㎏ nennts, 杣 d   
  FirSt-culRoadmap:A Ⅱ alyze  lhedatacollecl Ⅸ l,p ブ oduceaflrst-culroa 山 map  あ ァ techno@ogy  fo ァ necastlng   
  Idea  exch ㎝ lge:Show  the  Ⅱ ほ t 弍 ut Ⅰ 0a 血 Ⅰ ap  t0  % ㏄ 町 che は wh0  %e  in  lhe  same  で㏄ e 荻 ch  丘 eld,coIlect 山 e@F0I)inions あ 0ut 山 e 
roadmap  and  @e ㎎ ぬ Ⅰ ぬ recastitems,and  fnnd  out 伍 rthe Ⅱ n ぬ rmat@n  what 市 ey  need,then  re-roadIn 叩   
  Co 叩 eration:Collectinno Ⅰ nmat@on  什 om  ind ㎎ 廿 ry  and  govemmment 朴 out 市 e  the  products,m 打 keting  and  s ㏄ ie ぬ linfnuenceS  of 
lee 血 l0logywitchr ㏄ e 打 cherSw 荻 rlltodevelop),get 市 escenarl ㏄ forhowtodevelopandevaluatetechnol0 助 @who ブ ese 荻 cherS 

wanltodevel 叩 ・ 
  T 坤 csorme 伍 0%oftechnolo 緩 deve@ment:lnte 組 atetheroadmapandscen ㎡㏄ get@deaforlechnologydeve 坤 ment   

3.C 照 ESTUDY 
Ⅲ thispaper,we  examjnea  c バ e  study  ぬ Ⅰ suppo れ ing  伍 eI-celI で㏄ e ぴ che は in  JA Ⅰ ST  w れ h  a  騰 Ⅰ ec 養廿 ng  丁 oadmap  by  ブ oa 山 Ⅱ app@ng 
pr ㏄ ess.me  佃 el ㏄ Il can  tmce  聴 Ⅰ㏄ ls  back  to  由 e  18 ㏄ s. A  Welsh  bom,ox № rd  educaled  ba ㎡ ster  named  Sir  W Ⅲ am  Roben 
Gr0ve,wh0  practi ㏄ d  patentlaw  and  also  s 抽 d@ed  chemist ワ or  "nat 旺 alsc@ence"  as  」 lwasthm  ㎞ 0W ㍉Ⅰ㏄Ⅱ 陵 d  ぬ a Ⅱ fe@ec 廿 o@is, 
using@electricity ， could@split@water@into@hydrogen@and@oxygen@then@the@opposite@would@also@be@true ・ Combining@hydrogen@and@oxygen ， 

with》he…orrect［ethod ， would｝roduce‘lectricity ， To》est”is〉easoning ， Grove｜uilt‖‥evice》hat『ould…ombine”ydrogen‖nd 

oxygen  to  p Ⅰ 田 u ㏄ eIe け hc れ y,the  wodd.s Ⅱ rslg ㏄ bane ワ， l ぬ e ヰ Ⅰ e 旭山 ed  由 e  伍 elcelI[10].Because  ofi は ch 打 actehs Ⅱ cssuch  aslong 

dur あ Ⅲ け， hi 輌 e 伍 cjency  andnop0l@ution,the 億 elce Ⅱ h ㏄ been  ㎎ ed  in  seve ㎡ nelds(th@spaperdds0nlywM  thetr ㎝ sponation 
faC@   c Ⅰ   @   ， How@ do@ fuC@   c0l@ researchers@ make@ the@@   dec*ions@ about@ topics@ of@ techn0ogy@ dev Ⅰ   opment@ ?@ What@ kinds@ of 
@n ゎ血 ationdo 

も utput 
Ⅰ㎜ 岬 ㎞ M ㎝ 血血 p 

叩
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they@ need@ and@ what@ information@ do@ they@ want?@ In@ order@ to@ address@ a@ problem@ how@ to@ do@ the@ support@ for@ researchers@ to   

technology@ forecasting@ for@ transportation@ fuel@ cell ・ We@ collect@ data@ from@ internet@ and@ paper@ of@researchers@ in@ university ， 
technology@ developer@ in@ industry ， and@policy@ maker@ in@ government@with@four@items@technology ， marketing ， economy@and 

environment ， after@ analysis@ get@the@first-cut@roadmap ・ From@this@ map ， fuel@ cell@ researchers@can@ get@ data@ and@ information 
about@technology@in@current ， present ， and@future ， data@and@information@about@evaluation@of@technology@development@is@also@provided ， 

We@show@the@first-cut@roadmap@to@researchers@who@are@in@the@same@research@field ， interview@them@getting@suggestions@for@how@to 
improve@roadmap@and@what@kinds@of@data@and@information@else@they@want ， As@a@result@of@interview ， almost@researchers@want@to@know 
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more@ information@ about@advanced@technology@research@topics@and@ who@are@doing@such@ research@not@ only@in@university ， but@also 
i   Ⅰ   ℡     d*   g@techn0ogy@dev0opers@@@   government@and@i   dustry ・ 

4.@Roadmapping@system 
For@researchers@in@university ， they@have@no@chance@to@discuss@techonolgy@development@topics@with@other@researchers@in@other@university ， 

ind ㎎ 呵 and  g0vemment ぬ ㏄ 1o  ね cet0  getdataand  in 碕 ma Ⅱ on  whatthey  want,there ぬァ ewew Ⅱ Ip 下中㏄ ea Ⅱ oadmapp@ng  s 輝 tem  lo 

give@them@a@chance@discussion@with@all@researchers@in@university ， industry@and@government@at@the@internet ・ Fig ・ 5@shows@a@roadmapping 

s 輝 tem  什 amework  based  on  lhe  case  study  oflhe  the 甘 a ㎎ po 血 tion  佃 el ceH  roadmapping  pr ㏄ ess  and  i-s 輝 tem  ( 雙 a  lechno@ogy 
development@thinking@way)@[11]   

  Intervention     

The｝urpose｛f》he》echn0ogy‥evCopment》opi   s「nder‖…ooperati   e‘ffort｛f（   dustry,（   stitutes‖nd“overnment ・ 

  Intelligence     

C0 Ⅱ ecl 由 ta  in  di 付石プ ent Ⅱ elds  such  as  techno@ogy, ma Ⅱ kehng, ㏄ onomic  @nnuence  (costs  and  bene Ⅱ ほ入 and  env@0nmenla@ 

influences・ ， noise｝ollutions) ， and《tructure‖‥atabase ， After‥ata‖nalysis,｝roduce’irst-cut〉oadmap ， 

  hl"g@"a わ on     

Show  the  r0admap  lo  r ㏄ e 町 che 尽 to  co Ⅱ ect 伍 eir  ide ㎎ and  su ㎎ esti0ns  aboutthe  roadmap  簗 d  @denti ウ their  n ㏄ d  ぬブ伍 nher 
informa Ⅰ     on,〉e-roadmap ・ 

  Inv0vement     

For@industry@and@government ， collect@their@relative@product@ information ， research@topic@and@policy@in@accordance@with@ what 

researcherswant@to@know,@and@put@all@this@information@into@the@database,@get@some@scenarios@about@how@to@realize@technology 
deveopment｛r ev3uate》op@   s｛f》echn0ogy‥ev0opment ， 

  ㎞ le 雙 al@on     

㎞ te 肝 ale  alllhe  data  co@lected  丘 om  @nd Ⅸ 呵 ， inst れ utes,and  govemmentsupponing  Ⅰ㏄ e 打 che は getnew  @deas  ぬ Ⅰ tec ㎞ o@ogy 

development ， 

Before@integration ， after@getting@new@roadmap@and@scenarioes@ ， move@to@the@researchers@idea@exchange@system ， show@the@new@roadmap 

to@researchers@and@colect@thCr@new@ideas ・ Move@to@the@publ@@   hea Ⅰ ng@system,@colect@new@product@information,@research@topi   s@and   

the  data  co Ⅱ ected. ThFou 曲面 is  recu ㎡ ng  cycle  ( ㎞ temgence- ㎞ aginahon- ㎞ volvement- ㎞ le 肝 ah0n), Ⅰ ese ぴ che 憶 c ㎝ comp Ⅱ ehend   
and@marketing@informa Ⅰ     on ・ Researchers@can@get@some@ideas@for@technology@devCopment   

5.@Conlusion 

Roadmapping@as@a@method@ of@MoT@is@used@widly@in@industry ， how@we@can@do@some@surpporting@to@researchers@in@university@for 
technology@development@is@the@problem@addressed@on@this@study ・ We@find@roadmapping@process@may@be@can@deal@with@some@problems 

for@ techn0ogy@ dev0opment@ because@ the@ process@ of@technology@ devCopment@ in@ industry@ and@ u Ⅱ     verSty@ @@   very@ Sm@ar ， For 

researchers@ha Ⅴ     ng@no@chance@to@d@cusSon@prob Ⅰ   ms@of@techn0ogy@devCopment@wih@other@researchers@face@to@face,@we@propose@a 

system@to@support@them@ Ⅰ     scussi   n@at@i   ternet ・ Yet,@as@a@res Ⅰ   t@of@fu0@   c0l@researchers@i   tervi   w,@what@@@   researchers@who@want@to@do 

technology@development@want@to@know@is@advanced@technology@and@product@information ， prompt@related@policy@information@and@who 
are@doing@such@research ， producing@such@product ・ Therefore@We@will@provide@roadmapping@process@model ， make@a@real@roadmapping 

system@for@researchers@ supporting@techn0ogy@dev0opment@in@univerSy ， We@hope@that@th@@   system@will@prove@to@be@a@dynam@@   and 
powe Ⅰ 億 l 100l f0r  lechno@ogy  developmenl atunivers れ y  Ⅱ esea Ⅰ ch  ins 伍 tut ㏄㎝ ld  will be  heIp 伍 l ㎞ expe 山 Ⅱ ng  c00pe 丘 ab0n  町 Ⅱ 0ng 
ind ㎎ t な ， insl れ ules,and  govemment. 
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