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Abstract 

  

practi8@estimatig@method@conSderig@both@horiontG@and verti8@ditance@of@the@iput@(R&D@ivestment)@and@output ditanceヾmUtaneou$y estimated ， when》echnoogi3   ditance（   
(Make@matrix)@sides ・ By@utilizing@improved@methodology ， this 

  a@ cert3n@ area@ can@ affect@technol   gi 8@   di   tance@ @@   terms@ of 

adding new…omponent（n》echnological position vector ， His 
1.@ Introduction approach@ didn:t@ take@ the@ amount@ of@ R&D@ expenditure@ into 

account ， For（   stance ， smGl（   crease　   recent（   vestment｛f 

  

  

On@the@one@hand;@technological@distance@between 

  

  

  

He@suggested@several@kinds@of@way@to@estimate@technological 
closeness@ or@ distance ， Among@ these@ suggestions ， Jaffe ， s@ 2.@Analytical@framework 

study@ (1986)@ is@ the@ well-known@ example@ of@ using 
Japan ， s manufacturi   g sector can be CasSf@   d 

technological@position@vectors According@to@Jaffe ・ ， cosine@angle@is@measured@by into・ 
cal   ul   ti   g@ i   ner@ product@ between@ technol   gi   @@   poSti   n@ Nati   n8@   Accounts@(Econom@@   and@ Soo@@   Research@ l   stitute 

vectors ， Thus ， technoogi   8@   di   tance@ranges@between@0@and@ Cabi   et@office;@Government@of@Japan ， annu@@   i   sues) ・ Based 
1.@ As@ the@ di   tance@ approaches@ u Ⅱ     ty,@ the@ Ooser@ aLo@ the@ on@ th@@   OasSf@   ati   n,@ dataset@ of@ R&D@ i   vestment@ and 

research@ interests ， Namely;@ if@an@ industry@ is@ doing@ R&D@ on@ input-output@table@(especially@Make@matrix)@for@the@Japanese 
other@ industry ， s@ R&D ， technological@ distance@ is@ closer@ in@ industries@ were@ obtained@ from@ Report@ on@ the@ Survey@ of 

some@ sense ， However ， it@ has@ some@ shor@   omi   gs@with@ th@@   Research@ and@ Devoopment@ (Stati   ti   s@ Bureau@ Mi   i   try@ of 

method ， Fundamently ， distance@ may@ have@ two@ kinds@ of@ Public@ Management ， Home@ Affairs ， Posts@ and 

meaning ， One@is@horizontal@distance@and@the@other@is@vertical 

di   tance ， Horizont3@   di   tance@means@the@$mil   rity@of@poSti   n 

vectors@among@ sectors ・ Jaffe ， s@methodology@@@   Cose@to@th@@   '@ FD:@food ， TX:@texti@   ・ PP:@pu@@   &@paper ・ CH:@chemi   al   ;@OC:@Ol@& 
horizontal@distance ． On@the@other@hand ， vertical@distance@can@ coal ， CR:@ceramics ， PM@:primary@metal ， MP:@metal@product ， TM     

be@conSdered@as@technoogy@gap@between@sectors ・ Although transport‘quiment,；M:“enerG［achiery,・M:‘lctriG machiery,‾I:｝reciin（strument,｛M:｛ther［anufacturig   
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Tel   communi   ati   ns@Japan,@annuG@   i   sues)@and@from@AnnuG   

Report@on@ Nati   n8@   Accounts ， Both@are@pu5i   -use@data@sets   

l   put-output@ matri   es@ usu8@@   appear@ @@   two@ parts ， The@ first 

pan, Called the Use mat 目 x, has produ ま s @n は s rows and 
i   dustri   s@ @@   its@ col   mns ． The@ entri   s@ show@the@ use@ of@each 

product@(in@the@rows)@by@each@industry@(in@the@columns) ， The 
second,@ c6l   d@ the@ Make@ matri   ,@ has@ i   dustri   s@ @@   the@ rows 

and@ products@in@the@columns;@the@entries@show@how@much@of 
each@product@was@made@in@each@ industry ， Specifically ・ Make 

matrix@clearly@shows@the@distribution@on@output@side@because 
it@ indicates@ the@ distribution@ by@ industry@ of@ the@ aggregate 
output@of@a@commodity@both@principal@products@and@secondary 
products@for@industries ・ Utilizing@these@data@sets ， analysis@of 

trends@ in@ technological@ distance@ are@ conducted@ both@ input 
and@output@side@respectively ， 
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R&D@ acti   iti   s@@@   area@n   

After@computi   g@the@technoogi 6@   poSti   n@vectors ， 

an  angle  ( ㏄ s ヲ )can  be  ㏄ lcu@ated  by  the  ㏄ n ㏄ ptoflnne ァ 

P ァ Od り lCt   This is  exactly  the same as Ja 丘 e,S appr(oaCh   

Assume@that@the@more@amounts@of@R&D@investment@are@made ， 

technological@ level@ is@ higher@ than@ it@ does@ not ・ Once@ the 

technol   gi   G@   poSti   n@ vectors@ are@ obtai   ed ， then@ the 

magnitudes@of@vectors@are@determined ， Hypothesize@that@the 

magnltude  ofvector@ls  ア elatlvely  larCgerthan  thatofvector 」   

Thus,@ i@ sector@can@ be@conSdered@ as@the@donor@and@j@ sector 

as@the@host ， For@the@next@step,@l   t's@consi   er@vector@proecti   n 

  

new  distance  is  obtained  by  dividing  the  magnitude  of  i 

vector@ from@ the@ pure@ host@ standpoi   t ， Th@@   methodol   gy 

pro Ⅴ     des@us@improved@technol   gi al@di   tance@descri   i   g@both 

horizontal@ (Jaffe ， s@ methodology)@ and@ vertical@ distance 
(techno@   gy@ gap) ・ Mathemati   al   ， th@@   exPanati   n@ can@ be 

expressed@as@follows     
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Fig@1.@shows@the@projection@j@onto@i@graphically ， 

HOst,j 

ワ DOno 「， l 

                                      ， 川 。 0, タ 

Fg ， 1.@Technologi   @@   di   tance@from@a@host@standp0nt   

On@ the@ basis@ of@ the@ above@ formulation ， as@ the 
technoogi   G@   di   tance@ between@ two@ sectors@ approaches 
unity ， the@ host@ has@ very@ similar@ research@ interests@ to@ the 
donor 、 It@ranges@between@0@and@1.@Although@the@cosine@angle 

apP ア COaCheS l   that  is   hori   ont@   di   tance @   Smil   r》o each 

other:@ if@the@ R&D@ i   vestment@@@   sm8l 、 it@wou@@   affect@ver Ⅱ     c6   

di   tance@ (technol   gy@ gap) ・ @@   case@ the@ R&D@ i   vestment@ i   

made@intensively@(small@technology@gap) ， distance@would@be 
closerdesp は ethedl 什 erentresearch 何 elds.Thus,M0se 己 ors 

are@assumed@to@be@equal@if@they@have@the@same@direction@and 
the@same@magnitude   

Recently ， every@ sector@ has@ been@ invested@ in@ the 
field@ of@electronical@and@ electrical@ sector ， This@ phenomenon 
shortens@ the@ distance@ and@ it@ leads@ to@ similar@ research 
interests@ automatically@by@applying@ only@horizontal@ distance ． 
However ， we@are@not@able@to@say@that@their@research@interests 

are@Coser@each@other ， Because,@@@   case@a@sector@i   vest@on@   

a@ small@ amount@ mainly@ for@ improving@ their@ productivity ， 
techno@   gi   @@   di   tance@ remai   s@Gmost@the@same ， Therefore   

consderi   g@ both@ hori   ont@@   and@verti 9@   di   tance@can@ reduce 

bias@ toward@ estimating@ technological@ distance@ in@ a@ proper 
way ， 

Based@ on@ the@ improved@ methodology ， this@ paper 
focuses@ on@ attempting@ to@ measure@ technoogi G@   di   tance 
from@a@host@standpoint@taking@horizontal@and@vertical@concept 
i   to@consi   erati   n@ usi   g@the@dataset@of@R&D@i   vestment@and 

Make matri   of 「 espectlve Se け O 「 S   The す 「 endS       

technol   gi   @@   di   tance@ between@ sectors@ both@ i   put@ and 

output@aspect@was@plotted@utilizing@quantification@theory@type 
IV ， 

3.@Empi   i   @@   anal   si   

With@ technol   gi 6@   poSti   n@ vectors ， it@ woUd@ be 

possible@to@know@the@R&D@patterns@of@Japan ， s@manufacturing 
sectors ・ Based@on@the@res Ⅰ   t@of@poSti   n@vectors,@it@shows@the 

trends@@@   R&D@i   vestment@to@its@own@respecti   e@sectors@from 

1970  to  1997  (data  was  omitted  due  to  space  limitation).  As 
the@portion@of@expenditure@to@its@own@field@becomes@higher ， it 

implies@that@the@sector@is@not@so@active@in@expanding@its@fields   

On@ the@ other@ hand   as the porti   n becomes sma@   r ， the 

sector@ is@ considered@ as@ the@ diversified@ one ， Result@ shows 

that@ diversified@ phenomenon@ exists@ at@ every@ sector@ except 
EM@ and@ TM ・ The@ percentage@of@R&D@ investment@in@ its@own 
field@ shows@ different@ behaviors ， EM@ and@ TM@ sectors@ did@ a 
small@increment@in@its@own@field ， and@FD ， PP@and@CH@shows@a 

small@decrement@or@steady@state@tendency ， The@other@sectors 

dlvers 市 ed  the@r 伯 elds. ln  orde ァ to  see  trendsln  technol09l ㏄ l 
distance@with@ respect@to@each@ sector@and@ its@ contribution@ to 
spillover@ effects ， mapping@ both@ input@ and@ output@ side@ was 
pl   tted@by@cal   ul   ti   g@rel   ti   e@techno@   gi 8@   di   tance   

ln order to descrlbe the Ⅰ ela 佃 ve technologlcal 
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di   tance;@ quantif@   ati   n@ theory@ type@ Ⅰ V@ was@ adopted@ to 

anal   ze@rel   ti   e@techno@   gi G@   di   tance@between@sectors@that 

was@ computed@ by@ using@ only@ Jaffa 、 s@ method@ and@ improved 
methodology@ respectively ， First ， based@ on@ technological 

poSti   n@ vectors ， rel   ti   e@ technol   gi G@   di   tance@was@ Potted 
by@ applying@ only@ Jaffe ， s@ approach ・ Fig ・ 2@ illustrates@ the 

t Ⅰ endsln ア e@a 佃 rVedlstanceamongmanufacturingsecto Ⅰ sSover 

the@period@of@1970@to@1997   

There@ is@ no@ distinctive@ feature@ in@ 1970@ and@ it@ is 

rather@ scattered ・ By@ and@ large@ in@ 1980:@ Japan ， s 

manUfaCtU Ⅱ ng SeCto ァ WaS dlvlded lnto tWo g 「 OUPS. ト l 「 St lS 
somewhat@tradti   nG@   group@and@the@other@@@   hi   h@technol   gy 

one  like  GM,TM  and  三 M  etc. Ⅰ rom  1g90 ， eve Ⅳ sectortends 

to@approach@to@EM@ steadily@and@ recently ， in@ 1997 ， almost@all 
the@sectors@are@concentrated@into@the@area@of@EM@except@PP 
and@FD ， However ， we@cannot@say@that@this@trend@really@stands 

for@ re3@   trends@ @@   technoogi 8@   di   tance 、 Si   ce@ f@   ure@ onl   

describes@ horizontal@ distance ， applying@ only@ Jaffe ， s 

methodoogy@ (hori   ont8@   di   tance)@ may@ have@ @   d@ to 
misleading@interpretation ・ Only@a@small@amount@of@investment 

towards@EM@sector@can@make@shorten@technol   gi 8@   di   tance 

regarCdless  ofan  amount lnvested  to  that sector. Thereefore, 
from@ this@ point@ of@ view ， the@ method@ of@ measuring 
technoogi   G@   di   tance@reqUres@improved@one   

With@ the@ Gm@ to@ overcome@ th@@   shortcomi   g, 

improved@ methodology@ in@ analytical@ framework@ is@ applied 
with@ the@ 0m@ of@consi   eri   g@ hori   ontG@   and@ verti G@   di   tance 

simultaneously methodology@is@illustrated@in@Fig ・ New@ mapping ， 3. adopting improved 
Gener8l   ,@ the@ trend@ @@   r0ati   e@ technol   gi   8   

di   tance@ shows@ the@ concentrati   g@ tendency@ to@ each@ other 
from@ 1980@ to@ 1997@ except@ TM@ and@ PP ． However ， 

concentrating@tendency@is@not@so@intensive@compared@to@Fig   

2.@ Parti   ul   rl   ,@ technoogi G@   di   tance@ becomes@ Ooser 

between@ EM@ and@ the@ other@ sectors@ des Ⅰ     te@ the@ smGl 

increment@ of@ R&D@ investment@ of@ EM@ in@ its@ own@ field ． This 

tendency@implies@that@every@sector@has@been@diversified@their 
R&D@strategi   s@@@   order@to@shorten@6stance@with@EM ． FD ， PP ， 

CH@and@TM@sectors@did@not@show@any@concentrating@tendency 
@@   re@   ti   e@ techno@   9cG@   di   tance ， It@ conCdes@ with@ the 

phenomenon@ that@ is@ explained@ at@ the@ result@ of@ position 
vectors ・ Broad@@   speaRng,@ di   erSf@ ati   n@ strategi   s@ are 

reG@@   made@ for@ shorteDng@ technoogi 8@   di   tance ， so@ that 
shorten@ technol   gi   @@   di   tance@ contri   utes@ the@ impact@ on 

し佃 Ⅱ zingtechnologyspmovere 朋 ciently   

ln order t0 understand d@ers@ed pa Ⅱ ern on an 

R&D@ Sde,@ the@ trends@ @@   technoo9c@@   di   tance@ from@ an 
output@aspect@were@conducted@using@the@same@methodology ・ 

Fi   ， 4@ill   strates@the@trends@@@   technol   gi 8@   di   tance   

Technological@ distance@ was@ very@ close@ between 
sectors@ @@   1971@ on@ an@ output@Sde ， However,@ it@ @@   scattered 

from@ 1980@and@ PP:@ TX@and@ FD@sector@have@been@maintained 
their@own@ product@field ， Especially ， group@ including@ PI ， GM ， 

TM ， PM ， EM ， MP ， OM@is@close@each@other@during@all@the@period   

However ， each@poSti   n@remai   s@near@@   still@from@ 1990@on@an 

output@ side@ comparing@ to@ input@ side@ in@ a@ broad@ manner ． 
Espeo8@   ， comparing@ f@   ure@ 3@ with@ 4 ， outstandi   g@ feature 
between@i   put@and@output@si   e@@@   the@Ufference@between@ EM 
and@ TM   It @   Coser｛n output《i   e『 Ⅱ     @   its‥i   tance @   far 

away@each@other@on@R&D@side ・ This@discrepancy@implies@that 

although@ R&D@strategy@becomes@diversified@over@the@period 
of@1970@to@ 1997@in@the@Japanese@manufacturing@sectors ， its 

Ⅱ eal t ト ends  ㏄ n  be  @nterpreted  as  a  way  of  lmprovlng  lts 
productlvltyo ト t0  cope  wlth  composlte  orconvergentp ァ oduct 
emerging@ recently@ by@ shortening@ technological@ distance@ in 
orderto  u Ⅲ ze  spillovere 什 mmmects  instead  ofexpanding  prCodu ㎝ 

field ， 

4.@l   Ⅰ   i   ati   n 

The@ main@ objective@of@this@study@is@to@attempt@to 
shed@some@light@on@the@technological@distance@trends@of@both 
i   put@si   e@and@output@$de@among@sectors@by@uSng@dataset@of 
R&D@expenUture@and@Make@matr@@   that@covers@13@Japanese 
manufacturing@sectors@from@1970@to@1997   In  this  study,  new 
methodology of estimati   g technoo9cG   di   tance was 

developed@ based@ on@ Jaffe ， s@ approach ・ The@ major@findings 
emerged@from@th@@   study@can@be@summari   ed@as@fol   ws     

In@line@with@early@studies ， the@effects@of@technology 
sp Ⅲ ove ァ have beendecreasedfromthemlddleofthe Ⅰ 980s 
in@Japan@ (Watanabe@et@al ， ， 2001 ・ Hur@&@Watanabe ， 2002)   

Broadly@speaking ， technology@spillover@depends@primarily@on 
technological@ distance@ and@ assimilation@ capacity@ on@ a@ host 
si   e ・ What@ seems@ Oear@ @@   that@ technol   gi   8@   di   tance@ of 

output@ side@ remains@ almost@ the@ same@ in@ a@ broad@ manner 
desPte@ the@ shor@   r@trends@ on@ R&D ， Another@ key@ factor@ to 
conSder@ @@   the@ ro@@   of@asSmil   ti   n@ capaoty@ @@   ma Ⅹ     mi   i   g 

spillover@ effects@ on@ a@ host@ side ， According@ to@ previous 
                (Watanabe‘t‖l ・ ， 2001)                                                         
capaCty@ have@ si   nf@   ant@@   been@ decreased@ from@ 1981@ to 
1995   Thus   the dlmlnUtlon OfSP Ⅲ OVe 「 e 丘 eCtS ln 」 aPaneSe 

manufactu 川 ngsecto Ⅰ sCan beattr@b り tedtoala ァ gerangeof 
decline@in@its@assimilation@capacity@despite@the@shorter@trends 
@@   technol   gi G@   di   tance@on@an@R&D@Sde   

HOWeVe 「   叶 we COnSlde 「 @n mo 「 <e detall On an 

output@ Sde ， its@ technol   gi   8@   di   tance@ becomes@ scattered 
pattern@ from@ the@ 1980s@ and@ the@ di   tance@ keeps@ 8most@the 
same@ pattern@ until@ 1995@ on@ output@ side ． In@ case@ of@ the 
di   tance@ between@ EM,@ TM@ and@ the@ other@sectors,@ w Ⅱ     @@   its 

distance@is@far@away@each@other@on@an@R&D@side ， distance@is 

very@ closer@ on@ an@ output@ side@ from@ 1971.@ It@ implies@ that 
divers 巾 ed  R&D  panern  of  concentrating  日 M  may  a 侍 ect 
mainly@improving@their@own@ productivity@and@coping@with@the 
recent  emergence  of  composlte  0 ァ convergent  pr0duct  by 
shortening@ technological@ distance@ instead@ of@expanding@ the 
p 「 oducMeld   

@@   summari   e ， conSderi   g@ the@ i   put@ and@ output 

aspect  of  technological  distance,  the  main  reason  of  the 
decline@of@spillover@effects@in@the@Japanese@13@manufacturing 
sectors@ may@ be@ conSdered@ as@ a@ succesSve@ 0mi   uti   n@ of 

assimilation@capacity@rather@than@technological@distance@on@a 
host@side ・ In@addition ， considering@the@trends@in@technological 

distance@in@the@Japanese@manufacturing@ sectors,@ this@study 
has@ found@ it@ necessary@ to@ focus@ on@ improvi   g@ asSmil   ti   n 

capacity@ rather@than@ diversifying@ R&D@ strategy@to@ maximize 
and@ utilize@spillover@effects@that@can@ get@large@ benefits@from 
other@ sectors ・ despite@ the@ many@ factors@ affect@ spillover 
effects@@@   the@Japanese@manufacturi   g@sectors   
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