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1.@ Ⅰ   TRODUCT   ON where 7@・ ， house》echnology《tocks｛f〆 ・ th《ector‖t》ime》 

As@ noted@by@ C ・ Freeman@ and@ L ・ Soete@ (1997) ， strong@links@ @u-m@:@In ， house@R&D@expenditure@of@ ・ rth@sector@at@time@t ・ m ， 

between@ scientists@ and@ entrepreneurs@ was@ one@ of@ factors@ T@@ ・ @@Outsourced@technology@stocks@of@Y ， th@sector@at@time@t 

                        the British                   systeem ⅠⅠ S nf                         more  RI 。 ．，一 m O                                                                                                       

                                                        Ⅰ he                                                   m@m@  '@  Time  lag  from  R&D  to  commercialization 

centuries ・ Innovators@have@exploited@various@benefits@from@these@ Pi ， Po@ ， @@R@e@of@obsolescence@of@technology@stocks   

kinds@ of@ links ． for@ example ， between@ firms ， government@ Next ， we@will@decompose@the@changes@in@TFP@in@order@to@measure 

laboratories ． universities,@ and@so@ on@until@now ． One@ of@the@ways Ⅰ he contribution of も echnical change due     in ， house and 

we@can@examine@these@kinds@of@links@might@be@the@study@on@R&D@ outsourced@ technology@ stocks ． First ， we@ assume@ perfect@ market 

                          The R&D                                                           that 丘 rms                                                       下り va り，                                                             

have@ maintained@ links@ with@ other@ research@ institutes@ so@ as@ to change     Ⅰ he P 「 Od UuC Ⅰ ilon       COSt down through process 

cooperate@ formally@ and@ informally   In this regard, this paper innovation   

attempts@ to@ review@ the@ interaction@ between@ in ， house@ and@ According@to@Nadri@and@Schankerman@(1981) ， Growth@rat@of@the 

outsourced@ technology@ stocks@ using@ the@ rate@ of@ returns@ to@ total@factor@productivity@can@be@described@as@below     

technology@ stocks@ (marginal@ productivity) ， and@ measure@ the 
リ巨 Ⅰ ル ; 

(I) 
C0n Ⅰ ribu Ⅰ i0n 0fdirecl and indirec Ⅰ impact of Ⅰ he in.h0use and TFP ニド -Z 下戸Ⅹ 

outsourced@ technology@ stocks@ to@ the@ growth@ of@the@ total@ factor@ where@V ， Production 。 Pi:@factor@price@and@X@@Labor@(L Ⅰ   capit8@   (K)   

productivity@ (TFP)@ which@ is@ regarded@ as@ a@ Ⅲ 4in@ source@ of@ From@equation@(1) ， production@growth@rate@is@obtained@as@follows     

sustained@ economic@ growth ． In@ addition ， bearing@ in@ mind@ the 
( 2) 

systems@ of@ innovation@ context ， we@ will@ review@ the@ structural ナ二 ， 穿キ ",+ ぎ男 竺 。 ぎ円坐 
differences@ between@ sectors@ of@ the@ Japanese@ manufacturing 

industry@based@on@the@R&D@outsourcing@patterns   

2.@ TECHNOLOGY@STOCKS@&@TFP 

2.1@ ANAYTICAL@APPROACH 

Let@the@technology@stocks@are@function@ofR&D@expenditure 、 time 

'"9 。 。 m "" 。 ' 。 。 。 """ 。 " 。 '"""a 。 ' 。 n                                             

according@to@Watanabe@et@a7.(2001) ， then@in ， house@and@outsourced 

technology@ stocks@ can@ be@ defined@ as@ following@ equations 

respectively 

From》he’irst｛rder…onditions’or》he…ost［inimization 

(3) p  二 二三 る V,,"  「・ 一一一 ⑥ 0 八 @ X"  " 一 ，一一 P  P  ， 一 P gC  791 
By《ubstituting‘quation (3) into equation (2) ， then we obtain 

following‘quation 

(4)   

As‖〉esult ， growth〉ate｛f》heゝFP（s‥escribed‖s’olows   

PX    QV"" イ T  /dtt  十 g1, J/dt ノ 「 

ァガ P  二に記 干 十 -  >)Z  ちテ 」 Y,.  呪       る T  r   
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P レ，                         
          ヮ (  二万百㎝ ぽ ") ad  ん ( 艮一二 C  ノ C   

From@equation@(l)@and@(5)     

The@second@term@of@right@hand@side@of@the@above@equation@is@the 

  

technology@ stocks ・ In@ other@ words 、 the@ second@ term@ represents 

the@ amount@ of@ downward@ shift@ of@ average@ cost@ curve@ due@ to 

technical@change   

The@ Change@ in@ output@ price@ is@ due@ to@ downward@ shift@ of@ the 

average@ cost@ curve@ and@ then@ movement@ along@the@ average@ cost 

curve@ to@ the@ intersection@ with@ demand@ schedule ・ The@ latter@ is 

V(ri@-1)@(see@Watanabe@ et@ al ・ ， 2001) ， then@ the@ whole             

chan 皆 teisasfollow,s     

佛   ， dT 「 Idt, ヱ 二三三二王 Y+( ヮ 一 W げ (,)   
The@Changes@in@production@due@to@price@change@is 

げ 艮一 eP (8) 

QV  P   
From@equation@(7)@and@(8) ， we@obtain@the@increase@in@production 

due@to@technical@change@as@follows       

                                QT, ¥ 

  
where  W  二 

l 一 e(ll-- り Ⅰ 

The@traditional@factors@(Xi)@input@will@change@due@to@two@reasons ． 

Increase@in@demand@due@to@price@down@requires@additional@output 

and@ as@ a@ result@ additional@ traditional@ factors@ are@ required   

Meanwhile   Ⅰ he COS Ⅰ down dUe Ⅰ 0 technical change           

traditional@factors ． The@required@increase@in@rth@factor@as@a@result 

of@the@former@ effect@is@as@follows     

Note 田 tboughNadnlandSchankerman(1981)decomposetheTFPlntod@rect 荻 d@nd@rect 

lmpact oft ㏄ @lnK 囲 change exogenous s ㎞ れ 0fdem 簗 d. れ dchaDge lnfactorprlce lnt ㎞ s 

paperweo Ⅲ ry 氏㎎ 0 ℡ 抽由がド onLhedp ㏄Ⅰ 舘 dlndlr ㏄ tlmp れ tnft ㏄ ぬ瞠 Ⅰ ch 皿 ge 

  

(11) 
- り由 -, ワ ( 名升旦 ㌢ + 詰旦半生 )-%,i 

From@equation@(10)@and@(ll) ， the@changes@in@rth@factor@is 

    

(13) 

The@ change@ rate@ of@the@ TFP@ (@F? ・ )@ due@ to@ indirect@ impact@ of 

                              '" 。 。 ' 。 " 血皿 。 d 。 " "u" 血 " 留 " 。 。 h""' 。 " " 

Ⅰ ヱ adit Ⅰ 0nal%aCto Ⅰ S   

F 「ニワ 2(y  -  1) ん -,( 吾チダ竿匹 +  券 三竿 空 ) 

Let  レ ，， 二 Z  一尺 r  a Ⅱ d  仕 om  equation  (6)and  (I3) 

TFP  二 (1-  肛リリア，     

( う ドガ 円 / 折る ア   イ「。       7%  )   
In@ equation@ (14)@ the@ second@and@ third@terms@represent@indirect 

and@direct@impact@of@technical@change@respectively ． The@first@term 

is@the@contribution@of@other@influences@to@the@TFP@growth ． Figure 

1@shows@the@mechanism@of@the@TFP@change@briefly   

一                             「               T 苧杷 。                       ;                             
干 

                      

(15) 

Fig ㎝ el.lnterzactionoftechnicalchangeandTFP 

ProVidedthattheproduction  伍 nction  (V) is subjecttothecost 

田 nction(C),itcm  bee や ressedasfoIlows: 

ド =  f( ム ， K,z,R).  C  Ⅰ S  月 Ⅹ i 

whereX Ⅰ 幸 L,K.T,.To 

The  production  and  cost  are  伍 nctio Ⅱ of  labor  (L), capital  ( Ⅰ 0  . 

面・ house Ⅰ echDlo10 葵 7stocks(Tl),outsourced  technol0 努 ， s ち ocks(Tn)   

and  their  prices. W  e  use  Ⅰ he  lagraneian  equatjon  血 order  to 

  

outsourced@technology@stocks ． The@Lagrangian@for@this@problem@is 
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W=f(L,K,T@)+A(C-ZP@@,)@ (16) 

The@ relation@ between@ the@ rate@ of@ returns@ to@ in'house and 

outsourced@technology@ stocks@ is@ determined@ from@the@ first-order 

conditions ・ 

 
 

 
  

 

 
 

(17) 

2.2@ l   TERACT@   N@ BETWEEN@ l   ， HOUSE@AND 

OUTSOURCED@TECHNOLOGY@STOCKS 

  

through                   み Ⅱ d                     R&D as mentioned               

How,ever, も he 荻 mou ね tof Ⅰ he も wvo technologystocksw.llldl 丘 era 屯 

thepro 丘 tmaxlmIllzlngPolntbecauseofthedi 丘 @e 「 enceslnthe 「 ate 

of@returns@ and@ marginal@ cost@ schedules ． The@ rate@ of@returns@ to 

                  technology             may           七 ha Ⅰ of                     

technology@stocks@on@the@condition@of@the@same@price@of@the@two ・ 

As@shown@the@figure@2 ， a@firm@may@first@choose@to@invest@in@either 

in ， house@R&D@or@outsource@R&D@by@comparing@the@ratio@of@rate@of 

returns@ to@ irrhouse@ and@ outsourced@ technology@ stocks@ and@ their 

marginal@ costs ． Assuming@that@ the@ firm@ chooses@ in ， house@ R&D ， 

then  れ ㎞ vest 面面・ house  R&D  and  Ⅰ his  causes  Ⅰ he  田 crease  in 

血 ・ h0use                                   However ， without outsourced 

technology@stocks ， the@firm@can ， t                                                         

reduces@the@in ， house@R&D@spending@to@increase@R&D@outsourcing   

悠 ares 田 Ⅰ                                                                                             

(cost)@ line@ while@ outsourced@ technology@ stocks@ increase ． If@the 

budget@ to@ invest@ in@ technology@ increases@ due@ to@ increased 

production@and@profit ， the@firm@will@compare@the@expected@returns 

  

maxlmlzlng  pomt. FlgU 「 e  2  descrlbes  Ⅰ he  mte 「 actlon  be も Vween 

in ， house@and@outsourced@technology@stocks ． As@shown@the@below 

丘 gulre, if  a  皿 m  can                   R&D properly ， then it can get 

additional@revenue@ and@ achieve@more@efficient@innovation@than@it 

re Ⅱ neso Ⅲ yo Ⅱ own も ech ⅡⅠ 0logy                                                             

も 0  achieVe  も his  k 下 d  of  e 伍 cient  田 novaHon  is  Ⅰ he  e 血 stence  0f 

l 血 ksbe Ⅰ Ween  五ヱ mS 田 ld  o Ⅰ herac Ⅰ 0rsin  systems  0f 下 Ⅱ ova は on.In 

thisconteXt,weW Ⅱ lrenew  theR&D  outs0urcingpatternsofthe 

Jap 接 lesem 田 lufact 旺 ing 田 dustry  in  thelastp 打 t. 

  S も 打 Ⅰ   

「 " Ⅰ 

「 " 。 i""" 。 。 
  

Figure・ 

and@outsourced@technology@stocks 

3.  EMPERlCA 」 ANAYSlS 

3.l  CONTRlBUTloN  OF  TECH  N  @CAL  C  HANGE  TO  TFP 

GROWH 

IJs 面 Sequation  (I3)md  (16),wec 田 ncalculatethecontribution  of 

Ⅰ echmic Ⅲ change  Ⅰ 0  色 he  TFP  紅 ow Ⅰ h.  Because  there  打 e  no 

sufficient@survey@data@ on@the@ outsourced@R&D,@ we@ assume@that 

  
  

          ofin.housetechnolo め @stocks,and  letk 二 l. 晒ら make  useof 

the@relevant@data@from@ 1970@to@ 1996@mainly@from@the@ Watanabe 

laboratory exCeP Ⅰ ち he R&D ou Ⅰ sSourcmng da Ⅰ a   The R&D 

outsourcing@related@data@are@from@the@Statistics@Bureau@of@Japan   

The@result@of@empirical@analysis@on@the@Japanese@manufacturing 

industry@is@ as@ shown@the@figure@ 4.@ However ， the@ contribution@of 

technical@change@is@not@so@great ・ As@will@be@discussed@later ， main 

reason@ of@ the@ low@ contribution@ of@ technical@ change@ is@ that@ we 
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invest@ more@ in@ design@ and@ development@ that@ are@ sources@ of 
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Figure@5.@Dendrogram@of@the@Japanese@manufacturing 

sectors(1996) 

As@shown@the@above@figure,@the@Japanese@manufacturing               

have@ uniform@ outsourcing@patterns@ and@ their@ R&D@ cooperation 

partners@are@mainly@from@private@sectors   

4.@ D Ⅰ   CUSS   ONS 

In@this@paper ， we@review@ the@mechanism@of@interaction@between 

in ・ house@and@outsourced@technology@stocks ． If@national@systems@of 

  

            R&D ， more efficient                                               na Ⅰ Ulon w,ine   

However ， according@ to@ the@ result@ of@ TFP@ decomposition ， 

contribution@ of@technical@ change@ to@ productivity@ is@ lower@ than 

ex 甲 ecten. Thema 田 reason  of Ⅰ lhisresultmay  be 伍 om  theperfec Ⅰ 

competition@ assumption ・ Therefore,@ it@ is@ required@ to@ develop@ a 

model@ of@imperfect@ information@ in@ order@ to@ include@ the@ impact 

七ト om  product  下 novation  田伍 Ⅰ 町 e. Ⅲ 七 hough  clustering  of  the 

Japanese@ manufacturing@ sectors@ is@ not@ successful@ due@ to@ high 

de 組 ee  of  simiI 丑 ity  be も Vween  sectors  in  outsourcing  R&D  . We 

confirm@that@most@sectors@prefer@actors@in@private@sector@as@their 

R 程 Dpartners   
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