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I. TECHNOLOGICAL IMPACT IN POSTWAR JAPAN 
That Japan has recently been noticed for her "economic vitality" is 

symbolized by her nickname "the economic animal." We can see this 
"economic vitality" in various aspects : postwar Japan has achieved great 

economic growth ; she has accomplished rapid industrialization equipped 
with the latest science and technology ' the Westernization of he 

, r economy and society is rapid ; her exports have increased with great rapidity ; and 

today she has attained an export market of high standards and stability 

from the international point of view. 

Economic and social change in postwar Japan has been drastic and 

dynamic : this change is defined as technological innovation, which may 

be compared to "the Industnal Revolution." By industrial revolution we 

mean the industrial changes caused by the occurence of drastic techno-

logical progress and the rationalization in the economic and social structure 

caused by the former. 

Early stages of industrial revolution, Ied by the invention 0L the steam-

engine by J. Watt in 1765 and blossoming during the period from the 

1760's to 1830's, meant transition from a society dominated by an agri-

cultural economy to one dominated by an industrialized economy. The 
transition helped establish industrial capital and social change ; it ptovided 

the momentum for change into a society based upon the principle of the 

machine and technology-to industrialization. 

According to W.W. Rostow, the beginning of the process of indus-
trialization inay be conceptualized as take-off.1 Take-off begins with active, 

continuous, and self-sustaining responses toward internatiorial political 

stimuli and teehnological progress. While Japan's take-off into modern, 

industrialized society took place during the period from 1878 to 1900 when 

both international and internal political stimuli provided momentum, the 

economic and social changes which took place in postwar Japan were in-

1 w. W. Rostow. The Stages of Economic Growth, Cambridge, Canrbridge University 

Press, 1960, 
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且uence（I　by　the　scientific　an（l　technical　impεしct　of　technological　innova，tion。

　　　　Japan’s　economy　took　off　into　modem，industrialized　society　decades

later　than　developed　European　countriesl　and　yet　it　accomplished　the

process　quite　rapidly．In　Japan，GNP（estimated）grew　at　a　rate　of4－5％a

yαミr　during　the　periodfrom1880to　just　beforeWorldWarI工However，

economic　growth　after　WorldWarIIhasbeenmorerapid　andmarvelous、
Today，Japan’s　GNP　is部141。9b量11圭on，next　largest　to　the　United　States

among　the　free　countries．Her　real　economic　growth　was8．8％during

the1947－1954postwar　revival　period，10．1％during1955－1964and11，0％

du血g1965－1968：quite　high　among　the　industrialized　countries　of　the

WQrld．

　　　　Also，Japan　has　achieved　internationa11y　high　standards　in　the　produc．

tionαn（玉export　of　such　products　as　ships，steel，automobiles　and　plastics・

The　percentage　of　Japan’s　exports　in　world　exports　grew　from　L5％in

1950to6．2％　in1968．ヤ
　　　　We　may　co血sider　the　factors　which　enabled　such　rapid　growth　as

this　from　two　di鉦erent　points　of　view：quantitative　and　qualitative．Malor

quantitative　factors　are（1）high　savings　rate，（2）increase　in　domestic・

private　capitaHormation，（3）increase　in　the　demand　for　durable　goods，

（4）relatively　abundant　labor　force　and，recently，（5）increase　in　exports・

　　　　Suchquantitativefact・rsre且ectthein且uence・fqualitativefact・rs・

Major　qualitative　factors　are（1）quality　of　Iabor　power，i。e，，manpQwer，

and（2）technological　imovation．That　is　to　say，the　energy・and　adaptive

ability　envinced　by　the　Japanese　peoPle　on　all　levels　played　a　great　role　in

the　nation’s　economic　growth．The　policy　of“investment　for　further　in－

vestment”2from　around1960－when　economic　growth　was　accelerated
through　a　cyclical　growth　of　increased　capital　investment　to　expand　means

of　production　caused　by　the　increasing　demand　for　capital　goodsラinvest・

ment　goods　and　production　means　which　in　tum　had　originally　been　due

to　expansion　of　capita1investment－may　be　said　to　have　been　generated

through　the　severe　competition　among　private　enterprises　under　a　system

of　free　competition．　Entrepreneurs　developed　su伍cient　experience　under

severe　competition，scientists　and　technicians　were　sufHciently　able　toαdopt

new　technology，and　laborers　had　enough　education　for　growth　to　be

sustained．On　the　other　hand，these　people　were　avid　consumers，seeking

for　higher　material　stεしndards，and　were　eager　to　adopt　innovations・

　　　　It　is　va．1id　to　consider　technQlogidal　innovation（strictly　speaking，dtf・

ferent　from　the“imovation”of　Schumpeter，or“technological　progress”），

2　　Keizai㎞kaku－ch6（Economic　Planning　Agency），Kε∫辮言1L罐螂ん01956（Economic

　　White　Paper　1956）。
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which we may call technological progress, as a factor which has strongly 

supported Japan's economic growth since the postwar revival period. 
Scientific, technological progress and invention were the results and by-

products of planned, systematic research developed in Western countries 

during World War II. The process of "innovation" and the changes in 

economic and social structure and high economic growth that have been 
brought about by technological progress have been world-wide phenomena 

in the postwar period. 

Innovation in Japan has been prominent in its rapidity, scale and 

permeability : the diffusion effect of technological progress was character-

istically rapid and wide spread. Japan, just after the War, suffered from 

a great technological gap compared with Western countries because of her 

economic and technological isolation during the War, or else from tech-

nological backwardness since before the War. This gap must be filled, and 

the developing technological standards of Western countries must be 

adopted up by Japanese industty, science and technology. The competitive 

character of Japan's market tends to stimulate the introduction of new 

techniques and the formation of new industries. This competitive character, 

which achieved innovation, enabled Japan to adopt developed foreign tech-

nology with relative ease over a short period. As a result, the Japan's 

postwar catching-up with developed technology yielded a profound impact ; 

and this has greatly influenced the development of and change in the eco-

nomic and social spheres as well as in the spheres of science and technology. 

II. PROCESSES OF TECHNOLOGICAL PROGRESS 

The leading sector in Japan's technological innovation in the postwar 

period has been, as well known, the secondary industries. In the case of 

mining and manufacturing industries, the ratio of value added showed a 

drastic change around 1953 ; and it may be assumed that technological 

innovation started around this year. In fact, it was after the establishment 

of the Dodge Line (balanced finance) that the reconditioning of old ma-

chines worn out during the war, and rationalization of industries, began 

on a full scale. 

In 1950, the Korean War broke out and Japan received special pro-

curements and rapidly accumulated capital. Also in the same year, the 

enactment of the Foreign Investment Law enabled resumption of the 
introduction of L0reign techniques, which has increased since then. 

Looking back on the condition of industrial equipment at that time, we 

may note that 440/0 of all blast furnaces and about 520/0 of open-hearth 
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fumaces　were　old　enough　to　have　been　built　before19371almost99％Qf

the　sheet　rolling　mills　were　set　up　before19381and，in　the　automobile

industry，most　of　the　mαchine－tools　had　been　used　more　than20years．

　　　　Though　one　of　the　reasons　why　the　reconditioning　of　ant孟quated

machines　began　some　years　after　the　end　of　theWarwas　theextremely

low　level　of　living　standard　due　to　World　WarH，wemight　say　itbegan

too　late．However，because　of　that　verylateness，the　introduction　of　foreign

techniques　was　more　eHlective．

　　　　That　it　was　possible　to　introduce　new　techniques　and　automated

plants，which　had　been　developed　almost　to　perfection　inWestem　coun．

tries，is　clear　because　Japan　began　to　introduce　them　as　late　as　several

years　a∫ter　the　War．　Strip　mills　in　the　iron　and　steel　industry，transfer

machines三n　the　automobile　industry，automa丘c　control　systems　in　new

ste＆m－power　stations，and　catalytic　cracking　in　oil・refining　industries　were

among　such　technological　imovations．

　　　　Here，we　would　Iike　to　g三ve　an　overview　of　several　different　aspects

of　the　process　of　technological　progress　in　the　postwar　period．

1。E‘oπo鰐げ5‘4z6
　　　　0ne　of　the　characteristics　of　postwar　industrial　technology　is　that　the

economy　of　scaleまs　an　aim．The　development　of　such　new　techniques

and　new　plants　increased　the　economy　of　scale　and　greatly　con亡ributed　to

the　expansion　of　industry　and　the　raising　of　production　ef五ciency．　In　the

iron　and　steel　industry，which　is　the　leading　industry　in　economic　growth，

the　newly・introduced　strip　mills　increas6d　the　supply　of　thin　sheets　qu三te

rapidly．The　production　of　ordinary　rolled　steel　by　hot　strip　mills　increased

from586，000tons　in1953to2，250，000tons　in1958and12，620，000tons
in　1964：it　was　10．8％of　totゑ1production　of　hot騨rolled　steel　in1953，but

in1964it　increased　to43。0％（73％of　steel　sheets）．Hot　strip　mills　as

well　as　cold　strip　mills　are　excellent　for　speed血g　up　automation　of　pro－

duction　processes　and　standardization　of　products＝they　contribute　greatly

to　mass　production　and　cost　reduction．They　became　stars　in　technological

innovation，because　the　demand　for　thin　sheets　increased　with　increasing

demand　for　automob11es　and　domestic　electri己appliances．In　the　auto－

mobile　industry，the　introduction　of　big　automatic　presses　next　to　transfer

machines　increased　theproduction　of　automobile　bodies　to　a　greater　degree．

This　exemplifies　a　typical　case　of　the　economy　of　scale　caused　by　new

techno正ogy　expanding　from　material　sectors　to　manufacturing　sectors－from

the　iron　and　steel　industry　to　the　automobile　and　related　industries．

　　　　When　a　mass　production　eHectisraisedbynewtechnology，thescale
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of　production　can　be　expanded　to　the　most　technologicαlly　appropriαte

degree　and　the　economy　of　scale　will　increase。For　example，the　most

economical　size　forαpig　ore　process　plant　was1，000，000to2，000，000tons

of　blister　steel　per　year　arQund19513recently　it　has　become　more　than

6，000，000tons．The　most　economicα1production　capacity　for　one　hot　strip

mill　was200，000tons　per　year　in19531it　was1，700，000tons　per　year

in1968：this　improvement　owes　much　to　the　development　of　operational

techniques，Table　l　shows　the　condition　of　equipment　in　the　iron　and

steel　industry．Japan　maintains　the　internationally　highest　standard　in

b1εしst　furnace　and，in1969，possesses　eight　out　of　the　ten1αrgest　operating

blast　fumaces　in　the　world．The　ratio　of　oxygen　convertors　is74％in

Japan，while　it　is37％in　the　United　States　and36％inWestGemany．
Oxygen　converters，compared　with　the　open－hearth　fumaces　used　hitherto，

are　capable　of　high　e伍ciency　production　and　quality．These　contribute　to

raising　the　international　competitive　ability　of　Japanンs　steel　goods，The

average　daily　production　of　a　plant　for　ammonium（a　semi－processed　ma－

terial　for　chemical　fertilizer）used　to　be100－200tons．However，since　the

recent　introduction　of　the　ICI　system，plants　of500－750tons　of　produc－

tion　per　day　have　apPeεlre（1，and　the　unit　production　cost　was　lowered　by

about30％．In　steam．power　stations，the　maximum　pQwer．Qutput　was
66，000KW　in1955　and，since　the　adoption　of　super－critical　pressure　血1r齢

bine　generator，has　been　increased　to　ten　times　as　much．

　　　　The　synthetic五ber　industry　offers　a　typical　example　of　how　changes

in　raw　materials，mass　production，reduction　of　cost　and　raising　of　pro，

duct7s　quality　can　be　brought　about　by　technological　innovation，This　has

been　one　of　the　leading　industries　in　Japaゴs　postwar　economic　develoP－

ment．Productionof　chemica1且bersgoesbackもoFrenchCQuntChardonnet，s
success　in　the　industrialization　of　artificial　silk　ma．nufac血re　in　1891．

Manufαcture　of　synthetic五ber　began　with　the　production　o∫nylon　in1938・

However，it　was　after　the1950’s　that　the　production　of　these丘bers　in、

creased　rapidly．　Production　血crease　has　been　possible　through　incessant

improvements　in　product　quality，reduction　of　cost　and　invention　of　new

五bers．It　is　especi＆11y　true　that　in　the　production　of　chemica1五bers　which

arerelativelyfree　from　natural　limitations，the　results　of　scienti丘c　discovery

and　technological　development　can　be＆dopted　immediately　to　industrial

pr・ducti・n：masspr・ducti・nc＆neasilybeundertakenandpr・ducti・nc・sts

will　be　greatly　reduced　by　the　expansion　of　production　scale．For　example，

thegr・ssc・stf・raplantwithapr・ducti・ncapacity・f30t・ns・f＆cry・
10nitric　fiber　per　day　is　about30％　of　that　of　10tons3the　gross　cost　of

a　plant　with　a　production・capacity　of30tons　of　polyester丘ber　per　day
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圭slessthan50％・fthat・fa5t・ncapacityplant．
　　　　As　shown　above，high　economic　growth　in　postwαr　Japan　has　been

supP・rtedbythedeve1・pment・findustrialpr・ductivitybased。ntech、

n・1・gicalpr・理ess・Thepr・cess・ftechn・1・gicalinn・vati。ninJapanhas

takenthef・rm・fdevel・pment・findustrialpr・d質ctivityandindustria1．

izati・n・ftheαgricu1血ralsect・rンwiththetertiarysect・rinHuencedbythe

f・rmertw・・lthas丘vecharacteristicaspects；masspr。ducti。n，mass

sales・massadvertisement，masstransp・rtati・n㎝dmassc・nsumpti。n．On

the・therhand7wesh・uldn・tethatthead・pti・n・fmasspr。ducti。n，the

ec・n・my・fscale・andscienti丘ctechn・1・鋸int・industriesarep。ssible

whencapitalaccumulati・nincreasesandisc・ncentrated．lnthissense，
whiledeve1・pment・fscienti丘ckn・wledgerαisestheceiling。fec。n。mic

growth　and　technological　progress　contributes　directly　to　economic　growth，

the　e鉦ective　utilization　of　accumulated　capital　as　a　result　of　economic

growth　should　be　considered　as　the　condition　for　adopting　technological

progress　into　industry．Japan’s　economy　in　the　postwar　period　has　followed

a　typical　course　of　development　begiming　with　an　increase　in　scienti丘c

knowledge，then　technological　progress，then　economic　growth，then　capital

accumulation，then　large－scale　adoption　of　technoIogy，finally　culminating

in　high　economic　growth．

2，Z’θ‘z漉アzg58060欝

　　　　There　are　two　pattems　of　innovation：one　cons三sts　in　the　introduction

of　new　production　methods　for　existing　products，and　the　formation　of

new　production　systems　and　the　development　of　new　markets，The　other

consists　in　invention　of　new　products　and　acquisition　of　new　resources．

The　high　growth　of　Japan’s　economy　was，in　a　word，enabled　by　the

rapid　development　of　the　market3we　cannot　neglect，however，the　inven・

tion　of　new　products，formαtion　of　new　industries　and　strong　capability

for　market　expansion，as　factors　contributing　to　rapid　market　development．

These　new　industries　and／or　new　products　led　the　way　to　the　creation　of

new　demands　and，with　the　reduction　of　costs　after　the　introduction　of

mass　production　systems，contributed　to　market　development．

　　　　In　other　words，a　high　economic　growth　rate　in　a　period　of　tech．

nological　innovation　is　brought　about　by　vast　new　investment　parare11ed

by　the　concentrated　utilization　of　new　technology　and　by　the　induced　in”

vestment　mot玉vated　by　the　expansion　of　demand，improvement　of　produc．

tion　e伍ciency　and　competition　or　limitation，which　are　caused　by　the　first

type　of　investment．

　　　　Generally　speaking，it　is　natural　to　consider　the　heavy　and　chemica1
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industries as the leading sector in technological innovation, since the major 

techniques in recent technological innovation belong to electronics and 

synthetic chemistry. As known well, income elasticity and the ratio of 

value added are much higher in the heavy and chemical industries than 

in others. For example, the elasticity of production against demand in-

crease in secondary industry is 1.1 to I .2, and that in the heavy and chemi-

cal industries is especially higher than the average in secondary industry, 

while that is about 0.5 in the primary industry and about I .O in the tertiary 

industry.8 So we may say that, when technological innovation progresses 

with heavy and chemical industries as the leading sector, a more rapid 

production increase than demand increase is expected, and generally a high 

economic growth rate is achieved. 

Table 2. Real Growth Rate of Demand 

1946-1955 1956-1965 

Gross Demand 

Personal Consumption 

Private Installation Investrnent 

Govermnent Capital Expenditure 

Government Consumption 

Ex port 

9.8 

9.8 

10.7 

8.3 

l0.7 

13.l 

9.7 

8.6 

12.6 

15.8 

6.4 

l 4.0 

Source : Keizai kikaku-cho, Keizai hakusho 1967. 

Net national demand of Japan's economy increased at the rate of 9.80/0 

per year from 1945 to 1955, and 9.90/0 Per year from 1956 to 1965. Table 

2 shows the demand increase rate by items : the great expansion of the 

domestic market after the 1950's, except for the revival period, is largely 

due to the expansion of the market L0r capital goods caused by techno-

10gical innovation and liberalization of trade. The trend in the 1960's 

shows an apparent increase in personal consumption and export. The 

increase in p~rsonal consumption means high consumer demand for new 

durable goods ; and the increase in exports reflects the expanding export 

of products in heavy and chemical industries and by high technological 

standards. 

J. A. Schumpeter called the process of how new products appear and 

old ones disappear along with technological progress " creative destruc-

tion " ; the emergence of new products and new technology results in 

dynamic industrial and economic development. Table 3 shows the process 

of technological innovation in the postwar period in terms of the appear-

3 Yujir~ Hayashi, Shihonshugi to gtjutsu (Technology and Capitalism), Tokyo, Chikuma-

shob~, 1966. 
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ance　of　products　with　a　high　growth　rate，and　their　alteration　with　others：

it　shows　that　such　products　did　not　appear　together＆t　once，but　that　new

products　came　graduα11y．Also　the　tαble　shows　how　the　production　of　such

products　as　durable　goods，which　in3sense　promoted　high　economic

growth，developed　from　small．scale　to　large－scale　production　in　tandem

with　teclmologica1三mprovement．On　the　one　hand，these　new　products

promoted　the　alteration　of　old　materials　and　parts　with　new　ones　and，on

the　other，cultivated　new　demand　for　them　to　become　themselves　growth

products　by　playing　a　new　role　as　leading　products．

　　　Production　of　various　new　products　and　alteration　of　raw　materials

and　production　system　at　large　enterprises　began　in　the　heavyand　chemical

industries．The　leaders　of　technological　innovation　in　the　postwar　period

were　large．scale　enterprises，who　began　importing　technology　early　in　the

1950’s．They　weremore　capable　offully　adopting　this　technology，ofobtain－

ing　more　information，of　negotiating　with　foreign　enterprises，of　showing

enough　credit　and　of　f血ancing，than　were　small　enterprises．Technological

progress　then　expanded，by　way　of　the　manufacture　of　materials　and　the

production　of　parts，to　smaller　enterprises　which　are　connected　with　the

large　ones　and　to　subcontractors．

　　　The　trend　of　capita1－1abor　ratio　in　small　enterprises　shows　the　delay

in　the　modemization　of　those　enterprises．Though　the　growth　rate　of

capita1・1abor　ratio　in　small　enterprises　was　slower　than　that　in　large　com－

panies　before1960，it　has　grown　as　rapidly　as　that　in　large　enterprises

（with　a　capital　of　more　than￥1billion）since1960．This　trend　means

not　only　a　severe　shortage　of　labor　in　small　enterprises　but　also亡he　ex－

pansion　of　technological　equipment，which　strengthens　and　rationalizes　the

enterprise　system，into　smα11．scale　ellterprises．　However，圭n1966the

capita1－1abor　ratio　of　a　small　enterprise（with　less　than50workers）was

as　small　as28，while　that　in　a　large　mamfacturing　enterprise（with　more

than1，000workers）was　put　at100．
　　　In　order　to　Iessen　the　productivity　gap　between　large　and　small　enter・

prises，it　is　necess＆ry　to　raise　not　only　the　capital　equipment　ratio　but

also　quality　and　the　standards　which　are　dependent　upon　technological

progress．Stimulation　of　techno1Qgical　progress　has　spread丘rst　to　the

meta1，machine　and丘ber　industries，and　then　to　such　industries　as　whole－

sale，fumiture，rubber　and　leather，which　had　been　dependent　upon　trαdi－

tional　methods　of　production．Thus，in　the　latter　sector　where　small－scale

enterprises　are　the　majority，labor　productivity　has　been　improved　by　the

transitiQn　from　old　materials　to　new，and　modemization　and　rationalization

of　machine　and　equipment．
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　　　　　Thedisseminati・n・ftechn・1・gicalpr・gresst・ec・n・myands。ciety

pr・ceedsvia（1）thedisc・very・fscienti丘candtechn・1・gicalkn・wledge；

（2）inventions　wh圭ch　apply　the　knowledge　to　new　products　and　devices

through　considerat三〇n　of　pro丘t、and　usefulness3（3）development　of　new

products　and　new　technology　for　industrial　production　l　and（4）expansion

of　products　into　economy　and　society－i．e．，application．

　　　　This　process　constitutes　a　relationship　between　the　demand　and　supply

of　technological　knowledge，and　production　and　consumption．As　men、

tioned　above，three　stages　in　postwar　economic　growth　may　be　discemed：

in　the　Iate1950’s　technological　progress　stimulated　industrial　investment

mainly　for　imovation3in　the　early1960’s　it　caused　an　increase　in　domestic

consumption　demand3and　in　the　late1960’s　it　contributed　to　the　develop－

ment　of　export　markets　mainly　for　the　products　of　heavy　and　chemical

industries．

　　　　hvestmentsh・uldbemadeまn・rdert・attaintechn・1・gicalpr・gress，

sincethiscreatesthechancet・investintheinventi・n・fnewpr・ducts
and　in　improvements　in　production．And　the　type，scale，character　and

speed　of　that　investment　regulate　the　pattern　of　industrial　and　economic

development．

　　　　Investment　in　equipment　in　postwar　Japan　may　be　classi五ed　into　in．

vestment　for（1）the　invention　of　new　pro（iucts3（2）the　diversi丘cation　of

enterprisel（3）corporate　groups3（4）the　modemization　of　smaller　enter－

prises三and（5）亡he　formation　of　new　industrial　districts．　It　is　not　incorrect

to　explain　such　investment　by　purely　economic　factors．However，we

cannot　neglect　thehigh　correlation　between　such　investment　and　thenature

and　characteristics　of　technological　progress　in　the　postwar　period．

　　　　Technological　progress　in　the　postwar　period，compared　with　that

before　the　War，hasbeen　excellent　forits　imaginativenessandvariety，for

its　economy　of　scale　in　an　economic　sense，for　its　continuity　and　integrity多

it　has　both　innovative　and　quantitative　aspects．Innovative　aspect　includes

investment　in　the　invention　of　new　products，and　in　industries　where

change　of　products　due　to　technological　progress　was　great　as　in　oil－re飴ing，

synthetic　chemic＆ls，synthetic丘bers，electronic　machines　and　automation

machines．Also，investment　for　diversification　has　consisted　mainly　for

that　caused　by　varieties　of　technological　progress，for　specialization　in　the

growth　sector，and　for　the　underdeveloped　sector。

　　　　The　major　reason　behind　the　investment　in　corporate　groups　has　been

the　development　of　new　techniques　with　which　enterpr量ses　in　several　dif－

ferent　industries　can　utilize　one　resource　in　the　same　production　system
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for　different　products，as　may　be　seen　呈n　the　case圭n　which　the　diversi五・

cation　of　techniques　in　the　chemical　industry・changed　chemical“combi－

nation”into　the　grouping　together　of　chemica1，petroleum－electric　power，

iron－chemical　and　iron・machinery　companies　and　later　into　even　more

complex　groups，Also，the　tendency　toward　integration　of　production

techniques，the　growing　importance　of　the　economy　of　scale　and　the　ex・

pansion　ofregionaldevelopment　policies　have　made　such　investments　larger

and　larger．Characteristic　o∫the　growth　of“量nvestment　for　further　in－

vestment”　in　the　latter　1950’s　was　the　interrelated　development　and　ex・

pansion　of　investment　in　equipment　and　technological　progress。

　　　　As　technological　progress　spreads　from1＆rger　enterprises　to　smaller

ones，investment　for　modemization　in　smaller　enterprises　tends　to　aim　at

rεしtionalization　and　production　of　new　products　rather　than　just　the　de・

velopment　of　productive　ability　due　to　demand　increases．Also，investment

in　mechanized　equipment　is　increasing　in　agr呈culture，which　has　been

technologically　backward　because　of　the　smallness　of　the　f＆rming　scale．

Labor　productivity垣agriculture　increased　by60，4％from1960to1967三
this　increase　was　dependent　upon　the　increase　of　the　formation　of　agri－

cultura1丘xed　capital　which　in1967was2，41times　that　in1960，rather

than　by　the22．2％decrease　in　labor　power　during　that　period。Labor－

saving　machines　have　been　employed　to　a　great　extent　because　of　the　e伍ux

of　agricultural　population：まn19600nly8．5％of　the　farm　fam圭1呈es　possessed

power　tr＆ctors　and　cultivators，while　it　increased　to56．8％　in1967，

　　　　Even　during　the　late1960’s　this　investment　in　equipment　has　been

increasing．However，the　intemationalization　of　Japan’s　economy，further

technological　prQgress，the　labor　shortage　and　change　in　consumption

trends　have　changed　the　nature　of　investment　slightly，Nuclear　power

Plants，electronic　computers，related　equ1pment　and　parts，etc，，＆re　areas　in

which　new　techniques　draw　investment．To　improve　intemational　com．

petitive　ability　further　investment　for　large－scale　production，aiming　at

economy’of　scale，is　being　made　in　such　industries　as　iron　and　stee1，metals，

automobiles，ethylene　and　ammonium．
　　　　One　of　the　qualitative　changes　in　Japan’s　economy　in　the1960’s　was

the　transition　to　an　economy　with　a　Iabor　shortage。This　transition　can

be　examined　by　calculating　the　contribution　rate　of　capital　stock　increase

and　that　of　increase　in　labor　input，respectively，to　the　increase圭n　pro輯

ductivity．The　rate　to　which　increase　in　productivity　depends　upon　in．

crease圭n　labor　input　was20－30％before　l960and1－2％in1968．An
increasing　labor　shortage　necessitated　urgent　and　rapid　automation　of　pro．

duction3it　stimulated　investment　in　techniques　which　would　do　away　with
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humanlab・rf・rce・Re且ectingthissituati・n，capitalst・ckhasincreasingly

c・ntributedt・thedeve1・pment・fpr・ductivity．

　　　　Table4shows　the　trend　in　the　production　of　automated　mach三nes多

therecentsuddenincreaseintheirpr・ducti。nhasbeenduet。theincreas．
ing　demand　for　such　machinery，and　we　can　see　that　investment　in　auto．

mation　is　made　not　only　in　the　mamfacturing　sector　but　also　in　the

manageria1，service　and　marketing　sectors．

T3ble4． Increasing　Production　of　Labor・Sεしv血g　Machines

Year Conveyors　for　Busi・

（ton）臨路

Computers　　　　　　　　　　　　　　　　Digita1
Forklift　Automat　packing　Electronic

（numbe・）（…be・）濫霊慧ら鴨階

　　　　　　　　　　　　　　　　　　　　　yen）

TV　Set　Giant　Track
for　In・　（More　tha匹

dustrial10・tonc紅ry－
　U’se　　　ing　capacity）

（number）　　（number）

1952

1952

1954

1955

1956

1957

1958

1959

1960

1961

1962

1963

1964

1965

1966

1967

1968

　　8，497

　14ン729

　16，275

　15，305

22，653

32，119

28，996

33，136

53，972

71，605

68，791

57，426

64，806

77，271

88》349

107，843

139，141

　19，247

　17，278

23，449

　20，685

25ン339

37，968

46，030

547709

58，384

98，015

257β05

32工．1只1

462，708

716，475

　　567

　1，166

2，259

1，656

2ン317

4，464

7，894

8，491

9，414

11，877

11，880

13ン570

22，940

34，446

16，406

17，068

10，702

38，426

34，835

42，773

66，731

5，615

6，696

117432

13，637

16，622

17，699

16，234

18，253

63，079

　　　39

　　240

　　475

　1，010

　1，997

　4，772

　9，701

14，565

31，536

48，623

86，803

141，361

　　85

　　187

　　359

1，526

1，878

　3，250　　　　　　　987

12，054　　　　　1，517

13，191　　　　　3，836

20，320　　　　20，238

Source：Asurveyco且ductedbytheMinistryoflntemationalTradeandlndustry．

　　　　In　any　case，an　epochal　new　technique　produces　a　large　diffusion

efEect50nce　correlated　with　high　consumption　propensity，it　has　a　great

influence　on　raising　the　standard　of　domestic　consumption　and　standard

of　living．This　process　is　seen　in　the　rapid　spread　of　durable　consumption

goods　in　postwar　Japan（see　Table5）．The　permeation　of　durable　goods

owes　greatly　tQ　the　r＆ising　and　standardization　of　the　level　of　income，

while　the　appearance　of　various　new　products　caused　by　technological　pro・

gress　lies　behind　the　trend、

　　　　As　mentioned　above，new　techniques　not　only　improve　the　produc・

tivity　but　also，when　correlated　with　new　consumer　demands，cause　struc．

tural　change　in　industry　and　dynamic　change　in　the　economy　and　society

as　a　whole．This　process　is　symbolized　in　the　development　of　electro血ics，
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Table5．Diffusion　of　Durable　Consumer　Goods（Except　Farm　Households）

Rate　of　Diffusion 1960 1965 1969

Higher　than70％　　Radio Radio，sewing　mac飯ne，
TV　set，electric　washer，

electricゐo鰯5％，electric
fan

Sewing　machine，TV
Set，radiO，eleCtriC

washer，refrigerator，
electric　fan，electric

為o鰯3％，oilstove，

vacuum　cle㎝er

50－69％ Sewingこmachine，
bicycle

Transistor　radio，

camera，bicycle，electric
ricecooker，
refrigerator

Camera，bicycle

4049％

30－39％

Camera，electric
washer，TV　set

Electricricecooker，
electric　fan

Vacuum　cleaner，
oil　stove

Gas　range，telephone

Stainless　sink

K血tting　machine，
stereo，tape・recorder，

gaswate曲eater

20－29％ Stereo，tape　recorder，

9＆sstove，s面nless
sink

ElectricfIm，electric
bla且ket，gasstove，

Organ

10－19％

Lower　tha簸9％

Motor　scooter，　auto－
bicycle，refrigerator，

gaS　StOve，tranSiStOr
radio

Org老m，mo鉦on町picture

CI皿era，vacuum
cleaner

Organ，motor　scooter，　Color　TV　set，car　auto・
autobicycle，car，electric　bicycle，motor　scooter

stove

Air・conditioner，electr玉c　Air－conditioner
fan

Note：

Sou薯ce＝

Annual　surveys　are　made　in　cities　with　more　than50，000』population　at　the

e亘d　of　Februaぼy．

KeizaiKikaku－cho，oρ．漉．

which　isαtechnology　representative　of　the　postwar　period，For　example，

a　series　of　developments　in　semi．conductors，beginning　with　transistors，

gave　birth　to　a　new　area　in　the　electronics　industry　which　went　beyond

the　boundary　of　the　elec七rical　machine　and　the　communications　industries．

The　techniques　for　controlling，measuring　and　electronic　computer　in　the

electronic　industry　have　greatly　contributed　to　the　expansion　of　automation

and　have　been　utilized　to　raise　productivity，ef五ciency　and　automation　in

all　industries，particularlyviaimprovements　in　tr＆nsportation　and　especially

the　railroαds，to　which　technologica1αdvances　have　been　applied　with

marked　success．
　　　　The　development　of　industrial　technology　has　generated　a　social　at・

mosphere　for　further　technological　innovation　in　mechanization，e伍ciency，

and　central　management．The　spreading　of　automation，and　the　reduction

of　human　labor　in　the　comprehensive　management　of　production，in　in．

ventory　management，and　various　service　jobs　are　actual　examples、Also
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this atmosphere has given rise to 

values in forecasting the future of 

the development of a systematic 

scientific planning in management 

the growth of creative, future- oriented 

society, economy and technology ; to 

way of thinking ; and an increase in 

and the economy. 

III. FACTORS IN TECHNOLOGICAL PROGRESS 

Factors causing technolo*"ical change may be generally classified into 

(1) self-supporting factors such as research and development in science and 

technology ; (2) economic factors such as capital accumulation, supply-

demand relation of production factors and market trends ; (3) social factors 

such as social institutions and people's living ; (4) resources such as man-

power and natural resources ; (5) internation~L1 factors such as international 

incentives, trade and dependence on raw materials ; and (6) practical factors 

like policies and mass behavior. The process 0L technological change ap-

peares as the result 0L the close inter-relationship among these factors. 

Kagaku gljutsu hakusho (White Paper on Science and Technology) enu-

merates among the factors which supported postwar development of science 

and technology as the following :4 (1) Japan already had fairly high stand-

ard 0L technology beL0re World War 11 ; (2) each company has endeavored 

to import technology and undertake research aiming at development ; (3) 

the government has tried to promote industry, science and technology ; 

and (4) there has been a sufiicient supply of trained manpower in science 

and technology. While the Paper further points out that behind the 
scientific and technological development was the relatively favorable de-

velopment of Japan's economy, which is owed to the national characteristic 

of diligence and to the international situation. 

Here, I would like to concentrate my discussion on two problems-

the importation of foreign techniques and the research activities which 

most directly influenced postwar technological progress. We may say that 

po~twar technological innovation in Japan has been promoted through the 

importation of excellent industrial tec.hniques Lrom the developed countries. 

According to Schumpeter's interpretation, entrepreneurs in postwar Japan 

were "entrepreneurs" in the sense that they were astute in seizing oppor-

tunities for the development of their enterprises, but they were imitators 

rather than forerunners. This is the characteristic of science, technology 

and technological progress in Japan, of which we may see the evidence in 

the fact that the balance of Japan's technological trade shows a heavy 

+ Kagaku gijutsu-cho (Science and Technology Agency), Kagaku gljutsu hakusho (1968 

White Paper on Science and Technology 1698). 
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inclination toward imiports. 

Japan has tended to lessen the technological gap with developed coun-

tries by the importation of foreign techniques rather than by improving 

the standards of industry, science and technology through research done 

by Japanese themselves. This tendency may have been inevitable, con-

sidering the historical backwardness of science and technology in Japan. 

For example, much of the importation of foreign technique in the heavy 

electrical machine industry in the postwar period could be considered as 

part of the historical process of technical cooperation with foreign enter-

prises since Meiji period. However, as is often mentioned about the 

nylon industry, most cases of importation involved receiving license to use 

patents in order to solve difficulties in production and in export during 

industrialization, because foreign techniques were often a step ahead of 

Japanese practices which might have been perfected only in their essentials. 

A third type of importation of foreign technique may be seen in the case 

of synthetic plastics, where Japanese technology lagged far behind because 

of the technological isolation during the War. 

An overview of the importation of foreign technology from 1950, when 

the Foreign Investment Law was enacted, until 1967, shows that there 

were 4,773 cases of importation in which the period of payment was 
10nger than one year. About 800/0 of these were in the machine (including 

electric machine) and cheinical industries ; it was in these sectors that most 

of the postwar technological importations were made. However, the im-

portation of innovatory technology which caused great change in production 

and similar important techniques ceased by 1963. Recently, the importation 

of secondary technology has been increasing. Table 6 shows that recent 

technological importations are concefned with processing rather than man-

Table 6. Changes in Introduction of Techniques (Synthetic Resin Industry) 

(Number of Cases) 

Period Manufacturing Processing 
Know-how Machine 

Processing 
Know-how 

Total 

1950-56 

1957-60 

1961-64 

1965-68 

ll 

(92) 

11 

(50) 

40 

(36) 

35 

(25) 

O 
(O) 

4 

(18) 

15 

(14) 

13 

(9) 

(8) 

7 
(32) 

56 
(50) 

92 
(66) 

12 

(lOO) 

22 
(lOO) 

lll 

(lOO) 

140 

(100) 

Source : Keizai kikaku-cho, Keizat hakusho 1969 
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ufacturing method. Sixty per cent of the importations have come from the 

U.S.A. ; 110/0 from West Germany, followed by Switzerland and Britain. 

The change from dependence upon European countries to the U.S.A. is appar-

ent. The new and improved techniques imported in the postwar period are 

spread throughout almost all industries. Yet a large part was concentrated 

on the machine and chemical industries which were, as mentioned above, 

the leading industries supporting postwar technological innovation. 

Those industries in which there was substantial technological importa-

tion and the percentage of goods produced thereby was large achieved 

relatively high value added. High value added, in turn, stimulated the 

desire for technological importation. Figure I shows that the trend in 

production utilizing imported techniques increased suddently aLter 1956. 

Importation of foreign techniques enables a rapid rise of technological 

standard, because the imported technique functions immediately ; use of it 

diminishes the possible risk involved with research, and only excellent 

ones need be selected for import. Besides these advantages, existing tech-

nology in Japan has had the potential not only to imitate imported tech-

niques but also to digest and improve them, and to achieve industrialization 

making possible further economic effects of technological importation. 

On the other hand, the recent decreasing tendency in the percentage 

of production utilizing imported techniques to over-all production shown 

in Figure I means that research of our own is progressing. As shown 

in Table 7, the gross investment in research and development is ~~606 

billion ($1.7 billion) in 1967, which is about six times as much as ten 

years ago. Recently, the government has been trying to formulate policies 

Figure 1. Changes of Production due to Importation of Techniques 

(a) prodUction Dependent on (b) value of Production (c) payment tor Imported 
ImDorted Teshniques as the Dependent on Imported Techntques(in ro 
Percentage of Tota[ Techniques (in trinion yen) biuion yen) 
ProdUction 

10 

5 

o 

3 

2 

l 950 52 54 

Note : 

Source 

I 

O 

8 

7 

6 

5 

4 

3 

2 
l 

O 
56 58 60 62 64 6667 19s052 s4 56 '58 60 62 64 6667 1950=52 54 s6 s8 60 62 64 6667 

Payment for Imported Techniques is for whole industry. 
For 1950-60, a survey conducted by the Enterprise Bureau. Ministry of Inter-
national Trade and Industry and for 1964 and 1967, a survey conducted by the 

Promotion Bureau, Science and Technology Agency. 
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Table 7. Investrnent Trend in Research and National Income (or GNP) 

Investment in Research (in 100 million yen) National GNP 

Universities, (in 10 bil- (in 10 bil-
Year Total Companies, Institutes lion yen) 

. Iion yen) etc. etc 

As a Percent-As a Per-
age of Na-

tional centage 
of GNP Income 

1959 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

l,489 

l,844 

2,452 

2,812 

3,21 1 

3,818 

4,255 

4,883 

6,060 

956 

l,244 

l,638 

1 ,794 

2.073 

2,439 

2,524 

2,922 

3,790 

257 

294 

399 

477 

512 

606 

681 

772 
885 

276 

306 

415 

541 

626 

773 
1,050 

l,189 

1,385 

1,075 

l,301 

1,541 

l,722 

1,998 

2,258 

2,501 

2,925 

3,459 

l,338 

1,605 

1,981 

2,119 

2,473 

2,859 

3,135 

3,666 

4,312 

1.38 

1.42 

1.59 

l.63 

1.61 

l.69 

l.70 

1,67 

1.75 

1.11 

l.15 

l.27 

1.33 

l.30 

l.34 

1.36 

1.33 

1.41 

Source : S~riLu t~kei-kyo~u (Bureau of Statistics. OfB:ce of the Prime Minister). A Report 

on the Survey of R and D, 1968. 

which will promote this tendency, since the technological standard in 

Japan has almost reached international standards and also, on the other 

hand, pressures against importation of technology are increasing. For 

example, first limitation of the selling market due to technological importa-

tion occurred in 530/0 of the total cases of importation before 1960 and 

710/0 in 1966. Second, the cases in which capital participation was re-

quested by foreign capital in exchange for technolqgical information in-

creased from 3.50/0 of the total before 1960 to 7.90/0 after 1960 ; and third, 

recently the requests and actual contracts for cross licenses are increasing.5 

In summary, we may say that the typical pattern of past industrial 

and technological development in Japan is a process beginning with the 

importation of goods, then the importation of technique, then the estab-

lishment of industry, then export of products and finally the exportation 

Qf Japanese technique. Recently, the improvement of technological stand-

ards through the development of our own research and the increase of 
integrated high-level exportation of Japanese technique are being planned. 

IV. THE INFLUENCE OF TECHNOLOGICAL CHANGE 
As technological changes function to urge dynamic economic develop-

ment, their influence causes certain changes in industrial structure. Table 

8 shows change in industrial structure as seen in the change in the number 

of workers employed. The ratio of production income by industry, in 
1965, was 11.8 for primary industry, 35.6 for secondary industry and 52.6 

for tertiary industry. Technological progress contributes to the growth of 

5 Ibid. 
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Table 8. Change in Industrial Structure 

1955 1960 1965 

Total Workers 

Primary Industry 

Secondary Industry 

Tertiary Industry 

39,261 

(lOO.O) 

16,111 

(41.0) 

9,220 

(23.5) 

13,928 

(35.5) 

43,691 

(100.0) 

14,236 

(32.6) 

12,764 

(29.2) 

16,691 

(38 . 2) 

47,629 

(lO0.0) 

ll,747 

(24.7) 

15,201 

(31.9) 

20,681 

(43.4) 

Source : Keizai kikaku-cho, Keizai hakusho 1969. 

industrial structure through investment which adopts changes and utilizes 

them, production, increase in productivity of value added, and/or labor 

mobility. The change in indusirial structure during the period of tech-

nological innovation means not only structural change from industries with 

low productivity to those with high productivity, but also the alteration 

from old industries to new ones. Ahd the alteration of industries is ac-

celerated through changes in demand structure which have been caused 

by the rapid spread of new products. 

Also, various changes are manifested in the nature of jobs, when new 

means and new subject of labor are introduded. Such changes include (1) 

taking-over of simple jobs by machinery ; (2) change of skilled jobs into 

semi- skilled br unskilled labor ; (3) changes from operational jobs to care-

taking jobs and (4) the introduction bf machinery such as computers into 

the sphere of intellectual jobs. Change in the nature of jobs promotes 

modern type of labor mobility through change in industrial structure : 

Japan's economy in the postwar period is a representative example show-

ing change in industrial structure as caused by technological progress. 

On the other hand, Japan has not only to raise her level of industrial-

ization through technological progress, but she also has to try to increase 

the exportation of products with high value added, Since she imports most 

of the raw materials for her industrial production. Rapid development of 

industrialization in the field of heavy industries in the late 1950's had a 

gradual effect on exports ; and the percentage of exports by heavy indus-

tries to total exports was 43,70/0 in 1960, and increased to 67.90/0 in 1968. 

The sophisticated machinery and tools occupy a large percentage of total 

manufactured exports. Also, standards have risen to a high level ; in 1967, 

the percentage of sophisticated products to tbtal exported goods was 640/0 , 

while ten years ago, the percentage of crude products was 620/0 . The 
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increase　in　competitive　ability　of　these　exports　is　considered　to　be　de－

pendent　upon　the　development　of　competitive　price　power　brought　by　the

relative　increase　of　productivity，

　　　　Though　it　is　easy　to　descr1be　the　inHuence　of　technological　progress

on　the　economyand　society　qualitatively，it　is　not　so　simple　to　demonstrate

this　inHuence　quantitatively．　Generally　speaking，there　are　three　types　of

qualitative　indices　to　meαsure　technology　and圭亡s　inHuence：simple　scaling，

complex　scaling　and　econometric　modelling．

　　　　Simple　and／or　complex　analysis　uses　or　combines　such　technical　and

economic　indices　as　equipment，quality，cost　creativity，input・output　ratio，

pro（luctivity，capita1・labor　ratio　and　technical　activity；these　scalings　are

used　in　the　micro　and　idiosyncratic　anεし1ysis　of　each　血dustry　and／or　of

each　product．However，for　macro　analysis　such　as　the　inHuence　of　tech－

nological　progress　on　theeconomy，an　econometric　model　is　usua11y　utilized。

It　was　after　the1950’s，when　technological　imovation　was　under　way

and　some　explanation　for　it　was　needed，that　measurement　of　technologicaI

progress　using　this　method　began。6

　　　　Here，the　realtionship　between　economic　growth　and　technological

progress　will　be　seen　using　an　approximation，regardless　of　theoretical

strictness．　Table9explains　the　increase　in　labor　productivity　by亡he

capita171abor　ratio　an（玉mte　of　technological　progress　based　on　the　produc9

Table9．　Contribution　to　Eco虹omic　Growth

Growth　Rate　of　Labor　Cゆit組Eq血pment
　　　　Productivity　　　　　　　　　　Ra疽o

Rate　of　Technological
　　　　　Progress

Japan

（1955－66）

U．S．A．

（1955－64）

England
（1955－64）

West　Germany
（1955－64）

　　9．4

（100．0）

　　3。5

（100，0）

　　2．9

（100．0）

　　5．9

（100。0）

　5．2

（55．8）

　1．6

（44ユ）

　1．3

（45．2）

　3．5

（61，9）

　4。1

（44、2）

　2．0

（55，9）

　1．6

（54。8）

　2．2

（38。1）

Source：　Keizai　k玉kaku曹ch6，K8∫駕∫んα為z‘5hoヱ967。

6　R．M。Solow　undertook　the　pioneering　work　in　this五eld，a且d　this　type　of　positivist

　　economic　analysis　is　done　by　ecoEomic　gτowth　theorists　of　the　Neo・Classical　SchooL

　　O箕e　of血e　major　subjects　of　such　studies　is　the　endogeny　of　technologic段1progress　by

　　produc廿o龍func廿on（concerning　disembodied　and　embodied　technological　progress）多the

　　otぬer　major　subJect　is　the　pattem　of　technological　progress（conceming　such　wel1・k夏own

　　forms　as　Hicksロeutrality，Harrod　neutrality　and　Solow　neutral　tech血610gical　progress　l

　　or　conceming　the　combining，decreasi且g　andlor　additlve　types　of　capital　and　labor．
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Figure 2. Contribution of Technological Progress to Increase 

of Produetion 

Production 

index ( I959= 1.0) 

5 

4 

3 

2 

l 

Increased production of 

value added 
Inoreased production ¥~, 

due to technolo~ical 

pro~ress 

~; Increase of production 

due to increase af 

capital and labor 

19s6 57 58 59 60 61 62 63 64 65 66 
Source : Kagaku Gijutsu-cho, Kagaku gz~utsu hakusho, 1968. 

tion function model of Neo-Classical School. Figure 2 shows similarly 

how technological progress contributed to the development of production. 

The estimations which have been made up to now cannot be con-
sidered as absolutely valid ; many theoretical and practical problems such 

as assumptions about the production function, types of technological pro-

gress, elasticity of the production factor and consistency among the data 

remain to be solved, Nevertheless, an observation of the many estimations 

about Japan's economy reveals that the rate of technological progress in 

postwar Japan was 4-5 o/o while that in Europe and the U.S.A. was about 

1-20/0 , and that technological progress in Japan was quite rapid compared 

with Europe and the U.S.A. At the same time, a comparison of the 
situations prevailing before and after the War and the trend of the rate of 

technological progress shows that postwar technological progreSs in Japan 

had a rapid and concentrated influence on economic growth. 

Generally, technological progress which will save on human labor is 

chosen in an economy with a labor shortage, and technological progress 

which will utilize human labor is chosen in an economy with surplus labor. 

Postwar Japan chose to aim for technological ptogress of a unique form 

-a combination of both types. We should also notice that the type of 

technological progress differs by the period treated and/or by the method 

of analysis, and a simple categorization is not possible. 

Most of the techniques imported from developed countries, on which 

postwar technological progress was dependent, were to save on human 

labor and utilize capital. The reason why the economic growth rate in 
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Japan is characteristically high compared with other countries is because 

labor-saving techniques were introduced into an economy with a labor 

surplus. This will be proved by the facts that entrepreneurs with rela-

tively high competence and surplus labor increased production efiiciency 

through the clever utilization of technological progress for labor saving, 

and that accordingly the market was developed rapidly. Recently, surplus 

labor has been absorbed by the production increases accompanying high 

economic growth, and Japan's economy seems to have transferred into 

the labor shortage type. 

Due to its rapidity and scale, the high economic growth of Japan's 

economy based upon rapid technological progress has raised problems of 

economic imbalance such as unequal development among different indus-

tries, and social problems like public hazards and lack of social capital. 

Also, mass production and mass consumption brought by technological 
progress caused some change in the national image of labor and life ; they 

are the cause of material discontent and alienation. Japanese society today 

is characterized by the conflict between the traditional social system and 

a highly industrialized social system ; by a close, mutual relationship be-

tween technological change and social, economic change. 




