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Technological Transfer, Em loyment and Development*
 

J.C.H. Fei
 

G. Ranis**
 

While there is controversy on its definition and size, few people
 

dispute that unemployment is a quantitatively significant phenomenon in
 

most underdeveloped countries. Unemployment, disguised or open, represents
 

not only output lost and opportunities missed in terms of involving more
 

people in creative activity; it also represents a most important inequity
 

in income distribution and, as such, a major contributing cause to politi­

cal instability. For these reasons, unemployment is generally acknowledged
 

as a serious social problem by both academicians and the practitioners of
 

development planning. In spite of the attention paid to the problem, how­

ever, a positive theory of unemployment for the underdeveloped world has
 

-/ 
not as yet been developed.1 This, we believe. is mainly due to the
 

fact that unemployment in the underdeveloped world is a very complicated
 

phenomenon but centrally related to economic growth in general and techno­

logical change in particular. At the present time, what we do know of
 

the causes of unemployment is certain intuitive ideas neither integrated,
 

from the theoretical standpoint, nor tested from the statistical stand.
 

point. A brief (and by no means, complete) review of the various facets
 

of the problem which are customarily cited would include the following:
 

(1) Technology and Factor Endowment. EckausV refers to unemploy­

ment as "technical unemployment" where "technical" means non-substitutability 

*The authors wish to acknowledge the assistance on the empirical 
portion of the paper by Miss Marsha Geier of Northwestern University. 

**Professors of Economics at Cornell and Yale Universities respectively' 

./This contrasts sharply with the highly developed theory of unem­
ployment for the mature economy in the Keynesian tradition. 

!'Richard S. Eckaus, American Economic Review, September 115.
 
"The Factor Proportions Problem in Underdeveloped Areas."
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between capital and labor in the production process. In diagram (1a), let 

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

the production contour is the L-shaped C2 -curve (with a corner point at 

E2 ) and suppose the factor endowment point is at the point F2 . Then 

capital constitutes a bottleneck factor and technical unemployment in 

the amount of E2F2 units results. Thus, the unemployment problem is 

essentially a technological phenomenon and can be defined only relative 

to the well known characteristic of relative capital scarcity in the 

typical underdeveloped country. 

(2) Economic Growth. The above characterization of the unemployment 

problem immediately leads to the logical conclusion that rapid capital 

accumulation (at a rate faster than population growth) is the only way in 

which technical unemployment can be eliminated in the long run. It is 

then obvious that the unemployment problem can only be understood in the 

context of economic growth in which saving, investment and capital 

accumulation play key roles. This is, implicitly at least, the position 

of the practitioners of development planning who usually regard the 

"employment effect" "output as the two mostand the effect" important 

criteria 1gainst which to assess the success and failure of a given 

- /economic growth effort. 

(3) Education and Mill Formation. For those who believe (e.g., 

Schultz§') that the development of human resources lies at the heart of 

/ See virtually e.ny five-year plan or government policy statement of 
recent vintage. 

_/ T.W. Schultz, "Investment in Human Capital", American Economic Reviewp 
March, 1961. 
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economic development and modernization; it is the lack of education and
 

labor skills which prevents labor from being fully employed in the course
 

of the industrialization 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 labor is scarce in mbst 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" whi h once imported, constitutes technological
 

change from the vicwproint of the underdeveloped society. Since these
 

imported technologies originate in industrially mature economies which 

are characterized by affluence in capital and scarcity in labor, their 

transplantation to the underdeveloped system will have relatively small 

"employment effects" and possibly adverse "output raising" effects. 
The
 

famous success story of Japanese industralization bears testimony to the
 

fact that it is the ability to implant domestic innovations on top of
 

imported technology which can be of the greatest importance.-/ Thus, it
 

would appear that from both the employment and output standpoints a wise
 

technology-importation process may be described as technological assimila­

tion which is the compounding of the effects of the importation of a 

foreign technology with its adaptation to make it more suitable to the 

indigenous factor endowment. 

/ See Fei & Ranis (Development of the Labor Surplus Economy, Theory and
 
Policy,Irin,1964) for a fuller exposition of this issue.
 



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

that unemployment has a multiple causation, all the inter-relationships
 

have not been satisfactorily explored. W1hat we shall attempt to do in this
 

paper is to integrate these facets into one theoretical framewQrk in the
 

hope that this may take us a step closer to a general theory of unemploy­

ment for the underdeveloped economy,
 

In Section I, we shall construct a general system for the explanation
 

of employment and output growth. This general system is broadly constructed
 

so as to be useful for an analysis of the four main facets of the problem
 

identified above, Section II deals with the problem under the assumption
 

of technological stagnation. Sections III and IV deal with the same
 

problem wlen the importation of technology is an essential part of the
 

picture. (Section III deals with "importation" without local "adaptation"
 

and Section IV with' importationt with "adaptation'.') Section V is devoted 

to a more careful examinotion of the availt.ble shelf of technology importable
 

from abroad. Finally, in Sctiou VI tho theoretical framework of this paper 

will be examined and verified in a :P-climinary fashion in the light of the 

experience of historical Japan.
 

Section I. General Framework
 

It is the purpose of this section to introduce the main conceptual tools
 

as well as the general theoretical framework of this paper.
 

The Technology of Production
 

Let K be the capital stock and L the total labor force in an economy in
 

which N is the employed labor force. Let a production function:
 

1.1) Q = f(KNt)
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be formal]y postulatced where, for each time index "t", the production 

function is assuwed to satisfy the condition of constant returns to scale. 

Under this ossuption the unit production contour (i.e., the production 

contour l=f (K,N, to) which produces one unit of output at time to,)can 

be represented by the curve .v ' in diagrwa ic. This curve completely 

describes the art of production (1.1). We shall refer to the points Ao, 

Al, A2 ..... on the unit contour as the unit activities (i.e., unit 

production processes), for which the labor and copital coefficients are 

(uo,ko)p (ul,kl), (u 2 , k 2 )... . Each unit activity determines a capital­

labor ratio:
 

1.2) TKIN (i.e., To = ko/; T = kl/ul; T2 = k2 /u 2 ..... )
 

which wil,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 L" -- i.e., x per unit of total labor.) In diagram Is, the 

technology ratios are represented by the slopes of the technology lines 

Oto Oti, t2 

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-substitutable (i.e., strictly complementary) production 

process, as depicted by the L-shaped production contours ci (i = o, 1: 2, 3, ... 

in diagram la. As we have pointed out earlier, technical unemplonent in the 
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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 unemploymcnt 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 
c2 on a larger scale.6/
 

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

there technical unemployment of labor. Developmcnt(i.e., K* < T), is 

unemplonent or fullwith this characteristic will be referred to as 

capacity (of capital) growth. Conversely, K* >T is the defining property 

of full engLoy nt growth in which a part of capital capacity will not be 

utilized.. Thus: 

1.4a) K* < T (unemployment growth) 

b) K* > T (full employment growth) 

In the ca,. of an underdeveloped society cheracterized by an abundance
 

of unskilled labor the unemployment growth case is clearly more relevant.
 

n chcng- of the unit activity
Innovations are defined in this paper as 


thRujh time. Thus, innovations r.uy be depicted either by a shift of the
 

of the entire unit contour!/, or by
position (generally toward the origin) 


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

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


as an irnovation. As cn illustrationproduction practice will be viewed 

6_/Under the assunption of constant returns to scale, thL scale of operation 

is OE2 /OA2. 
7/ This is the conventional definition of innovation as used, for 

example 

by Fei. and Ranis. (oP.pt.) 
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of this rather unconventional. concept, let Ao (diagram la) represent the
 

current technology of an underdeveloped country. In comparison, the
 

technologies of the industrially advanced countries are characterized)
 

in varying degree, by higher technology ratios, i.e., unit activities 

which are more "capital using" cnd "labor saving". Thus, we my describe 

the spectrum of technologies for all advanced countries by the unit
 

contour which, from the viewpoint of the underdeveloped countries, depicts
 

the availability of new, potentially importable, technologies. This
 

contour summarizes the twin forces of technological change end capital
 

deepening in the developed world. Wle intend to explore its significance 

more fully in Section V. Let us accept for now that, for the less
 

developeai economythe actual innovation process due to the importation
 

of technology can be described by a movement through time upward along 

the contour line Ao,A1 ,A2, g""
 

2rovement in Labor Efficiency 

Let the unit contour * &' of diagram la be given. For each unit activity
 

Ai contained in C ev' , the inverse of the labor coefficient. 

1.5) p=Q/N (= 1/u) 

is the (averaG) productivity of employed labor. The productivity of labor 

for each unit activity, i.e., pi = 1/ui (i=l,2..... ) is represented by 

the rectangLilar hyperbola in diagrom lb lined up with the contour map. The 

conventional interpretation of labor productivity (pi) is that as 

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

the capital deepening process (i.e., as the unit activity shifts upward 
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along the unit contour Ao,AI,A2, .. ee) the productive efficiency of labor 

increases automatically. While such a formulation may be suitable for 

an industrially mature economy, it is inadequate for the underdeveloped 

economy. This is because of the much greater importance of the real
 

learning effort (through formal education or "learning by doing") generally 

required if the efficiency of labor is to be improved at all. 

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

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

quality. Moving to the left in diagram lb simply means that there is a 

demand for labor of a higher average skill (i.e., pi is "higher") as the 

typical worker is required to become acquainted with and operate a larger 

volume of real capital goods. With increasing technological complexity,
 

in other words, the average worker needs to be of a higher quality which 

is indicated by the proxy variable Pi.
 

In diagran ic 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 

determined by such factors as education, training, learning by doing, etc. 

To simplify 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: 

1.6) p--poeit or N = i 
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where "i" is the rate of labor improvement. (In this paper the notation 

qx stands for the rate of increase of x.) Given the labor improvement 

function and the unit contour we can determine the unit activity which 

will actually be achieved through time. Thus, at any time ti, the unit 

activity which can be achieved is Ai as labor productivity reaches the 

level Pj (i=1,2,3, ..... ). 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 Ca-ital and Labor 

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

promoting forces in less developed societies, of course, include growth
 

of the labor force and of the capital stock. To simplify the analysis
 

of the growth of these material resources we shall assume the constancy 

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

l.Ta) L= Lo ert or)L= r 

b) S-- I sQ 

c) I= dK/dt 

Equation 1.Ta) is represented by the population growth curve in diagram 

ld. The time axis (pointed downward) is aligned with that of diagram lc 

(pointed to the left) through the 450 line oo'. 

The deterministic aspect of our model consists of the interaction of the
 

forces of innovation end material resources accumulation. We assme 

knowledge of available technological choice along the unit contour, of 
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the labor improvement function and of the population growth curve. Thus, 

in diagram l, at t = o, given initial labor productivity at p0 and factor 

endowment at Fo, we can determine, from pc' the unit technology Ao, and 

the technology ratio (radial line ato) as well as the employment and output 

point (Eo) and the raount of unemployment EoFo . With the aid of the labor 

improvement function of (1.6), the savings function of (1.7b) and the 

population function of (1.Ta), 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 p1th 

EoEIE2 ..... and the endowment path FoFIF2 

In the general framework just outlined the determination of the growth 

process implies the determination of per caita income (q*) and of the 

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

These essential indicators of economic welfare on which our analysis 

centers ill be denoted by: 

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

b) N* = N/L (degree of employment) 

c) U* = U/L (degree of unemployment) where 

d) L =U+N 

To facilitate our later work, the following formulae will be seen to be
 

helpfl: 

1.9a) N* = K*/T ............... (by 1.8b, 1.3 and 1.2) 

b) Q* = p.N* = pK*/T ......... (by 1. 8 ay, 1.5, 1.8b and 1.9a) 



Notice from diagram la that when the endoiniient path end the employment 

path do not intersect, unemployr..ent can never be eliminated through time 

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

In our earlier terninology (l. 4 a), the economy then findso itself in a 

permanent unemployment growth regime. Conversely, when the two paths 

do intersect at some future date, the economy shifts from en unemployment 

to a full employment growth regime. (In such a regime, the vertical gap 

between the two curves represents unutilized capital capacity.) The 

point of intersection will be knowm as the terminal 2oint which merks 

off two stages of growth. W.hether or not an economy is successful in 

reaching such a point is ai important aspect:of our 

analysis. 

For easy reference, the general framework of this section may now be 

summarized as follows: 

1.10a) Q = f (KN~t) ............................. (1.1)
 

b) p = Q./N; T=K/N .............o.............. (1.2; 1.5)
 

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

e) i= r .................... ,........ (1,7a)
 

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

g) lK/at = I -..... ................... ..... (1.-c)
 

The model presented here may be viewed as a general frawework for analyzing
 

the unemployment problem in the course of growth, taking into account both 



technolog;icra1 cl.an-e rnd the auc:,entc.tion of human oid c E'-it.l rc,;ouiccn 

over ti;c. In the sections whicl follow ve shal)., by ]?osttlting sove 

general fr :cwork, explore a nvd::berspecirl concitions reJ.tting to this 

of typical rel world cit:c.tions. 

Section II. Dcvelo-!-)icnt wi-th Sto cnvnt Tcchnolotrj
 

One real world situation which rcy occur in a less CcvcJ.opcd society is
 

on and neglect of the improve­con?lete concentrction capitol accuinulction 

xncnt of labor efficiency, leading to technological steGnation. This unhappy 

is ty-pified by the constancy of labor productivity, p, which leads. incase 

turn, to the constancy of the capital-output ratio, ko . Hence the general 

frrmwork of 1.10) in the last section reduces to8l 

2.l.) Q K/k0 

b) pQ/11
 

c) P=P0
 

C.)
 

e) L =Lo'r
 

which is, in fact, an extensisn of the familier Icrrod-Domor odel.
 

To understand the rules of groi.h of this model cornpletely, we should note
 

that the technology ratio (1.2) becones:
 

2.2) T:,/N = ko Po *...°.'"'. (by 2.labc)
 

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

employnent path, i.e., the radial line OTo in diagram 2 describes both.
 

As long as the factor cndoi;ent ratio is beloiw (a.bove) this line, the
 

87ore - ) reauces to (2.lc) when !.=o. The contncy of lcbor 

productivity (p) in turn leads to the constancy of ko in (l.lCe) under 

the acsuvxxtion of constant retuxns to scale. 
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economy is in the unemployment (full employment) growth regime. In the 

more typical unempl.oyment growth regime the constancy of ko immediately 

leads to the following familiar Harrod-Domar grovth rates: 

2.3a) K sAkO .=..................... (by 2.1ac)
 

b) . : Q. = s/k 0 - r A h ............ (by 2-3a; R.la)
 

The fact that- the country is n the full capacity grovth regine initially 

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


K K /L <T = kopo2.4) o

As is well known, with the Harrod-Domar model we may have the case of
 

success, with per capita income increasinU or of failure, where it 

decreases. These two cases ere given by: 

2.5a) sisO > r (success, i.e., low population pressure case) 

b) s;k O < r (failure, i.e., hiah population pressure case) 

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

will be continuous decreases of per capita income and of the endowment 

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

the curve EoF In diagram 2) moves away from the employment path and hence 

the country wizll never be able to solve its unemployment problem. Conversely, 

the "success" case (2.5a) implies that per capita income increases through
 

time anl that technical unemplo muent can be eliminated at some point 

in time which is given by2/
 

2.6 a) tm = 1 r0 in (To*) or

S~kO ­

b) tm = (1/h) In (1/N*) ....o........ o. (by 2.6a; 1.9a)
 

97 -Ioticcthat thc value of time (tin) is completely detarmined by "h" (2.3b) 
arid the initial dc-,c. of employini t I). This ecaetion is easily derived 
by c~y:.t.sring T an Kcht (2. aa) solvin for t., 



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

crosses the employment path at H at the terminal point. At this point 

the country moves into the full employi.ent regime of growth. Capital 

is no longer the scarce factor and the economy can be considered to have 

reached econorcmic maturity. 

In the full employment growth regime, the constancy of labor productivity 

(2.lc) and of the population growth rate (2.le) imply that output 

continues to grow at the same rate as population, i.e., 'Q= r. The 

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

investment also must be growing at the seme rate (i.e., fl r). Wc can 

then easily calculate the time path of capital (K) and of the factor 

endowment ratio (K*) 

2.'Ta) I=dC/dt = 10 e't 

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

c) K*= K/L = A/Loert + K* where K. - spo/r = A/Lo 
= =
(proof: "4=B/Lo o/rIo sQo/rI spOr) 

The last equation (2-70) shows that K)* approaches a long run stationary 

value K = spo/r. Furthermore, K* monotonically increases if, and only 

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

Ko < B or Ko < F0, or <KY* or kopo < spo/r (by 2.2)L-/ or 

r < sAto 

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

while the underlined inequality states thrit the stationary value of K* 

IC7 Ii the , rcg.xe the .i.-.lt 11.. .. of 1:, is c:ry.0l to the tcchl-olocy 
ratio.
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is greater than the initial value K whcn the condition of success is 

satisfied. Based on these results the case of success is depicted in
 

diagram 2 by the endowment path Eo}1F 2 which approaches the (dotted) 

radial line in the long run. l This dotted line will be recognized as 

defining a "Von Neumann state" choracterized by the long run constancy 

of the capital-labor ratio.
 

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

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

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

country ats forever n the unemployment growth regime and unemployment 

continues to worsen. ln the case of success the country reaches a terminal 

point here unemployment disappears and whence it tends toward the Von 

Neumann regime in the long run. The arrival of this terminal point char­

acterizes reaching economic maturity.
 

Let us now examine the quantitative aspects of our anclysis. Using (2.6b),
 

we can easily calculatep for the success case, the "multiple" by which 

the following economic variables must increase Et the terminal date over 

their respective initial values:
 

2. 8 a) Q/*/QN / (Qn-multiple ot terninal. .-point) 

b) Q/Qo 1 (Q-multiple at terminal point)
 

C) L/t o = 1 (L-multiple at tennfnel point).
 

1/ In thi fill employmenint growth rega.c, the unutilized c)itel 'c.'acity 
at F2 is EF, units. 



We can next investigate the time paths of the degrce of employment (N-Y.) and 

of the magnitude of unemployment (L-1) in the unemplorncnt growth regime. 

The constncy of the technoiogy ratio (2.2) implies that the amount of 

employment (N) is growing at the svrne rate as capital. Hence the degree 

of employment is growing at the saae rate as pcr capita income 

(ie., v'(--so-r) ) and hence, in the case of success (failure), the 

2ER of emplyinent gradually increases (decreases). The m-a nitud]e
 

of uuemplcyment and its direction cf change are given by 

e f t 0c(-slkok2.9a) U-' 1-]o 
h t

r/ (" s/h o ) c
b) 	 dU/t < 

< 
o if and only if 

0 

Condition (2,9b) in combination with ou'r previous analysis of the case of 

failure (2,5b) Iimcdiately enables us to differentiate the followinG cuses
 

in term,- of the relationship betwcen the strength of the population pressure
 

and the nra-nitude of unemployment through time: 12/
 

2.10a) high population pressure: s/ko < r (U monotonically increaces)
 

b) moderate "" 	 N / o < r < s/ko (U first Increases thel " 
decreases)
 

C) low " 	 r < N* sAo (U monotonicsly decreases) 

Notice that 2.10a is the same case of "failure" du- to high populati.on 

pressure as in (2.5b). We see that for thls case, not. u-nexpect.sily, the .ibsoJ'.e 

magnituae of unemployment increases ell the timC. Cases (2.10b) and (2.10c), 

on the other hand, const itute two sub-cases of the case of "sucess" in 

12/ 	From 2.9b, we see that the analysis of the direction of change of U
 
obviously depenas upon th-.. conjar.t.1ve .imoI tu-oeo f "r" o/ ,
ItJ.] 
Since "W ' is 	 isi-to. K off . r< c,j/,, -	 m ,hl 

the 	,.hl2:c. c.x.,aC of 2.10o 

http:populati.on


Table I 

TI.4IUAL AND S.,_n HI'G PC,'T C-AFCTERTS7"CS - NODEL OF STAGNANT TC.OTY 

I I l t Tcrrinal Point :nr3SP.cbin Point 

(1) () 

0.025 

0.025 

, (3) 

(1).02-
(2) .04 
(3) .06 

()3 

-005 F 
0.015 141 
0.035 M 

(5) (6) 

......... 
14.876 1.250 

6.375 1.250 

(7) 

1.450 

1.173 

(8) 

----­

---

(9) 

I---

I 

0.030 

1(4) 

05 
J(6).o6 

-. o2 

001 M 
0.03 1 

.0.01 

22. -

7.438 
1.250 
1.250 

195 
1.250 

-
... .. 

--­

.. 

0.025 

0. 

0.030 

' 

± 

(7) .02 
(8) .o4 

(9) .06 

10io) .02 
(11).04 

-0.005 F---
o.o15 T 

0.035 14I 

i 
-0.01 F 
0.01 T 

34.068 

14.601 

51.102 
I 

1.667 

1.667 

1.667 

--­
2.344 12.740 
1.440 

L 
1.705 22.314 

1-042 

... ... 

1.250 

0.625 

075 

(12) .06 0.03 M 17.034 1.667 i.66, ... ... 

F - Failure T - Success with switching point M - Success without s-itching poi t. 



(2-5a)- Specificailly, in the l~ow popiiiati.on prcs-.Ire ca~se>.1) the
 

magntuJe of uneemploymrnrt. decrcosees rnootonically 
intil the icrinna 

pointl is reached. In the noderae pc-)pulztio~n pressure case; tlv ii:-iiitudc 

of unemploymeiit 171i]. first ilncrc-asc ord th'-n deccrease bcforc the termiinj.I 

poin~t is reached. Thus vrc idcitIfy swiAi ~~~ .nem a Joh thr. m~i.jituc 

of uaemplovmen~t as thc economy inovez t-owz.'J the teiiin-o. Pvit. The
 

length of' time it tv ,kes to xeach this si'itcehing point is givcn by-.
 

It i-.4Y be ri.-el th.-t- the muoderat. popuilei ion presc.-r casc (2. 0 b) i, 

in1 facts, v-c:r-y likeay to occur in tlrh! real ivrld/ (S.-e Table 1 bar 

wx hcnci: sixc-h & coatntry should iiot expxtct. its uepQm~~ rb~1t: 

be roJ.*r(-di-imeiaii."-y. IWith thc vid.of' (2.11), ve c&n oaczily e -c1 

follo-orIng ix-J.i which the exhibitc st64-e ecoromy at. the "ithrgpc'i.rt"; 

2o12a = r/(s/lz,) (degree of' mplo~rietlt FA- tz~~~p~ 

b) =XQ (Q*..nultiplc at s-witching .itr/Yk s/k0 

e) L/L = (r/P v/1 o)r/ (L'-rn..itipl' to to i
 

d) Q/Q= (r/l 0 5/ r)0,Ah to it)
0 (q..jutipj 

As an application of the v, .rious formul.-e dcril: &ovep we precnlc. 

Table 1. iT which ccrtain terminal ard .it:A p-:4Lrt h ~ itc r 

cali-la~tel.1 let us nvcst.gr.eid-e w7.Iih o. ih (1,0-) or a~lo (20;' ) 

inrtia] dogree Of uncmployrmcnt (Colicn 1), . high (3,,) cr low (2,55,) 
degrc - cf pe:plu-latic'--- pressure (Columa 2), aril rwit. of C.;lpita1 envj 

Grovt4b which vary bctvicci higrh (6Sr m 1~ ~~ ~':()C;h~3), 

http:ithrgpc'i.rt
http:popiiiati.on


The r ±te of growth of per capita income ("h"T in 2.3b) .n t.enbe 

ca.ulat.' iJn(Column 4). H1coe vC..also .naic.itc wheth?: the c.;.sc is 

one of "fhAlure", or "success" (with or v.i.thout. h svilch-ing poiut) 

ac cording to (2.10). For the t.exmixv,.t d.t., we, cz±cua.ate the dtrtion 

of tij.ne (u-lng, 2.6b in Colum21n 5),, the Qx--,.u1tip.e (u-cing 2. 8 ain 

Colu:mn 6) &nd.the L-mult-iple (using 2.Bc, in Cjolu,; 7). For the swit.c;kcrg 

poRit ,bc:rc ELpl.Rcable (i.e., the point. _w-,I ch une :niloym cit bc..ins to 

decline absolutcly), in thc cse of ieolost ppula4 ion lresurc .ie c- ..1cmate
 

the dur A.ion (using 2.11, in Coliun 8), the Qi-mul.dple (using 2.12b, in 

Co1wLn 9) a .j.Ny (using 2o12o,in Colmur'n 30). 

The results of T[2,ble 1 pennit us to recognize tha-tL for the rca1!..tie zrn.gc­

of paxemoters postulat.ed iln Columns 1-3, l the thcoret.icF-ly possible 

cases are: in fact, likely to occur. .[1Tle a low rctc, of growth of o-at-put 

or capitslt (2r) points to failure (and the iriossib.lity of ever solving 

the employmcnt prob.lcm) higher ca±pitnl (gro-v.th r.ates (I/ Pnd. 61) poivt to 

success. Within these "success" CasC. iZ tc' initi.l. dcgrce of uncploy 

ment is iovr (2(,o), the country cwi count. on continuous devretuses in the 

amount of un, mploymcnt over ti e; on the other hand whon the ini.-AsL dcgree 

of un,-ipnI.c-ment is blh (e.gS,.) t1:e cout..' i ,src likely to 

experierr on c rcimase in uncmplc-ymn,t befcxeipi':nfl fi.n%3ly :lcirvs, 

Moreover, s'.igbt Variation of the popuCT 'ov.yt.h r3te (f ',m 2o5 %0 3 ) 

can brinG abou t a large chan.c in the "vaitJig tiMe" rcfuirel fci' the 

sritchlrpg point to be reached (from 3 ye'.rs to 22 years iu Co3nmn 8). 

http:gro-v.th
http:postulat.ed
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As far as the lcngth of tic rcquircd to cljh.intc ,ncr;vp].oyi:,ent copletely 

(i.e... t) is concerned (Col.urn 5), in the ca.:e of a high rate of 

capital groth (6','), the country ccr count on eljmining tu imploymert in a 

forecablc future (from 6 to 17 ycvru). Howevcr, vhn the gromth ratc 

of capit.l is low., (4t); t, becot'cz so 2cege (14 to 51 yccrx) thvat the 

social aud political problos arc ].ikely to be difficult to deol with. 

On the whoie, wc connet ceoid the fee..:inf thct c-rCclc.p, cnt xudcr a 

situi.rwion of stagn iit tchclmo.oL.y b ,szica:lly .cuds to pes.,; ui stic couclusions. 

For cxaxplep Nihen the initial degrc of ,il :cnt is low (9'). the 

country can obtain a very nodcst incrca- il '2cr .)it:t incomc, C.g., of 

25% in 14 ycaxs, by the tcnrincl Catc. If the initicl eccrcc of uncmploy,.e'I] 

is high, the country rway have to voit for 50 ycc.rz to rci so per capita 

income by two-thirds. 

Fortuately, these sombcr conclusions rc",' lxrgeJy on the asm;iujptIon of 

a static tcchnoloGy which tiust be viewed as a srccil.cJ casc. In exploring 

the sinificaneo of these findings for the real. wovr.d, however, w.e iust 

be quick to a&uit th;it in all too inny cs.reF such stitic tecLno]oci 

assixIpticns 'ndcrl c. the i73rk of dcve].oive cnt p3.ner r . .iero c:i ts 

a gcnc' l tc., ncy to concentxratc on the reoal rcsoTrecs rioc, of the g.rowlh 

chr.ngc cirillyproecs, while negluc' ing the eynamics of' tochnological e.ec i 

of tbc iwdigcnous variety. 

Our eaniyciz rabove =n: ly der.onstratcs the inadcquycy of such r Ylarrod­

Dm-x v.::-.d. Per c,.' inc :.e L..Lh cl', tI.,:c p'rce o,3 y thC. fiv.;> 

http:srccil.cJ
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(unemployment growt-.h) regime cnd at relatively modest multiples. In 

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

and equal to labor productivity, p. Hence thc waximuml per capita income 

multiple for all timc in this wor.d is that which is experienced during 

the first regime in accordance with (2.8), i.e., Q*/Q-x- =1/4. This 

tells us that the greater the degree of initial unemployment the greater 

the potential per capita income multiple. This underlines the notion that 

unemployment and underemployment constitute the main element of "slack" 

in the less developed economy raid that their elimination represents the 

primaDry source of potential income gain in t technolog:icaly stagnunt 

society. Bat even more importantly it tells us that this modest multiple 

is all the. society can ever expect. It is this latter conclusion, in 

particular, which emphz.izes the inadequacy of the "resources au~mcnta­

tion only" approach of Harrod-Domar. A realistic conceptual freme.ork 

from both the theoretical and policy points of view must take into account 

the possibilities of a non-stagnant technolor. 

Section ID, Big Push for o1odernizat.ion 

To many a planner in th contumporary less developed world the most 

popular type: of tec hriologiciul change is what iny be called the "big 

push for moernization". This means the introduction; in a virtually 

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

variety. This type of innovation process results mainly from the 

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

production functions proved feasible elsewhere though usually under 

radically different endowzant conditions. 

As was explained in Section I, the availability of imported technology 

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

process of introducirg the imported technology is depicted by the sequence 

Ao. Al A2 • o representing proGress toward more "capital using" and 

"labor saving" technology. If the rapidity of the importation of 

teehuology 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 ez W', the model 

applicable to the big push for modernization follows readily from the 

general fraamz'.ork of (1.10). By using (3.3 in place of (l.lOa), we have: 

(3.1 Q W ~ct<~F< 1 implying 

b) T pl/ . . . (T= K/ff) 

d) k -lp(1'C4)-.. (by 3.-lb) 

We c n then readily derive the foilowizg growth rates: 

3.2a) , = i/t . . (by 3.lb and 1.10) 

b) I = i(l-a)/e D > o - . (by 3.l und 3. 2a) 

c) '. ="- -D < o • (by 3.-2 b; T = A 

d) 1kK eT-t (TE S is alt t =o)
 

e) K = (KK)e where e 'loYnD. (byS32d)
> 
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To investigate the dynamics of the "big push for modernization" growth 

process we see that since labor productivity is assuied to increase at 

the constan.' rate (% = 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 mould expect. Since the average propensity to 

(3.2c) indicates that the rate of save (s) is assuried to 	be constant, 

can then
growth of capital is decreasing at a constant rate (-D). We 

easily compute the tiue paths of the rate of growth of capital (3.2d) 

We readily see that,the rateand of the capital stock itself (3.2e). 

of growth of capital (IC) onotonically decreases to zero (from its 

the long run; the capital stock graduallyinitial value 71, ) and 	 thatp in 

value (1) from its initial value (Ko) l / Thus,
increases to a maxbnnum 

the endowment path of 	diagram la would approach a horizontal line
 

asymptotically. 

via the big pushWe have thus demonstrated the futility of development 

for modernization approach. The conclusion is that a country which
 

blind3y imitates capital intensive techniques developed abroad 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 of the savings rate 

(o < s < 1), the rate of labor improvcmrent (i > o), the population groixrth 

or the nature of the available technological shelf' as
rate (r > o) 


measured by &. Thus, in case a country is determined to embark on a 

big push policyp a national effort directed 

SThe solution of' this differential equaLtion will be investigated 

later on (see 4.9 and 4.12 below), 
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at austerity (raising s), birth control (lowering r) education (raising i)
 

or the availability of imaportable technology i.ll not be sufficient to 

allow the country to escape from economic stagnation.-


Let us reexamine what is rong with the "big push" from the "innovation" 

standpoint. Let the unit contour a ce' be reproduced in diagram 3 where 

point A is the initial unit activity, w:ith initial capital and labor 

coefficients at (uo , ko). Since innovation must reduce at least one 

of these input coefficients, movement from A to points within quadrants 

II, III, IV of the "circle" about point A indicates which factor of 

production is "saved" (i.e., reduce) or "used" (i.e., increased) because 

of the innovation. 

As we have seen in Section I, if E is the factor endowment point, the
 

initial technical unemployment is eB units. It is apparent that en
 

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 unemploymeent conditions prevail. 

It is thus apparent that of all the possibilities of innovations (quadrants 

II, III and IV), the "big push for mcdcrniation" possibility is the worst. 

since, wh'n the movement is in the northwestern direction along 0' 0" 

(quadra9nt II), it creates more unemployment -nd depresses output. 

14/This pessimistic conclusion c~a. c-s.1.y be strengthened bv am invest-igetion 
of' what happ o..uto the rrte of growth of output (Q); erp]hyc!.t. (.). 
per (0/ 1 ) or theL, of. anI/!).01 
easil! %c,,:ri.iy the "2.L t... . I'-- tV ( t ici o.8gecx+ . 
all t~he. ;e magnitudes rill appxcach zer*: (see equati cn Ii.8 belo~w). 

http:c,,:ri.iy
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The difficulty with the "big push for modernization" is the well­

recognized fact that the heavy capital using nature of most modern 

techniques .kes them unsuitable for a capital scarce country. This 

was sho.m rigorously in 3.2c above where the capital deceleration 

phenomenon testified to the inherent impossibility of sustaining a 

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, i.e., only 

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

development through the big push for modernization route is comparable
 

to development of economic enclaves under a colonial system, i.e., a 

small portion of the labor force is engaged in very capital intensive 

projects while the overall level of unemployment continues to rise. 

Neither teclnological stagnation nor the blind use of imported techno-, 

logy can thus be considered a viable alternative for the underdeveloped 

society. Other, more imaginative, alternatives must clearly be cxamined. 

While there is considerable consensus among economists and practitioners 

alike on the unfavorable employment effects of imported technology, much 

controversy surrounds the question of the output effects. It is, in fact, 

a major pnrpo.se of this paper to present a more rlgorous formulation of 

this problem by examining the nature of both the process of technological 

assimilation and the nature of the available technolog.cal shelf. The 

above contrcversy can be settled only via an investigation of the relation­

ship betFen these two important phen.men.t. 

http:pnrpo.se
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Section MV. Techn gical Assi.Thtation 

The fact that Jmpor3ted te~hnology is available to an underdeveloped 

society is probably the most inport-sn;t single "fact of life" affecting 

its growbh performance. We haove just seen, holfever, that this shelf
 

of technic.l kiowle-dge must be used irisely if economic 
 development is to 

real3y benefit. It is essential fo-r the underde',reloped coLuntr to achieve 

a ble..din.. of impot'e.3 i iex ........ 'r;c*2_:gy as to breed a new
 

technoloigt. mix more 5aiAt:abJ. to Cte typical factor endowment 


t so 

of the
 

co rar.. uaderde3.eoped ecnC-.yo We refer to an innovation
such 


process P's tn~oi
 

TechnOLg1ic0l assInilt:ion cc,-U-.es tvo related ideas: the importation
 

of te-Cm1oJTogy (as fcrmulated 
in the l.tst section.) and the "blending" 

o,.c v sgU-n n,. .y with , i -,rt Ilt is the second 

aspect ie-ch r.ov net"Is t, bt. mcre: rigorouty formulated and quantified. 

Our analysis of the fui.iIt.,y b,,g push for modexnization suggestsof the 

that if ihe d.es..d or bvenficial a'e.its be achieved by suchare to 

'tbl. "the e off'ect. ,,f..., rvew izovationAl activity must be 

In a capit s ,.. n or d-re .U.r-.in order to counteract 

the opc .,e effcate caused by th . ,r..tn,, 

Refe~rrkei-,: 'to diagr-,.m 3 Inlt teb.ology is at A, the 

imporLation of technolo&y r2ptc.1is (as before) by a change in 

the unit technology from A to B. The *blending" of technology may now 

be depicted by a doimward shift of the. unit technology from B to D 

representing a the .atiood.ee.line in xp..tp, Sach innovational 

http:cc,-U-.es
http:ecnC-.yo
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blending &.ctivitymay be equaly welI described as cZIZ. stretching 

which mcans essentially that the underdeveloped economyp by stretching 

the use of its scarce resource (i.eo, capital) can m.ne fuller use of 

its abuud~at resource (i.e.., labor). The benefici& natuce of capital 

stretch-Ing cs. bo sei.a directly frc.m both its emrploynecnt-raising effects 

vad itn cxfAput-.id.sIg effectr as a u nc of the decline in the 

For a qu. o,':cti'tte sexesir . of t.h± de of capital stretching, let 

k ana k' d,,-c't~e the capkat r0t:.oi at B and D respectively. 

We def'n,e 

ii.Ja) in k/k' > 3. 

b) k' ;- K/t 

vThvre "r." bce. to saes ll-,d.A dd ,fh of czpital stzMe2:hing and 
'k" is 1t. i'e t ive'. -I.J-"y"'41ratio zS.pital stretching.j;' a,-. 

A q .t ... t .r g !,"4- of this ih. obv.ously recessitates an 

w'eslic.a of he. f,..= v1x,?h ,ha'trsi;.caly determine the 

ltealt'u.d- o., "in" . 

nmust be determined by the 

qua-l.A y- c, .. x'.°a,: 'h'mi a eo :kety. TLW.s includes such 

tox s~ elq 1EZ..r ._-:rxz.U. ablit.Y a6 well as government 

Baaicllyp he1 e'trezg.th of awt.r suh .... a sat 

efficiency and the wisdom of the syst m's economic policies. This may 

7 	Yu dQl~ag, 3 .f thez en3r& u.wa't point is fIxed Ei" E as a result of
 
cspi l stit.c]hlng, l is i,'.:& by b xits. Output
 
at ,. /.-~-. i v ', '.t'p xt '.i
b , 	 tbarn. t. p ( 

http:e'trezg.th
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be sumarized by the quw.ity of the society's huma resou-ces as a 

product of education und 'lear.ng by doinc' at arty point iu time. We 

may thus reasonably postulate that m is positively related to the level 

of labor prorautvit..y reic:hed. Such a b-h,_wkvioristic relation may be
 

appr£oxtm.i.:o. . it-1 .-,.s _ t'.,,,tn.. 'Cntion.­

4.2) m= (/y) c >
 

'wher~e os/pe. . , &gr'-.. . . .. - .....
p/ .,-o~ .f f '-.=. 2- t.. .'..eb.C,; p."oiu:wt.iiri.t; tum~rizing 

a Sr.CcJ.FL"ety S CVU-C Vec t~rL-U c3i--, i, teThology, and wihere 

"" is the elao'LI..iy', "m VS.h .c, "p/p/ " The shapes of the 

capital strtzh:hne. fw, t!ons f,.r lt. rn ive va.u- of "c" are given 

1. d[t 4. (c; c the .ufraA For c-.1, < 1. wn) > a.). Ibcap t, tretching 

functioezs are r- .rs.ntc by I:X (WY[and UZ). In our formulation the 

value of .& is obao's'y a ruest, .p.txt as is onlyw,. it 

Viaa tht vou, cf "." iJ. .. ar: tbt the model of techno­

log'ic al a ~t I !,.on. ..- ixff.c¢:itl diff'ent from the big push for 

, o .(.rr c. m-5. , tb ap:.. stretching fxnction 

is i.,,o ve e ' bI;k ti, tht big push . 

As fXLts'A~~A':,'tIr:,(3-1a~) agniu taklenmo~~*-:' is 

to. d,- ....oi'?.- r4',.E."'..". c!lwbny:rt 'Zok£y. TL is obtain 

b) a = .;b = / -1 -c (bY 4-.2 und~ 3-10) 
Making ,s of(4.1b) and p =: Q/N, we c.,n readily calculate the effective 

(i.e,, pont-asmiUUon) reltationshlp beteen. cap'Itall, labor and 

o'otpu; as: 
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4I.4a) Q =Q01K( Nl- where 

= c?/(l-c u) 1/(1+b) 

c) Q = (l/(1-/)).....................(by 4.3, 4.1b and pQ/N) 

b) B 1 (by 4.3b) 

Equvion (4.11a) for n-ly reernb!cs a Cobb-Douglss function where the
 

Cobb-Douglas coefcfic;nt B (ir 4.4fb)., as a function of "c", is repre­

se;-attd by the two br chis of the curves in di r'ar- 5. There are 
three 

oritc. zorf odtlv,)e.z (s-.- 1:X E;d fo)r "c" as iaarked off 

by the eriic.l value irz¢.J. on te hcrizcn.eal axis. The three 

cqse6 J"Ia sc~erin-E'nt. of "O"p the cspital-st.retchin coefficient I- Y 

4-o5,) Nxt c.r.-,;: c < B < .1. for o < c. < (i-c.)/c' 

b) Owa.e. t-i'c': B > 1 for (i.. i)c < c < 1i
 
C) ca", !.brnee B < o for I~a' < e
 

"c (- (,'IV(,i. (-,a c't?-".h.. (l,a) rs..bles a genuine Cobb-Douglas 

prod:act.ion fixict, or. i csSe tvo (tbr ;c), tle urit, production contour 

Q."S ) I i.:0.t:,ely slope. an.! ,,-onvex (concqvc.) as represented by the 

c'ar.e. AO-3 (AY:10) 1i di.sram 3. ",x twe case of &D'O, for ex-aple, the imported 

e.&plt ,. .tpu.t rb.io is at. po.nt "B" in d6.vi:.ai 3 a,l the amount of decline 

of th: p-.:.utput zt.o du,- to c.apltl satlot-l.hlng is BD. The effective 

c~y4::td ¢:m!.pul' jaio (k') is at,pcint "". 

A formal model of "developixnt with eapIt.tl essini.lation" cmn be con­
structed by. re-,in U" 'Ii.J1..... 11astute yzpa.i:~j the gernez'cJ, p. dc!;e icj. fucto in (i.lOa)­

7'.n dTi.-r:.Y, c,_p',"[.l E f.c-"ir corre c',.g to the.tr- func-;ior 
c 2A?tl,: critic--.1. valu'. = /c..lc/ C are jiil-r:.tcd. 

http:eapIt.tl
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by (4.4a). In su-nmary there ar. five paramettrs ( Q, c, i, s, r) in 

the model sci marizirg the avallability of importable technology (,-), 

the indigenous capital strct.ching effort (c), population pressure (r), 

savings behavicr (s), ardi the miprocnictit of labor cfficiency (i). 

For case one in (4.5), t.ho "assimir-ition ncdel" is virtually identical 

to the pb pu.h" rod.1 (ie. is the asz 11,ha efc'fcr..1 .ciy sine 3.].a), 

tbc -: ... rI".. '.a. to avoi.u st,.g;nat on therc 

vust be a , ].akmi l.c'¢e! cof do:r:.t. I , or si.nl.tiOii as 

m ikfc-,,t[d in the , )it-'vide of .:.-p1l.t. Dt.rc:tc.i.rg. 

To formal!tce i ss.J.L.i'' more oro'u2-Yi: e deci.ne: 

4.6P,) R (1 - ). (techriolo,' barre.r) 

c '> o i.e. > , ot' " y /(A)& (mioi'a .:sAisdletlon criterion (PAC)) 

We sh6J1l define R as the tecc',lcey b,.rrir d.,jpcu,. ,,! entirely on the 

.h,:-If fully in 

esn'id ]cv': the between 

&[u.! of" the f,:.i.g ' . ,l.y- . (tc, bc- exwnincd more 

.... v'), hc c--v.r y as iricu"-t of "spread" the 

dom<-.' c asatii t.icn effc,zt weid the foeicri 'ech~c'.Logty barrier, which 

sprc.:. c.vi b! pax:-I into ad.i.ti~cnl dcm!.siiic gro-.rh. Mor.:over, 

'.he '.' tbe . i]t.on lev.r ..atA. b,; pcsi.tive c:.u tb.n be 

J.nterprtx..tc-I vs asstl-t:.ie' cr. ;.AC). For unlessthe rmininum d 

it is satisfiod, i.e., tbe J. -[,cn--ou ianrio' ' !.e effort in resionsc to the 

stimsl-w.ion of Jjkport3 t.ec-lo£ is stxong cno'mgh to just overcome the 

.... . . ] -,_ iIctecbn ] e.y b a.ri;., gro'h c .... : .e' it .hlc gL...r n IIishi 

http:asstl-t:.ie
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fashion w. have shoun that satisfying the MAC is neccEsss for long term 

economic progress. It remains to be sho;m that; it is also a sufficient 

condition. 

Tarning nov to the to other cases (iLe., 4.5 b and a), for which the 

~miri , ........ crL....~ is s.Atisfid we se.* from diagram 3,
 

that. develcp,.eut. can be :har~ ter. eit. :r by ra.lm.ng the capital.­

l.ibor r :,J.o (Oac,!- AD) or by Jo ,e.rin the capit-'1labor ratio 

(Oase three, AJHO). .. ,iv exe the'As N. ould iJ±tui y t capital shallouing 

c:asc! represe-As u re.latve y lxger .Urdigenc'us c-:%pital stretching effort 

(c > 1/c ) and leads to a hi.gher level of Cutprtt aid employment. 

Applying )he sac., type of argumcixLs as In the. "big puah" miodel, we.obtain 

b) 11 1- ­

c) 11w- 0 > 0 

d) TIj 0-TKe (t-o) ite0 

) t.. - P. 0
 (.-


Vr, ieh-re 
/p.oCIT.UCa,02e t,) (3.2) .r, th, last t17.. Equation (4.7a) indicates 

that .e the eF....e of a r.tl.Dv.1.y hWgh (o'...)p!t l stretching co­

ef-..'c':Le,.L i ce th.,..(cr. " ro) of (4.5), the a vlorm'nt process 

is eIetr.~~by itn]lt--. ~1~ci: dpnn)as T dccreases 

(increases) through t ne. Howre.ver, it is iaport-.t to note from (4.b) 

that, regardless of the fine distI'ction betreen the tTo ce.ses., the 

•"" ......... " .: , iu (4.7) trc o6'.A:Dr-,,d
 

1i ' . L' E V; :L ~ir~ o 
3q;-~.- . .~ 

-n 

..: ah, t 

http:ra.lm.ng
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capital output ratio decrea~es in both -- as long as the minimum domestic 

ingenuity test (4.6) is satisfied. It follows from this fact that in 

both instauces there will be capital acceleration (0.7c), with the 

rate of growth of capital. increasing at a constant rate (4.7d). %he 

time path for the capital stock is mocaot-,uically increasing toward 

infin-tty as given by (4.7e). 

In order to -o:Viet , the rate of increase of output (Q), employment 

(P),per -capi.a inoo= ./L) and the degree of employment 

4.8a) C. e . 4 *.... ('by .Td 

b) TI 0 e t + -1,... (by'4. So, and T =.) 

) = j G4 + 0 -r ..... (by 4.8a idfL=r) 

d) , 0 + (4-.i.r.. (by 4. 8 b a.dI L=r) 

W6 cao reaily: zee that. al.l the growth rxles in 4.8 are in the form of 

4.9) Cx-,' c t + g for Iqo>0 anl ">0 

ler~oe 's ' of i. th .s rat of Vo'th depends upon the fulfill­

ment ff the :ond-t,irn 
> 0 > >4.10) q C -i g o or' (f,)r x o) 

When CC L. i.:, ()i.3.0) is fuAfi,.i) is positive and hence x 

moClO'toC'nic-a.1y iricr-'nse Co(nr.s. n(h.3.0) i not fulfilled,. 4n, 0, 

there exists a ", tv..g !oint" with duiation 

4.11) t - (l/6) In ('-g/o) ..... (by sett.ig qx = o in 4.9) 

at Aiich the sign qx c:hanYges from n,'gtiv.: to positive -- and hence 

http:moClO'toC'nic-a.1y
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the time path of x itself is U-shaped. We can easily deduce the time
 

path for tox"11/as
 

eu t
4.12) x =x / e l/0 where u =( ct/)+ 

With respect to the termional point phenomenon) i.e., the elimination of 

technical unemployment, we see that w.hil the teclnolog' ratio (T=K/N) 

is groviJng at a convt.;.nt rate (lieTa)., th,: endoWuIent ratio K* = K/I 

is gro-ring at an in:reasirg rae.e (i .r by 4.7d). ahus sooner or 

later K* will. ~tc:h %;pvith T at, the termnsl point where the economy 

moves from the 1J:,,.11.ioy,,,nt ph~zc of growt.h intc the full employment phase 

of growth, Thus$ when . 1 t1r1t of (01.6) 1, 

satisfi.£d, the "nat'.u'.ty" of the econo:y (in respect to the loss 

of its lsbcr surplus Thara:+eris-tAc) is also enslired. The duration of 

timne iifoce tht kyst'm r.eh th~ termlruel pvoint, c~in be obtained by 

solving for "t" in. 

4.13) I Y- e . -Sh 10.,atisflee 

in thi.&pty-r 4r A0.l not be conc.eraed with the prospectE of development 

s tsr the t 2, n1l it,'. Equations (-,7) cod (4.8) w.ae valid only before 

that pointli rtaohI. 

. ",.i-', -. . d ... . .. v'." .' t.i n'Xh e ;.b .:*- ,;.r., z'.- .... , tz' .s t," - th : ' . .., ..,..." eri.tc .riri..- ,... "r" 

i,..,,;..'.:a-":,:, .}uiao ,l condition 

for economic developmrnt as measured by the four welfare indicators 

in (0.8)as vcelU as, and more import-antly, whether or not the society 
wil ever reach econornic msaDrity. Van this coriciin is not satisfied, 

,3c.s (L.9) rd.liy oi-ea by aAve eparation 
of Vari: 01e2 bc 2..edsa t'o 09 

http:nat'.u'.ty
http:convt.;.nt
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capital accumulation and growth will ccase:; when I~t is satisfied) growth 

vil). succeed in the sensT that all fo..;r indicAtors will continue to 

lonF, run' unt.,J tho tcrm .A p.Dint is rmachcd.--9inereacc in the 

Since only the ,~cchr.olcjjgil~~ puir-2icter V'j 'whichi mr~ezurs the a-vu..1abfiity 

of iinportn~l te ;hnolgy., vid "c" vhich Meaxrures the dotncstic effort in 

capiti l stret ahi~,~re ijltrOj'kt,.;. I. r', 1j.- If.riinw -1I~I-lU 

ctr iC.TCJcrizer..x or(!- 6 s-:.lro~ supports thc thesis that 

ii;ecmzo ~Pro..essua.ccesshl ccc..*,.'ni..: £ ~~i~~. 'k of' tcchnological 

re.olP.x~b.'~~ s'ocby .U'cnty1x aTtiedomestic 

reapitds t t~11 ,Ac i~p~Y~itroc~ X f'or thisL'.eJ .f 0 is 

reason thvat nWA to exitine rLzs e C-:tmf'u].Ay thM mertdxg of' th _ 

pariop~eco wbhi.-h ''.flltsx~~Jithi. J.1y of i.qp, ta )at-yooy 

A ~ ~~ ~~c1c ur * n ,Jv:iAs J,= -b.theavsilah*ility of imported 

s6 iin 3c n 1.o~ iAr thbf Lorm of a Cobb­t e ~hao ogyiin a c. c,, by 

~ ~ 3.i.). r, oratcx -trP _My ufirer~tid vhat lies behind 

this c:Y.CLL wo iuw .rs"t c: :i.r.Yethat it' is denneined by 

pst p.Y'eL' or pfr,,I )i:ion Jit.~nioYL'ned-vanced and techno­the 

191 In the short YLvn 11be vahis o~f sc,-., of the.se indilc.ittors ri~y decrease. 
of (4.8) ali~ne, use of (4.10), weCo~pexi~r--g the faur grc'v:th 27,,aie 

See tbh: 1the expal..siolL 0.1 cLati (Tj0,* > 0) is lc5.t readily achievable 
in tOf" sleot 7i1. V~I1. te:~~:s.OA th- degri?2 of cmployment 

OtL4.. ',f:.i. 7q-i!'.s ! xplv.ns vhy, in the(Tt,-x 1;, 0) i-
.-... "uf~rit ri~cricn 1 'thz,'a 

http:te:~~:s.OA
http:C-:tmf'u].Ay
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is well kao;rm that the produ'c.ion structure in these industriallyIt 

advanced countries is chaxraverized througbh timre by (i) continuous innovation 

and (ii) continuous capital deepening. This is depicted in diagrm 6 

in rhich the seqoc-nce of unit contours a',a' bb'l, c', dd' ..... represents 

inn6vations (as they rnve tovard the or.igLn) and in hich the sequence 

of factor endowent ratios OAs OB; OC, OD;'. .. represents capital deepening 

(i.eo, JzcereA .oi cap~t".1 p~r h..) through %'me Thle iocs of points 

A., By C, D ...ths "aL.ees oA a d.rtte5. curve u Ci'. It is this curve, 

eiots and a the industri­combini.i th of cuitic. c.upl't;-l deep-aning in 

ally adirarir.-.d c.owrJtie.s over ti'c, Vhich pro'rides a sumnnary of the 

borro ng as:.lite. for the urJw-.dr-.vrlccl co-ttxy. In other words, 

the techrxology which cen be v1.,vIJ.zd art bo:ro"re& by the underdeveloped 

soci.ty " *he e.'",i: cfistoS.c.2.iy realized tea.nology while 

: -r'L!..n of .bih p,;4 cc:i.s a' bb',p c-' . . are irrelevant. 

.nu ,th! (Oc. A) i'a cu"ec of d:!.aGrg 3 is reaDly the (dotted) "ex post" 

curve (. ( c...t d.,agr'ga 6.. 

For a rigorous .slyi.-eof them di .ralxi&fion of the unit contour, let 

:
d /h :eor.,e"tbe s-x p 4' of l.'bor and let k = KA. 

demo'te Vtfe 1,oix t -S'iy P. country.te tchnolo--expoxting 

If " .v c tb& f.e. ]O..' xlr ,....r s f"k and dbT ., and d ) 

are constgnt, vt-can eusity derkve 

b) Q=' where 

c) 5-5- K/Q. d Q/YL)-(bY 

is c. . by r,,1.,i' t -n na doe lict 

and by a p'-.r c ce off of-, o thatoV r_)rn 8 h= do= i. 

http:fistoS.c.2.iy
http:v1.,vIJ.zd
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Notice that 5.1b is precisely the same "production function" which we
 

originally postulated in 	3.1a (i.e.., by letting Q = 1 in 5.1b we obtain 

the equation of the unit 	contour). This is the logical foundation for
 

our postulation of a Cobb-Douglas functlon to depict the unit contour 

in the first place. FurthcxTaorc, th? coefficient (r is now seen to be 

of the rates of g6roIh of R (1.in .hc technology-exportinga function 

country. The previou.:ly defi.d ,cep., of '.hc technology barriei F; 

the assimilation lcver y, ard th mi'nlimum assiniilation criterion of h.6 

may now be expressed in tcrns of these Erowth rates: 

5.2a) R 1-a = k/1 d (by 4.6a, 5.1c). 

b) y =c - R-=-.	 id (by 4.6b, 5.1c) 

c) Y > o or a > TA(by 	 4- 6 :, 5 i­

-vlv1 8 tha& the ra-..e of 	capital accelera-Furheric -e., w! r!cal froin h.7 

tioA 0 in ths less ievelop,6 cou:itzy is anriporant,paramcter in detcrmining 

the behavior of all the crucial cconomic vsriables in the system, e.g., K, 

Q, N! Q*, and N*. We can now e.xpr:;ss 0 .s . function of % an,- I k 

5.3 	 =' i a. i "(c. .) (by 4.7b: 4.4b) 5.2b) 

cc c .- 0 i seen to be proportional to bothof t 

the rate of inMrease o' i x ctvi'y i ard the assimilation lever y 

The rate c 4.] 

Thus what contrltuo f-vr..bli to the rapidity of the growth process in 

high ratc of labor progress end athe technology rccilvtng country is a 


high innovation .cveregc effect. Clcer~y the lcveregc effect will be greater,
 

c. 	 the 
the greatcr the dcncbThi 	 capi tit-strotch-hn capacJty. Moreover, 



leverage effect, given c, is greater when the assimilation barrier
 

is lower, i.e.., when there is a higher rate of increase of labor and/ 

or capital productiviLty Ji the advanced country. Thus, we see a 

mechanism through hich economic pxogress in the advanced countries can 

be transmitteJ, to the underdeveloped countries through the borrow.ig 

of te,:hnology. 

Let us ret. Lrew to the f£wnous cc.ntroversy of the output effect 

vis-a-vis thz employment effect in a less developed coantry attempting 

to modernize via s "big push" policy (definei rigorously as technological 

borrowine, vithout i.pitl strntcbing) Con;r ary to our earlier conclusion 

one could iraitimatey agxe thsct a igh enogrn rate of progress in the 

advane.a co.ountry :!%n iel.Aininate the ne.d for capital-stieret'.hbag in the 

,et.',. outny Ma.±t a pl :,'izg c issio2 or foreign aid official 

i.........fi v6i,. The fact that this aroMinent is not 

entlrely .iithy', mcx..r..t c-s r.. be se&n with the aid of diagram 6. 

With thm .tal.d ld.;,of c opt'[ I. o.g in the developed country 

(i.e.o 1 0C 0.IP C..6.) tlhe ..dt teioiy ccntcttr could, in fact, 

foJlon th .a,%tb A-OB.' .. if: iin eat!o.&alrisity occurs at a high enough 

rate. Th,, ehepi-- cof thi.£s cria-a, it sbiou.i be noted, is no.i comparable 

,h.lz ci.t!.-,,: sloped p a.epl-,-re',.nguc'v- in diagrnm 3. 'Luus 

the argument for the big push cainnot, in fact.,be rejected on apriori 

theoretical grounds and is deserv.!g of further attention. 

In view of the fact that the shape of the unit contour in 5.lb is completely 

deter-udxicd by Ct , c'v'. by prc &:uire,cntrJ']:y iral.g)us to that followed 

in Ii.- a.,: ths f~Jr~.i: 

http:borrow.ig
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5.4a) 0 < w < 1 (unit contour negatively sloped)
 

b) 	1 < t ( " " positively sloped and convex) 

c) 0 < 0 " " concave) 

The three possible cases are thus represented by the three dotted unit 

contour lines in diagram 6. Furthermore, we see from 5-1c that a is 

determined by the magnitade of the rates of improvemeCnt of labor and 

capital productivity %l and 71-. in the advanced country. 

The maga.t:Ldes of both Id and ' ; in turn. can be traced directly 

to the forces of inovation capit.l acenmalation and population 

growth ir the advanced country. We can, for example, postulate a 

production functlon in the conventioaal form aind define the innovation 

intensity J. and the capital and labor elasticity of output: 

5.5,) Q. f fKAA) (onet:.t "u s to ole) 

b) /ADZ~~ (innovaldlon intensity)
 

= / ).J T +L ­01", 
and 	deauct. the. followina gio'th eqqations: 

.hich show that the maaltude of sd, are -determined by the twrin g6outh 

prcmotlmg forces of J (the inten.ity of imrnovaion) and I K* (the rate of 

capital deepening ) We can then derive the expression for c-in terms 

of these underlying forces. 

21/ 	For a u11a.er expositic ui see t.he Eub.hoi' Divolop.n-nt of the Labor Sarplus 
Pcono:ry (op.. 'it er 
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5.7) v- dJ +, (by 5. 1c md 5.6)
. 

~i: Tk* 
This then enables us to investigate the real causal factors' which determine 

the demaa:.tion between the three possible cases of 5.4. For this purpose
 

we asSlme, as before, that the growth path in the mature economy 
 is
 

characterized by cor"Iinuo.a ca;?ital decpening (NK* > o).
 

5. 8 a) o < < 1 iff d > o r .ad> o 

b) 	 l<t ift d >C' an k < °
 

)c<o0 ff 71d< 0
 

We 	 Rnow that one of the etylzed features of the mat'Lre economy is that 

it 	 L. chqrasterize. by cor.'illu.cus Ircr'eass in labor productivity or 

per 	capita incorme. Ttmh, for I. pra:tical purpoes, the positively 

sloped arI concave un'.t contcix pos.91bT ity in d.LAgr u 6, (i.e., 5. 8 c, 

with T d < o) r..n be. roil.ed out. 

Tlh-r. .i..,s us w.,nt.i t- r.,iier.ti.o of the two other cases characterized 

byrI.. .l. o prorsuriri';y. The central question now becomes one of 

deti--ijnI.. ,,.'t, hd. p,:,t t,: (th. capita.-C.ufput ratio over time in the 

e',:inoy.~&e 131, pi.oblem o..f the time trend of the capital-output 

raitic i.. th n x';e e.,. It.:y1 s b£<vn. the sdbjecl, of exhustive study 

in th o Paq. Most' of te.Be s'[!i.les se'em t.o indicate long term 

: 	 xiit,. bit w.7ith some up and downsc ex. KahLIi.k the -. z .,:.olp', 

swing phases. We must now rettze that th.:c trends alo havp,,,qconderable 

siU~nifiancc for the less developed. world anxious to boriow technology 

from abro.ad. 

*.j.j1 1 .conc:iicin 	 York,Cycl. 	 Activity (New). 9 ... ...... " - "yu" "" ">~~ : f-.-r gh: , rieing slightly between 

1870 an5 19-2-, :..i nt " twem 'irly a. 1930;and slightly falling1900 
thC Ie. 4 . 
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First of all, let us note that the case of constancy in the capital­

= 
output ratio, ice., k o, is, in fact, the borderline case, i.e., 

= , between the two cases still under discussion, i.e., 5.8a and 5.8b. 

The assimilation barrier R of 5.2a for the two cases can be seen to be 

5.9a) o <C < 1 or R>o 

b) l<I orR<o 

Thus we see that,. n the first .ames there exia'..t a positive innovation 

barrier. Yn th.s case ,de-Jnivt.IrM thr.igh a big push policy does 

not jerk sin'e we re.I.re a p.jitiv-. domestic; sa.itel stretching effort, 

i.e., e to satisfy the nimn assimilation criterion (MAC)> o, mini, of 

5.2. Conersm]y, in the secorp cse, we see that the Lnnovatlon barrier 

does not exist.; hence even if no dom.stic ingenuity is expended in the 

capital-.,tre.tching dlilrectfon +*.h_WW, is sat.isfied ad the big push can 

u. IA.'s. d' s rio, cof , imply that :apitl-stretchng does 

not help e'en if the 'api..tt raiio is fallnnrg i n the advanced 

coun:.ty (5.8b) bsc.,..se the.rate of capital ac.ele'ration in the recipient 

countr. e (sse 5.3) c. be raised as the as.imilation lever -^:is 

IOCreaed by a Lge, , 

It should be nod.that titte v the n~gnttude of the innovation 

bar.roy , oy, the. rature ;f th .,cA.przce':s Th, t1e developed 

world, i.e., the immov&'aion barrier R ,i be vrritCn '.f 

5.10) ,- + (by 5.2a r.d 5.6b) 

1d 

http:coun:.ty
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As (5.6a) indicates; a given rate of growth of per capita income or labor
 

productivity Td in the mature economy can be brought about by different
 

combinations of J. human ingenuity, aznd Yky. the augmentation of material
 

resources. 

Equation 5.10 then shows that a g'ven rate cf' p.rogress in the technology­

exporting cc;1n*try ber-'it the resipfent cocntrzy mor. if it is brog.iht 

about by lrc dose.-y f j and r vily snal.er doses of 

tx.ougX a lovr-'n otfv ve,., barrier. *J.lis is a logicaluf the I 


res-i.t.. c-p .- gna, is being trabe-=i-te ini the intern.ational
r 

bnt,.eu.- es m'izh as po .sibl-> sonstitute humni, ingenuity 

'"'
rather tr..:. th ' c:, ri.al Die broad brush¢ n , - -f sxpe.icr mal,-r',a_ ='ceso 

impJ~.iUatior , fi..........y are int..resting. In the early 

...........t~r-e'. th:B,.''nn tPa.k to be one_-d v 


-"
of te: "... "-":,'" '- Ale of - a.d1 te,:iLiques availableof-.dg 

nrl i.... tenus of c',,- this is to 

ue....g o:& ia~ yeyey4', bw'"e exYpPsxienced increasing 

t.,he -n model equivalent 

" .;hthatf 

i.:)'n1-nhe Iz:•f*r of . to eueent the nrrowly 

.iiOf .. .... ccn in terms,JItries; our 

th.;s i.. v -,'to Z.,,-..fidf"ya, p in the yet more recent period. 

tDe ' ... , C ' ; the p, 'o;ti of ce.pit. elone c,.)not do 

the job bixt. thst it Is realroy the releate of, domestic energies and ingenuity 
which lies at the heart of successfuL develoomen't ad must therefore play a 

larger role in the foreign assist c-e stur-etgies of the apital exporting 

countries; in texas of our. pc: Le. this rena's ricre tzt:etton u'mst be arid to 

raising c -:.,i:1.to th,. "tl.e _Ji'-,a (:.:AC) iskL_.ltion criterion 

satisf~ied o 



Section IT. Verification 

In this paper, we have constructQd a model of employment mid output expansion 

by integrating the fLlo-ving grov.:th-related factors into one explanatory 

framework: pop-i.a+tion grcrwth, savings behavior, ch5nges in labor productivity, 

innovationII borrcvhipg end the c, iniltior. of tec-huology. As a contribution 

to the theory of gm.dah, thl mn',lel cax.. b- use'd to EA:temlpt to explain 

hist.... o.......... "[o e. '[d ',at. less devs."Loped country experience 

i-s., i. a'; rel-v ,ni . 30"- -.--, hi' ,1.,xino e !,h' essenmtial "causal 

stractu.re" of them. 

In the •x .Z or-der ,:lhvrt of diegrwn 7, ths five key behavioristic 

O.Sa ptioiS are "2.-IL:..ted. by th-; f.ve. rectangle, while the direction of 

http:stractu.re


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

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

technical, capital-output and employment. 
The technical aspect determines,
 

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

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

(through th, "domestic capital stretc2hing function"). These together
 

determine the t.Thinical a.pec'p i.e.: the 
 -ro-jtic,nprocess characterized
 

by "ssi.ul.ci . With respe. t to the cspital-output aspect of things, 

the rate of inerease of labor productivity determines the rate of change
 

in th- capital-output ratio (1 
 k' < 0 ) which, together with the savings
 

fumctionp dtermoixes the rates of growth of capital (I K ) and of output
 

(1 Q) in the urderieveloped conf'tr~r. 

.irjayl~, the g-ow-h of l.b*t ejffi-.ezcy determines the rate of growth of 

employm .,t (1 I) '~h.n *t. r-t.- of gtowth of outpxt, is known. We see
 

that the popuJz;icn growfh asircnption lies at the "closed end" of the
 

r.anides to delnxdn 
 bo.h p!r capita in-:ome end the degree of 

From the abov~re vaysiswe s thst our mc.del depicts type of growtha in 

vhica the i'as.'of li.,or eff-,cien.-y -. thr'ouh educaticn anI learning 

by d.oing -.. err.,)2,ezet the pri-nxy grow--h prcuio.tlug force. Furthermore, 

the significance of this labor productivity incrcva.e is manifested, in 

the first place, as a technological phenomenon v.a the assimilation 

RNotice that te anslyse.s of th-. nature of the avsi].ab].e technological
shelf, i.e., finds, its p. . in a fJ]ler unersttning of theimported t..~z.n:o. og "b.x"" ("b3.ox. the t-- ''wc;Lfcco...s hr l :)-.se]..s -. ocholo rificatlontyIl shall "',"too da',a of the ­tehooyrcj Jn:country.
 

http:ssi.ul.ci


process, i.e., in the imitation and adaptation of foreign technology. There 

is ample evidence provided by economic historians that post-Meiji Japanese 

growth was characterized precisely by these conditions, i.e., rapid 

expansion of education and "imitative" grow.th. Thus, in the remainder 

of this section, the historical experience of Japan will be analyzed in 

the framei-rork of oir model. 

In order to implement, th model of the last seztion, we have to estimate 

the values of the fivje parameters (:e, c, r, ). The following equations 

can be used for this pupos.. : 

6.1a) p c . ......... (by l..aod)
6.1a) p = p0 jtby11.1 
Ab) k' =-a pb ..... (by 4.36.)
 

C) 0 ix- 0,-&(t.Y :Ib)
"0 ....a p " ......... .
 

d) U (by 4'.3b)
 

e) L ., ......... (by l1.e)
 

A. 

Vhere a hti6"A" ,a estimiated by the method of least 

sqaar o The etisa;tion of (ir. s) and. p, is given by 6.laef -- for 

.?h..h. f oe4',cput (Q:, , (s) p:puidation (L) and labor 

prcd~u.:J;:.Tbity p ('. . ) are reqJi eo0 'f ,,ie _b.ve, i. sdltion, the time 

serl;a c cfpit1 st.,o.Ir () we ea:t- "a."nd in (6.3b) with 

the aid of' the I..n are of k' (observed capital-output ratio) and p. 

We can thnuse equ-ation (6.1,d) to esiimnate "c" and "o", Thus all the 

pqa..,niter6 can be eititrate d vhen tbe time,., sc.r.es of Q; N; K, L, and S 

are av.. 
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The basic data for Japan, for the period 1888-1930, are presented in 

columns 1-4 of table two (i.e., for Q, K, and N)2.2 We can then derive 

the time series of p= /N (Column 5), k' = K/Q (Column 6) and s=j./dt/Q 

(Column 9). 

The time series of p and k' are indicated in diag.'ns 8 and 9 in which
 

the fitted cljrves (by the least squore method) are -also shown. The 

eatimated v.,1ue_ for p a.d k are recordc.i in columns (7) and (8) of 

Table twu. 

The relationehtp betueen p and k' is shown in the scatter diagram (diagram 10) 

in which the zurve (6.lb) is sbown. The regression eurves of diagrams 

8, 9, and 10 may be sm arized as. 

6 ,2a) p p~,,e whe'-e PO 89-33 A:,di=-3 
=)iJ e/' Aad =-.2
 

b) io herk0 = 9.50 and I -.022
 

AA A 
c k' tpb vhere t468.6 and b = -. 642 

e)by (6.led) since 

6.3a) c = I . .. 328 ... (by 6.2ac) 

We cca then est-1:te the pargmeters ( e, 

b) cl = 14+0-c 0.67 .. (by 6.3a2 6.2c) 

whic- exe th! to major "i.rr.vation pa.amntera" of ou' model. For it 

is oWsy 'M terma of these t. o parmeters th., the minimum assimilationi 

criterion for success (4.6c) is defined. To see the economic implications 

of the above numerict-l results, we observe that: 

L Se Appendix for explan-tion of the data sources. 



Table 2 
BASIC JTPANSM DATA* 

Year 

(1) 

Output = Q 

(2) 

Capital= K 

(3) 

Fnployment 
= N 
(4) 

Q/N =:p 

(5) 

K/Q = 

(6) 

p k 

(7) (8) 

. . 

(9) 

1888 2,07 21,331.8 39.P36"2 94 10.27 89.33 9.50 .0569 
1889 
1890 

1,953 
2,308 

21,41'9.9 
21,.58o.7 

39,793 
4op 16L 

88 
102 

10.98 
9.35 

92.28 
95. 9 

9.29 
9.09 

.0670 

.068­

1891 2,202 21,738.1 I40 1444 96 9.87 95.71 8.90 .0722 
1892 
1893 
289,1.8.3 

2, 311 
2.586 
3,0352,981 

21,897.0 

"2'- 6,-..,P4532 .1:7.5 

O7,Y 
4"i"O.4,1-? 

k183. 

100 
l]15II 
3-29.23 

9.48 

7.3o7.4? 

lo:?.C01 
a8.5 
209.Q,1L2,73 

8.70 
8.55 
8.338.1.5 

.067"( 

.0631 

.0660.0'78 

1890 2.,782.:."". ... .. ..,.''.. u_6 8.14 116.-8 ."(.98 .08118 

1197 3,0 0 22:B8K3..4 -2,7C.. 2:.6 7.53 ]. -6o 7.81 .o875 
i3)8 
1899 

4.018 
3,iC 

lO "% 0 

2.3,"- ';,T" 
23; 93,, L ',736 
3;67.74:i,3_ 

.65 
1.39 
14"7 

5,76 
6.88 
6.5*1 

1-i'.70 7.63 
a.*8 ­o,"D7.48
133,"-8 7.33 

.071i 

.0.,9

.f" 

2.go1 3.985, ,.,. ,95 3.371.75 7.25 .0703 

-903 3 975 24,.0.C ,98. 
.4. 6.1? 

6a7 
Ji'..39 
1.14T.i 

7.00 
.85 

.0775 

.069 
1904 3,9 0 24 ,8.'.9 4.9, y) 51 6.33 ,52.31 6.7 .0781 
1905 3,.433 23i0 . 4~,x.,,134 7.-3-- .,5,740c 6.-6 .10o21 

,.: 4¢ :,"8 6.27 a6"-."'6 6.42 '.0890 

,, 1685 928 168.39 6.28 .0927 

jcr.-; 4 ," ±. -.. 175 5.76 173.93 6.15 .1065 
.19, ,.:?o.4,' l7t1- 5.78 r79.9± 6.o .11-7 
" ' "9 8 6..5 86.07 5.89 .1233 

L.. 7,. 
,,,:, 

o.:;':. 198 
. 

5.35 
5"5.. 

19224 
198.85 

5.74. 
5.63 

.1055 
09. 

1" .3 -T o "?2 
... 5. . . 

22,0 
2. 

4.98 
5.19 

0. ,6) 5.51 
21 52 5.39 

.0922 

.ioi. 
•') 5. 9 3C,0.4 -,".:- 5.46 -.9.75 5.2( .0831. 

•- .... ...... . . -..­ 5.16 .1323 
-;: , 3 2.ao85 5.06 .7'T 

193.9 7,889 32,673-'3 ' 5i,3." "'" .. li o 8.8 G 8, 
19'o 6,,3..6 33,453.7 5.5;9'O+ 232 5.3' '2.5959 4.71 .169) 

39-1 7,538 34,5,7.1 5-,;1. '?4 4.58 268.35 h.64 .1463 
.92 .,81.5 35,630.1 5i',3c,182 4.56 277.55 4.53 .13071 
1923 
19,4 

8X1i4,
8;68: 

3';651.3
3T,-.) 

58. 
8..," 

291. 4.50 
4 "8 

_.6.84 4.43
'c.',8 4,33 

.1260 

.1283 
19.25 9,28" 38,%di.6 " :. S 4.18 306 4.24 .13.5 



BASIC JAPAII-EE DATA(Cont'd) 

Year Output Q Capital K mployment Q/1 = p K/Q = k' p k s = / 

_(l ..... (3)'.. () A 5) (6) (7) (8) . (q) 

1926 10,095 40,067.3 60,52-2 352 3,97 317.03 4.16 .1343 
)927 10,554 41,423.9 61:317 365 3.92 327.84 4.07 .1289 
1928 10,696 42,783.9 62,10-- 367 4.00 339.19 3.98 .1225 
1929 10,962 4114,093.9 62,938 373 4.02 350.35 3.89 -1475 
1930 12,715 45,710.9 64., 1I50 429 3.60 362.59 3.81 

')See ..pp,-diib for expla mt.-ion of data s ourc- a. me'thc:ts. 



6.4) (1-&) lot < c < 1/6 i.e., .5 < i-28 < 1.5 

and hence (4.5b) is satisfied. Thus the value of the technology barrier R 

(4.6a) is .5 and the value of the apsinilation lever y"(4.6b) is .628. 

We can Im nediately conclude that: 1) 'Re devel.opment experience of Japan 

represents a case of "sccess" in the sense that the minimum assimilation 

criterion (4.6c) is satisfied. This means that the domestic effort in 

the di.'erA,n of capi.tal stretching Nas sufficiently strong to compensate 

for the ufa jrabl.h effe'ct of the blh.yapital. using nsature of the 

imported techn.olo y. 1e can thus explaln why output (Q) employment (N), 

per capita in:owe (Qx) and the degree of eraplcymcnt (NH) did increase 

in the long r'irt. (Wh ether or not these four welfare indicatcrs may turn 

down in the "shr. rxn" is iavestei. below.) 2) he domestic capital 

strert:.b:tng ef.t'ort., bow',ery was not q1, .te strong enough to satisfy 

condtit',:o. . ~E:. fcira';, 4,) yeairs taken as a whole,. tdo.)meant Yco r the 

Jap~a deve.2opc.d uder corditious of some cL&gItgL, d.pen:n . This evidence, 

of dboum.;ieZoi.ocont:rL&~.i'x capital6 the. facl; thet; for tht ear.]y years 

stret -:Mnso c : . ,de playe4,a mxtzh mere impcrtant role. In fact, it is 

posSI!l.' Uha,. j'par rou l.. ever har.. shom a copital shae!low g characteristic 

in the eazlier stage.s (i.e., with a )rtgher capital stretching coefficient). 

3) The Jrsvnise dats morecver; rev.l that (y in 6.,3 J._i's bOtwec. 0 and .. 

This depints tne use cf the negative.ly s.oping unit contour (5.9a) vhich 

In Fel and Ranis (op.cit) Ch!pter 4, 've, in fact, presented some statistical 
evidence that, for the indu strial E ctor, capital shallowing gave way 
to cvpital, deepqninU aroun' 2917. Since the possibility of "capital 
stret*hin" is t r terh diCferc-n.e bt ,cen the imported., TheZ 
and th i-.t z 1. thC i'y; i. .z.. tot' r,.jsinn tha'i; st the carly - !)iges 
of d ':-r ( ~o :.: tbc dc; ti. product.:in a differs.y, str-cture 
more f , c-¢.'. tc:cooh' th£,c. at. a later sige) the roic of cEpital 
stret.jchimg is g~c ctr. Tii_ hytcotbesis c:,,n be verificol by a i:iore systematic 
St. iet~'-. i tei 'u.o i}a.D *.,e have unaerft.&<en hr,-.), .c., by placing 
shorter tim. p.c d.s u,..e ., .-- o.1.r3 

http:negative.ly


means that Japan was borrowing technology when the exporting world was 

exhibiting some tendency for increasing capital-output ratios. It also
 

means that Japan would not have been able to grow successfully without
 

a major domestic capital-stretching effort for vhich it i-, in fact,
 

justifiably famous. 

Once w havs dete ined the n'americl-, maitude of the three "innovation
 

parameters" (c = 1.1:28, .67 and i .033), we can proceed to
 

investigate th? predicted values for the rates of growth of k' K, Q,
 

N, Q.* and N* (see causal order ohsz-t, diagrom 7) based on these
 

"innovation paraeters", and then compare these with the directly observed
 

values. In this way, the reasonableness of our model can be verified.
 

To begin ".thp ge can calvulatt the rat.e of growth of the capital-output
 

ratio by tht fo-t.la
 

6.5) Ib:, -e (-B)/B -i (i(-(l-,I)/G) ... (by 5.3)
 

o- ... (by 6*3 and 6 .2a)
.0216 


which sh.,s tbaf the predi -ted value fcr I k'. i. e. -. 0216, is approxi­

mately i.ia. to its directly observed value in (6.2b), i.e., 0 = 

-. 022 

As a secord stepp the nmerical value of 1 k" the predicted rate of
 

capital acceleration,is
 

6.6) A 
21 6
6.6)k e (by4.Thc)
 

Thus, an examination of pirely Jeianese dte pe.dts us to conclude that tc 
capital otpu'. 2'a!io of the vaa..zed countries must have been increasing 
during the periol 1888-1930. This phenomenon can of course be verified by 
independent evidence (see foot.cte 22). 

6 



-46-


However, the directly observed value of capital acceleration can also 

be calculated from coltmm 3 (Table 2 ). Using columns 3 and 9, we 

can estimate the parameters in the following equations: 

A /4 /%
6.7a) K = o et where e = .03 (Tk is the rate of growth of capital) 

AA 

b) s = 0 t where n = .00898 (s is the average propensity to save) 

Thus, the observed value (0 .043) is about tice as large as the predicted 

value .0216). ThLs .discrepar..ey is pao.ty explained by the fact that 

the average propbnsity to save is not constant (as we have assumed in 1.10f) 

but is in fa.t growing at the rate of about 1% a year (6.Tb). For we have 

=6.8) = s#'/ 

so that the obse-pei rate of Capital acceleration must be greater then 

-Tk , by the amount of Th, which is approximately the case. It is evident 

-from the causal or!. chart (-ithat 7) the more realistic savings­

behatoria.ic. avptio (6.7) cr, for that matter, other savings­

behavioristic aasmptlons -- could be used in place of (1.1Of) near the 

"closed end" of cu.r model. 

For the rwcluder of tUls paprp we shell assume that the rate of capital 

aceeleration is given in (6.7a): i.e., e = .043. Based on this 

assumption dud the other' parmters already estimated, we can next 

"predic-t" the nusmeaical vluei; of the ates of growth of output (Q), 

employment (N), per capita income (Q ) and the degree of employment (R*) 

according to (4.8). We obtain 

http:behatoria.ic
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6.9a) 1 .0064 e .o43t + .043 (by 4 .8 a, 6.7a, 6.2a) 

b) 'N = .0064 e *O43t + .010 (by 4.8bj. 6 .7a, 6 .2a) 

c) iq. = .0064 e *043t + .032 (by 4.8c, 6.6a) 7'-/
 

.001 (by 4.8a, 67a)27 /
 
d) i N* = .oo64 e *.43t -

Based on these growth rates we could have calculated the "estimated" 

growth paths for Q, N, V*., and N* (making use of 4.12) and compared 

these "estimated" growth paths with the observed growth paths. However, 

insteA of this difficult comprison of two time series, let us 

concentrate on the analysis of the direa tion of change in the rates 

of growth in (6.9) 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 (6.9), and hence that these four growth 

rates have be-n corms.stently positive through time. The conclusion 

is that the Japanese experience not only satisfies the minimum assimila­

tion critierion of (4.6c) but., in fact, that the irovation effort has 

be-en so s ess.ul thU.l employment and per capita output have been 

increasing Ifnom the: very begi.ning of the growtl process (i.e., the 

E.ltch:ing poilmt phemomenon, as described by 4.11 never occurred for any 

of these welfare iudicators). 

Since the degree of employment (N* = N/L) is monotoically increasing 

without bound, full employment will be reached when N* = 1. Thus our 

7/ 	 For the estimation of V. sand Thj", the population groith rate is
 
assmzed to be r = .0116 hich is the grovh rate of employment
 
estimated from colimn (4) of Table 2.
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model structure in the last section implies a "stages of growth thesis" 

composed of an unemployment growth regime, to be followed by a regime of full 

employment./ At."the terminal point" (i.e., when N* = 1), the economy 

loses its labor surplus characteristic as it graduates into the family 

of mature economies. Previous vork by the present authors suggested 
9/
 

that such a turning poLnt, in the case of Japan, occurred around 19.7. 

We may now calculTte the time reuirel to reach the "terminal point" 

asby first computing the growth path of N* (by 4.12) 

6.10a) N* where 

b) u - (mie) eat + (0 -i-r)t for 

c) 0 = .0I3. 1.= .0064, i=.033, r-.0116 

and by making use of theAs indicated in 4.132 by settl Ni'=I in (6.10) 
30/ 

(z,.001) is approximately zero - / 
conmniemb fa.t t,.a% in our mod.e. e-i -r 

we can solve .plicitly for the laration of the process before the 

terminal point is reacbed, 

° 
6.21a) t O(/&..". " /j) (%rwhen N* increases to 1) for 

, rr .0116
b) .0= .. 

Tmus, we can calculte the time perio- till terminal poi-nt if we know 

the initia1 degree Of emplcyment (?i'o) around 1888. Unfortunately, we 

2__/Rigorously, all of our analysis in the last section is valid only in 

the first stage of growth in which unemployment exists. 

29/ See Fei and Ranis Chapter 4. The result was obtained from the 
the lsbor wurplus condition ceasedstatistically observed fact that when 

to exist, capitasl sha1lovfln g"ve way to capital deepening in the
 
disic .,noiy. We did not in our previousinduEtri ,l .t., cf tL 


work e. nirore -a.....
-. point shculd ocsur in 1917 and not at 

any oth-r a:-. .,i. thi.s pkeer supplics a positive theory
hich provides.a p;. Ezb!lt' 

30/ If this were . lt..tre, still hold but thenot Y-.. every-hUng would 

calculation -u.o1,A be more complicsated.
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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 openly or disguisedly 

unemployed in 1888) are assumed. Applying (6.10) we obtain the
 

following results: 

Initial degree of employment: 
(No in 1888) 

.9 .8 .7 .6 

Duration of unemployment phase 
(years) 

t: 
12 21 27 34 

Calendar Year (1888 + t) 1900 1909 1916 1922 

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

that there shuld have been no slack in the form of disguised urmployed labor 

force. We may rtasonably assume that the initial unemployment is upward 

of 2C.O, vb.ah gives the te-rminal point for Japan somewhere after 1910. 

These rereJta, thoufoa undoubtsdlcly based on as yet inadequate data are 

- !
supported by indepecrent earlier work on Japn.3 1 

Conclusl.on 

This paper has svuhjt to demonstrate that a comprehensive theory of growth 

for less developel coumtries not only relates employment and unemployment 

w ith 0l the other ,'ustomary growth phenomena at the aggregative level 

but must also tie up with the nature of the technology available for 

borrowing from abroad. Such a general explanatory framework, of course, 

3LSee K. Ohkawa and H. Rosovaky "The Role of Agriculture in Modern Japanese 
Economic Development", Economic Development and Cultural Change, October 
1960, for example, as well as the athors' Development of the Labor 
Surplus, EconomX (p. clt).We hope that latr infcrmation now becoming 
available from t*e Hitotsubznshi University will make it possible to 
improve our estimates.
 

http:Conclusl.on
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should not only be capable of explaining historical experience but also 

have substantial implications for planning and policy-making. We have 

only scratched the surface in both respects. But the preliminary results 

presented here do seem to provide encouragement for further exploration, 

in particular into a) the nature of the relationship between technological 

borrowing and lending cocntries at different stages of development; b) 

the precise meaning of a teechnological gap and Veblen's advantage to the 

late-comer nation; c) the relationship between different internal patterns 

of growth in the developed world on the development process in the less 

developeI world.
 



Appendix 

Sources for the basic time series data used 2or the analysis of the growth 
experience of Japan: 

1) 	Output data (Column 2) are taken from Ohkawa, The Growth Rate of the 

Japanese Economy 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 24Urlus Econo y pages ]26-128. Figures are in millions 

of Yen and have been deflated by Ohkaia's (op. !it.) non-farm price 

index, page 130, 1930=100. The "Capital Stock" figures produced in 

this way are for the industrial sector which have been taken as approxi­

mations of the capital stock for the economy as a whole. Once more 

recent precise capital stock data become available these series should 

be revised. 

3) Employm-tnt data (Colm n 4) are from Fei and Ranis (op. cit.), pages 

126-128 Cola 1. are in We have takenleNumbers 1000's of persons. 

"total population" as an approximation of "total employment". From
 

these data, the population growth rate is estimated to be r=1.18% 

,(gecmetric e;?Et:' 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 7). 

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

However, the figvre for average productivity of labor (p) in 

Column (5) is not A/M as defined in Columns (2)/Column (.). Instead 
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the Ohkawa (op. cit), page 250, "Total Real National Income per Gainfully 

Occupied Population". Figures are in 1928-1932 Yen. This is because
 

we have taken "total population" as an approximation of "total employment". 

(Thus the data in Column 4 is used in the text only for the estimation
 

of the total population growth rate r=I.158%.)
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