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R&D@as@an@engine@of@technological@progress@in@IT 

0@Chokri@Allani ， Fumio@Kodama@ (The@University@of@Tokyo) 

This@paper@tries@to@explain@the@role@and@importance@of@R&D@in@high-tech@industries@characterized@by@high@level@of 
uncertanty ， To@ re8ize@ this ， we@ will@ perform@a@ comparati   e@ empii   6@   an3ys@@   of@representati   e@ aggregates@ of@a 

sample@of@firms@in@the@IT@and@the@automobi Ⅰ   i   dustFes   

In@a@relatively@stable@environment ， Utterback@and@Abemathy@who@studied@competition@patterns@through@the 
story@of@the@typewriter@industry'@and@the@automobile@industry2@introduced@the@concept@of@a@dominant@product@design 
                                                                                                                                                                  A  dominant  design 

has@the@effect@of@enforcing@and@encouraging@standardization@so@that@production@of@other@complementary@economies 
can@be@sought ・ Then@effecti   e@competition@begins@to@take@p Ⅰ   ce@on@the@baSs@of@cost@and@sca Ⅰ   as@wCl@as@of@product 
performance ・ 

Furthermore ， Nelson@and@Winter ， which@studied@the@historic@evolution@of@industries@up@to@the@beginning@of@the@80 ， s ， 

embody@the@exploration@and@development@of@the@dominant@design@as@the@basic@innovation@patterns3   

However,@with@the@increase@in@market@and@techno Ⅱ   gi   3@   uncert3nt*   s@some@technologi   s,@such@as@IT,@follow 
adlvergmn:gpa は emofcomnpetltlon(Koda Ⅰ m.1995)   

力 IV 作乙 ⅠⅡ 芹タ Ⅰ 血 Ⅰ r れ田 q ⅠⅠれれ OVa ガ O れ   
level@ of@uncertainty ・ Therefore ， this@ kind@ of@industry@ is@ not@ following@ the@ converging@ pattern@ implied@ by@ the 
dominant-design@theory ， Instead ， competition@among@high-tech@firms@appears@to@be@following@a@diverging@pattern   

Manufacturers@cannot@survive@by@sCling@the@old@productS@     they@must@invest@in@R&D@to@produce@a@new@generation@of 

products@or@go@out@of@business ・ It@shows ， too ， how@destructi   e@i novation@can@be@to@those@who@fail@to@catch@the@wave   

Some@companies@would@appear@and@others@disappear4.@The@shit@wo Ⅰ   d@occur@because@of@diferent@approaches@to 
techno Ⅰ   gy@and@management@taken@by@firms@in@the@@   respecti   e@i   dustris5   

Em ク f/ Ⅰ ca Ⅰ l0 れ Ⅰ 抄 Ⅰ尽せⅠ正正Ⅰ Jg より 田 なば afro れ これ rA ビ Ⅰ デ a Ⅰ l4a 甘 t Ⅰ mo み拙 せソれ du 鮭 Ⅱ わ Ⅰ 

The@data@was@compiled@from@annual@reports@of@eight@companies ， i ， e ， four@from@the@automobile@industry@and@four@from 

theIT  indusW6 ぬ raperiodraging  仕 om  1985to  l997   
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year@t ・   

R&D@efficiency:@Profit,+ ・ /@R&D, 
R&D@efficiency@indicates@the@return@on@R&D@investment@after@a@ "/"@number@of@years   

i@represents@the@number@of@years@within@which@a@major@techno Ⅰ   gy@of@a@deSgnated@i   dustry@gets@obsol   te@and@a@new 
one@@@   introduced ・ In@other@words@ it@might@be@referred@too@as@ the@techno Ⅰ   gi   3@   innovati   n@cyc Ⅰ   ， Th@@   indi   ator@i   

very@important@Snce@@@   shows@aso@how@fast@a@techno Ⅰ   gi   @@   i novati   n@wou Ⅰ   occur@from@one@i   dustry@to@another   

i@=@2@for@IT@industry@represented@by@the@computer@sector ・ 

  ・ =@5@for@the@automobile@industry@represented@by@the@passenger@car@sector7   

  ・ values@were@calculated@on@the@base@technological@innovation@cycle@for@the@automobile@industry@we@calculated@the@life 

cycle@by@uSng@the@diference@in@time@when@a@full@modC@   change@of@a@product@li   e@occurs ・ On@the@other@hand ， for@the 

IT@i   dustry@we@ca Ⅰ   ulated@the@lie@cyc Ⅰ   of@m6n@components@i ・ e ・ the@CPU@and@oS@of@a@PC   
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R&Dヾtock: RDS,・ ・ d)ヽDS, ， |・   

of@physi   al@factors@or@stock@of@knowledge ・ The@stock@ofR&D@capit3@   @@   the@depreci   ted@sum@ofR&D@spending@past 
and｝resent ・ 

R&D@investment@might@depreciate@due@to@ Ⅲ 4ny@factors ， for@i   stance ， competitors@might@devCop@the@same@technology 

at@the@same@time@framework ・ It@might@also@indicate@the@obsolescence@speed@of@the@knowledge@available8   

RDS,@R&D@Stock@for@year@t ・ 

RDE                                                 
d@=@17:@the@rate@of@depreciatioD@     i ， e ・ 50%@for@the@ Ⅰ T@industry@and@20%@for@the@automobile@industry 

In  othe Ⅰ woFds, R&D  stock  Ⅰ ep 丁 esents ぬ e  4cc は m は 7 Ⅰ ガ 0 れ 0 Ⅰ た れ ow ル dge  泊 て a  cenain  period. Sincc  山 e  automob Ⅱ e 

industryhasalongertec ㎞ oIogicalimova 仮 oncycletheaccumuIa は on  of ㎞ owledgeembodied  in  R&D  stock  wouId 
bemo Ⅰ cimpo て tantthan  田 eIT  indus ま て y.Ino ァ de Ⅰ t0comparethelevelofthisocc は m は JO Ⅰ せ d% Ⅰ 0 正ジ ⅠⅠ d% Ⅰ wenom 咀 l%ed 

市 isvaluebyI モ &D  inves 血 Ⅰ entvalue ぬ reach Ⅰ espec 甘 veyear. 

On  the  otheFhand,wenoml%ed  R&D  stock  valuesby  saleswhich  gave  anew  value  田 atwe  wouId  call 
the  " 化 れ ow 屋 d ざ Ⅰ in 雌 れ S ヱひ ", lhen  we  calculated  i 尽 g ァ oMh  rate  vaIues  which  we  would  call  "A れ ow セ d 持 Ⅰ 廿 ⅠⅠ れ si 沖 

接 ro ル Ⅰ 舌 rd ヰ Ⅰ ". 

A  higheFg Ⅰ oWth  would  lead  to  alowerinvestmentinR&D,the て ef0realow  R&D  intens れ y   

R Ⅰ S Ⅱ 比 Sa れ d 仇セワァは ati クれ 

The@results@of@this@analysis@are@summarized@in@table@1 ， where@we@observe@that@in@average; 

a.  IT  ㎞ vestmentIn  R&D  ismuch  moreimpo 「 nant,i.e.almostdoubleintermTs  ofR&D  inte ㎎ i け   

b.  The ァ e 抽 m  on  R&D  in  te Ⅱ I Ⅰ Sofp Ⅰ o 且 tismuchhighe Ⅰ intheIT  indust Ⅰ y,i.e.R&D  ef Ⅱ ciency  isalmost4 

timeshigher ぬア田 eIT  田 an ぬ eautomobileindustry. 
c ・ The@accumulated@knowledge@over@the@studied@period@is@much@higher@in@the@automobile@industry ， i ， e   

morethan  Mice ぬ antheIT  № dus 町 ・ 

d ・ The@growth@ofR&D@stock@intensity@@@   almost@ Ⅰ     l@for@the@IT@i   dustry@i ・ e ・ -0.1% ， and@relatively@high@for 

田 eautomobile ㎞ dus の ， ， i.e.l0.2%. 

Tab ， l@:@ATthmetic@Mean@values@of@representative@indicators 
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Although@IT@firms@have@been@heavi Ⅰ   investing@in@R&D@(see@fig ， 1)@the@ Ⅰ   vel@of@accumulated@know Ⅰ   dge@is 
re Ⅰ   tively@low@(see@fig ， 3) ， this@is@due@to@the@very@low@ Ⅰ   vel@of@the@growth@ofR&D@stock@i   tensity@i ・ e ・ -0.1%@compared 

to@ 10.2%@ for@ the@ automobile@ industry ， This@ means@ that@ the@ speed@ of@knoWedge@ accumulation@ is@ faster@ in@ the 
automobile@industry@which@leads@to@its@technological@stability9   

Since@the@growth@@@   know Ⅰ   dge@for@the@computer@industry@is@almost@nil ， in@the@contrary@to@the@automobi Ⅰ   

i   dustry ， a@need@to@give@relatively@more@importance@to@R&D@i   vestment@is@a@ Ⅰ   gial@consequence@as@shown@in@fig ， 1@of 

R&D@intensity   
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Fi   ・ 2@ofR&D@effici   ncy@shows@how@important@for@hi   h-tech@industri   s@to@i   vest@@@   R&D ， The@figure@shows 

that@R&D@effici   ncy@@@   higher@in@the@IT@industry@than@the@automobi Ⅰ   industry ， where@we@suggest@that@in@high-tech 
indus ㎡ esthe 血 ain  engine 椅て changeistec ㎞ l0logicalprog で esst 血 ough  R&D   

Therefore ， where@the@growth@in@know@   dge@is@relativ0y@hi   h@(see@fig ・ 4@     Growth@ofR&D@IntenSty@Stock) ， growth@in 

these@ industries@ accumulates@ so@ fast ， that@ it@ leads@ to@ a@ situation@ of@a@ relative@ technological@ stability ， and@ the 
competition@direction@shifts@away@from@R&D@towards@other@factors@that@might@be@cost@or@diversification ， where@they 
廿 Ⅰ e 由 lVlngtheComppe れは。 れ   

Conclusion 

In@this@paper ， we@postulated@that@in@high-technology@industries@characterized@by@high@degree@of@uncertainty@the@main 
engine@for@change@is@technological@progress@through@R&D   

The@stabilization@direction@shifts@competition@away@from@R&D@towards@other@factors@such@as@cost@and@diversification ， 

where@they@are@driving@the@i   dustry ・ 

We@attempted@to@show@this@by@using@R&D@indicators ・ However ， this@research@is@not@complete@and@more@clarification 

is@needed@@@   order@to@investigate@cost@and@diversificati   n@indicators@in@these@*   dustri   s   
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Appendix 

Fig. Ⅰ     
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Fig.2     
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Fig.3     
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