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Extended Maturity Phase Change in Technology I'xtensions of the Life Cycle Substitution

Fig. 1 Variations to the Simple Life— Cycle Pattern of Technological Innovation

Source: J. J. van Dujin, The Long Wave in Economic Life (1983).
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Fig. 2 Trendsin Prices of Production Factors in the Japancse Fig. 3 Trendsin Change Rate of Productivity of Production Factorsin Fig. 4 Trends in Substitution and Ci
A 3 ment Labor,
Manufacturing Industry (1955-1997) -Index: 1985=100 the Japanese Manufacturing Industry (1955-1997) - 3 years' R . . omple Mok Sabor,
moving average (%) Capital, Energy and Technology in the Japanese

a Productivity is measured by the ratio of value added and respective production Manufacturing industry (1955-1997)
or

factor
b The change rate in 1995, for example, indicates an average of change rates for
1995, 1996 and 1997
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Fig. 5 Trends in R&D Intensity in Japan’s Manufacturing Industry

(1980-1996)

a R&D intensity is the ratio between R&D expenditure and sales.

b Unbroken line indicates current prices while broken line indicates
1985 fixed prices.
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Fig. 6 Trends in GDP Share of Japan’s Electrical
Machinery Industry (1955-1997)

Y: Production
L. K. M. E: Labor, capital, materials and energy
T: Technology knowledge stock

Y=F(LKMET)

o 3y AX TP Kl KM E
¥ TR
&x, X '/qu TFP: Total factor productivity
(’—’—~ A TFP increase due to institutional change
R: R&D investment, R/’Y: R&D intensity
ATFP A+ o R =1+RRR. R @Y/ T=RRR: Rate of return to R&D investment
TFP ar v Y

(marginal productivity of technology)

IRR: Internal rate of return to R&D investiment
m: Lead time of R&D to commercialization
0: Rate of obsolescence of technology

adj.R® DW
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ZRRR =p+ (1 + mp) - IRR

InIRR = 182.53 + 2.97InR/Y - 0.41 In Pe -0.81 In YR - 0.10t
(10.68) (5.24) (5300 (-12.07)

InR/Y =0.63 +0.29 InY.; +0.23 InIRR.; +0.27 InPe.; +0.45 InYR,; 0.988 1.27

(8.98) (13.43)
InEY =-0.44-0.6] inRY.; \0.37 In Pe.; 0.975 1.0
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r: Time trend
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Fig_ 8 Scheme of Metabolic Aspect of Jananese Manufacturing Industrv

Techno-Economy (1955-1995)
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Fig. 9 Trends in Internal Rate of Return to R&D Investment
) (TRR) and Rate of Return to R&D Investment (RRR) in
the Japanese Manufacturing Industry (1960-1997)
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Fig.

10 Trends in Rate of Return to R&D Investment
(Marginal Productivity of Technology) in Japan's
Major Manufacturing Industries (1960-1997) - %
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Fig, 11 : Trend in Elasticity of Technology Substitution for . Trends in Elasticity of Technol . . . )
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Fig. 14 Scheme of the Impacts of Wage Increases Fig. 15 Scheme of the Impacts of Technology
on the Trajectory of Economic Growth Improvement on Wages
W: wages at current prices; A: institutional technology change; T
technology knowledge stock; JR: active openings ratio; CPI:
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W Ti-m2 (IIP/(EP*H))t-m3 JRems CPL-ws
In—=s2tm +aln +8In—— +71In +0 In
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where A: scale factor; IIP: index of industrial production; EP: employed person: H: working hour: JR: active openings ratio;
CPIL: consumer price index; and mi (i =1 — 4) : time lag.

(1)

Table 1 Trends in Factors Governing Wages Formation Table 2 Trends in Factors Governing Wage Formation in

in Japan's Electrical Machinery (1983-1997) Japan's Electrical Machinery Industry (1983-
1997) - using time-lag function for technology
TFP TFP

IC T HPIEP'H) CPI JR  w)R? DW  AIC Ic T NPEPH CPI JR adpRTDW AIC

A a ) 5 y A a 8 8 b4
1.83/2-85/6 00132 1326 007 024 01 0939 125 3195 1.83/2-85/6 00167 425 003 QI7 031 038 166 194

(-9.71) (-1169)  (-3.45) (-1.45) (-2.86) (-1084) (1331 (-1.64) -1.13) (-5.74)

[60] [P] 0] 10 m(M] 2 i [or

2.8%/6-8¢/11 00087 239 005 053 -001 0851 179 2072 2.85/6-86/11 -0.009%8 159 004 043 001 0862 208 2086

(268) (316)  (-:296)  (-2.79) (-042) (278) (334)  (274) (211} (039)
{511 0] o) 0] [m(T)] 1 fo] m
38611912 00005 043 008 024 001 0601 13  -s3L1 3.86/11-91/2 -0.0004 048 009 009 001 0652 143 -5383
(027) (-1.77)  (-279)  (-1.47) (-0.39) (-0.44) (:3.15) (341 (-0.58) (-1.57)
128 m 0] m [m(T)) i (0} {1

4.912-9%10 -01236 1547 0158 0.59 -0.04 0.728 207 -3164 4.91/2-93/10 -0.0253 351 01§ -0.58 -0.02 0.835 208 -333
(456) (469 (:54T)  (-1.74) (-1.80) (4.56) (4.69) (547 (174 (-1.80)
12] U] [0] n [m(D)] m {01 f1]
5.9310-973 00017 075 005 021 003 0691 203 -4353 A 23A6-92/3 50,0032 0.97 009 02 003 071 217 48

(212) (S31)  (145)  (145) (-219) (267) (461)  (3.09)  (148) (-191)
&)} m f0] nm [m(D} m U] 1

a Figures indicate coefficients d IC: institutional change; T technology knowledge stock; [IP: index of
b Figures in parentheses indicate t-value. industrial production; EP: employed person; H: working hour; CPI:
¢ Figures in square brackets indicate time lag. consumer price index; andJR: active openings ratio
(1) XR2ACEETFD2ET2ICEL2HM (21 46570)
TimcIog (momihn) WZOWTODHERIE Table 1 ICRT B0 THD. 5HiE
m| T DFEEE A LT 7IE, 60 5 B (83/2-85/6) > 51 » B (85/6—
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:: » B (93/10-97/3) & Fig. 12 ICEARARSOEFTLTALT
ol BRERMIEOEMZRL T3, ThiIEfiick 2 5E8SBL
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et ®wR_sss B s w0 on 1991 45 DAKIE, Fig 16 TRAEREREE L HEEE
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Knowledge Stock Formation and Its Impact on Fig. 1713, MEko s 1 27 70%{L%E (2) XD Epidemic

Wages in Japan's Electrical Machinery Industry
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Table 3 Trends in Technology Contribution to BHIL S A L5 7ORALE (D) RSB TRDTHHL 1248
Minimizing Discrepancy between Changesin (X Table 2 i RT3 & EDV THH, TDHA Tablel £ b

Wages and Productivity in Japan's Electrical 2L B ps B . . s -
Machinery Industry (1983-1997) %_) ﬁu'}‘ﬁ’]@{ﬁ [’ﬁ:‘ﬁ =] < N Flg. 17 0) ﬁhﬁm EZ'% 'H:. % {EJ )<

LIRS,
VAWW - AYLIYL) =a + b1 AT/T + bzt Py
by b adj R? bW g5 °
1. 83/2-85/6 -16.66 -0.01 0.804 2.7 2% =
894 -8.40 ge
( 2 ) (.] ) % z
2
2 85/6-86/11 -14.97 0.01 0.468 2.70 ”{E
(Lan Q.19 gﬁ §
30 30 255
=]
3.86/11-912 -3.30 0.00 0.491 1.08 s E a
(-1.46) (Lon SEq
*is 30 Sl
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(;12%8) (-QP]IZ) SER
,%' Z B2 854 ULl 9172 W10 [z
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level respectively, and *N indicates statistically no significant. Machinery Industry
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. @y Discrepancy between changes m=m*— — @)
g sl in wages and productivity 1+ g4T+®
8 . '_'.' - . . * | where m: time—lag between technology knowledge stock
ig 1of e am" oo e, et formation and its impact on wages; m # : ceiling of time—lag; T:
< . a e am g 'H_- LI I PR LY technology knowledge stock; and a and b: coefficients.
S 5" - . - = Y "
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g_n- sl " LD Table 3 ¥, LLEDEHick s 4ES FREES L
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Fig. 19 Trends in Discrepancy between Changes b, Table l FOHNEREFET S,

in Wages and Productivity, and Technology gy 1813, Fig. 17 B#. B0 EMER (BHEE)
§2$3332£23Eﬁ£:%:2§m’ DHBETLELDTH D, MOAHEELERE 1986

£ SEMAMMET L. 1991 £ SMEL. 1993 4

DRREEEBCETLTVWSE Z @b s, Fig 19

BUEOAHERY b LIz, AERLREBEGLREDBRENT VADOEB (AEOEZ0HIMEDEB) L 20
AT ARMOEBROHERE SN LD TH B, ThERBE 191 £6 A TIIEAIBE S v 2DH#
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16
AC: Assimilation capacity 14
Figures indicate adj. R? and figures 12
in parenthesis indicate t-value :
1
08
06
Flectrical machinery
04
1977-97 adj. R’ bw Chemicals
Inim=-637+ 117 MPT + 14.30 In LTS 0.977 1.32 02 Primery meas
(11.39) (26.44) 0
1981-95
InAC = -3714 097 InMPT -+ 425 In I.TS 0.940 2.38 Goveming Factors of Assimilation Capacity in Japan's Leading Manufacturing
(7.90) (14.24) Industries (1981-1995)
Electrical machinery . R’ DM
1981-95 inACem =-3.71 + 0.97 In MPTem + 4.25 in LTSem 0940 238
Inm =133+ 244 InAC 0.931 215 90 (1429
(12.47) Chemicals
InACch =-12.10 + 2.73 bn MPTch + 3.62 bn LTSch 0971 187
(1223 (20.25)
. s e Primary metal
Fig. 20 Scheme of the Technology Wave Function in A 33 + 168 In MPTym + 0.52 n LTSpm o8 255
4.55) .49

Japan's Electrical Machinery Industry (1977-1997)

ity of technology; and  LTS:

AC: assimilation capacity, MPT: p
lasticity of technology substitution for labor.

a Assimilation capacity (AC = 7) is measured by the following equation:

7= [1 - ;] . IT' 0<z <77:' Fig. 21 Trends in Assimilation Capacity of Japan's Major Manufacturing
where 7, own Ic‘chnnl(lgy stock; T,." stock of spillover technology; and Industries (1981-1995) - Index: 1981 =1

¢ ratio of prices of spillover technology and own technology stock
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Fig. 20 i3, LRI RUETFD2ET2CEZZ2HE (1 457) OFHRERESHLAELDTHED. L
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PUPRTINE VP IDRENCEATILIBERFNORDFLR->TETEY ., SCAIENIEE NEREL
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The globalizing economy
Decrease in R&D investment Increase in global technology spillover

Technology camplement
T T~ with labor and capital

[ G sagaaton J [ RaD sapotion ] il

Submtution of
spillover techaology
Stagnation of  Dacrease in marginal
TFP growth froductivity of technology and

Opamal Mammaze’
) RaD aysem
swvemest | icioncy

2
Stagnation wechaciogy Alterstion of ind, —
of ReD it Paradigm shifl

technology substttion for aber activities E> competiiveaess P of RAD
Decrease of
Stagnation of Decrease in ameutauon capacity
technology spillover assimilation
capacity

structure
Decrease in mutual technotogy
dependency between sectors

- AC Asmmdaios capsarty
Comparative advantage <> Intemationally universal assets TSO Techaology satiover

Assimilation
capacity
Camparative disadvantage =§» Revealing negative aspects

Fig. 22 The Vicious Cycle among R&D Investment, Assimilation Fig. 23 Critical Systems Option for Induced Technology Development
Capacity, Technology Spillover, TFP, and Production -From Investment to Institutional Learning and Assimilation

5. % =
B EFBEDRBICHEL. Y1 7 VORS DR 2 EHEFOLERHOMBH T & 8. BREEEE
HETHBEELNRL LLETSHERAL T,
Key postulates {TRIZEH x5 (Fig. 23) :
Remediation of "Techno—labor homeostasis" (i) by recovering technology substitution for labor, (i) through increasing

systems redundancy, (i) by means of stimulating mutual interaction between a) optimal R&D investment, b) learning
exercise, and ¢) improvement of assimilation capacity for effective utilization of technology spillover.
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