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Innovation, Employment and Production in the Development Process

While there is controversy on definition and size, few people dispute that
uremployment is a quantitatively significant phenomenon in underdeveloped
trunbeies.  Unemployment, disguised or open, represents not only output
13t and missed opportunities to involve more people in creative activity;
L% alse represerts a most important inequity in income distribution and,
A% 5.0, & major coatributing cause in political instebility. For this
- dbdor, uremployment is well recognized as a sefious social problem by both
» academi~ians ard practitioners of development planning. In spite of the
anhertion paid o this problem, a positive theory of unemployment for the
wo.dendevelsped world has not as yet been developed.i/ This, we believe, is
malty dae Yo the faet that unemployment in the underdeveloped world is a
e cemplicated phenomenon related to ecoromic growth in general and techno-
Lugrowl range In particular. At the presént time, what we do know on the
czeses of urenployment are certain intuitively ideas neither integrated,
fr.em ne theoretical standpoint nor tested. from the statistical standpoint.
A brief (and by no mesns, complete) review.of the. various facets of the

problem which sre customerily cited by either academicisns or practitioners

would include the following::

. 2
{1) Technology and Factor Endowment. Eckaus‘4eferred to unemployment as

"Se hnical unemployment” where "technical" means non-substitutability between
vapital and labor in the production process. In diegram (1a), let labor
(capital) be measured on the horizontal (vertical) axis. Suppose the production

centour is the L-shaped Co-curve (with & corner point at E,) and suppose the

1/ This confrasts sharply with the highly developed theory of unemplbyment for
"he mature economy in the Keynesian tradition.

&/ Richerd S. Eckaus, Americen Economic Review, September 1955, "The F:ctor
Proportions Problem in Underdeveloped Areas."
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factor endowment point is at the point F2. Then capital constitutes a
bottleneck factor and technical unemployment in the amount of EoFs  unit
results. Thus, the unmemployment problem is essentiully a technological
rhenomeron ard zan be defined only relative to the well known characteristic

«f relative capital scarcity in the typicel underdeveloped country.

.Y

o0 heetems Gwowkbh.  The above characterization of the unemployment

I .blem immediately leads to the logical conclusion that rapid capital
accomilation (at a rate fas%er “hau population growth) is the only way in
whisn tehni-al uremplcyment can be elimirated in the lorg run. It is
Wleioholias that She wnemployment problem can only be understood irn the
context of eccnomic growth in which saving, investment and capital

o 'malatior. play key roles. This is, implicitly at least, the position

1

f e prashiiulvizrs of develspment planning who usually regard the
"empiymart effert” and the "output effect" as the two most important

criteria to assess the success and failure of an economic growth effort.i/

{3) Education and Skill Formation. For those who believe (e.g., Schultz&/)

thiat the development of human resources lies at the heart of economic
development and modernization, it is the lack of education and labor skills
edicatisn which prevents labor from being fully employed in the course of the
industrializstion effort. Thus, 1£ is.only through improvemsnts in ﬁhe quelity
of labor, through education and/or learning by doing, that unemployment

can be reduced and output raised. It would seem, after all, that skilled

3/ See virtunily any five-year plan cr government policy statement of recent
vintage.

4/ T, Schultz, "Investment in Human Capital", American Economic Review,
March, 1961
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labor is scarce in most underdeveloped countries while it is usually the
unskilled labor force which is unemployed.

(4) Innovation. One of the most important facts of life in the development
of the contemporary underdeveloped system is the availability of "importable
technology" which, when imported, constitutes technologieal change from

+he view point of the underdeveloped society. Since these imported
veshnologies originate in industrially mature economies which are characterized
by affluence in capital and scarcity in lebor their transplantation to the
wuderde reloped system will have relatively small "employment effects" and
poesibly adverse "output raising"” effects. The famous success story of
caperese industralizaticn bear testimony to the fact that it is the abllity
o implent domestic innovations on top of imported technology which can be

of *he greatest importance.é/ Thus, it would appear that from both the
empiorment and cuhput sterdpoints a wise technology-importation process

muy be leszritad as technological assimilation which is the compounding of
the effects of the importation of a foreign technology with the edaptation

of that technology to make it more suitable to the indigenous factor endowment

rconditions.

The sbove review leads us to the conclusion that while we recognize that
IDC unemployment has a mulfiple causation, these relationships have not
been satisfactorily explored, éitbter singly or in corbination. What wz
attempt to do in this paper, therefore,is to integrate some of thesz facets

into a common theoretical framewnrk.

5/ See FeikRanis (Development of the Labor Suxplqs]ﬂconomy, Theoxry and Policy
Irwin 1964 for = fuller exposition of this issue.
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In Section I, we shall oconatruct a gensral system for the explanetion

of employment and output growth, to be used as a gulde for tkie rest

of the paper. This genérai gystem is brosdly constructed so as to be

useful for an snalysis of the four facets of the problem identified

above. Section II derls with the problem under the assumption of technologicasl
stagnation., Secticns ITI and TV deal with the same problem when the
importation of technology is essential. (Section III deals with "importa-
tion" without local "adeptation" and Section IV with importation with such
adaptation.) Finally, Section V the theory of Section IV vill be examined and

verified in the light of the uxperience of historical Japan.

Section I. ' Genersl Framework

It ie the pwrpose of this section to introduce the conceptusl tools as

well rs the general thaoretical fremework of this paper.

The Technology of Production

Let K be the capital stock and L the totsl labor force in en economy in
which N 1s the employed lebor force. Iet a production function

1.1) qQ -f(K,N,t)

be formally postulated where, for each time index "t", the production
function i3 assumed to aatisfy the condition of constant returns to

scule. Under this sssumption the unit production contour (i.e., the
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production contour 1l=f (X,N, to) which produces one unit of output at
time ty). can be represented by the curve 3 Q. In diagram la, which
describes the art of production (1.l) completely, we shall refer to the

points Ap, Ay, Ao ..... on the unit contour as the unit activities (1.e.,

unit production processes), for which the labor and capital coefficients

are (uo,ko), (ul,kl), (up, ko) +.... (see diagram la). Each unit activity
d2termines a capital-labor ratio
1.2) T=K/N (i.e., T = kyfug; T3 = k1/ugs To = Kp/up wusss)

whick will be referred to as the technology ratio, and which differs from

the factor endowment ratio

1.3)  K¥=K/L,

since the employed labor force "N" is generally different from the total
labor force "L". (In this paper x* will be used consistently to denote
"X per unit LV - i.e., x per unit of total labor.) In diegram la, the

Lauhinolegy ratios are represented by the slopes of the technology lines

Oto, Otl, Ot2 LN )

The unit activity concept is used to facilitate 6ur introduction of

certain unconventional notions of production. For each unit activity

(A;) we wish to associate a non-sub}titutable‘(i.e., strictly complementary)
production process, as depicted by the L-shaped production contours Cy

(1 = 0,1, 8, 3J..0s) in diagram la. As we have pointed out earlier,
Gechnical unemployment in the sense of Eckaus can be defined with the

eid of these contour lines. For example, when the prevailing unit ectivity

is Ao and when the factor endowment point is Fo, technical uhemployment
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is EoF, units. This is due to the fact that the point Fp lies on the
L-shaped contour Co which represents the operation of the unit contour

8/

co on a larger scale,

As long as the factor endowment ratic is lower than the technology ratio
(ieeny K* £ T), technical unemployment of lebor will appear. Development

w.tn this characteristic will be referred to as full capacity growth.

conversely, K¥2 T 1s the defining property of full employment growth

Lr.owhizh a part of capital capacity will no be utilized. Thus
L.ha) K¥€ T (full capacity growth)

o) K* > T (full employment.growth)

In the case of an underdeveloped society characterized by an asbundance

- § unskillied labor the Gnenoloyment ar full capacity growth case is more relevant.

liowvasions are defined in this paper as any change of the unit activity

through time. Thus, innovations mey be depicted either by a shift of the

position (generally toward the origin) of the entire unit contourz/or hy

a shift of the unit activity along the same unit contour, such as a shift
from Ag to Aj. 1In short, any deviation from the current (non-substitutable)
production practice will be viewed as an innovation. As an illustration

of this rather unconventional concept, iet Ay (diagram la) constitute

the current technology of an underdeveloped country. In comparison, the
technologies of the industrially advanced countries are characterized, in
various degrees, by higher technology ratios, i.e., unit activities which

are more "capital using" and "labor saving". Thus, we may describe the

6/ Under the assumption of constant returns to scale, the scale of operation

is OEo/OAs.
7/ This is the conventional definition of innovetion as used, for example

by Fei and Ranis. (op. citJ
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spectrum of technologies'for all countries by the unit contour which,
from the view point of the underdeveloped country, depicts the evailability
of new, potentially importable, technologies., The actual innovation process
due to the importation of technology can then be deccribed by a movement

.
upward alcng the contour line AqsA7,A0, .....§[ If, at the same time,

technological change takes place abroad, the position of the unit contour

itself will shift toward the origin,

smprevemert ia Lekcr Efficlercy

Let tze wit contour o\ Q! of diagram la be given. For each unit activity
Aj contaired in 3™ , the inverse of the labor coefficient

1.5) p=/N (= 1/u)
is the (average) productivity of employed lebor. The productivity of labor

for =ach wxit activity, i.e., p = 1/uy (i=1,2.....) is represented by the
negatively sloped (rectangular hyperbola) in diagram 1b below the countour
rnep. The conventional interpretatior of labor productivity (pi) is that
as "homogeneous labor" is equipped with more capital goods in the course
cf the cepital deepening process (i.e., as the:unit.éciivity'shifts upward
along the unit contour Ao’Al’A2’°'-') the productive efficiency of labor
increases automatically. While such an interpretation may be suitable for
an industrially mature economy, it is not suitable for the underdevaloped
economy since it neglects the very real learning effort (through formal
education or"learning by doinéﬁ which is generally required if the

efficiency of labor is to be improved at all.

8/ This notion of the importation of technology will be used in Sections
II1, IV and V.
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In keeping with our interpretation of the unit contour above, we shall
interpret the magnitude py as the demand for labor skill of a particular
quality. Moving to the left in diagram 1t simply means that the demand
for a higher skill of labor becomes higher (i.e., pi is higher) as the
average work;r is required to become acquainted with and operate a
larger volume of real capital goods. With increasing technological

~omplexity, in other words, the average worker needs to be of a higher

quatity which is indicated by the proxy variable pj.

Tr. diagram 1lc let time be measured on the horizontal axis (to the left)
and let the productive efficiency (i.e., the quality) of labor, as
measured by its average productivity (p) be represented by the labor

improvement function. Conceptually, labor efficiency through time is deters

mized by such factors as education, training, learning by doing, etc. To
simpiify our analysis, let us assume that this labor improvement function
is given exogenously. In case labor efficiency is improving at a
constant rate, the labor improvement function can then be written as

it = i
1.6) pepge or 71 p=1

where "i" is the rate of labor improvement. (In the expression in the

parentheses the nota.tion)'l:x standslfoy the rate of increase of x -- a
convention which will be used consistently throughout this paper.)
Given the labor improvement function (diagram lc) and the unit contoﬁr
(diagram la), we can determine the unit activity which will actually be

achieved through time. Thus, at any time t;, the unit ectivity which
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can be achieved is A4 as labor productivity reaches the level Py

(i=1,2,3,44+.). Thus, in our view, the improvement of labor efficiszncy
causally determines the prevailing technology when a "technology

matrix" (i.e., & set of unit activities) is given.

Growth of Capital and Labor

Ir addition tn the above innovational aspect of the problem, growth
Foometing forces ir less developed societies, of course, include growth
~f tha labor force and capital accumulation. To simplify thé analysis
=~ w72 growth of these ma*erial resources we shall assume the constancy
of “he population growth rate (r) and the average propensity to save (s)
1.7a) L= I, eTt orq7L =r

b) S=1I = 5Q

¢) I= dK/at
Equatiorn 1,7&) is represented by the population growth curve in diagrem

.
1.

The deterministic aspect of our model consists of theinteractiow:af

the forces of innovation and material resources accumulation. We assume
knowledge of available technological choice along the unit contour

of the labor improvement function and the population growth rate. In
diagram 1, at t = o, given initial labor productivity at P, and factor
endowment at Fo, we can determine, from py, the unit technology Awy and
the bechnology ratio: {radial line Ot)resiwellias the )emp‘ioyme_nt «agd_output

point (Eo) and the" ambunt of unemployment”EgFe. With the'aid of the labor improvemm
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function of (1.6), the savings function of (1.7b) and the population
function of (1.7a), we can then determine the labor productivity p,
and the endowment point F, in the next beridd. In this way, the growth

process is dynamically determined as summarized in the employment path

EcE1Eo «.... and the endowment path FoFiFo ..o &

In the general framework just outlined the determination of the growth

proess implies the determination of per capita income (Q*) and of the

degree of employment (N¥) (or the degree of unemployment) through time.

Zoese essertial indicators of economic welfare will be denoted by

1.8a) Q* =Q/L (per capita income)
v)  N%= N/L (degree of employment)
) U* = U/L (degree of unemployment)

d) L=U+N
wirini are the focal points of the investigation which follows. To
fa:iilira%e «~ur later work, the following formula will be seen to be
relpful:
1.9a) N¥ = K¥/T ,iieensaese (by 1.3b, 1.3 and 1.2)
b) Q¥ =PN¥ = I*/T ....... (by 1.8a, 1.5, 1.8b and 1.9a)
Notice from diagram la that when the endowment path and the employment
path do not inersect, unemployment can ever be eliminated through time
{as is semn by the existence of a horiz;ntal gap between the two curves).
In our earlier terminology (1l.4a), the economy then:£inds itself in n permanent
anesployment or full capacity growth;rogime,v-GonVeroely, vhen. the two. poths do ir-
teraect ot some future date, the economy:will shift from-a full capecity to a

full employment growth at that time. (In such a regime, the vertical


http:economy:.wl

-1]1-

gap between the two curves represents .unubilized dapital caprejty). Thus,
the model which we shall investigate further also contains the germ of

a\stage thesis of growth.

For easy reference, the general framework of this section mey now be
s.omarized as follows:
L.ldat Q =f{K,N,t) veseeess (1.1)

Y P=Q/N; T=K/N; cevveses (1.25 1.5)

£) K*K/L; Q¥=Q/L; N*=N/L +.eeveeee. (1.3; 1.8aD)

d)7p= i.”.”.u.".”.“.(;ﬁ)

el n LT cevssererancrnsarass (1.78)

£) I = SQ cevvecercencecnaess (1.7D)

g) AK/AE= T siviennnnnacaanas (1.7c)
The nmodel presented herg may be viewed as a general fremework for the
argalwsis of the unemployment problem in the growth process, taking into
account both technological change and the augmentation of human end capital
rasources over time. As we pointed out earlier the observed phenomenon
=f unemployment may be traceable to a multiplicity of causes because
.f the relevance of all these factors. :In the sections which follow we
shall, by postulating some special conditions relating to this general

framework, explore a number of typicel real world unemployment situations.

Section IT. Development with Stagnant Technology

One situation which may occur in a less developed society is camplete

concentration on capital accumulation and relative neglect of the
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improvement of labor efficiency,leading to technological stagnation.
This unhappy case is typified by the constancy of labor productivity, p,
which leads, in turn, to the constancy of the capital-output ratio,
k.. Hence the general framework of 1.10) in the last section reduces
2.1a)  Q=K/k_

b)Y  p=Q/N

¢) P =p,
4)  dK/at= sQ
e) L=Loert
whlzh is, in fact, an extended form of the familiar'Harrod-Domarqudel.
In the context of ¢wr general framework, the Harrod-Domar madel is seen

to be a very special case, namely, the case of development with stagnant

bechroiogy .

Ty understand the rules of growth of this model completely, we should mote thet
the technology ratio (1.2) becomes

2.2) T=K/N = Ky Py seessess (by 2.18bc )

which is constant. This means that the technology line coincides with the
employment path, i.e., the radial lin= OTo in diagram 2 describeé both.

As long as the factor endowment ratioéis below (ebove) this line, the

ecdnomw is in the full capacity (employment)growth regime. In the more

typical full capacity growth regime the constancy of k, immediately leads

to the following familiar Harrod-Donar growth rates

9/ More exactly (1.104) reduces to (2.1c) when i=o. The constancy of labor
productivity (p) in turn leads to the constancy of k, in (1.10a) under
the assumption of constant returns to scale.
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2.33) Tk = 7Q, = /Ky ereesenesns(by 2.180)

b) "tK*—'?Q,*— s/K,-r = h ceeeses(by 2.38; 8.1d)
The fact that the country is in the full capecity growth regime initially
(i.e., in diegram 2 the point E, lies below OT,) is given by the condition
2.4)  K§ =K /Lo T = KePo
As is well know, with Harrod-Domar Model we may heve the use of success,
in which per capite income increases or failure, where it decreases, these

two ~ases are given by

~

£.58a) s/kc)r (success, i.e., low population pressure case)

b) s/k,{Lr (feilure, i.e., high populetion pressure case)
In “ne case of "failure" (i.e., the high population pressure case), there
will be continuous decreases of per capita income end of the endowment.ratio
(2.3b). The latter condition implies that the endowment path (i.e., the
wrve B8 1 diegrem ") moves away from the empleoyment path and hence
Hms country will never be able to solve its unemployment problem ﬁ:fn'.ough
time, Conversely, the "success'" case (2.50) implies ﬁhnﬂ.:’rpcr iheEo
cepita income increases through ti.e and that technical "inemployment can
be eliminated at some point in time which is given byw
2.6a) t, = 1 In (To/K¥,) or

b)  tp = (11;?1 ZE (1/N8 ) seeevenenncrnas(by 2. 6e; 1.98)
Tn diagrem 2, the success case is given by t‘he endowment path E oH which

crosses the employment path at H at the termination date. At this point

the country moves into the full employment regime of growth. Capiteal

10/ Notice that the value of time is completely determined by "h" (2. 3b)
and the initial degree of employment N§. This equation is easily
calculated by equating T, and K¥ et (2.3v).
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is no longer the scarce factor and the economy can be considered to have

reached economic maturity.

In the final full employment growth regime, the constancy of labor
productivity (2.lc) and of thé population growth rate (2.le) imply
~that output is growing at the same rate as population, i.e., 7Q =
Tue constancy of the average propensity to save (2.1d) then implies
that investment must be growing at th.e san;e rate (i.e.,'qI =r). We
ver Trer. easiiy calsulate the time path of capital (K) and of the
racter endwwment raticv (K*)
2.72)  T=dK/dt = I, €'t

b) K= A+BeY where A—KO-B B=I /r;> o ..................(by 2. 7a)

B/L
Spo7r)

Tr: o lash equatica (2.7@) shows that K* approaches a long run stationary

e)  K¥=K/L = A/L, et 4 Fx where R = 5Do/T
(proof' K*=B/Ly = I,/rLo = sQo/rLo

value K¢ = spo/r. Furthermore, K* monotonically increases if, and only
if, A (in 2.7) is negative, i.e., if and o'nly if

.  F T 11/
KoZ B or Ko < Io K¥ or K§ £ K¢ or kopo4spo/r (by 2.2) or
r L s/k, |
Notice that the last inequality is the condition for success in (2.5e)
while the underlined inequality states that the stationary value of K*
is greater than the initial value Kjf when the condition of success is

satisfied. In diagram 2, the case ¢f success is described by the

11/ In the second regime the initial value of K¥ iSequal to the technology
ratio.
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endowment path E_HF, which approaches the (dotted) radical line in the

long run.lg/ This dotted line will be recognized as defining a "Vom Neumsnn
state" characterized by the long run constanc& of the capital-lebor ratio.

The above is & brief but rigorous summery of all the essential rules of

growth of the Harrod-Domar Wodel. There are two distinct cases depicted

by e tw> endcwment paths in diagram 2. In tﬁe case of failure the

:cunfry stays forever in the full capacity growth regime and unemployment
Lortinues to worser. In the case of success the country reaches a terminal
T~int where unemplcyment disappears and‘from which it tends toward the
Vsn Neomenn regime in the long run. The arrival of this terminal part thus char-

acterizes reaching economic maturity.

Let s r.-w examine the quantitative aspects of our analysis. Using (2.6v),
we can easily calculate, for the success case, the "miltiple" by which
the following economic variables must increase at the terminal dete over

their respective initial values:

2.8a) Q*/Q¥ = 1/N% (Q*-multiple at termination point)
b) Q /Q = Ngs/kh (Q-multiple at termination puint)
c) L /Lo = Ngr/h (L-multiple at termination point)

We can next investigate the time paths of the degree of employment (N*) and
of the magnitude of unemployment (L-N) under the full capacity growth

regime. The constancy of the technology ratio (2.2) implies that the

lg/ In the full employment growth regime. The unutilized capltal capacity

at F2 is E2F2 tnits.
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amount of employment (N) is growing at the same rate as capital. EHence
the degree of employment is growing at the same rate as per capita
income (i.e.,’(ﬁe (=s/ko-r) and hence, in case of success (failure),

the degree of employment gradually increases (decreases). The ggggitudé
of unemployment and its direction of change are given by

2.98). U=L-N=Le™® - N, e(s/ko)t

W\

b) dU/dt S o if and only if  r/ (N§ s/ky) 3 bt

<
Condition (2.9b) in combination with our previous analysis of the case of
feilure (2.5b) immediately enables us to differentiate the following cases
in term of the relationship between the strength of the population presume
and the magnitude of unemployment through time:
2.10a) high population pressure: s/ko<: r (Uronatonically increases)
b) moderate " " : NX s/h3<1'<:s/ ko (U is inverse U-shaped)
c) 1low " " : r £ N é/g (U monotonicaily decreases
Specifically, in the moderate population pressure case, the magnitude
of unemplo&ment will increase for a while and then start decreasing at
& turning point. The length of time it takes to reveal this turning point
t, can be calculated by:
2.11) t, = (1/h) 1n (r/Ng s/kg) ) «vevvveenes (by equality in 2.9b)
it ﬁay be noted that the moderate population pressure case (2.10b) is,
in fact, very likely to occur in the real world (see Table 1 below)
and hence such a country should not expect its unemployment problem to be
solved immediately. With the aid of(2.11), we can easily deduce the

following indicatorswhich the economy exhibits at the "turning point":
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TERMINAL AND TURNING POINT

Table 1

CHARACTERISTICS - MODEL OF STAGNANT TECHNOLOGY

At Terminal Late At Turning Point
1-N"(o) r s/ko (s/ko)-r [ mr:nt]ion ot/0% | /Lo Dur::ion Q*/a% S
(1) (2) (3) (L) (5) © |- (8) ) | Qo) ;
(1) .02 | -0.005 F _— - _— ——- — -— |
0.025 (2) .ou 0.015 M 1L.876 1.250 | 1.LSO --- --- -
(3) .06 0.035 M 6.375 1.250 | 1.173 -—- SR R E
20% - - —
(L) .o2 -0.01L F _— — —- —— — _— i
0.030 (5} .0k 0.01 M | 22.314 1.250 | 1.953 - - ———
(6) .cs J.03 M 7.L38 1.250 1.250 - -— — !
i
(1) .02 -0.005 F - - _— —— ——- ——- E
0.025 (8) .ok 0.015 T 3L.068 1.667 2.3LL 2.740 1.0L2 C.625 ;
(9) .06 C.035 M 1h.601 1.667 | 1.LloO --- -—- —
LoZ
(10) .02 -0.01 F -- - — _—— —_— —_—
0.030 ; {(11) .ok 0.aL T | 51.102 1.667 | 1.705 22.31L 1.250 | 0.750
(12) .06 0.03 M 17.03L ! 1.667 | 1.667 i - —— -
F - Failure T - Success with turning point

M - Success without turning voint
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2.12a) Ng = r/(s/ko) (degree of employmment at turning pt.)
b)  Q/QX, = r/N§ s/k,) (Q¥-multiple at turning point)
¢) L /Lo = (r/N% s/ko)*/B  (L-maltiple " " "oy
s/k . '
d)  Q/Q, = (r/m¥ S/ko)s/ oN(Q-muitiple " " T

As an application of the various formulae derived sbove, we present
Table 1 in which certain terminal and turning point characteristics are
calculated. Let us investigate cases with a high (40%) or a low (20%)
initial degree of unemployment (Column 1), a high (3%) or low (2.5%)
degree of population pressure (Column 2), and rates of capital and income
growth which vary between high (6%), medium (4%) and low (29)

(Column 3). The rate of growth of per capita income ("h" in 2.3b) can
then be calculated in Column (4). Here we also indicate whether the

case is one of "failure", or "success" (with or without a turning point)

according to (2.10). For the terminal date, we calculate the duration

of time (using 2.6b  in Column 5), the Q*-multiple (using 2.8a in Column 6)

and the L-multiple (using 2.8c in Column 7). For the turning point where

applicable (i.e., the point at which unemployment begins to decline
absolutely), in the case of modest population pressure we calculate the
duration (using 2.11 in Column 8), the Q*-multiple (using 2.12b in

Column 9) and N* (using 2.12a in Colurn 10).

The results of table 1 permit us to recognize that for the realistic ranges
of parameters postulated in Columns 1-3, all the theoretically possible

cases are, in fact, likely to occur. While a low rate of growth of output
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or capital (2%) points to failure (and the‘impossibility of ever solving
the employment problem) higher capital growth rates (4% and 6%) point to
success. Within these "success" cases, if the initial degree of unemploy-
ment is low (20%), the country can count on continuous decreases in the
amount of unemployment over time); on the other hand when the initial
degree of unemployment is high (e.g., 40%), the country is more likely

to experience an increase in unemployment before unemﬁloyment finally
deélines. Moreover, a slight variation of the population growth rate
(from 2.5% to 3%) can bring ebout a large change in the "waiting time"
required for the turning point to be reached (from 3 years to 22 years in

Column 8).

As far as the length of time required to eliminate unemployment completely
(i.e., tp) is concerned, (Column 5),.in the case of high rate of capital
growth (6%), the country can count on eliminating unemployment in "
foreseeable future (from 6 to 17 years). However, when the growth

rate of capital is low, (4%), tp becames so large (14 to S1 yeafs) that

the social problems are likely to be difficult to deal with.

On the whole, we cannot avoid the feeling that development under a situation
of stagnant technology basically leads to pessimistic conclusions. For
example, when the initial degree of unemployment is low (20%), the

country cen obtain a very modest increase in per capita income, e.g., of 25%
in 14 years,by the terminal date. If the initiel degree of unemployment

is high, the country may have to wait for 50 years to raise per capita

income by two-thirds. Fortunately, these somber conclusions rest largely
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on the assumption of a static technology which must be viewed as a special
case. In exploring the significance of these findings for the real world,
hoﬁever, we must be quick to admit that in all too many cases such static
technology assumptions underlie the work of development planners. There
exiéts a general tendency to concentrate on the real resources side of

the growth process while neglecting the dynamics of technological change,

especially that of an indigenous variety.

Our analysis ebove amply demonstrates the inadequacy of such a Harrod-
Domar world. Per capita income growth can take place only in the first
(full capacity growth) regime and at relatively modest multiples. 1In

the second (full employment growth) regime per 'capita income is constant-
and equal to labor productivity, P. Hence the maximm per capita income
multiple for all time in this world is that which is experienced during

the first regime in accordance with (2.8), i.e., Q*/Qf = 1/N¥. This

tells us that the greater the degree of initial unemployment the greater
"the per capita income multiple possible. But even more importantly it
tells us that this modest multiple is all the society can ever expect.

It is this latter conclusion,in particular, ﬁhich underlines the inadequacy
of theYresources augmentation only®approach of Harrod-Domar. A realistic
conceptual framework from both th: thaoveblenl =nd wolioy pointa 68 viny

mst take into account the possibilities.of a‘non-étvgnhﬁf3téchnélogy.
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Section IIT. Big Push for Modernization

Where technological change is accepted by planners in the contemporary
less developed world the most popular type is what may be called the
“big push for modernization:'which means the introduction, in an
urmodified form, of imported technology. of the latest and most advanced
variety, This type of innovatlon process results from the influence

of the "demonstration effect", i.e., the desire by entrepreneurs,
usually encouraged by a variety of government policies, to emulate

production functions proved feasible in radically different contexts.

As was expldined in section I, the availability of imported technology
will be denoted by the unit contour 4 &’ in diagram la. Here the -
process of introducing the imported technology will be depicted by

the sequence Ao' Al, A,, representing progress toward more ''capital
saving" and '"labor using" technology. If the rapidity of the importa-
tion of technology is controlled by the rapidity of labor productivity
increase, we can determine the prevailing unit activity through time,
Using a Cobb-Douglas function to approximate the unit contour a4’ ,
the model applicable to the big push for modernization leiows readily
from the general framework of (1.10), By using (3.1a) in place of

(1.10a), we have
(3.1a) Q=k% N-% o<¢d< 1 implying

by T=p .. (T=K/N)
) k=1 ... (k=kK/Q)

d) k=pl/A)1 | (by 3.1tkc)

i
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We can then readily derive the following growth rates:

ifd . . (by 3.1b and 1.10d)

3.2 a) hT
b) H = 1(1-2)/4 =D .. (by3.lc  and 3.2b)

Iy =~y = D<o .. (by 320 7= k)

d)71 Kk “Noe -Dt
) -Dt
o) K =K(k/K)® where 'IE/KO = ;lo/D

1)

>1 .. (by 3.zd)

To investigate the dynamics of the '"big push for modernization' growth
process we see that since labor productivity is assumed to increase at
the constant rate (N p = 1) the technology ratio T=K/N (3.2a) and the
capital-output ratio k=K/Q (3.2b) are both increasing at positive
constant rates -- as we would expect. Since the average propensity
to save (s) is assumed to be constant, (3.2c) indicates that the rate
of growth of capital is decreasing at a constant rate (-D). We can
then easily compute the time paths of. the rate of growth of capital
(3.2d) and of the capital stock itself(3.2e). We readily see that the
rate of grcwth of capital (¥ ) monotonically decreases to zero (from
its initial value 7(,) and that, in the long run, the capital stock
gradually increases to a maximum value (K) from its initial value
(Ko),lz/ Thus, in diagram la, the endowment path approaches a hori-

zontal line asymptotically.

B/ The solution of this differential equation will be investigated
later on - (see 4,9 and 4.12 below).
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We have thus demonstrated the futility of development via the big
push for modernization aporoach. The conclusion is that a country
which blindly imitates capital intensive techniques developed abroad
as fast as'its:labor efficlency level permits cannot escape the
dismal prospect that capital accumulation will sooner or later cease.
Notice that this futility thesis is valid regardless of the magnitude
of the savings rate (o< sel), the rate of labor improvement (i >0)
or the population growth rate (r >0). Thus, in case a country is
determined to embark on a real big push policy, a national effort
directed at austerity (raising s), birth control (lowering r) or
education (raising 1) will not be sufficient to allow the country to

. . 14
escape from economlc stagnation.=

Let us now reexamine what is wrong with the "big push" from the
"innovation" standpoint. Let the unit contour 4’ be reproduced in
diagram 3 where point A is the initial unit activity, with initial capital
and labor cogfficients at (uo, ko). Since innovation must reduce at
least one of these input coefficients, movement from A to points within
quadrants IT, III, IV of the "circle" about point A indicates which

factor of production is "saved" (i.e., reduced) or "used" (i.e., in-

creased) because of the iniovation.

14/

This pessimistic conclusion can be easily strengthened by an
snvestigation of the rate of growth of output (Q), employment (N),
per capita income (Q/L) or degree of employment (N/L). One can
easily verify the fact that, in the long run, the rate of growth
of all these magnitudes will approach zero.
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As we have seen in section I, if E is the factor endowment point, the
initial technical unemployment is ak units, It is apparent that an
innovation will

i) increase technical unemployment if the technology ratio
is raised.

11) decrease output if the capital-output ratio (k) is raised -
as long as technical unemployment conditions prevail.

Tt is thus apparent that of all the possibilities of innovatlions
(quadrants II, IIT and IV), the "big push for modernization" possi-
bility is the worst since, when the movement is in the northwestern
direction along 4’ (quadrant IT), it creates more unemployment and

depresses output,

The difficulty with the "big push for modernization' is the well-
recognized fact that the heavy capital using nature of most modern
techniques makes them unsuitable for a capital scarce country. This
was shown rigorously in 3.2c above where the capital deceleration
phenomenon testified to the inherent impossibility »° = * “r’wr
reasonable rate of capital accumulation, Differently put, the high
labor productivity of modern technology is achieved in the capital
scarce underdeveloped country only at a considerable cost, is., only
a limited number of workers can be employed through time. Thus,
development through the big push for modernization route is ccm-
parable to development of economic enclosures under a colonial system,
i.e., a small portion of the labor force is engaged in very capital

intensive projects while the national scale of unemployment continues
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to increase, Neither technological stagnation nor the blind use.of
imported technology can thus be considered as viable alternatives for
the underdeveloped society, Other, more imaginative, alternatives

must clearly be examined,

Section IV, Technological Assimilation

The fact that imported technology is available to an underdeveloped
society is probably the most important single "fact of life"

affecting the growth performance of.the contemporary underdevel oped
country., We have just seen, however, thét this shelf of techn;cal
knowledge must be used wisely if economic development is to really
benefit from it., It is assential for the underdéveloped country fo
achieve a blending of imported and indigenous technology so as to
breed a new technological mix more suitable to the typical factor
endowment of the contemporafy underaeveloped economy. We refer to such

an innovation process as technological assimilation.

Technological éssimilation connotes two related ideas: the importa-
tion of technology (as formulated in the last section) and the "blend-
ing" of this technology with indigenous innovations. It is the secomd
aspect which now needs to be more rigorously formulated and quantified.
Our analysis of the futility of the big push for modernization suggests
that if the desired‘or beneficial results are to be achieved by such

"blending", the net effect of such new innovational activity must be
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in a capital-saving or labor-using direction in order to counteract

the opposite effects caused by the importation of technology.

Referring to diagram 3 in which the initial unit technology.is at A,
the importation of technology is represented (as before) by a change
in the unit technology from A to B, The "blending" of technologyvmay
now be depicted by a downward shift of the unit technology from B to D
represenﬁing a decline in the capital-output ratio, Such an in-
novational blending activity may be gqually well described as capital
stretching which means essentially that the underdeveloped economy,

by stretching the use of its scarce resource (i.é., capital) can make
fuller use of its aburdant resource (i.é., labor). The beneficial
nature of capital stretching can be seen directly from both its‘employ-
ment-raising effects and its output-raising effecfs as a consequence

of the decline in the capital-output ratio.li/

For a quantitative measurement of the degree of capital stretching, let
k and k' denote the capital-output ratios at B and D, respectively.
We define
4.1) a)m=k/k' > 1
b) k' = K/Q

where "m' may be referred to as the degree of capital stretching and

15/ In diagram 3 if the endowment point is fixed at E as a result of
capital stretching, employment is increased by bd units. Output
at point B (=Ob/OB) is less than output at point D (= 0d/OD),
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'k""is the effective capital-output ratio after capital stretching,
A quantitative treatment of this phenomenon obviously necessitates an
investigation of the forces which behavioristically determine the

magnitude of "m",

Basically, the strength of any such innovation must be determined by
the quality of the human resources within the society. This includes
such factors as labor skills, entrepreneurial ability as well as
government efficiency and the wisdom of the system's sconomic policies.
This may be summarized by the quality of the society's human resources
as a product of education and learning by doing at any point in time.
We may thus reasonaBly postulate that m is positively related to the
level of labor productivity reached, Such a behavioristic relation

may be approximated by the following capital stretchihg function

4.2) m= (p/po)° c>o0

where p/po is the degree of increase of labor productivity summarizing
a society's cumulative experience with changing technology and where
"e" is the elasticity of "m" with respect to "p/po". The shapes of
the capital stretching functions for alterhative values of "c" are
given in diagram 4. For c=1, (c¢1l and c¢>1), the capital stretching
functions are represented by WX (WY and WZ). In our formulation the
value of "c" 1s obviously a most imp;rtant parameter as it is only |
when the value of "e" is sufficiently large that the model of tech-

nological assimilation is sufficiently different from the big push for
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modernization case. (when c=o, m=1 and the capital stretching function

is WW', i.e., we are back to the big push case).

As in the last section, the Cobb-Douglas function (3.1a) is again
taken to describe the availability of the imported technology. Thus

we obtain

4,3a) k' k/m = apb. where

b) a p‘; . b=1/ -1 -c  (by 4.2 and 3.1d)
Making use of (4.1b) and p = Q/N, we can readily calculate the effective
(i.e., post-assimilation) relationship between capital, labor and output
as:
bha) Q= QOKB N--B where

b) B =¢e/(l-cl) = 1/(1+b) by 4.3b)

o) q-= p(()l/(l-c/OC )} v e e e .. o(by 4.3, 4,1b & p=Q/N)

Equation (4.4a) formally resembles a Cobb-Douglas function where the
Cobb-Douglas coefficient B (in L, 4b), as a function of "e", is repre-
sented by the two branches 61‘ the curves in diagram 5. There are three
critical regions of values (Cases I, II and ITI) for "c" as ma_rked off
by the critical values indicated on the horizontal axis. The three

cases in ascending magnitudes of "c", the capital-stretching coefficientL‘J

are:

4.5) a) Case one: 0<B<1 for o< c< (1-q)/9
b) Case two: B> 1 for (l-e« )/ e 1/
n) Case three: B <& o for 1/ £ ¢

-]é/ In diagram 4, the capital stretching functions corresponding to the
two critical values c¢ = 1/e amd ¢ = (l-a )/a. are indicated.
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It is only in case one that (4.4a) resembles a genuine Cobb-Douglas
production function. In case two (three), the unit production contour

is positively sloped and convex (concave) as represented by the curve ADO
(AHO) in diagram 3. In the case of ADO, for example, the imported
capital output ratio is at point "B" in diagram 3 aﬁd the amount of
decline of the capital-output ratio due to capital stretching is BD,

The effective capital output ratio (k') is at point "D'".

A formal model of 'development wi‘“h cgpital assimilation' can be con-
structed by replacing the general production function in (1.1oa) by
(4,4a), In summary, there are five parameters (d,c,1,s,r)in
the model summarizing the forces of innovation (ol , the availability
of importable technology and ¢, the indigenous capital stretching
effort), population pressure (r), savings behavior (s) and the improve-

ment of labor efficiency (i).

For case one in (%4.5), the "assimilation model' is virtually identical
to the '"big push" model (i.e., 4.kba is effectively the same as 3.1a)
and hence to avoid the same conclusion of stagnation, we immediately
come to the conclusion that there must be a "minimum domestic ingenulity
level" affecting the magnitude of capital stretching, namely:

4,6) (1 -d)/L ¢ (B>1 or 3 <o)

™is means that unless there is sufficient indigenous innovative effort

in response to the stimulation of imported technology, economic development
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cannot be successful in the long run.

Turning now to the two other cases (i.e., 4.5bc), for which the minimum
domestic ingenuity level is satisfied, we see, from diagram 3, that
developmeni can be characterized either by raising the capital-labor
ratio (Case two ADO) or by lowering the capital-labor ratio

(Case three,AHO). As we would intuitively expect, the "capital
shallowing" case represents a relatively larger indigenous effort in
capital stretching (c > 1/o ) and leads to a higher degree of output

and employment,

Applying the same type of arguments as in the '"big push' model, we
obtain
L7 a) Ve = i/B

b) 7 = 1i(1-B)/B= -8 <o

c)?ﬁl{ e 2 o

ot
d)’px—po e (90

of capital)
e9’0-1
e) K= KOJ where J = @

|
HI

% g(o) the initial rate of growth

70/9 > 6

comparable to (3.2) in the last section.lz/ Equation (4.7a) indicates
that in the case of a relatively high (low) capital stretching co-

efficient in case three (case two) of (4.5), the development process

12/ Since (4.4a) replaces (3.1la) the growth rates in (4.7) are obtained
from those in (3.2) by replacing " o " by "B".
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is charaéterized by capital shallowing (deepening) as T decreases
(increases) through time, However, it is important to note from
(4,7b) that, regardless of the distinction between the two cases,the
capital output ratio decreases in both -- as long as the minimum
domestic ingenuity test (4.6) is satisfied, It follows from this

fact that in both cases there will be capital acceleration (4.7¢) with
the rate of growth of capital increasing at a constant rate (4.7d).
The time path for the capital stock is monotonically increasing toward

infinity as given in (4.7e).

In order to investigate the rate of increase of output (Q), employment
(N), per capita income (Q* = Q/L) and the degree of employment

(N* = N/L), we have

48) &) Pq =9, Stk e L. (by 4.70d)
D Py -y ¥ + 6 -1 .. (by 4Ba and P =1 )
c) ?q*:ﬁo '+ o r .. (by 4.8aand Pp=r )
Y=, O+ 0 dir.. (ytBoadh =r )

We can readily see that all the growth rates in 4.8 are in the form of
- ot
4.9) ?x—yoe + g for ) >0 ad g > o0
Hence the behavior of all these rates of growth depend upon the fulfillment

of the condition
o

4.10) 4 + gd>o or 70)- g (for 7x)o )

When condition (4.10) is fulfilled, 77 x 18 positive and hence x

monotonically increases. Conversely, when 4.10) is not fulfilled, there
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exists a "turning point" with duration
4,11) t=(1/6) 1n (-g/%) ... (bysetting 9P =0 in k.9)
at which the sign of 7x changes from negative to positive -- ard hence

the time path of x itself is U-shaped. We can easily deduce the time

path for "x"-:-L—é/ as
4,12) X =X ot / e'%/e where n = (?0/6) L gt

The atoveanalysis indicates that the minimum domestic ingenuity test
with respect to capital stretching (4,6) is a most crucial condition for
economic development as measured by the four welfare imdicators in (4.8).
When this condition is not satisfied, capital accumulation and growth
will cease; when it is satisfied, growth will succeed in the sense that
all the four indicators will continue to increase in the long run.w

Slnce, as we have p01nted out earller, only the technologj.cal parameter

— ——————- pr—

—

"d" which measures the availability of imported technology, and "¢" which
measures the domestic effort in capital stretching are involved in the
minimum .domestic ingenuity criterion (4.6), our conclusion strongly sup-
ports the thesis that successful economic development is essentially a
process of technological revolution brought about by a sufficiently large

adapt1Ve domestic response to the st unulatlon of mported technology.

- — —_— . ———— ——— fm e e e s vt e cm— ., Jo—

—'/ The dlfferentlal equatlon (4.9) can be readily solved by a separation
of variables as 7 Ot +‘?/Jt which leads to 4.12)

w In the short run the values of some of these indicators may decrease.
Comparing the four growth rates of (4. 8) and making use of (4.,10), we
see that the expansion of output (’qo » 0) is most readily achievable
in the short run while the expansion of the degree of employment
(9w * > 0) 1is the most difficult to achieve. This explains why,
in the development process, it is easier to meet the "output criterion"
than the "employment criterion'.
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Secticn.x Vorification

In th: lést szctior, we constructed a model of employment and output
=xpar=icr by integrating the following growth-related factors into one
framaworks population growth, savings behavior, changes in labor productivity
through education, innovations characterized by importation,end the
assimilation of technology. As a contribution to the theory of growth, the
model can b= used to attempt to explain historical experience. To decide
what country experience is, in fact, relevant, let us briefly reexamine

tha essential "causal structure" of the model.

In the causal order chart of diagram 6, the five key behavioristic
assumptions ara indicated by the five rectangles, while the direction of

“h2 arrows indicates the causal order of determination. The growth of

labor -:ffiziency is shown to be significant frcm thrge points of view:
tzchrnical, ~apital-outrit and employment. The technical aspect determines,
on th2 one hand, the imported capital-output ratio (through the "availability
of imported teochrology") énd, on the other, the degree of capital stretching
(thrcigh th: "domestic capital stretching function"). These together
deterrur - tha technical aspect, i.e., the innovation prccess characterized
by "assimilation". With respect to the capital-output aspect of things, the
rats of increase of labor productivity determines the rate of change ir the
capital-outputl ratio (h7k’ < 0 ) which, together with the savirgs function,.

ditermivis the rates of growth of capital (7K ) ard of oatput (’?Q )
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The relationstip ket p and k' iy shown ir the scatter diagram (diagram 9)
in which +b: v (5.1t) is shown. The ragression curves of diagram 7, 8,

and 9 may bix coumear-ized as

A
. Ny A A
(5.2) a) p - f; ot whsre p, = 89.33 and i = ,033
N
t) k'= K ﬁt wherse Q = 9.50 and 6\— -.022
N
2 PP A pb where @ =168.6 a.nd,b\~ -.642

We can thou ostirater the parameters (q,c) by (5.1cd) since

(5.32) ¢ = 1n & /1n$‘0 = 1.}28 . . (bvy 5.2ac)
21

b) & = :.,'{1+€+:.) = 0,67 (by 5.3a, 5.2¢)

which ar2 thu twe nmajor "ivnovation paramsters" of our modél. For

it is orly i terms of thuse two paramstars that the "minimum domestic
ingemuity" critorion for success (L.6) is defired. To see the economic
implicatior ¢t thi above namerical results, we observe that

(5.4) (-dj < ¢ < l/a i.e., .5 £ 1128 <& 1.5
and hence (};,5b) is satisfied, We can immediately conclude that;

1) The development wxpefience of Japan represents a éase of "success" in
the sensn that tha minimum domestic ingermity criterion (L.6) is

satisfied, This means that the domestic effort in the direction of capital
stretching was rurficiantly strong to combensate for the vnfavorable effect
of the highly -apital uvsing rature of tha imported technology. We can thus

explain why cutput (Q) employment (N), per capita income (Q¢) and the

21/
The mwaiing of this numerical magnitude for "d " will be explained in
Apperndix 2,
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degree of employment (N:) must increase in the long rur, (See below
fer 4 ‘“short run" analysis of these four welfare indicators.)

2) The domestic capital stretching effort, however, was not quite
strong enough to satisfy condition (L4.5¢). This ﬁeans tha£ for the
LO years taken as a whole, Japan developed under conditions of some’

capital deepening. This evidence, of course, does not contradict the

rfact that for the early years capital stretching could have playéd

a much more important role, In fact, i1t is possible that Jepan could
even have shown a capital shallowing characteristic in

the eaflier stages (i.e., with a higher capital stretching coefficient).gg/
Once we have determined the numerical magnitude of the three "innovation
parameters" (c= 1.128,d = .67 and i = .033), we can proceed to
vinvestigate the predicted values for the rates of growth of k', K, Q,

N, @% and Ni¢ (see causal order chart, diagram 6) based on these

"inncvation parameters"; and then compare these with the directly

observed values. In this way, the reasonableness of our model

can ve verified.

To begin with, we can calculate the rate of growth of the capital-oufput
ratic by the formula

5.5) %t € 0= 1 (1-B)/B veeesenoeeseoss(by L.7b)
=1 (L/d =1 = C) eeeseesss(by L.Lb)
- 0216 | (by 5.3 and 5,.2a)

]

22/ In Fei and Ranis (op.cit) Chapter L, we, in fact, presented some Statistica
evidence that, for the industrial sector, capital shallowing gave way
to capital deepening around 19:i7. Since the possibility of "capital
stretching" is greater, the greater the difference between the imported
and the indigenous technology, it siands Lo reason that at ithe early
stages oi' developmenl ( when presumably, the domestic production
structure differs more from the foreign technology than at a later stage)
the role of capital stretching is greater. This hypothesis can be
verified by a more systematic statistical investigation than we have
undertaken here, i.e., by placing shorter time periods under examination,
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which shows that the predicted value for Pyr , fe0.=.0216, is approxiralely

identical Lo its directly observed value in (5.2b) (i.n., € = -.022).

As a sccond step, the numerical value of'bk,, the predicted rate of capital
acceleration is

5.8) Py = Y,

N

L= 8= ,0216 (by L.7bc)
Houover, the directly observed value of capital acceleration can also be
calculated from column 3 (Table two). Using columns 3 and 9, we can

estirmate the parameters on the following ejuations:

. A A A A
5.70 a) P =7, St  here 7, = +00L 8 = ,0l3 ('7K is the rate of growth
N ~ of capital ) v
b) s =%, " where N = ,00398 (8 is the average pro-
A pensity to save )

Thus, the cbserved value (Q = ,0L3) is about twice as large as the
predicted value (8 = .0216). This discrepancy is partly explained by the
fact that the average propensity is not constant (as we have assumed) in
1.10#) but is in fact growing at the rate of about 1% a year (5.7b).
For we have

5.8) Py ="s/xr =Ms =D
so that the cbserved rate of' capital acceleraticn must be greater than
= %+ by the amount of 7s,which is approximately the case, It is evident
from the causal order chart (diagram 6) that the more realistic savings-
tehavioristic assumption (5.7b) -- or, for that matter, other savings-
behavioristic assumptions -- could be used in place of (1,10f) near the -

"ecleosed end" of our model.
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For the remainder of this paper, we shall assume that the rate of
capital acceleration is given in (5.7a), i.e., 7]?]1( =9= ,043, Based:
on this assumpLlion and the other parameters already estimated, we
can next "predict" the numerical values of the rates of growth of
output (Q), employment (N), per capita income (Q#) and the degree

of employmert (N#) according to (L.8). We have

5.9) &) g = -0 e L a3 (by bue, 5.7a, 5.22)
b) Py = .ooéue'mL3t + .00  (by L.8b), 5.7a, 5.2a)
c) fr(Q*-= .O%hé'omt + .032 (by L.8c, 5.6a) 23/
&) e 06k e % L og (b b8, 5.70) 2/

Based on these growth rates we could have calculated the "estimated"
growth paths for Q, N, Q% and N¢ (making use of 4.12) and compared
these “estimated" growth paths with the observed growth paths. However,
instead of this difficult. comparison of two time series, let us
concentrate on the analysis of the direction of change in the rates

of growth in (5.9) making use of condition (L.10). For this purpose,
it is sufficient to make the observation that condition (L.10) is
satisfied for all four cases of (5.9), and hence that these four

growth rates have been consistently positive through time. The
conclusion is that the Japanese experience not only satisfies the
criterion of minizum domestic ingenuity of (4.6) but, in fact, that the

inrovation ¢ffort has been so successful that employment and per capita

23/ For tre estimation of %qy and 7fyx, the population growth rate is
assamed %o be ¥ = ,0116 which is the growth rate of employment
estimated from column (L) of table two. (See appendixi)
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e ‘ Toe Turting palnt pheronenon, as described ty L.11 never occurred
hnoary ol oes weliure lodicators)., Since it is relatively easy to
ver: fy irdependently the rale of income and of per capita income increase, we
shall corcentrate in what follows on the significance of our analysis
in pelation to employment. Since the degree of employment (I% = N/L)
is "enotenically increasing without bound, full employment will be reached
wher Nat= 1, Thas oz meodel structure in 'the last section implies a
frlages of prowth thesis! composed of a full capacity growth (i.e,
nevployrent, grcowth) regime, to be followsd by a regime of full
CAPRILIT ETOMIL.=2"  Af fthe tsrminal poirl! (i.e. when Net = 1), the
eawnemy losas 1ts labor surplus characteristic as the economy graduates
irte the farily cf mavire ecoromies, Previous work by the present
aittors suggested that, such a turning point, in the case of Japan,
occurred around 1917,25/ We may now calculate the time required to reach
the "terminal point" Ly first computing the growth path of N+t (by 4.12) as
5.10) a) Ng = gl /e47°/é where

e o= e/0)edt (0 -i-r)t for

c) o = .0i3, ’-’{ou 006, i=,033, 1=,0116
By satting N*s1 ir (5,10) and by making use cf the convenient fact that

i our model 9-4 ~r (=.001) is approxirately zero%éée can solve explicitly

cu/ Rilgorelsly, =ll of our enalyszs in the last section is valid only in
"he firzl stage of growth in which unemployment exists,

=t/ See Fei ani fiaris Chapter L. 1he result was obtained from the
tistisally obzerved fact that when the labor surplus cendition

as5€d to exist, capital shallowing gave way to capital deepening in

the ieduistrlial sector of the dualistic economy, We did not in our

Previous work explair why vhe termination point should occur in 1917

a~¢ nob al any cther dale, Our work in this paper supplies a positive

Laeery which provides a possible answer,

;ff I this wers ok onveniently true, verything would still holet ou! the

Tiosdut cm v ucd e rore ol STV RIE of "L I I



- ho -
£o0 the duration of the process before terminal point

5.11) a) t

i}

(1/6) In 1n (YLQQ/N*O) O/n {when ¥ increases to 1) for
; (o]

b) o

.oh3,,lo - 0064, 1 = .033, r = ,0116

Thus, we can calculate the time period till terminal point if we know the
initlal degree of employment (Ng) aroupd 1888. Unfortunately, we do not
know of any data on unemployment (disguised or open) for these early years.
Consequently, the hypothetical values of N% = .6, .7, .8 and .9 (i.e. 10%
to 40% of the total labor force are assumed to be openly or disguisedly

unemployed in 1888.) Applying (5.10) we obtain the following results:

Inltial degree of employment : .9 .8 .7 .6

Duretion of unemployment phase t: 12 o1 o7 3%
: (year

Calendar Year (1888 + t) 1500 1909 1916 1922

In the ecarly stage of Japanese economic develooment, it i1s quite unthinkable
that there should be no slack in the form of disguised unemployed labor force.
e may reascnably assume that the initiel unemployment is upward of 20%, which
gives the terminal point of Japan somewhat after 1910.

We recognize the roughness of the data employed and hope that later statistical
information now beccming availsble from the Hitotsubashi University will make

1t vossivle to improve our estimates. The model itself can be Duwther rof%nné,
e.g. it could easily be made to accommocate capital inflovws from abreed. Tever-
“heless, the results obtained thus far seem encouraging and yield resvlts in

27
support of earlier work on Japan.

27/ See K. Chkawa and H. Rosovsky "The Role of Agriculture in Modern Japanese .
Economic Development", Economic Development and Cultural Change, October
1960, for example, as well as the authors' earlier work (op. SlE')
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Apperdix i

Sources for the basic time series data used for the anelysis of the growth
axperiznce of Japsn:

1)

3)

L)

Output data (Coliumn 2) sre teken from Ohkawa, The Growth Rate of the

Japanese Economy Since 1878 page 248, Table 4, "Total Real National

Income Produced". The data nre measured in millions of Yen and in

1928-32 prices.

Capltal stock estimates (Column 3) ere from Fei and Renis, Development

of the Labor Surplus Economy pages 126-128. Figures are in millions of

Yen and have been deflated by Ohkawa‘'s (op cit) non-farm price index,
page 130, 1930=100. The "Capital Stock" figures produced in this way
are for the industrisl sector which have been taken as approximations

of the capital stock for the economy as » whole. Once more recent pre-
cise capital stock dats becomes availasble these series should be revised.

Employment data (Column 4) are from Fei and Ranis (op cit), pege 126-128

column 1., Numbers are in 1000's oY persons. We have taken "totsl popu-
lation" as an approximation of "total employment". From these data, the -
population growth rate 1s estimated to be r=1.158% (geometric aversge for
the entire period) which is used in (5.8¢cd) in the text at the "closed
end" of the model. (See the causal order chart in diﬁgram 6).

The capitai-output rstio, k' in colum (6) is Colum (3)/ Colum (2).
However, the figure for average productivity of labor (p) in Column (5)
1s not A/N as defined in columns (2)/ column (4). Insterd, the Ohkawa
(op cit), page 250, "Totnl Real National Income per Gainfully Occupled
Population” . Figures are in 1928-1932 Yen. This is bec=use we have
taken "total popuiation" as an approximetion of "total employment". (Thus
the édata 1n Column 4 is used in the text only for the estimrtion of the

total pepulation growth rete r=1.158%.)
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Appundix 7

In (5.3t) of the text, the estimated Cobb-Douglas cocfficient is =61,
Sinee this coefficient is ordinarily interprcted as the "capitsl share of
national income" and takes on a numerical value between .3 and A the

value of = .67 needs to be explaincd.

In our paper, the Cobtb- Douglas function (3.la) is postulated £o describn
the "availability of imported technology" at its source of supply,i.e. in
the industrially advanced societies. It is well known that the production
structure in these industrially advanced countries the productvion structure
is characterized through time ty (i) continuous innovation and (ii)
continuous capital deepening. This is depicted in diagram 10 in which the
sequence of unit contours aa', tk', cc' dd' ...... represents innovations

(as they move toward the origin) and in which the sequence of factor

endowment points A, B, C, D, ... represents capital deepening (i.e., increaring
capital per head) through time. The locus A, B, C, D ... traces out a
dotted curve . It is this curve, combining the effects of innovation

and capital deepening in the industrisally ~dvenced countrles, which provide-
summary of the demonstration effect possitilities for the underdeveloped
country. In other words, the technology which can be' visualized and borrowed

by the underdeveloped society represents the realized unit technology'while

the unrealized portions of contours aa', B>' cc' ... are irrelevant.
Thus, the (dotted) curve of diagram 3 }s really the (dotted)" ex post"
curve . of diagram 10.

At point B (diagram 10), for example, the Cobb-Douglas coafficient for
the unit contour bb' is xBA&y which is smaller than vB/vu. This latter
number (vB/vu) is the Cobb-Douglas coefficient when the dotted curve °

is assumed to have the form (3.la).
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