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Abstarct 

Introduction@of@innovations@in@electrical@machinery@industry 
largely@depends@on@R&D@and@intensive@resources@of@R&D 
are@required@for@generating@new@products ， However ， smaller 

firms@usually@find@it@difficult@to@challenge@R&D@mainly@due 
to@the@high@cost@of@R&D@resources ・ Such@firms@tend@to 
depend@on@the@effective@utilization@of@research@results 
produced@by@their@competitors ・ Effective@and@efficient 
utilization@of@these@technologies@depends@on@assimilation 
capacity@and@learning@effects   

T Ⅱ     s@paper@makes@emPrical@analysis@of@R&D@acti   ities 
focusing@on@inter ・ firm@technology@spillovers@in@24 
Japan ， s@leading@R&D@intensive@electrical@machinery 
firms ， Th@@   an3ys@@   covers@the@last@two@decades 
explaining@the@sources@of@success@in@constructing@a 
highly@productive@R&D@structure   

I ， Introduction 

R&D@intensity@(the@ratio@of@R&D@expenditure@and@sales) 
in@Japan ， s@electrical@machinery@was@6.3%@in@ 1998@which 
is@well@higher@than@the@ manufacturing@ industry@ average 
of@3.9% ・ (Fig ・ 1) 
  

            
      
      
  

  

    

 
 

Fig ． 1.@R&D@Intensity@in@the@Japanese@manufacturing@Industry@in@1998 

(R&D@expenditure@per@sales@(%)) 
Such@ highly@ intensive@ R&D@ activities@ need@ huge 
investments@ in@ R&D@ resources ・ These@ R&D@ resources 
being@ beyond@ the@ reach@ of@ smaller@ firms ， necessitates 
more@ effective@ and@ efficient@ utilization@ of@technologies 
developed@elsewhere@which@"spill@over"@into@the@market ， 
Following@Cohen@and@Levinthal@(1989)@and@Watanabe@et 
all@(2000) ， effective@utilization@of@potential@spillover@pool 
largely@depends@upon@assimilation@capacity ・ Assimilation 
capacity@ is@a@function@ of@the@ level@ of@technology@ stock 
and@ the@ ability@ to@ maximize@ the@ benefits@ of@a@ learning 
exercise@(Watanabe@et@all ， 2000)@and ， it@depends@on@the 
level@of@R&D 

expenditures ， This@ paper@ demonstrates@ this@ hypothetical 
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two@decades ・ Many@scholarly@works@have 
elucidating@ high@ R&D@ intensity@ in@ the 

electrical@machinery@industry ・ However ， none@has@looked 
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Section@2@reviews@the@state@of@R&D@structure@ in@electrical 
machinery@ industry ， Section@ Sanalyzes@ the@ state@ of 
technology@spillovers@between@electrical@machinery@firms   

Section@ 4@ describes@ the@ mathematical@ development   
Section@5@briefly@summarizes@the@implications   

II ・ State@of@ Ⅱ     gh ・ level@R&D@Intensity 

TaUe@ 1@ summarizes@the@ state@ of@sales@ and@R&D@ structure 
of@ 24@ leading@ R&D@ intensive@ Japanese@ electrical 
machinery@ firms@ in@ 1998@ which@ covers@ 56%@ sales@ and 
82%@ of@R&D@ expenditure@ of@entire@ electrical@ machinery 
industry ， Table@ 1@ suggests@ that@ the@ 24@ firms@ may@ be 
classified@in@two@clusters@(Group@1:@1-9 ， Group@2:@10-24) 
by@indigenous@technology@stock@ratio@(T/Ts)   

Figure@2@demonstrates@the@correlation@between@technology 
stock@ and@ sales@ of@24@ leading@ R&D@ intensive@ Japanese 
electrical@ machinery@ firms@ over@ the@ last@ two@ decades   

Looking@ at@ Fig ・ 2@ we@ note@ that@ there@ exists@ a@ strong 
correlation@between@technology@ stock@and@sales@ over@the 
entire@ period@ examined ， This@ demonstrates@ that 
technology@stock@is@really@a@source@of@sales@increase@for 
electrical@ machinery@ industry@ compelling@ these@ firms@ to 
depend@on@further@intensive@R&D@investment   
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r 二刀 +ZT,, (2) 
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Fig.2.Co 庄 e@alionbetween  IndigenousTechnoloW  Stock 抽 d 
Salesin24R&D  IntensiveJ 叩 ㎝ eseE@ectrlcal 
M ㏄ hineryFirms(1991-94) 

Table@2@Technology@Contribution@to@Sales@in@24@R&D 
Intensive@Japanese@Eectrical@Machinery@Frms 
( Ⅰ 979-98) 

l 俺二 l.9%Q8 の 1n7+Q8%  @ adJ.R   DW 

(5.64)(16.40)  (11.31) 0.954 1.86 

where@S:@sales ， T:@technology@stock;@and@D] ， 02:@dummy 

variables@(D,:@firms@ 1-9 ， D;@:@Firms@10-24) 

III ， State@of@Inter ・ finn@Technology@Spillovers 

1.@ Mathematical@Approach 
AsShownin  F 培 ・ IreIec ㎡ calmach@ne け indust 甲 isa 
R&D@driven@industry ・ Its@production@(S:@sales)@can@be 
depicted@by@the@following@equation     

Donor Host 

Ⅰ ， 冗， 

Potent8@   spill   ver 

pool r 二円 +Z 「， Sa Ⅰ   s 

Fig ・ 3.@Spillover@and@Assimilation@Capacity@Dynamics 

S=S(T) (1) 
where@T:@technology@stock' ， Technology@stock@is 
composed@of@indigenous@technology@(Ti)@as@well@as 
technology@spillovers@developed@by@other@firms@and 
assimilated@by@the@host@firm ・ (Fig ， 3.) 

  The@structure@in@equation@(2)@is@proved@to@be@the@most 
significant ， The@case@of@Fuji@Electric@Co ・ is@presented 
here@as@an@example     

入 0  p  p@ g2 a4 ト R2 DW 
r 二円 +Z 乙 -0.21 0.29 2.24 0.995 1.83 

( 、 5.40)  (1.03)(7.85) 
r 二円 +T 。 ・ 0.29 0.15 2.97 0.899 1.71 

(5.57) (0.53)・ 
    =r 円 T ノ   -0.28 0.16 0.02 2.90 0.893 1.7l 

(3.81)  (0.53) (0.26)(3.38) 

Potentialsp Ⅲ ove Ⅱ poo@iscalculatedas ぬ Ilows     
ム 二三 r,-  Ⅰ 
  

Weusethefollowjngequationto  meas 町 eassimiIation 
capacity(seeWatmabeeta@l,(2000) め rdetajls): 

(3)   

Since@production@can@be@expressed@as@a@function@of 
technology@as@indicated@in@equation@(1) ， taking@time 
diference@of@equa Ⅰ     on@(1),@change@in@sa Ⅰ   s@can@be 
expressed@only@be@technology@stock@as@follows     

切 S  8 ざガ笘   

一 イサ Ⅰ "" 一 る T  "" 才ヰ に 

て 4) 

In@order@to@maximize@the@effects@of@technology@spillovers ， 

the@host@firm@treats@technology@spillovers@and@indigenous 
technology@homogeneously@(Watanabe@et@all ， 200)     

イ @S  58  カ 円   
し巳ァ 5 円みⅠ 

(5) 

      

smaIland  AZ  穏 0 ， (6) 
From  equation  l2)and(I3)m 頒 ginaIproductivi け ofT, 
mdZT,cm  beob ぬ Uned  as601lows     

9S@ @      
6 円 A 円 

(7) 

g@  ム S     
a(Z 「 .)  ZAZ, 

く 8) 

SubstltutlngequatIons(14)md  (l5)ln  equatIon  (I6), ゆ 

cm  bemeasured ㌍ MIows: 

ZAr, 
(9)   

Substituting@equation@(9)@in@equation@(3)       (110) 

From@equation@(10) ， Z@can@be@measured@as     

叫耳 一 Z 。 明 一 Ⅰ 耳 
Z 二 

                                                          写   Z,         
(11) 

2.@ Trends@in@Assimilation@Capacity 
Results@of@the@measurement@of@assimilation@capacity@of@24 
electrical@machinery@firms@over@the@period@1979-1998@by 
using@equation@(17)@is@summarized@and@illustrated@in@Fig   

4. 
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Fig ， 4.@Trends@in@the@Assi   ilation@Capacity@in@24@R&D 
Intensive@Japanese@Electrical@Machinery 

IV ， Op Ⅰ     m*@   Dependency@between@Indi   enous 
Technology@and@Spillovers@Technology 
1.@ Mathematical@Model 

Theas 封 mi 肚 t 油 n  capaclty  ㎞ timetcm  be 
expressed  by  the6 刮旧 w ㎞ g  equat 油 Ⅲ 

  
w 

(12) 

  ， 9, 二管， changeratesof 
indigenous@technology@sock@and@technology@stock 
in@potential@spillover@pool ， respectively ， and@T ， o@and 
Tso@initial@stages@of@T ， and@Ts@respectively 
Utilizing@this@equation@technology@stock@at@time@t@in 
equ 柿 on(2)cm  beexpressed  asf 引旧 ws:   
T,=r,+z7  "  "  = 「， ,  (1+ 一と一 ,w+ 1  )=Tl  @@in   w+1 

(13) 
Given@the@produc Ⅰ     on@func Ⅰ     on@(1),@sa Ⅰ   s@at@ Ⅰ     me@t 

can@be@depicted@by@the@simple@Cobb ， Douglas 
ぬ nctionas 飴 IIows     

(A:@scale@factor; 
S "  ノ Z" ニカ r"( ,0  ユと 1w+ 上三 )" ダ Wg 。   
and  ㏄ :eIastici り J (14) 
Since@R&D@expenditure@of@host@at@time@t@can@be 
expressed@by@the@equation@(25) ， R&D@productivity 
(sales@by@R&D@investment)@can@be@expressed@by 
equation@(26)     

R, だ A 宅 Ⅰ 9, 円 = 円 o.9,.e87 々 円 owg ダ ㎎ ， ' 

(15) 
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 (16) 

R&D@*   tenSty@@@   the@reverse@of@equa Ⅰ     on@(16)   

2.@ Empirical@analysis 
Utilizing@equations@developed@in@section@IV ・ 1 ， 

empirical@analysis@of@the@optimal@dependency 
between@indigenous@technology@stock@and@spillover 
technology@in@24@R&D@intensive@Japanese@electrical 
machinery@firms@over@the@period@of@1979-1998@were 
conducted@by@dividing@5@periods:@1979-1982;@1983 ， 

1986;@1987-1990;@1991-1994;@1995-1998.@Results@of 
1991-94@are@illustrated@in@Figs@5@and@6.@All 
supporting@observations@are@obtained@by@numerical 
simulation ・ Fig@5@demonstrates@that@indigenous 
technology@stock@cont@butes@to@sa Ⅰ   s@increase@in@8l 
of@the@firms@examined@and@this@contribution@is@more 
significant@in@larger@firms@(Group@1)@than@smaller 
firms@(Group@2)   

Fig ・ 7@demonstrates@that@an@increase@in@indigenous 
technoIogy  lsthem の o Ⅰ sourceof ㏄ slmllatlon  capacI け 
increase ・ Furthermore ， the@magnitude@is@more@significant 
in@larger@firms ・ Fig ・ 8@shows@the@contribution@of@total 
technology@stock@to@sa Ⅰ   s@increase   

  
85 l 

Ⅰ・Ⅰ タ，     ● 念 。 Ⅰ ，       
        

｜ 」   

adj ・ R2@ DW 

Tot 引 @S 甘 2.16+0.82hn 円 0.955 1.74 

(10.60)@(22.33) 
Groupl@ ln5=2.09+0.821nr+0.25Z)@@o-947@ 2.17 

(4.06)@(10.99)@ (2.70) 
G 。 oup2  InS 二八 96+0 ・ 86@n Ⅰ 0.823 Ⅰ． 65 

(4.08)@ (8.12) 
F 嶋 ・ 5.Co 打 nelationbe Ⅳ een  IndigenousTechno@oW  Stock ㎝ d 
Sales@in@24@R&D@Intensive@Japanese@Electrical@Machinery 
Firms@(1991-94) 
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一 2.5   
ー 3.5   Ⅰリ     介 @@ ◆」 碩巨 3 Ⅵ   5                                       
-4.5   

l   R/S 

a 山 ・ R2  DW 
Total 

In@Z=@4.44+2.77@In/?/5@ 0.464@ 0.79 
(2.22)@ (20.97) 

Group@1@ In@Z@=@2.50@+   .90@In/?/5+D@0.320@ 0.938 
(0.85)@ (1.92) (1.81) 

Group2@ lnZ=-3.82+0.521n/?/5@ 0.226@ 0.37 
(1.72) (0.82) 

Fig ・ 6.@Correlation@between@R&D@Intensity@and@Assimilation@Capacity 
in@24@R&D@ IntenSve@Japanese@E@   ct Ⅰ     c8@   Machinery@Fims 
(1991-94) 

 
 

 
 

 
 

 
  

 

 
 

          

レ   Ⅱ   

adj ・ R2@ DW 
Total 

In@Z-@-10.22@+1.31@In@T ， 0.985@ 1.72 

(-70.39)  (39.42) 
Group@1 ln7 三一 10.21+0.1.037, 0.970 2.44 

(-23.13)@(16.25) 
Group2  lnZ  三一 9.92  +  0.96 Ⅰ 0.920  1.55 

(-29.25)@(12.78) 
Fig ・ 7.@CorrCa Ⅰ     on@between@Indigenous@Technology@Stock@and 
AsSmilaton@Capaciy@in@24@R&D@IntenSve@Japanese 
Electrical｀achinery：irms・ 

     
 

 
 

    3 一     "" 一   """"     """"   ""         "   
    

a 山 ・ R2  DW 
Total @nS ン @.82+0.82@n7   0.957 l.73 

(-8.43)  (22.66) 
Group@1 ln 」 s Ⅰ 1.26+0.897   0.909 2.47 

(1.74)@ (9.08) 
Group@2 ln ぶ二 @53+0.887   0.834 1.67 

(2.98)@ (8.45) 
Fig ・ 8.@CorrCaton@between@Tot@@   Technology@Stock@and@S4es@in@24 
R&D@ IntenSve@Japanese@El   ctrcal@Machinery@Fims@(1991-94) 

V ・ Implications 

This@paper@attempts@to@elucidate@the@structural@sources@of 
the@high-level@ofR&D@intensity@in@electrical@machinery 
firms ， Focusing@on@their@interactions@with@competitors@by 
the@assi   ilation@of@sPllovers ， the@moti   ati   ns@ofR&D 
investment@and@increase@in@R&D@intensity@are@identified ， 

On@the@basis@of@a@numerical@analysis@and@empirical 
demonstrati   n,@the@fol Ⅰ   w@   g@findi   gs@provi   e@an 
explanation  of  the  structural  sources  of  the  high  level  of 
R&D@intensity@in@the@electrical@machinery@industry   

(i)@ Technology@significantly@contributes@to@sales@in@this 
industry ， and ， therefore ， n（ncrease（n》echnology 
stock@by@R&D@investment   

K@@   Ⅰ   order@to@i   crease@techno4   gy@stock,@not@on Ⅰ   
indigenous@R&D@investment ， but@also@effective 
ut Ⅲ zat@on  0fsp Ⅲ oveLisessential   

(iii)@ Improvement@of@assimilation@capacity@is@essential@for 
effective「tilization｛f《pillover ， and》his‥epends｛n 
the@level@of@technology@stock@in@the@host@side   
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