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Innovation, Employment and Production in the Development Process
 

While there is controversy on definition and size, few people dispute that
 

unemployment is a quantitatively significant phenomenon in underdeveloped
 

:..-<;zies. Unemployment, disguised or open, represents not only output
 

ll..t and missed opportunities to involve more people in creative activity;
 

f i.c. represents a most important 
 inequity in income distribution and, 

a: =.., a major contributing cause in political instability. For this
 

. r.emp1,ymert is well recognized as 
 a serious social problem by both 

:..-adeini.sian ard pz'act:Ltioners of development planning. In spite of the
 

ater ':..oL paid to 
this problem, a positive theory of unemployment for the 

!:--iee e , d -! world has not as yet been developed. 1 This, we believe, is
 

.. :. 
 d-e to the fact that unemployment in the underdeveloped world is a 

' ..plicated phenomenon related to eco:-omic growth in general and techno­

... :i:a::ge i parti-cular. At the present time, what we do know on the 

',,.enploy nent are certain intuitively ideas neither integrated,
 

Cz..,,. t'5fe theoretical standpoint nor tested. from the 
statistical standpoint. 

A brief (and by no means, complete) review.of the~verious fecets of the 

problem which Pre customarily cited by either academiciqns or practitioners
 

would include the following:'
 

f,1)7e:hnology and Factor Endowment. Eckaus eferred to unemployment as
 

"r::ical unemployment" 
 where "technical" means non-substitutability between 
capital and labor in the production process. In diagram (la), let labor 

(capital) be measured on the horizontal (vertical) axis. 
Suppose the production
 

ctontour is the L-shaped C2-curve 
(with a corner point at E2 ) and suppose the
 

jTThis contrasts sharply with the highly developed theory of unemployment for
I.he mature economy in the Keynesian tradition. 
./ Richard S. Eckaus, American Economic Review, September 1955. "The F.ictorP.oportions Problem in UnderdevelopeAreas." 

http:review.of
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factor endowment point is at the point F2 . Mhen capital constitutes a
 

bottleneck factor and technical unemployndent in the amount of E2F2 unit
 

results. Thus, the unemployment problem is essentially a technological
 

I-Kenomenon ard can be defined only relative to the well known characteristic
 

,-f relative capital scarcity in the typical underdeveloped country. 

"..7 ..- row.h. The above characterization of the unemployment 

' :lem immediately leads to the logical conclusion that rapid capital
 

a0,,.. . a rate faster than population growth) is the only way in_la1 (at 

•.:-i-, teih-.:al urnemplcyment can be eliminated in the long run. It :is 

. . that '-,e [reemployment problem can only be "andecstood in the 

,-,:ex growth in which saving, investment and capital.-.. of economic 

a.'-,lahor play key roles. Th:is is, :implicitly at least. the position 

A " :a '.f d w.:v'EpmEnt planning who usually regard the 

:. : and the "output effect" as the two most important:.t e'f'et' 

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

3) Education and Skill Formation. For those who believe (e.g., Schutltz -/) 

that the development of human resources lies at the heart of economic 

development and modernization, it is the lack of educatiob ond labor skills 

ei.4ati7n which prevents labor from being fully employed in the course of the 

industrializstion effort. Thus, it is only through improvements in the quality
 

of labor, through education and/or learning by doing, that unemployment
 

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

3r 	 See virtu,'lly any five-year plan cr government policy st'tement of recent 
vintage. 

4 / 
T.W. Schultz, "Investment in Humnn Capitsl", American Economic RPv.ew, 
Mrrch, 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 ixtderdeveloped system is the availability of "importable 

technology" which, when imported, constitutes technological change from 

the view point of the underdeveloped society. Since these imported 

.e.h~ologie, originate in industrially mature economies which are characterized 

by affluence in capital and scarcity in labor their transplantation to the 

-ded-derel.ped system will have relatively small "employment effects" and 

poss1bly adverse "output raising" effects. The famous success story of 

apan.ese indstralizatin bear testimQny to the fact that it Is the ability 

to implant domestic innovations on top of imported technology which can be
 

-of' the greatest importance. 5/ Thus, it would appear that from both the 

em K .:LTerrt a-, ci.;pat .stan.dpcits a wise technology-importation process 

r - be ewxz.ted as technological assimilation which is the compounding of 

the effects of the importation of a foreign technology with the adaptation
 

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

conditions. 

The above review leads us to the conclusion that while we recognize that 

LDC unemployment has a multiple causation, these relationships have not 

been satisfactorily explored, either singly or in corbination. What wo 

attempt to do in this paper,thereforeis to integrate some of these facets­

into a common theoretical framework.
 

5/ See Fe:&Ranis (Development of the Labor Surits Econony, Theory and Policy 

Irwin 1964 for a fuller exposition 
of this issue.
 



In Section I, we shall construct P general system for the explanstion 

of employment and output growth, to be used AS A guide for tve rest 

of the paper. This general system is broadly constructed so as to be 

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

above. Section II det1s with the problem under the assumption of technological 

stagnation. Sections -II and IV deal with the same problem when the 

importation of technology is essential. (Section III deals irith "importa­

tion" without local "adaptation" and Section IV with importation with such 

adaptation.) Finally, Section V the theory of Section IV will be examined and 

verified in the light of the (qxperience of historical Japan. 

Section I. Gener&l Framework 

It la the purpose of this section to introduce the conceptual tools as 

,Wt.-D.a. the general theoretical framework of this paper. 

The Technology of Production 

Let K be the capitsl stock and L the total labor force in An economy in 

which NI is the Vle_ lAbor force. Let a production function 

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

be formully postulated where, for each time index "t", the production 

function is assumed to satisfy the condition of constant returns to 

scale. Under this assumption the unit production contour (i.e., the 
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production contour l=f (K,N, to) which produces one unit of output at
 

time to,-. can be represented by the curve . . In diagram la, which 

describes the art of production (1.1) completely, we shall refer to the
 

points A 0, A1 , .....A2 on the unit contour as the unit activities (i.e.,
 

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

are (uo,ko), (ul,kl), (u2, k2 ) ..... 
 (see diagram la). Each unit activity
 

determines a capital-labor ratio
 

1.2) T=K/N (i.e., To = ko/uo; T1 = kl/ul; T2 = k2/u2 ..... )
 

-Whichwill 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
 

' .:.it,- L" -- i.e., x per unit of total labor.) In diagram la, the 

t-ch:.:cgy ratios are represented by the slopes of the technology lin's 

Oto, Otl, 0t 2 

The unit activity concept is used to facilitate our introduction of
 

certain unconventional notions of production. 
For each unit activity
 

(Ai) we wish to associate a non-sub 3titutable (i.e., strictly complementary)
 

production process, as depicted by the L-shaped production contours Ci
 

(i = o, 1, 2, 3-J....) in diagram la. As we have pointed out earlier,
 

technical unemployment in the sense of Eckaus can be defined with the
 

aid of these contour lines. For example, when the prevailing unit activity
 

is A2
 and when the factor endowment point is F2 , technical unemployment
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is E2F2 units. This is due to the fact that the point F2 lies on the
 

L-shaped contour C2 which represents the operation of the unit contour
 

6
 
c2 on a larger scale.
 

As long as the factor endowment ratio is lower than the technology ratio
 

(:.e., K* ZLT), technical unemployment of labor will appear. Development
 

. 'ttths
characteristic will be referred to as full capacity g 
 .
 

< .rKer*e., K* T is the defining property of full emplent rowth
 

wh.h a paz--, Df capital capacity will not be utilized. Thus
 

.4a) K*< T (full capAcity growth)
 

o) K* :P T (full employment.growth)
 

In the case of an underdeveloped society characterized by an abundance
 

.f Jabor the ineu.oloyment cr full capacity growth case Is more relevnt. 

:."..va i'ns are defined in this paper as My change of the unit activity 

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

p'-sition (generally toward the origin) of the entire unit contourvor by
 

a shift of the unit activity along the same unit contour, such as a shift
 

from Ao to A1 . In short, any deviation from the current (non-substitutable)
 

production practice will be viewed as an innovation. As an illustration
 

of this rather unconventional concept, let Ao (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 0E2/OA2. 
7/ This is the conventional definition of innovation as used, for example 

by Fei and Ranis. (op. cit) 
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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 availability
 

of neivpotentially importabletechnologies. 
The actual innovation process
 

due to the importation of technology can then be described by a movement
 

upward along the contour line Ao,A 1 ,A 2 , 2/..... If, at the same time,
 

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

itself will shift toward the or.gin.
 

...m~r,'emert, Li Labc. Efficier.:y
 

Let Qhe -it cont-o ur W of diagram la be given. For each unit activity
 

Ai contained in & 
 , the inverse of the labor coefficient
 

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

fzr each ,-nit activity, i.e., p 
= i/ui (i=1,2..... ) is represented by the
 

' -i'ely rsloped (rectangular hyperbola) in diagram lb below the countour 

map. The 2onventional interpretation of labor productivity (pi) is that 

as "homogeneous labor" is equipped with more capital goods in the course 

of the capital deepening process Ui.e. ,as acfivity shifts Ulpwardthe- unit 

along the unit contour Ao,AI,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 underdeveloped
 

economy since it neglects the very real learning effort (through formal
 

education or~learning by doing 
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 
III, IV and V. 



In keeping with our interpretation of the unit contour above, we shall
 

the demand for labor skill of a particular
interpret the magnitude pi as 

quality. Moving to the left in diagram lb simply means that the demand 

for a higher skill of labor becomes higher (i.e., Pi is higher) as the
 

average worker is required to become &cquainted with and operate a
 

larger volume of real capital goods With increasing technological 

.oinplexity, in other words, the average worker needs to be of a higher 

quality which is indicated by the proxy variable pi.
 

In diagram lc 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 deter.
 

mirned by such factors as education, training, learning by doing, etc. To
 

simpilfy our analysis, let us assume that this labor improvement function 

i.s given exogenously. In case labor efficiency is improving at a
 

constant rate, the labor improvement function can then be written as
 

1.6) i tp-poe orIp = i 

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

parentheses the notation stands foi,- the rate of increase of x -- a 
Ix
 

convention which will be used consistently throughout this paper.) 

Given the labor improvement function (diagram lc)and the unit contour 

(diagram la), we can determine the unit activity which will actually be 

achieved through time. Thus, at any time t i , the unit activity which 



can be achieved is Ai as labor productivity reaches the level Pi
 

(i=l,2,3,....). Thus, in our view, the improvement of labor efficiency
 

causally determines the prevailing technology when a "technology
 

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

Growth of Capital and Labor 

In addition to the above innovational aspect of the problem, growth 

j.:. int-i.ng forces in less developed societies, of course, include growth 

-f the laber force and capital accumulation. To simplify the analysis 

..l' grw'-h of these material resources we shall assume the constancy 

of the population growth rate (r) and the average propensity to save (s) 

1.7a) L= L. ert orjL = r 

b) S=I = sQ 

) dK/dt 

Equauon 1.7a) is represented by the population growth in diagramcurve 

The deterministic aspect of our model consists of the-ijtemt c ?f 

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 po and factor
 

endowment at Fo, we can determine, from po, the unit technology Ab and
 

the bechnp:Logycrat o,::(.rad~a. line ':,Oo),.,asiwekll:;46 1tbe )erqployment, .acoutput 

point (Eo) andthe- ambunt of unemployment '. With -hei the1 lboi improvendiad'oi 

http:int-i.ng
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function of (1.6), the savings function of (l.7b) and the population
 

Panction of (1.7a), we can then determine the labor productivity p,
 

and the endowment point F, in the next period. In this way, the growth
 

process is dynamically determined as summarized in the employment path
 

EOEIE2 ..... and the endowment path FoF1F2 ....
 

In the general framework Just outlined the determination of the growth
 

prox'ess implies the determination of per capita income (Q*) and of the
 

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

:.ese essenti1al indiators of economic welfare will be denoted by 

1.8a) Q* = Q/L (per capita income) 

1.) N*= N/L (degree of employment) 

,.) U* = U/L (degree of unemployment) 

d) L=U+N 

w... are the fo-al points of the investigation which follows. To 

fa:: ,ifate *'a.later work, the following formula will be seen to be 

l.9a) N* = K*/T ........... (by 1.3b, 1.3 and 1.2)
 

b) Q* * = */T ....... (by 1.8a, 1.5, l.8b and 1.9a) 

Notice from diagram la that when the endowment path and the employment 

path do not inersect, unemployment can never be eliminated through time 

(as is seen by the existence of a horizontal gap between the two curves). 

In our earlier terminology (1.4a), the economy thenfinds itself in a permnent 

uneipoymeit,orffull., epaity g'owth. regiie,'., GobVerbely, vhen. th& ,two, paoths do ir­

tersect at some future di te, th9e economy:.wl. shift from.a full, chpcity to M 

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

http:economy:.wl
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gap between the two curves represents dapLtl capi,)ty), TunhuiglTus,
 

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 may now be 

3r=arized as follows: 

.a. Q =f(KNt) ........ (1.1) 

SP-:Q i; T-K/N; ........ (1.2; 1.5) 

c)K* K/L; Q*X=Q/L; N*=N/L ..o........ (1.3; 1.8ab)
 

d) p: i ....*...........e.. (1.6)
 

ell = r .................... a)
 

f). I =sQ ................... (1.7b)
 

gz) dK/dt= I ............... .. (1.70)
 

'."he model presen'Jed here may be viewed as a general framework for the
 

aa.l'ys:is of the unemployment problem in the growth process, taking into 

account both technological change and the augmentation of human and capital 

resources 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 ,.ectionw vhich follow we 

shall, by postulating some special conditions relating to this general
 

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

Section II. Development with Stagnant Technology
 

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

concentration on capital accumulation and relative neglect of the
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improvement of labor efficiency,leading to technological stagnation.
 

This unhappy cesO is typified by the constancy of labor productivity, p, 

which leads, in turn, to the constancy of the capital-output ratio,
 

ko . Hence the general framework of 1.10) in the last section reduces
 

tJ2/ 

2.1a) Q=K/k o 

b)p=Q/N
 

c) P =,
 

) dK/dt= sQ
 

e) L=Loert
 

which is, in fact, an extended form of the familiar Harrod-Domar model. 

In the context of 01r general framework, the Harrod-Domar m6del is seen 

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

teh,".io~y. 

To understand the rules 'of growth of this model completely, we shou d note thpt 

the technology ratio (1.2) becomes 

2.2) T=K/N = ko P0 ........ (by 2.1abc ) 

which is constant. This means that the technology line coincides with the
 

employment path, i.e., the radial line OT0 in diagram 2 describes both. 

As long as the factor endowment ratio is below (above) this line, the 

economy 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-Domar growth rates 

2/ More exactly (l.lOd) reduces to (2.1c) when i=o. The constancy of labor 
productivity (p) in turn leads to the constancy of ko in (l.lOa) under 
the assumption of constant returns to scale.
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2.a) ,K s/k .......... (by 2.lac)
0 

b) IK*- Q*= s/Ko-r = h ....... (by 2.3a; a.ld) 

The fact that the country is in the full capacity growth regime 
initially 

lies below 0T ) is given by the condition(i.e., in diagram 2 the point Eo 	 o


2 .4) K8 = Ko /L o <T = koPo 

the use of success,As is well know. with Harrod-Domar Model we may have 

in which per capita income increases or failure, where it decreases, these 

two cases are given by 

£.5a) s/k0 )r 	 (success, i.e., low population pressure case)
 

(failure, i.e., high population pressure case)
b) s/ko <r 


In the case of "failure" (i.e., the high population pressure case), there 

of zhd endowment ratio
w:ill be continuous decreases of per capita income and 

(2.3b). The latter condition implies that the endowment path (i.e., the 

- 4 diagram .) moves away from the employment path and hence 

to solve its unemployment problem tlwoughtte .o.:nty will never be able 

time. Conversely, the "success'" .ase .( ;.a),.ip34 1ldj0.:per 

capita income increases through tie and that technical inemployment can
 

'
 be eliminated at some point in time which is given by 

2.6a) tm = 1 ln (To/K*o) or
S/o- r 

b) tm = (1/h) :n (1/N8 ) ............... (by 2.6s.; 1.9a) 

In diagram 2, the success case is given by the endowment path EoH which 

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

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

Notice that the value of time is ,-ompletely determined by "h" (2.3b) 

and the initial degree of employment Nn. This equation is easily 

calculated by equating To and K* ert (2.3b). 

I 
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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 (2.1c) and of the population growth rate (2.1e) imply
 

that output is growing at the same rate as population, i.e., IQ = r. 

The constancy of the average propensity to save (2.1d) then implies
 

that investment must be growing at the same rate (i.e., JI = r). We 

'.as i' e: easil cal:ulate the t:ine path of capital (K) and of the 

fcc.z' end-jwment ratio (K*) 

2.7a) l=dK/dt I0 ert 

b) K-u where B=Io/r> o 2.................(by
A+Bert A=K0 -B; 2.7a) 

c) K*=K/L = A/Loert + K* where K* spo/r = B/L 
(proof: K*=B/Lo = 10/rLO sQo/rLO = spo/r) 

T eqa.... (2.7') Sh-,ws that K* approaches a long ru. stationary 

xl.':.e K* = spo/r. Furthermore, K* monotonically increases if, and only 

if, A (in 2.7) is negative, i.e., if and only if 

-Ko/.B or Ko Z.L K* or K6 _ K- or kopo0 spo/r (by 2.2) / or 

r Z s/ko 

Notice that the last inequality is the condition for success in (2.5a) 

while the underlined inequality states that the otationary value of K* 

is greater than the initial value KI when the condition of success is 

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

In the second regime the initial value of K8 Isequal to the technology
 
ratio.
 

2 
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endowment path EoHF2 which approaches the (dotted) radical line in the
 

long run. 2 / This dotted line will be recognized as defining a "Vom ,eumZn
1


state" characterized by the long run constancy of the capital-labor ratio.
 

The above is a brief but rigorous summary of all the essential rules of
 

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

In the case of failure the
by tte two endowment paths in diagram 2. 


cuniry stays forever in the full capacity growth regime and unemployment
 

.ont~4 A~es t7 worsen. In the case of success the country reaches a terminal
 

r..nt where unemployment disappears and from which it tends toward the 

V-rn N-,-rnn regime in the long run. The arrival of this terminal part thus char­

acterizes reaching economic maturity.
 

let -as r..- examine the quantitative aspects of our analysis. Using (2.6b),
 

we car, easily calculate, for the success case, the "multiple" by which
 

the following economic variables must increase at the terminal date over
 

their respective initial values:
 

2.8a) Q*/Q8 = 1/Nt (Q*-multiple at termination point)
 

b) Q /Qo = N-S/kh (Q-multiple at termination puint) 

c) L /Lo = N r/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 

12/In the full employment growth regime. The unutilized capital capacity
 

at. F2 is E 2F2 units.
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amount of employment (N) is growing at the same rate as capital. Hence
 

the degree of employment is growing at the same rate as per capita
 

income (i.e., (=s/ko-r) and hence, in case of suicess (failure),
 

the degree of employment gradually increases (decreases). The _manitude
 

of unemployment and its direction of change are given by
 

2.9a) U=L-N=Loert - No e(s/ko)t
 

b) dU/dt - o if and only if r/ (Na s/ko) -eht 

Condition (2.9b) in combination with our previous analysis of the case of 

failure (2.5b) immediately enables us to di~fferentiate the following cases 

in term of the relationship between the strength of the population pre3ume 

and the magnitude of unemployment through time: 

2.10a) high population pressure: s/ko 4 r (Unonotonically increases) 

b) moderate " " : N6 s/ko<r < s/ ko (U is inverse U-shaped) 

c) low " " : r 4( Ng s/8 (U monotonically decreases 

Specifically, in the moderate population pressure case, the magnitude 

of unemployment will increase for a while and then start decreasing at
 

a turning point. The length of time it takes to reveal this turning point
 

tn can be calculated by:
 

2.11) tn = (1/h) in (r/N* S/ko) ) ........... (by equality in 2.9b)
 

It May be noted that the moderate population pressure case (2.lOb) 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": 



Table 1
 

TERMINAL AND TURNING POINT CHARACTERISTICS - MODEL OF STAGNANT TECHNOLOGY
 

At Terminal Late At Turning Point 
1-N*(o) r s/ko (s/ko)-r Duration L/L Duration I 

tm 
 tn
 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

() .02 -0.005 F --- --- --­

0.025 (2) .04 0.015 M 14.876 1.250 1.450 ­

(3) .06 0.035 M 6.375 1.250 1.173 

20% - --- -­ *-- - -_ __ __ 

(4) .02 -0.01 F --- - ---.... 

0.030 (5) .04 0.01 H 22.314 1.250 1.953 ---... . -

(6) .06 0.03 M 7.438 1.250 1.250 ... ...- I 

(7 ) .02 -0.00 5 F ...............-­

0.025 (8) .04 0.015 T 34.068 1.667 2.344 2.740 1.042 0.625 

(9) .06 0.035 M 14.601 1.667 1.440 ...... 

40%
 
(10) .02 -0.Ol F --- --- ---.......
 

0.030 (11) .04 0.01 T 51.102 1.667 1.705 22.314 1.250 0.750 

(12) .06 0.03 M I17.034 1.667 1.667 --- ---

F - Failure T - Success with turning point M - Success without turning point 
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2.12a) N* r/(s/k o) (degree of employment at turning pt.)

0 

b) Q*/Q*o = r/N* s/ko) (Q*-multiple at turning point)
 

c) L /Lo = (r/N* s/ko)r/h (L-multiple " " " ) 
=
d) Q/Qo (r/N* s/ko)s /koh(Q-multiple " " ")
 

As an application of the various formulae derived above, 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 (2%)
 

(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 Colufrn 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 



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 unemployment finally 

declines. Moreover, a slight variation of the population growth rate 

(from 2.5% to 3%) can bring about 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., tin) is concerned, (Column 5),,in the case of high rate of capital 

growth (6%), the country can count on eliminating unemployment in a 

foreseeable future (from 6 to 17 years). However, when the growth 

rate of capital is low, (4%), tm becomes so large (14 to 51 years) 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 can obtain a very modest increase in per capita income, e.g., of 25% 

in 14 yearspby the terminal date. If the initial 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 



-19­

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,
 

however, we must be quick to admit that in all too many cases such static
 

technology assumptions underlie the work of development planners. There
 

exists 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 above 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. In
 

the second (full employment growth) regime per capita income is constant­

and equal to labor productivity, P. Hence the maximum 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*/Qt = 1/N8. 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 conclusionin particular, which underlines the inadequacy
 

of the*resources augmentation only approach of Harrod-Domar. A realistic
 

conceptual framework from both th ::.,;icyn..."i . 'V. .'y. io.n"t, .'(fvire..'
 

must take into account the posoibilities.of a non-,tu.nt':techfl6odg.
 

http:posoibilities.of
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Section III. 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
 

unmodified form, of imported technology, of the latest and most advanced
 

variety. This type of innovation 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 explained in section I, the availability of imported technology
 

will be denoted by the unit contour 61 ' in diagram la. Here the 

process of introducing the imported technology will be depicted by 

the sequence A0 , A,, A2 , 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 6 , 

the model applicable to the big push for modernization fo3lows readily 

from the general framework of (1.10). By using (3.1a) in place of 

(l.lOa), we have 

Q = K( NI-c o <c< I implying(3.1a)

b) T=pl/d- ... (T-= KIN) 

-
c) k = Tlc . . . (k=K/Q)
 

d) k = p(I/. )-l • • (by 3.1tc)
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We can 	then readily derive the following growth rates:
 

3.2 	 a) NT = /4. (by 3.lb and 1.20) 

b) k = i(l-cI)/4 D~o . . (by 3.1c and 3.2b) 

c) K = - k -D < o . . (by 3.2b ; ?K'= ) 

d)?i K =oe -Dt -Dt 

e) K = 7( K/ )e. where K/K0 = e o/D >i 1 (by 3.2d) 

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 (0 p = i) 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 (?K) monotonically decreases to zero (from 

its initial value 'o ) and that, in the long run, the capital stock 

gradually increases to a maximum value (K) from its initial value 

(K0 ).P/ Thus, in diagram la, the endowment path approaches a hori­

zontal 	line asymptotically. 

12/ The solution of this differential equation will be investigated
 
later 	on (see 4.9 and 4.12 below). 

http:itself(3.2e
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We have thus demonstrated the futility of development via 
the big
 

The conclusion is that a country
push for modernization approach. 


imitates capital intensive techniquep developed abroad
 which blindly 


as fast as its labor efficiency 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 

), the rate of labor improvement (i > )
of the savings rate (o< sc 


(r > o ). Thus, in case a country is
 or the population growth rate 


determined to embark on a real big push policy, a national 
effort
 

birth control (lowering r) or
 directed at austerity (raising s), 


education (raising i) will not be sufficient to allow 
the country to
 

escape from economic 
stagnation.14/
 

Let us now reexamine what is wrong with the "big 
push" from the
 

Let the unit contourVVt"be reproduced in
 "innovation" standpoint. 


diagram 3 where point A is the initial unit activity, 
with initial capital
 

o, k0 ). Since innovation must reduce at
 and labor coefficients at (u


least one of these input coefficients, movement from 
A to points within
 

I, III, IV of the "circle" about point A indicates which
quadrants 


"used" (i.e., in­factor of production is "saved" (i.e., reduced) or 


creased) because of the iniovation.
 

14/ This pessimistic conclusion can be easily strengthened by an
 

,nvestigation of the rate of growth of output (Q), employment (N),
 
One can
 

per capita income (Q/L) or degree of employment (N/L). 


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 aE units. It is apparent that an 

innovation will 

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

ii) decrease output if the capital-output ratio (k) is raised ­

as long as technical unemployment conditions prevail. 

It is thus apparent that of all the possibilities of innovations 

(quadrants II, III and IV), the "big push for modernization" possi­

bility is the worst since,when the movement is in the northwestern 

direction along t! (quadrant II), 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 uysuitable for a capital scarce country. This
 

was shown rigorously in 3.2c above where the capital deceleration
 

phenomenon testified to the inherent impossibility
 

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, ie., only
 

a limited number of workers can be employed through time. Thus,
 

development through the big push for modernization route is com­

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
 



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 underdeveloped 

country. We have just seen, however, that this shelf of technical 

knowledge must be used wisely if economic development is to really
 

benefit from it. It is essential for the underdeveloped country to
 

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 contemporary underdeveloped economy. We refer to such 

an innovation process as technological assimilation. 

Technological assimilation 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 second 

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 technology may
 

now be depicted by a downward shift of the unit technology from B to D
 

representing a decline in the capital-output ratio. Such an in­

novational blending activity may be equally well described as capital
 

stretching which means essentially that the underdeveloped economy,
 

by stretching the use of its scarce resource (i.e., capital) can make
 

fuller use of its abundant resource (i.e., labor). The beneficial
 

nature of capital stretching can be seen directly from both its employ­

ment-raising effects and its output-raising effects as a consequence
 

of the decline in the capital-output ratio.
15 /
 

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

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 pointhD (=Od/OD). 

http:ratio.15
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,kr,,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 "im". 

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 economic 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 stretching function
 

4.2) m= (p/po)c C
 

where p/po is the degree of increase of labor productivity summarizing
 

a society's cumulative experience with changing technology and where
 

"c" is the elasticity of "Im" with respect to "p/p " The shapes of 

the capital stretching functions for alternative values of "C" are 

given in diagram 4. For c=l, (c, 1 and c >1), the capital stretching 

function3 are represented by WX (WY and WZ). In our formulation the 

value of "c" is obviously a most important parameter as it is only 

when the value of "c" 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=l and the capital stretching function
 

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

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 = ap where 

a = pc ; b = 1/c( -1 -c (by 4.2 and 3.1d)b) 


= Q/N, 	we can readily calculate the effectiveMaking use of (4.1b) and p 


(i.e., post-assimilation) relationship between capital, labor and output
 

as:
 

= 
4.4 a) Q QoKB Nl B where 

b) B = C/(-c () = l/(l+b) by 4.3b) 

.(by 4.3, 4.1b & p=Q/N)
. .c) Q = pol/(l-c/ )) . . . .. 

Equation (4.4 a) formally resembles a Cobb-Douglas function where the
 

a function of "tc"I, is repre­Cobb-Douglas coefficient B (in 4.4b), as 


sented by the two branches of the curves in diagram 5. There are three
 

as marked off
critical regions of values (Cases I, II and III) for "c" 


by the critical values indicated on the horizontal axis. The three
 

cases in ascending magnitudes of "c", the capital-stretching coefficientAi 

are: 

4.5) a) Case one: o<B<l for o c< (I-C)/1 

'L for (1- 0) < c < 1/04b) Case two: B > 


c) Case three: B < o for l/c ( c
 

In diagram 4, the capital stretching functions corresponding to the
16/ 

= l/4 : 	 indicated.two critical values c and c (1-4 )/c are 
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It is only in case one that (4.4 a) 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 

point "B" in amountcapital output ratio is at diagram 3 and the 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 capital assimilation" can be con­

structed by replacing the general production function in (l.loa) by 

(4.4a). In summary, there are five parameters (cL, c , i , s , r) in 

the model summarizing the forces of innovation (OL , the availability
 

of importable technology and c, the indigenous capital stretching
 

effort), populatf.on 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 Ibig push" model (i.e., 4.4a 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 ingenuity
 

level"affecting the magnitude of capital stretching, namely: 

4.6) (-c .)/cl 4 c (B >1 or B < o) 

This means that unless there is sufficient indigcnous innovative effort 

in response to the stimulation of imported technology, economic development 

http:populatf.on
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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
 

development 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> l/.. ) and leads to a higher degree of output 

and employment. 

Applying the same type of arguments as in the "big push" model, we
 

obtain
 

4.7 	 a) T = i/B 

b) k,' i(l-B)/B - -e < o 

c) K > 0 

d) K = 0 et ( o K( ) the initial rate of growth 

of capital) 

e) K = K jeet-l where J = eP/ > o 
0 

comparable to (3.2) in the last section.17/ 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
 

1Z/ Since (4 .4a) replaces (3.1a) the growth rates in (4.7) are obtained 
from those in (3.2) by replacing " 4 " by "". 

http:section.17
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is characterized 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 casesthe 

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 (4.7c) 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 

4.8) a) Q = eet e .. (by 4.7bd) 

b) N = o et + 9 -i . . (by 4 .8a and Pp = i ) 

d)tQ* = eet+ e -r . (by and rC) Y 0 0 r . 4.8aar )(y48an?1L= 

= d) N, = ?o e + 0 -i-r. . (by4.8b and L r ) 

We can readily see that all the growth rates in .4.8 are in the form of 

4.9) P 3= e + g for' 0 >o and g> o 

Hence the behavior of all these rates of growth depend upon the fulfillment 

of the condition 

410) + g> 0 or 3o > - g (for 'x > o ") 

When condition (4.10) is fulfilled, 11 is 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/ ) ln (-g/ o . . . (by setting 'x = o in 4.9) 

at which the sign of x changes from negative to positive -- and hence 

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

' '1 8/ 
path for "x as
 
u o//e
 

4.12) x = x e where u = (o/ 8 ) eOt + gt0 


The aboveanalysis 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 wklfare indicators 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.1-2 

Since, as we have pointed out earlier, only the technological parameter 

"A" which measures the availability of imported technology, and "c" 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
 

adaptive domestic response to the st:.imulation of imported technology.
 

The differential equation (4.9) can be readily solved by a separation 
of variables as/ L - a1Jct+ which leads to 4.12) 

19/ 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 (1?o * > 0) is most readily achievable 
in the short run while the expansion of the degree of employment 
(Iw * > 0) is the most difficult to achieve. This explains why, 
in the development process, it is easier to meet the "output criterion" 
than the "employment criterion". 

L 
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Secti¢cn V. V ;ri f-cation 

I. tb.. iat siction, we constructed a model of employment and output
 

xpar.sio, by integrating the following growth-related factors into one
 

framewor:, population growth, savings behavior, change in labor productivity 

through education, innoy.ations characterized by importationpand the 

assimilation of technology. As a contribution to the theory of growth, the
 

model can be iised to attempt to explain historical experience. To decide
 

what country experience is, in fact, relevant, let us briefly reexamine
 

the essential "causal structure" of the model.
 

In the causal order chart of diagram 6, the five key behavioristic
 

assumptions ar. indicated by the five rectangles, while the direction of
 

the ar'ruws indicates the causal order of determination. The growth of 

labor -tfficiency is shown to be significant from three points of view: 

t-chnical, -apital-outr-it and employment. The technical aspect deternn-s, 

on the one hand, the imported capital-output ratio (through the "availability 

of imported technology") and, on the other, the degree of capital stretching 

(thrc-gh th "domestic capital stretching function"). These together 

determir t-h, technical aspect, i.e., the innovation prccess charact.rized 

by "assimilation". With respect to the capital-output aspect of things, the 

rat, of increase of labor productivity determines the rate of change ir the 

capital-uJtput ratio ('Ik' 4 0 ) which, together w th th. savings function, 

d _t:ri-n r- t he ratos of growth of capital ( K ) arva of output. (IQ). 
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rFinlly, thI grwth of i~abc-r off.-,i'i.y detarmi.ntes t ra te f ~,t. cf 

eimploYment ~ wh :in thq rate~ of growth of ou.tput is krt-h o : at 

the popi].ation g:rwt.h ass' ption ).ies at the "closed ond" of t.rii .d,,,.:,-11 

and servos to d;,ib,.4 mine both 11er capita income and the degree of 6mplayment.. 

From th' abovri anaysis w %.h:that- ou.r model dpicts a typt :f' growh 

in which th-. incr,7a-s, of labor efficiency throuigh educatiow! -:,d 

1. I.,-)arning by doing .--repr,-:irt: the primary growth p:romot'ir:g fc.,-v xhib 

causally d . ,rmi.i.,s ot.htr facets of growth. Furthorvior,-. thJ igntifla.e., 

of this labor prodct-ivi t-y incr:,asri is manifested, in the fid".t pla'..i, a5 

• a technologi-al phenomenon via the assimilation process, i.c:., in the 

* imitation and adaptation of foreign technology. There, is ample v-den.: 

p:roviddd by econcmic historians that post.-Meiji Japanese groth was 

characterized prucisely by these conditions, i.e., rapid.rxpansior. of 

.ducation and "imitative"t growth. Thus, in the remairder of this s ci.ionr, 

thi historical exparirco of Jap.a. wifl be analyzed in the f."am-,wo:rk cf 

oux.:moael.. 

Tn ord,&,:r to,implem.,nt th icmodil of th.- last section, we hav,: i.o -,st-Imatc, 

the vall..os of the fivo parameters (at, c, i, r, s ). The folowi:.g 

,'quations ca~i be us,.)d for this purpose: 

0 

I1 

0i~ 
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b) bfup (byo3a)
 

"r c Q/ e/np If we
) iN)a required• h4.3b)
 

LL0 ****... ... (by lio3)
 

.(by l.1.f)
 

whera, a hat '1All dori)otos a parameter estimated by the method of least 
squarIes. The estimation of (i.r, s) and p0 is given by,5.laef .- for 
which time suries of outpuit (Qsavings (S) population (L) an~d labor 
produictvity p (=Q/N)'are required. If we have, in addition, the time 
series of capital stock 
(K), we can estimate "a" and "b" in.(5.ib) with thr: 

aid of the times series of k' (observed capital.-output ratio) and p. W,
 
can 
h'.muse eqtiation (5.lcd) to estimate "c"and 'o". Thuc L. P!'
 

r: n bc tistimitetl ,heni'theti. r: I:, I;r. S oreof Q, fl; I, t :; .iv,.T'. 

The basic data for Japan, for the period 1888-100, are.'.,, ' presen , n.0
, .::. .: i ,.v,..': " 20/
 
colunmris 1-4 of, table two (i.e., for Q, K, and N. 
We can thi:n d ,i v.-) 

t.he time sv-,ries of p'Q/N (C6umn 5), k' = K/Q (Column 6) ard -:dkdt's 

(Coiun 9). 

The time "seri,-s of p and k' ar.3 indicated in diagrams 7 and 8 ir 
which
 

the fitted curvos 
(by the laast square method) are also shcwn. 
 Th'.i
 

estima.,d values for p and k' arci recorded in columrjs (7) and (8) or' Ta-.L, 

- ,0 Sfii Appendix for(,explanation of the data so".rces. 
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The re~ati.o..,.p b,::,; p and k' is sh,--wi 1.!. the scatter diagram (diagram 9) 

in which tP.. ,:: (5..b) is shown. Tho regression curves of diagram 7, 8, 

and 9 may b:.n- .. ra'-<iz.-,d as 
(52 	 ) A Ait, A A
 

= 
(5.2) 	 a) P - A t where 89.33 and i .033 

=b) "-K6 ,, where = 9.50 and 8 -. 022 

A ^A-k aza p where a =168.6 andb= -. 642 

We can he-,t-ir)t': tth parameters ( ,c) by (5.lcd) sincet1,. 

(5.3a) c ^ 1 . (by 5.2ac)in /lno 1.128 . 

b) -. 
A 

0.67
21/ 

(by 5.3a. 5.2c) 

which a:r- t-.:,c major "innrovation parametrprs" of our model. For 

it is orly I2: t i.m- of thc;se two paramet.)rs that the "minimum domestic 

ingenAity" crit.r';on fur success (h.6) is defined. To see the economic 

implication f i,hofabove -n'inerical results, we observe that 

(5.h) (!.-.) ' < c< i/ i.e., .5 4 	 1.128 < 1.5 

and hence (hSb) is .,atisfied. We can immediately conclude that;
 

1) The dveopm. <:xperience of Japan represents a case of "success" in 

the sen.:i that th. xuin.zirmam domestic ingenuity criterion (h.6) is 

satisfied. This ri:ans that the domestic effort in the direction of capital 

stretching was .':ffi cie.'tly strong to compensate for the unfavorable effect 

of the thighly '-ayital using nature of tbe impo:-ted technology. We can thus 

explain why c.utp';t (Q) ,emiployment (N), per capita income (Q*) and the 

The rn. a-ing uf this namarical magnitude for "4" w11 be explained in 
Appendix 2. 
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degree of employment (N-) must increase in the long runr (See below 

for a "short run" analysis of these four welfare indicators.) 

2) The domestic capital stretching effort, however, was riot quite 

strong enough to satisfy condition (h.5c). This means that for the 

hO years taken as a whole, Japan developed under c6nditions of some 

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

fact that for the early years capital stretching could have played
 

a much more important role, In fact, it is possible that Jepnn could
 

even have shown a capital shallowing characteristic in
 

the earlier stages (i.e., with a higher capital stretching coefficient).
 

Once we have determined the numerical magnitude of the three "innovation 

parameters" (- 1.128,c.- .67 and i - .033), we can proceed to 

investigate the predicted values for the rates of growth of kf, K, Q, 

N, Q, and N-*- (see causal order chart, diagram 6) based on these 

"innovation parameters"t, and then compare these with the directly 

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

can be verified. 

To begin with, we can calculate the rate of growth of the capital-output
 

ratio by the formula
 

5.5) 	7,k. i (l-B)/B ................ (byh.7b)
 
j.i(1/4- 1 - C) .......(by 4.4b) 

- - .0216 (by 5.3 and 5,2a) 

22/ 	 In Fei and Ranis (op.cit) Chapter ii, we, in fact, presented some statistica 
evidence that, for the industrial sector, capital shallowing gave way 
to capital deepening around 19.L7. Since the possibility of "capital 
stretching" is g:erter, the greater the difference between the imported 
and the indigenous technology, it siands to reason that at the early 
stages of development, ( when presumab.ly, the domestic: production 
structur, dif'crs more frx-i h,- foveign 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. 

http:presumab.ly
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which shows that the pnr djct.ed value for k , i .,.-.0216.i s aprx;i:a.rt.l.y 

identical to its directly obsrved value in (5.2b) (i.e., = -. 022). 

As a scornd step, the numerical value of $',, thri predicted rate of capital 

a celuration is 

1k C4 = .o21 6 (by h.7bc) 

1o:.'ever, the directly observed value of capital, acceleration can also be 

calculated fre. column 3 (Table two). Using columns 3 and 9, we can 

eutr.ate the parameters on the following equations: 

1o 04 ()K the rate of growtY 
of capital) 

b) s = s e where n .00898 (s is the average pro-
Teepensity to save ) 

Thus, the observed value (k = .043) is about twice as large as the 

predicted value ($ = .0216). This diszrepancy is partly explained by the
 

5.7) a) = P tt where .0064 .Ob3 is 

fact that the, average propensity is not constant (as w,- have assumed) in 

l.lOf) but is in fact growing at the rate of about 1% a year (5.7b). 

For we have 

so that ,he observed rate of capital acceleration Punst be greater than 

- '1/c by the amount of 1s,which is approximately the case. It is evident 

from the causal order chart (diagram 6) that the more realistic savings­

behavioristic assumption (5.7b) -- or, for that matter, other savings­

behavioristic assumptions -- could be used in place of (1.10f) near the
 

"closed end" of our model. 

http:aprx;i:a.rt
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For 	 the remainder of this paper, we shall assume that the rate of 

capitai acceleration is given in (5.7a), i.e., Ik @G .043. Based
 

on this asslirption 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 (4.8). We have 
.043t 

5.9) a) Q - .oo64 e + .043 (by 4.8a, 5.7a, 5.2a) 
.043t 

=
b) 14N .0064'e + .,O10 (by 4.8b), 5.7a, 5.2a).o143t 

c) .064 + (by 4.8c, 5.6a) 23/.O0e4e .032 
,043t 

d) N .00640 - .001 (by 4 .8d, 5.7a) 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 1estImated" 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 (4.10). For this purpose, 

it is sufficient to make the observation that condition (4.10) is 

satisfied for all four cases of (5.9), and hence that these four 

growth rates have been consistently positive through time. The 

conclu.sion i.s that the Japanese experience not only satisfies the 

criterion of mini:-um domestic ingenuity of (4.6) but, in fact, that the 

inrovation iffort has been so successful that employment and per capita 

2 	 For th-e esti:nation of * and IN,, the population growth rate is
 

assu-med to be r - .0116 which is the growth rate of employment
 
estimated from column (4)of table two. (See appendixi)
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o ~.v...............c 
 a .... fro- ... very gin.:ing of the growth process 

. :. ....... i. n.l, pheno-eno. , as desczibiX by h.ll never occurred 
,-. ... l"-.iiicators)o Since it is relatively easy to
 

voli'fy independently 
 Lhe 	 raLe of income and of per capita income increon, we 
shall corcentrate in what follows on the significan]ce of our analysis 
in 	 i:elation to employm-ent. Since the degree of employmnent (i, - = N/L)
 
is otoLial .v increasing without bound, full 
employment will be reached
 
;The* -. our
h.Us r.odel structure in :the last section implies a 

v 	 es cf cro-wth thesis" composed of a full capacity growth (i.e.
 
: 
 -"'oV. growth) regime, to be followed by a regime of full 

"a" i-,y gr ho'__ At.t;hp t.erminal point," (i.e. when N-- ­ 1), the
 
e:3- c-iv lcsrns ifs labor 
 surplus characteristic as the economy graduates
 
into 
 t-e fanily cf ,Tia ure economies. Previous work by the present
 
a'uhors suggested that such a turning point, in the 
case of Japan,
 
occurred around 191j._/ We may now calculate the time required to reach 
the "+'erminal point" by first computing the growth path of N* (by 4.12) as 

5.10) a) N-," eu ie'O/G where 

u 	 = (o/)e't+ (0 -i-r)t for 

c) = 0 43, o664, i-=033, r=.0l16
 
:y rting N*=l ir (5.o0) and by making use of the convenient fact that
 

it, ur -r
.odel 9-.i (=.o001) is approximately zer1we can solve explicitly
 

.igozclv], of our analysis in the last section is valid only in
 
Oll 


'he fit s~age of growth in which unemployment exists,
 
Sec Fei ar:.i Ra!-!is Chapter 
h. The result was obtained from thentatistically oberved fact that when laborthe surplus conditionerased to cxdst,, capital shallowing gave way to capital deepening ilci,,--a+. l sector of the 	 dualistic economy. We did notprcvioss w'ez 	 in ourexplai- why ulhe terminationi poin2-t should occur in 1917a-d. not a!. any other da -. Our work in this paper supplies a positive
theorv iehich provides a possible answer,-:/ .:" tbi. er, -.<.• :uwverrntr.y tz',e, verything would still hblc ,u thL 
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f tho' duration of the process befcrc- tpn Jn !oint 
5.11) a) t - (i/o) in in ( 1 o 0/ . (when 1* increases to 1) for 

b) = .43, 0 - .0064, i = .033, r = .0116 

Thus, we can calculate the time period till terminal point if we know the 

initial degree of employment (N*o) around 1888. Unfortunately, we do not 

know of any data on unemployment (disguised or open) for these early years. 

Consequently, the hypothetical values of xo*= .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:
 

Initial degree of employment: 
(N* in 1888) 

.9 .8 .7 .6 

Duretion of unemployment phase t: 
(year) 

Calendar Year (1888 + t) 

12 

1900 

91 

1909 

27 

1916 

34 

1922 

In the early stage of Japanese economic development, it is quite unthinkable 

that there should be no slack in the form of disguised unemployed labor for'e. 

We may reasonably assume that the initial unemployment is upwdrd 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 becoming available from the Hitotsubashi University will make
 

it possible to Improve our estimates. The model itself can be flzrther , 

e.g. it could easily be made to accommodate capital inflows from abru-ad. *;,,rr­

thel.ess, the results obtained thus far seem encouraging and yield results in 

support of earlier work on Japan.'
 

27 	 See K. Ohkawa 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 (p. cit.) 



Sources for the ba.ic time seriec dat used for the analysis of the growth 
experience of Japsnz
 

I) 	 Output data (Column 2) are taken ftom Ohkawa, The Growth Rate of the 

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

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

1928-32 prices. 

2) 	 Capital stock estimates (Column 3) are from Fei and Ranis, Development 

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

Yen and have been deflated by Ohkawals (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 P whole. Once more recent pre­

cise capital stock data becomes available these series should be revised. 

are from Fei and Ranis (op cit), pcge 126-1283) 	 Employment data (Column 4) 

column 1. Numbers are in 1000's of persons. We have taken "total popu­

lation" as an approximation of "total employment". From these data, the 

population groth rate is estimated to be r=1.15
8% (geometric aver ge for 

the 	entire period) which is used in (5.8cd) in the text at the "closed
 

end" 	of the model. (See the causal order chart in diagram 6).
 

4) 	The capital-output ratio, k' in column (6) is Column (3)/ Column (2). 

However, the figure for average productivity of labor (p) in Column (5) 

is not A/N as defined in columns (2)/ column (4). Instead, the Ohkaw, 

(op cit), page 250, "Totnl Real National Income per Gainfully Occupied 

Population". Figures 3re in 1928-30932 Yen. Ihs is because we have 

tpken "total population" as nn approxinition of "total employment". (Thus 

the data in Column 4 is used in the text only for the estimaItion of the 

total population growth rate r=l.15 8 %.) 



Appu!ndlx 2
 

In (5.3b) of the text, th, estimated Cobb-Dougka:; cofficiont is =.6'(.
 

Since this coefficient is ordinarily interpreted as thu "capital share of 

national income" and takes on a numerical value between .3 and .4the 

value of = .67 needs to be explained. 

In our paper, the Cobb- Douglas function (3.1a) is postulated to describe
 

the "availability of imported technology" at its source of supplyi.e. in
 

the industrially advanced societies. It is well known that the production
 

structure in these industrially advanced countries the production structure
 

is characterized through time by (i) continuous innovation and (ii)
 

continuous capital deepening. This is depicted in diagram 10 in which the
 

sequence of unit contours aa', bb', 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., increaving 

capital per head) through time. The locus A, B, C, D ... traces out a 

combining the effects of innovationdotted curve . It is this curve, 

and cpitq! deepening in the industrilly -dvnced countries, which provide­

summary of the demonstration effect possibilities 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 is really the (dotted)" ex post" 

curve of diagram 10.
 

At point B (diagram 10), for example, the Cobb-Douglas coefficient for 

the unit contour bb' is xB/Xy 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 (3.1a). 
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