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LDC Innovation Analysis and the Technolo'w Gap
 

John Fei*
 
Gustav Ranis*
 

Increases in material welfare, i.e. economic progress leading to
 

increases in per capita consumption, can be achieved in the long run fis
 

the consequence of many factors, including capital nccumulation, improve­

ments in the quantity of human resources, and technological chng,e. 11ow­

ever, both economists with a theoretical and those with an empirical and 
1 

historical bent have increasingly come to the conclusion that, in the 

long run, technological change is the most crucial--as well as the most 

difficult to get a hold of. On the one hand, the theoretical economists 

have reminded us of the inevitability of stagnation in per capita income 
9 

capital accumulation alone is at work. On the other, those w.ith an Ois­

torical interest have identified modern grewth,as the Western world has
 

experienced it over the past 200 years, as an epoch characterized by the
 

Toutinization of innovations.
 

When we accept such a long run historical perspective, the developp
 

ment of a "typical" contemporary LDC may be viewed as focussed on transi­

tional growth, i.e. that period of some 30-5C years during which the
 

country shakes off its economic heritage of pre-riodern stagnation3 and moves
 

e.g. R. M. Solow, "Technical Change and the Aggregate Production

Function," RES, August B,57; and S. Kuznets, Modern EconcGrth, New 

Haven: Yale University Press, 1966.
2 

Growth" WE February, 1956; T. W. Swan, "Economic Growth and Capital 
Accumulation," Economic Record, November 1956; and J. Fei, "Per Capita 
Consumption and Growth," QJE, February 1965. 

31n many a contemporary LDC, this heritage is that of a pre-in­
dependence open agrarian society operating typicplly as a colonial appen­
dage to a mature industrial country.
 

*Professors of Economics, Yale University, New Haven, Connecticut,
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into an epoch of modern growth. Economic progress in general, and inno­

vations in particular, must be viewed in the context of this transition.
 

At fhe present time our understanding of transition growth and of
 

the role of innovation in it, are both admittedly still in a rather
 

embryonic state. Consequently, any search for a better understanding of
 

LDC technological change, i.e. ony attempt to theorize on this important 

subject in a viable fashion, must begin with some historical perspective, 

and proceed to propose an analytical framework. It is the purpose of the 

present paper to attempt this twin task.
 

What is imperative about an historical perspective in which to 

imbed the analysis is that it provide a major focal point for deciding 

what factors out )f the multitude of possible observations are esset.lial 

and relevant--and %hich may be set aside as of secondary importance, at
 

least as a first approximation. In section I, we shall try to cultivate
 

this historical view by contrasting the role of innovation in the typical
 

LDC with the role of innovation in the industrially mature economy. Such 

a comparison then permits us to conclude that the major factors relevant
 

to the innovational process in the LDC's--our main concern--include
 

(1) changes in the quality of domestic entrepreneurship, (ii) changes in 

the factor endowment over time, and (iii) the possibility of the inter* 

national transfer of technology. These are the facets that will be e;c­

plored as part of our analytical framework in sections II to V. 

111.s.. . i '.. a I ..... w..... O u reprUse.J . .. t . . . h s 

time than a preliminary attempt to let empirical insights, based mainly
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on the transitional growth experience of post-Meiji Japan be integrated
 

into a rather crude theoretical framework. 
To date, the innovational
 

process has 
not yielded easily to analysis in any context, developed or
 

underdeveloped--and it would be presumptuous for us to expect to change this 

situation in the context of this paper. 
While we think we have
 

made some progress, especially in linking the element of rational choice
 

to the innovation inducement mechanism, the whole set of issues broached
 

here is sufficiently complicated to zhrenten to involve 
us in a rather ambitious
 

reformulation of development theorv-- something we nothave clearly 

attempted. But even a first approximation must ive due recognition 

to some of the following factors: (i) the relationship between rational 

entrepreneurial decision-making and the feasibility of technological 

borrowing abroad (section II); (ii) the high cost of technological 

borrowing initially due to entrepreneurial immaturity--and the sub­

seauent act of unconsc.ous innovation as these entrepreneurs gradually
 

learn by doing in the course of the transition process (section III); and
 

(iii) the attempt, later, by maturing entrepreneurs to consciously 

adopt biased innovations in response factorto chcngins endowments 

(section IV). Our overall analytical framework, resulting from a syn­

thesis of these elements in the context of a phase of transition 

theory, will then be subjected to sone statistical verification
 

(section V).
 



I. Innovations in Historical Perspective
 

Since most of our kno.wIcdge about 	 technological change is necessarily de­

rived from our understanding of !ndustrially advanced countries, it behooves
 

us to make a preliminary assessment of the extent of transferability of
 

that knowledge, i.e. to what extent the knowledge of innovations pertinent 

to "mature industrial capitalism" is useful for the understanding of an 

We propose to examineunderdeveloped country engaged in this tranzit*ono. 

the transferability of innovation ana! sis from the point of view of 

(1) he socio-economic significan-e of innovations, (2) the sources of in­

n:yvntional ideas, and (3) the innovatio.-motivation mechanism proper. As 

we will discover, there exist signifficant differences between the rich 

vn the poor countries in all thrco of thes dimensions. 

" The Socio-Economic Sifnificinee of Innovation
 

with social as opposed to private
Economists are normally coonerned 

cobjectives. In a wealthy industrial society, thr.ec types of socio­

economic problems may be said to have imiotivated economists' interest in 

innovations: (i) economic instability, (ii) distributional equity, and 

(iii) long run stagnation. The relptionship between innovations and in­

stability stems from the fact that economic fluctuations are caused 

mainly by fluctuations of investment which, in turn, may be traced to 

the lack of dependability in the appearance oi innovltional ideas to be 

accommuodated by capital accumulationl The i.ssue of "distributional 

ic.f. J. A. 	 Schumpetnr, Tlio '11L -)r Economic Development, 

and Karl Marx, DasCam[-ridge, Masr.: Harvard Unave: 	 it, Pr's, i>iL.; 
Alle:n & UnWin. Lt6. ,London: George 
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equity" stems from the natural focus of a wealthy society on issues of
 

distributional conflicts (e.g. the distribution between labor nnd capital)
 

which are affected by the factor bias of innovations. The distributional
 

equity issue, moreover, has implication for long run stagnation in that
 

the natural tendency for the profit rate to decline in the long run as
 

the consequence of capital deepcning must be compensated for by innova­

tions if secular stagnat.on is to be avoided, i.e. if the capitnl owning 

class is to be induced by a high enough profit rate to take the rish of
 

investment and the o:ploration of new ideas. 

The problems of instability and of distributional sensitivity 

are moinly problems of mature twentieth century capitalism in which inno­

vationa~l activities are assumed to have become institutionalized and 

routinized. This group of social problems is very different from that 

.-aced by a contemporary LDC in the course of transition. Here the cruci'! 

sccio-economic problem, one which lies 
at the heart of the transitional 

problem and tends to perpetuate LDC poverty, is not the erratic up-and-down 

quality of innovational activities but rather their absolute low level.
 

As a consequence, instead of "instability" and "distributional equity" 

the cnalysis of LDC innovations must be focussed on (i) the origins of 

innovational capacity nnd (ii) the i.mpact of innovations on relative 

factor utilization.
 

One of the most important "cultural" achievements during the 

Uasition, phiisu is to acquire increased innovational capacity, and a major 

purpose of any analysis of innovational activity must be to study the 

process by which this ability is acquired. This, in turn, requires an 

understanding of the precise nature of entrepreneurial decision makingr, 

http:stagnat.on
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given inherited human resources. For it is by the very process of the
 

formation and the execution of entrepreneurial decisions that entre­

preneurship is developed in a learning-by-doing context. In this respect,
 

naturally on the identification of the parti­the analysis should -ocus 


cular entrepreneurial tasks which need to be performed in the transition
 

process.
 

From the socio-economic point of view, the impact of innovations
 

must be assessed in terms of their efficiency in utilizing the resource
 

endowment of the country. As a general rule, we may visualize that, 

from an almost exclusive re­during the transition process, an LDC moves 


(e.g. in primary product exports)
liance on land-based natural resources 


(labor and entrepreneurship)to the utilization of its human resources 

and, still later, of its shill and capital resources. Thus, the impact 

of an innovation in the "early," i.e. land-based or labor surplus phase, 

in terms of its labor using (or capital saving)tuit be gauged mainly 

common sense
impact in meeting the basic tequirements of efficiency. The 

of the matter is that as long as there is a marked discrepancy between 

factor endowment and factor utilization, given a particular state of the 

labor-using direction, aasarts, innovations should be "biased" in a 

use of the country's relatively abundant resource
learning effort in the 


(i.e. 	 labor) and in conserving the relatively scarce resource (i.e. capi­

be
tal). For an LDC in transition, the innovation effects could thus 

statistically sumiarized in terms of changes in the overall capital-labor
 

least for the industrial sector,
and capital-output ratios, at 


1lncluding such cultural factors as secularism, nationalism and
 

to scarce resources.
a bolief'in the equnlity of access 




In summary, the two objectives of LDC innovation analysis, aug­

menting innovational ability and improving the related efficiency of
 

resources utilization, are critical growth related objectives, i.e. ob­

jectives oriented toward increasing the output capacity of the economy.
 

These objectives are quite different from the emphasis on instability
 

and/or distribution in the industrially advanced countries where long
 

term growth can be taken more or less for granted.
 

2. The Sources of Innovational Ideas
 

The defining property of twentieth century industrial capitalism
 

is the institutionalization of innovation activities. 
This process re­

suilts from decades of cost-benefit analyses guidin-, the direction of R
 

and D expenditures to e-.plore the knowledge frontier, with the benefits
 

reaoed in terms of the actual industrial adoption of new ideas. Thus the 

sources of innovtional ideas reside in the exploration of new knowledge. 

Moreover, full analysis of the institutionalization of the exploration
 

process itself necessitates dizinguishing between private (profit-sec.-ng)
 

and public (eg. ndlitary-relaJ) innovations.1
 

The situation is 2-nin entirely different for an LDC in transi­

tion. Here, the source of technological ideas is not the simple conse­

quence of the exploration of the knowledge frontier. Rather, the most 

important source of new technology is the transfer vi the importation
 

of ideas already proven to be industrially feasible in the industrially
 

mature countries. Cost-benefit analysis and the role of government in
 

-I. Fellner, "Trends in the Activities Generating Technological 
Progress;' AER, March, 1070. 
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the innovation process are largely irrelevant, since tht' "cost" aspect 

is trivial, i.e. except for search costs, innovational ideas are relatively
 

freely available to the latecomer. Thus) for an LDC, the focal point of 

the analysis of innovations is more likely to be t..e absorption process 

proper, i.e. how foreign innovational ideas are transferred and possibly 

modified. Specifically, such analysis can be expected to be more con­

cerned with the level of efficiency over time in the process of borrowing 

and simply transplanting knowledge--as well as with the efficiency of 

the domestic assimilation and innovation processes on top of the' imported 

technology.
 

In the total technology absorption process we may usefully dis­

tinguish between two facets, a private innovation process and a social in­

novation process. Like its counterpart in the industrially advanced
 

countries, the private innovation process refers to the conscious cal­

culations and actions of private profit seeking entrepreneurs, with 

to, among other elements, factnrrespect to profits and losses, as related 

bias in technology transfer. The social innovation process, on the other 

hand., refers to more unconscious acts of learning by doing, partly by 

entrepreneurs and partly by other economic agents, in the process of
 

such "unintentional"technological assimilation, As we shall argue, 

social innovations may be quite important. especially in the early phase 

of transition when the do.estic entrepreneurship is, as yet, underdeveloped. 

This type of innovation, which may have just as much "employment" and 

"output raising" effects as the conscious private type, is peculiar to 

an LDC under transition, i.e. it represents a 6ate,-ory of innovations
 

ordinarily emphasized in the mature industrialized society where
not 




the effects of most innovations tend to be "internalized" or "imputed," 

This unintentional or social variety of innovation, it should be em­

phasized, is likely to come earlier in the life of an LDC since inefficiencies 

arising from pure transplantation are eliminated as domestic entrepreneurs
 

become more experienced.
 

3. 	Innovation-Motivation Ana lysis
 

With respect to the analysis of the private or conscious motiva­

tion of innovation, the focal point in the industrially mature countries 

hrs been on the entrepreneurial calculation of the anticipated saving in 

factor cost. I A most important type of information relevant to this cal­

cu'.ation is usually provided by the state of anticipation with respect 

to the supply of labor. This includes both (i) the anticipation of the 

real vage trend--generally upward in mture societies and (ii) the anti­

cipation cf other (non-wage) difficulties in dealing with labor unions-­

generally upward too. For both these reasons, innovations in mature
 

capitalist societies have had an inherent labor-scvin bias, i.e. as 

exemplified by the marked trend towards "automation." 

Once the LDC entrepreneur is capable of making rational economic 

can be appliedcalculations, a similar innovation motivation analysis 

here. There are two points which need to be emphasized in this conte;'t. 

First, the full flowering of labor union development is a phenomenon
2 

still mainly reserved for the mature econocr., 2nd hnnce the analysis of 

k. Fellner, Trends and Cycles in Economic Lt_, New York: 

Holt, Rinehart and Winston, 1956. 
2Lss true for LDC's which are at a later stage of transition,
 

e.g. Latin America. 



innovations can be simplified by the assumption of "a trend towards per­

fect competition in the labor markets. Second, instead of anticipatinC 

the real wage, we may distinguish twocontinuing marked increases in 

stages of LDC grcth: a first stage characterized by an approximation 

to the "unlimited supply of labor" condition and hence the anticipation 

only gently rising real wages; and a second stageof fairly constant or 

characterized by anticipation of substantially increasing real wages. 

One of the major elements of contemporary growth theory enables us to 

accept this distinction as an operationally 
relevant one.1
 

II. A Pure Model of Technoloy-Transfer 

In the context of any "pure" theory of technological transfer, 

at least three facets must be specified: (1) the availability of tech­

nology from abroad as described by the technology shelf; (2) the process 

of technological borrowing from that shelf based on rational entrepre­

neurial calculations; and (3) the implications of such borrowing for 

"growtia," i.e. the tendency for capital deepening or shallowning, for er,-n 

These three facets will be examined
ployment and output generation, etc. 


in turn. Moreover, it should be understood that the "pure model" repre­

sents merely the skeleton of our analysis which will be modified and ex­

panded in the subsequent sections
 

1. Technologv Shelf 

The important fact that, for an LDC, the primary source of tech­

nological ideas is from abroad may be described by the existence of a 

J. Fei and G. Rani3, Development of the Labor Surplus Econoiv: 

Theory and Polic2, HomewoodT Il: Richard Irwin, Inc., 1964; and also 

J. Fei rnd G. Rants, "On thr E~mn'ricol Relevancy of the Ranis-Fei Model 

of Economic Development: A Reply," to be published in the AER. 



technology shelf, containing technologies of production whic4 either in
 

the present or at some time in the historical past, have been demonstrated
 

to be feasible in the industrially advanced couni:rle.s, 
and from which nn
 

LDC c:n borro,, freely. The technology shelf is -van by the curve SS'
 

in diagram (la) 
in which labor (capital) is measured on the horizont l
 

(vertical) axis. A typical point A 
on this curve represents a pair
 

(n,, k.) 
in which ni is the labor coefficient and k 
is the capital co­

efficient. The point A. may be referred to as a unit technology in that 
it describes the amount of labor inputs (ni) and of capital inputs (ki) 

required to produce 
one unit of output. 
The idea of a unit technology
 

assumes 
factor complementarity and is shown diagramatically by the fact
 

that the point A is the "corner point" of an L-shaped production contouli 

(TXJ)producing one unit of output.
 

Suppose the size of the capital stock for the whole industrial
 

sector is Iy
as measured on the vertical axis. 
 Then, when, for example,
 

the unit technology A 
is chosen from the shelf, it can be operated at a
 

definite scale producing K/kI units of output and employing Kn h I units
 

of labor. In diagram (la) 
the radial line through point A1, i.e. the
 

radial line with a slope (k!/nl) intersects the horizontal line throurgh
 

point "K" at a point "c ." This point "c" is the "corner point" of an
 
L-shaped production contour indexed 
 by Vl--producing 1/!- units of outut 

and employing C"Xc(= ,nl/.I-) units of labor. Thus, associated with ony 

technology choice 
(in this case A 
 the degree of capital intensity
 

(i.e. capital per head, k1 /n!) is determined. 
The size of the capital 

stocl: "IQ'thus determines the amount of labor force (X cI here) which can be 

efficiently accommodated for each technologiccl choice. 
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The complementary nature of capital and labor in the unit tech­

nology (e.g. A )can alternatively be shown by means of the TPPL (total 

productivity of labor) curve oab1 in diagram (Ib). This TPPL-curve has
 

a radial, i.e. homogeneously Linear portion, Oas before the size of the
 

optimum labor force-.(KcI in diagram Ia) is reached, and a horizontal
 
1I
 

portion albl beyond that point.1'Thus, when the size of the capital
 
stock X is given. by varying the unit technology AoP Ai, A2 on the
...


shelf SS' in diagram la. we can determine a family of TPPL curves (Oaob0,
 

1b1JOa 2b2.o.in diagram (Ib).
 

The technology shelf contains information on techniquos demon­

ztrated to have been feasible at some point in the historical past some­

here in an industrially advanced country. The fact that curve SS'
 

(diegram. ia) is negatively sloped serves to emphasize the fact that, ti.lh 

respect to the more recent vintage of advanced country technology, i.e.
 

as we move upward to the left along the shelf, Ass Al. A 2 .three long
 

run trends may be observed: increasing labor productivity (i.e. de­

creasing values of n. nl, n2...), continuous capital deepening (i.e.
 

increasing slopes of radial lines 0As, 1GA OA and increasing
 

capital-output ratios (i.e, increasing values of ko It ) The first

1 k2) 

two properties are among the well known "stylized" facts of economic -rm).Hi 

in the history of the mature economies.
2
 

iGiven the capital stock, e.g. K and the unit technology e.g. A.,
 
the optimum labor force (knI/k) is an optimum in the sense that it re­
presents the minimum amount of labor required to produce the maximum r,.'­
duceab le output.

2 e.g. Kaldor, "A Model of Lconomic Growth," E.J., December, 1)57 
and Fellner, Trend&. and Sles in Econoon. Activt. op ci.t, The ti:d 
condition, that of an increasing trend -.n the capiti1-output ratio, could 
easily be modified in our above analy!is. For exnr-re., the technology 
shelf SS' is a horizontal line for a constant "k", clearly not an impossirie 
case; an upward sloping curve would indicate a dec!ining 'k", an unlikely 
world in which increases in 7abor Droductivity in the indu.,trin7 countries 
do not have to be "bought" ct the price of higher capital-output ratios. 
Empirically the downward slepig shelf, as we have pictured it, seems the
 
most realistic.
 

http:2b2.o.in
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2. Technolo ical Borroxi.,Q and Rational Entrepreneurial Action 

Let us assume that, in addition to the technology shelf itself, 

we also know the value of the real wage, i.e. the height Ow of the hori­

zontal supply curve of labor %'w'in diagram (ic). From this we can con­

struct a curve depicting the total wage bill, i.e. the radial line OG 

in diagram (lb), the slope of which is the real viage. If the technology 

chosen by the entrepreneur is AI, for example, then profits TT1 are 

maximized at the point a I where the gap between the OX and the TPPL-curve 

Oa bI is at a maximum. In other words, that amount of labor input which 

max:imizes profits is precisely the previously defined optimum labor force, 
i.e. that labor force which, for the given capital stoc-, leaves neither 

labor nor capital disguisedly unemployed. This simple property follows 

directly from the competitive assumption, i.e. the fact that the real 

wage is constant and given for all firms. 

When the size of the capital stock (K) is fixed, a rational entre­

prencur will thus see.: to adopt (i.e. borrow) that technology choice which 

maximizes the rate of return to capital. In diagram (lb), alternative 

maximum profit levels To01 f 2 represent the anticipated profit 

stream associated with each alternative technolo~y choice--under the 

assumption of the expectation of near constancy of the real wage. A 

rational entrepreneur under these circumstances will adopt that tech­

nologoy which yields the maximum profit. In diagram (Ib), the equilibrium 

technology choice turns out to be A,, leading to the maiu1L1mm profit 

This equilibrium condition can be shown explicitly by treating 

the "envelope curve" a 2, al, ao as an ex ante TPP.L curve. For each amoint 

]This is rer.iniscent of the putty-to-cl y idea in the growth
theory literature (see E. Phelps, "Substitution, Fi:ced Proportion, Growth 
and Distribution," International Economic Review, .. 3C. 
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of labor employed the curve shows the maximum output which can be ob­

tained by a suitable technological choice. It so happens that the maximum 

output is obtained when the optimum technology, consistent with the given 

labor force, is chosen. The ex ante MPPL-curve, i.e., the slope of the 

ex ante TPPL curve, is the demand curve for labor as depicted by the
 

negatively sloped MMh curve in diagram (1c). Where this demand curve in­

tersects the horizontal wage line inu' e.g., at a point E, the equilibrium 

position is determined.
 

The above skeleton of a theory of rational entrepreneurial be­

havior shcws that the technology choice can be deduced from a calculation 

of the rate of return to capital--which in turn can be traced to the com­

bination of anticipated donstic real wage behavior and the technological 

informztion available from abroad. The result of such an entrepreneurial 

choice is not only the determination of the rate of return to catpf.tal 

( l) but also simultaneously of the degree of capital intensity (kl/n,) 

and of the total volume of labor which can be absorbed (wE). 

3. Overall Implications for Grow th 

The above frampwor . for analyzing technological choice also pro­

vides the groundu~orl, for determining the impact of growth. In this simple 

model grEoth may be defined in terms of increased cap-Ital accumulation 

and increased employment opportunities. Both of these will be clearly 

affected by the anticipated long run behavior of wa,-es. As pointed out 

earlier, wages may be assumed to be held roughly constant or increasin, 

only modestly during the early labor surplus phase of transitionand to 



Lictease rapidly at the later phases when that labor surplus no longer
 

overhangs the market.
 

Thus far we have kept the capital stock constant at K. Now let
 

the increase of that capital stock through time be represented by the
 

points K, K', L"...on the vertical axis in diargram (la). The largor capi­

tal stock will lead to "higher" demand curves 
for labor MM, M'MI) M'141...
 

in diagram (1c), leading to increases in labor absorption. When the
 

real wage is constant, the amount of labor force absorbed will always be
 

proportional to the ofsize that capital stock. Starting from the initial 

pcint "c in diagram (la) the expansion oath would then be indicated 

by the locus of pointo R1, R", R'"...which fall on a radial line. Con­

versely, when the real wagc is increasing (i.e. as represented by the
 

dotted curve 
from the point E on), the expansion path will show a capital
 

cdeepening tendency, as shown by the locus of points E', 
E" E"'
 

These conclusions folloj readily from the assumption of constant returns
 

to scale.
 

In summary, we can thus see that 
 the main implication of our view 

of LDC innovation bchavior is that the behavior of the real wnge, as 
it
 

reawkes 
itself felt through the choice of technolo-y, determines the e:,tent 

of capital intensity, i.e. a rapid increase in the real wage will induce 

rapid capital deepening. The at which employmentpace opportunities are 

generated is thus controlled by capital accumulation as modified in an 

adverse direction, by the capital deepening tendency resulting from wage 

lOtherIexogenous 7re-.; :res combiamay x.,t ti.c tormirtion o­the unlimited supply of labor condition to differentiate this second phaue
from the first. As pages rise. moderately in phasc 1 ond rapidly inphase 2, the slope of rhe wnro CG in lbbill curve Vi)alra,;shifts up and
the maximum profit point shifts3 to the left. 
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now be modified to accommodateincreases. These simple 	relations must 

other important dimensions of the technology transfer process.
 

III. "Social" Innovation Act.vities 

For a less developed country in transition, an important 
source
 

to the elimination of inefficiency, in 
o* productivity gain may be traced 

-'ie course of the above described process of technolory transfer. As 

tech­
'erfected and developed 	 in the industrially advanced countries, such 

factor efficiency and org-anizational efficiency
rnologies assumre certain 

n an LDC. The most important nianifestation of 
ih-ic may je lac!.ing 


is, of course, labor efficiency wubich can be traced to

f.ctor efficiency 

-jc! factcr' as cultural herita,;e, accumulated c:pericnce, education, 

as yet incorl;ictel, C )ecified. In ortanizational 
etc., the re!ationshios'recise 

organiza­
e!ficiency, we may include entrepreneurial capacity as vell as 

economies larue production. While
t:.onal capacity traceable to of scale 

yet ready ':or finely specified answers, we wiay assume that:e are not 

both oF these types of efficiency are related to lcarning. by doing pro-

The a oreirentioned inefficiency is operocion .lly described by 

in the real cost (i.e. real capitr. cont and/or real labor
.2n incr.:ent 


LDC will have t, incur, over and above thtat implied by the

cost) 1.-oich an 


over and above the costs per unit of" output pre­
technolo:,y shelf, i.e. 

vailin; historically in the advanced countries. In di.agram (2a), the
 

SS' curve represents ;k-he technology shelf containin,-, unit technologies
 

Ao A, A ... ,and T' ruV-::cseits the unit technolo,:ie: after unit tcch­

nologies A. have been transol;'nted into the LDC ;:nd converted into 
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Bo) BI, B2... at lower levels of efficiency. The increimental real cos;ts 

due to inefficiency are indicateu by thc vector'; (i.e. nrrows) AoP 

AIBI A B2 . .. which have a "direction" (i.e. slope) and o "m',agnitude" 

(i.e. length). Notice that these arrows point to t!,e North-E:st (i.(,. 

they are positively sloped), indicating the fact that capitol and/or
 

)..c ' coefficients will be increased as a consequence of the existence
 

...iefficiencies., 

Generally speaking an LDC will incur a heavier real cost if it 
-.. ats to import technologies with a more recent vintage, i e. further 

a*,:ay from their own experience. This is shown by the increasing lenr'th 

cf vectors AoB AIB!, A2 2J39.. .as we move to the0 left, Our cc jecture 

is that these arrows will also become steeper indicating, the fact that 

as the LDC attempts to import technologies of a more recent vintai'e, 

i.e. "beyond their reach,"' the incremental real cost per unit of output 

's oriented increasingly toward capital rather than labor. This is due 

to the fact that the efficiency of modern capital intensive production 

denends more and more on organizational capacity as uell as the ability 

to :.:aintainand repair the capital stock. On the other hand, when an 

LDC attempts to import a technology of a considera ,!y older vintan,,e 

e.. a U.1. textile mill of vintage I., the total iucuificiency the 

borrower will have to worry about may be absoluteJly smaller and the in­

efficiency of the laibor iorce may be relatively morc tiportint. 

Su.pose, the size nf the capital stoc!: Ok ii: iven (in dLcrani 2,). 

In diagram (2b), let 1-11, :e the demand curve for laoor, i.e. the ex ante. 

14PP L curve as previously introduced, correspondin- io the ziven technolo-y 

shelf, and let IN be the effective demand for labor corres:iponding to tce 



U1hen cn LDC strives to eliminate 	 the above in­
transplanted shelf 	TT'. 


the movement !rom 	the TT' curve
efficiency over titne, we cen think of 

SS' curve as an innovation in the ordinary sense which cnn i..e
bach to the 

(i) the intensity 	of innovation and (ii) the
 
measured with respect to 


that the length of the arrows
degree of labor saving bias. The fact 


indicates innovations with increasing intensity.
A 1B, A2 B2 .. increa ses 


The fact that, on the same radial line (e.g. Q) the slope of SS'
 

B2 ) means that

less steep than the slope of TT' (eog. at
(e.L, at A ) is 

is biased "n the labor saving direction. Thus in diagran

the innovation 

be noti:ed thit :zi compored to MH, the effective demand
(2b), it should 

of an older vintage, while de­
cur-e raises the MPP :for technologics 

for those of mo c' recent vinta'e. This is due to the 
pressing the MIPP 


the low innovation in­
fact that. for technologies with older vintr.ige, 


tensity effect is over-whelmed by 	t-, "very lebor-saving innovation"
 

r,'cent vintage, the high innovation
effect. For technolo:-,es of waore 


effect which raises the PIL overwheims the weak labor savin,,intensity 

effect, leading to a net increase2 	 in the iIPP 1 . 

-!1hen an LDC, after initial technological transplantation, finds 

alon"' TT'. for each level of
itsela confronted 	with such inefficiencies 

amoun of !Z!1bo- eployed U;. dc:.rcc, cnpitil. ;.n­tho ofthe real wage th2 

tensity will be diffcrent fromi that provailiig iii tc icudin;, indu.;tiL.' !ly 

!hen the rnal .wal', is rc[:: 'ie'y 	low (c.:.. o% in 
advanced countries. 


historicvilythe LDC .ill employ more labo-: th-an u2;J Che casedi an:rarm 2b)., 

abroad (i.e. 1 
> W E), Froi,, the auilivy . . nes C and OJ, 

can sc that the technology .;clctud ;:y the LDC, :,.vcf
in diagram 2a, we 


from ". :hile, historically,
owl, i B.r transnlantcdWthe real wege at 



the industrially advanced country, at the same real wa:,e level, would
 

have chosen a technology (e.g. A3) which represented a higher degree of
 

capital deepening. Notice that there is little difference between the
 

total output produced at A3 (i.e. K/k3 ) and at P (i.e. K/k), i.e.
 

there is no a Driori reason for us to know whether A3 or B2 is in a
 

"higher" position. Thus the incremental employment of QJ units of labor
 

on the same capital stock represents the entire incremental real cost
 

due to labor inefficiency.
 

Given a real wage at a somewhat higher level, we may note that 

the above situation is reversed. Here tile depressing effect of MPPL
 

leads to the employment of less labor than was the case historically in 

the industrially advanced countries (i.e. w 2eI < 17E' In diagram (2a), 
at the -iven higher real wage level, the technology chosen by the LDC is 

B (transplanted from A ) which represents a higher degree of capital5; 5U 

intensity than that prevailing historically in the advanced countries
 

(i.e. A ). Because of thi.s inefficiency, the countr,, now pays a double 

penalty in terms of output loss, ie., the loss, of output is Q(i/k4-l/k ). 

In other words, the econony loses output on the liven eopital stock both 

because it chose a technolo-y which is more capitel using (i.e. by moving 

from Al to A5 ) and b'eco,use of the inefficiency in te utilization of that 

technolo, y (i.e. by moving from AS to B5 ). 1 

IFor lack of - better name, the above phenonenon may be referred 
to as a "diseconomy" of prerature modernization. Such "diseconomics" 
always occur when the country is as yet not very ef icient., requLritiL 
tile use of relntivcly :!orv c i.ni-.t ! and result ;.,:; lcweriini of theLuii 
MPP_. The inherent parado'. cd n be scen in t ofr'ni,Clih ,I 4,nt:t 


supermodern factcry' eci:'in ,.. completely oI I.,i Cue
out 1',I th pre­
vailing, relatively lr%., ;xc oF real wans, Thi'.1: Iduct on of such 
plant may be vi.ewd o ' r ise P ) hi!".i ,.eco;:;1v cnouJlli;. to h,' -o ' level 
to compensate for the inherei.: ;-,fficiencv. V f-erQit:ly put, in div"r'cm 
(2b) we see that as the r..l ... leel in raise, to w,) it will becoe 
uneconomic for any technology to be borrowed by tile LDd while some 
technology will still be econo'sic.'J. in the lending country. 



For an LDC which normally finds itself with such inefficiencies
 

part of its colonial heritage, their elimination over cime clearly
as 


constitutes a major source of innovation, leading to .ains in output
 

In diagram 2a such "innovations" may be re­capacity per unit of input. 


presented by the gradual movement of the TT' curve through time towards
 

the SS' position. In diagram (2b), similarly, the NN curve can be
 

pictured as swivelling in a clockwise manner towards the MM position. 

It is then also easy to trace the impact of such innovations. For a re­

latively low level oz" the real wage such innovations lead to capital 

Little effect on raising output is
deepening, i.e. e1 , e2 , e3 o.oE. 

recorded, with the main impact of innovation the laying off of some redun­

dant workers per unit of capital stoc!h. For a relatively high level of 

the real wage, the impact of this type of innovation leads to capital
 

e et , e ....E' as more labor is employed per unit of
shallowing, i.e, 
 1' 2'n 

capital. 1io.ever, the major gain is now measured in terms of increased 

output brought about through a more effective use of the scarce napital 

stock. 

The existence and elimination of these inefficiencies modifies
 

the LDC's growth path as analyzed in the last section.the conclusions for 

low wage case (Ow1) in diagram 2a, the expansion path as a re-For the 

sult of only capital accumulation would, in the absence of elimination of 

earlier).inefficiencies, have follo;ed the radial line JP (as ve noted 

The elimination of inefficiencies, on the other hand, leads to a growth 

path Q11, marked by a capital deepening tendency, which "catches up" with 

the JP path over timc. For the high wage case (0' 2 ) the growth path O'l' 

now shows a capital shailowin:j tendency approxirnatin'v the radial path 

J'P' over time.
 



For an LDC in transition, we can realistically visualize a situa­

tion in which the real wage increases only gradually as long as labor sur­

plus overhangs the market. In the absence of the "inefficiency" 

element, we note an initial capital deepening phenomenon, induced by 

this wage increase--as analyzed in the previous section. When the argu­

ment of this section is added, however, we can see that while, in the 

early phase, the country vill show a tendency toward capital deepenin,,
 

this tendency may give way to some capital shallowin- later. This is true
 

if the elimination of inefficiencies is sufficiently important to swamp
 

the effects of moderate wage increases over time, Nioreover, this capital
 

shalloxing phase is seen to be accompanied by a substantial growth in
 

inco.e because of the huge output-raising effects associ.ated with gaino 

in the efficiency of usin, capitaL This capital shallowing phase is likely, 

,-cxevcr, to o on forever and will eventually give way to capital 

deepening when this source of gain in efficiency is exhausted and the 

capital deepening effect, due to an accelerating real wage increase, 

begins to dominate. 

IV. The Motivation for Innovational Bias 

The unintentional or "social" innovation of the last section is 

the result of learning by doing processes which are themselves a by­

product of growth. This contrasts sharply with the important intentional 

type of innovation which we vill be concerned with in this section, 

i.e. as a consequence of : conscious entreprene'xia! attempt to further 

reduce the real output costs (in terms of capital or labor inputs) in 

the process of technologiccl assimilation. The core of this theory, as 
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in the mature countries, must be a rational innovation motivation analysis
 

at the level of the individual entrepreneur. Since the amount of possible
 

reductions in real costs, or innovational intensity,is, of course, con­

strained by the expansion of the entrepreneurial knowledg;e frontier,
 

there is little that economists can say, on a rj i [.rounds about the 

magnitude of possible cost reductions. What the economist can hopefully 

speculate about on such a pj iri grounds is limited to the direction of
 

the factor bias of innovations, which is what will be emphasized in this
 

section.
 

In diagram (3a), let the point A (i.e. the point (n,k)) represent
 

a pre-innovation unit technology. The real cost reducing effect of an
 

i-movation is to shift this point towards the South-West (e.g. towards
 

point D)which represents a reduction in the labor and/or capital co­

efficient. In the same diagram, we have shown two special extreme cases: 

a .ove from A to A', uhich may be called a pure capital saving innovation 

(i.e., yielding a reduction of the capital coefficient only and leavin,. 

the labor coefficient constant), and a move from A to A", a pure labor 

saving innovation. Useful a priori reasoning about the innovation­

motivation mechanism is usually limited to showin, why entrepreneurs 

should attempt to orient their innovational effort in either of these 

directions. 

Suppose the size of the capital stoc, (:,)Lt,:iven. The TPP L-


curve corresponding to the pro-innovation technolo,y (i.e. at point A) 

is shoun by the curve oab in diagram 3b. For the tuo extreme cn,.e; 

In the context of this paper the costs of R ind D and of search 
are neglected. 



(i.e. A' and A"), the post innovation TPPLCurves are also shown in the
 

same diagram (3b). For the case of the labor-saving innovation (A.'),
 

the TPPL curve shifts to oa"b. Notice that the effect of this innovation
 

is to reduce the optimum amount of labor employed by AL, e.g. throug3h
 

automation; there is no output raising effect whatsoever for the maximum
 

output obtained because the value of the capital-output ratio is assumed
 

to be unchanged. For the case of the capital-saving innovation (A'),
 

the post innovation TPPL-curve is shifted to oalb', implying that more
 

labor will be employed (i.e. by an increment of AL units) and that total
 
1 

output will be raised (i.e. by AQ). The key analytical issue before 

us is in which direction will the profit maximizing entrepreneur orient 

his innovational effort? 

In diagram (3b), given a real wage at W, let the total wage bill 

line ai- be shown leading to a pre-innovation rate of return to capital T 

If the labor saving innovation is adopted, the incremental profit is Ar. 

which is brought about entirely by a saving in war..es, i.e. Ar = x AL. 

Since there is no output raising effect, the source of additional profit 

resides entirely in the reduction of the labor force (e.g. through automa­

tion) and the consequent saving in the wage bill. On the other hand, if 

the capital-saving innovation is adopted, the incremental profit is Ag 

(nce that dd'a'a is a parallelogram) which is proportional to two factors:
 

(i) the increment in employment AL' and (ii) the do::ree of exploitation 

per unit of labor r .,(i.. . A. = AL' (n - w)). "cr- th: extrp innova­

tion profit ( t) is larger the larger the additional labor Dbsorption 

(AL') and the higher the degree of exploitation (n-w). 

1The radial portion of the TPP curve coincides with the pre­
innovation curve because of the assume constancy of the labor coefficient. 
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It is then easy to see why, in an industrially advanced country,
 

Under competi­innovations tend to be biased in a labor saving direction. 


tive assumptions the most important reason is that in such countries the
 

degree of labor exploitation, n-w, tends to be I-, i.e. thce wage tends
 

to be a relatively high fraction of labor productivity and hence the pro­

fit margin tends to be lou. Under these circumstances, the snving 

associated with labor saving innovations tend to be large and, at the 

same time, the extra profits due to capital saving innovation tend to be 

small. This is clearly seen in the entreme case when the wage bill 

curve (CV) is steep U Lenough to coincide with the TPP -curve oa, implying 

zero profits before innovation. In this case, the extra profit due to
 

the labor saving innovation is ja" (ja" = AL x n), while the etra profit 

due to a capital saving innovation is zero. 

This "static" argument would be strengthened if the entrepreneur 

can be viewed as anticipating a rising trend in real ages. For the only 

way in which said entrepreneur can protect hip profit margin (when 

threatened by wage 1.iles) is through adopting labor snving innovations. 

Capital saving innovations will not help when the profit margin is 

threatened.
 

We may cite tvo additional arguments based on .t-irket imperfectiLons 

which tend to strentthen the above conclusion. First, labor saving inno­

vations result in lower levels of employment and hence in a lessenin , 

of the entrepreneurial dependence on labor--thuti mLoiiizing ibor controt 

problems. Second, labor savin:, innovations, to t(! c.ztenL th.t there j:; 

little or no output raising eifect, lessen the entrepreneurial tasl_ in 

having to create new mr!:ets, ,Which can be a seriou's problem in a we tthy 

econonmy constantly threatened by a deficiency of agLgregate demand. 
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When we turn the argument around, we can see why, in an LDC,
 

the entrepreneurial effort is generally oriented in the opposite or capi­

tal savirg direction. When the wage bill is relatively lI and the profit 

mar-in (i.e. the degree of labor exploitation n-w) relatively high the
 

erxre-7reneurial preference clearly lies in the capital saving direction. 

For e:rample, in the extreme case where the wage is zero (i.e. CW coin­

cides with the horizontal 
axis), the gain in profits due to a labor
 

saving innovation approaches (i.e.
zero A^r = 0), uhile the gain in pro­

fit due to capital saving innovation is equivalent to the gain in 

output (i.e. Ag = AQ). On top of these competitive arguments we can
 

again add a couple of non-competitive 
 ones, i.e. (1) entrepreneurs in 

LflC's are likely to be more paternalistic or "family oriented" and moti­

vated by a desire to provide employment opportunities for relatives as
 

long as there is no extra cost; and 
(2) there is generally greater pressure
 

for output expansion in economies characterized by poverty and Say's Law. 

Returning now to diagram (3a), let us 
assume that, historically,
 

the initial technology in the industriall, advanced country was at point 

A. We may then let the shaded area represent the set of newly possible 

unit activities resulting from the R and D expenditures, bounded by the
 

knowledge frontier FF'. 
 The chcice of the post-innovation technology is
 

then shown to be at point Alias determined, on the one hand, by the new 

knowledge frontier and, on the other, by a desire for maximum labor saving 

as argued above. 
 It is in this manner that the technology shelf SS'
 

itself has been built up historically in the mture economy. 

A contemporary LDC, on the other hand, faced with, tcchnology ;heir 

SS', will mainly be concerned w'ith engaging in enpit:al-saving innovat;.oh:; 

http:innovat;.oh
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in accordance with our earlier analysis. For example, if unit technology 

A is borrowed, such innovation may bring the actual unit technology down 

to point C. Choices along curve CDt, the post-assimilation locus of unit 

technology, thus represents all the points describing the net result of 

moving along the technology shelf SS' plus the capital-saving innova­

tion. The actual final resting place will be determined by profit 

maximization as described earlier. 

V. Summary and Sttistical Implementation 

As we pointed out in the introduction, any study of LDC innova­

tions must be related to phases in the transition to modern growth. 

This oroblem is., in turn, intrinsically related to the development of 

entrepreneurship and to the improvement in the efficiency of resource 
1 

utilization once entrepreneurial capacities improve. In this connection, 

we have made two special assumptions. On the one hand) we assume that 

the LDC under consideration is of a labor surplus type. This means that 

it fits the general description of a country initially marked by a sub­

stantial overhang of unemployed labor leading to approximate constancy 

of the real wage--or only moderate increases in the wage--with rapid 

increases in the real wage to follow later in the transition process. 

On the other hand, we assume that the importation of technology from 

abroad represents the dominant source of innovational ideas. While both 

assumptions somehat delimit the generalizability o' our theory, we be­

lieve that our approach is addressed to an important type of contemporary 

LDC. 

IIn an open ocon my, the first phase is often highly correlated 
with P so-called import substi*tution regime, the second with liberaliza­
tion and export promotion. 
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The major theoretical conclusions of our paper can be derived
 

from a synthesis of the arguments presented earlier. The central notion
 

of a transition period of 30-50 years for the typical contemporary LDC
 

is accepted. The various phases which make up that transition ane a re­

flection of the more or less natural maturing process with respect to
 

(i) the development of entrepreneurship and (ii) changes in the basic en­

dowment condition, i.e. from a labor abundant to a labor scarce situation. 

In the first phase of the transition we envision that entrepre­

neurs are still very inexperienced, at least as far as industrial activities 

are concerned. Innovations at this time are mainly of the unintentional 

or unconscious variety e;zemplified by the elimination of inefficiencies 

inherent in the process of technology transfer. In this first phase, 

since the real wage remains low, innovations, es we have seen, tend to 

be labor saving in nature, with little output raising impact. Thus we
 

would expect to observe moderate rates of growth of output or capital
 

stock--due to the relative inexperience of the entrepreneurs and the con­

sequent inefficiency of the emerging industrial structure. 

In the second phase of transition entrepreneurs have become more 

experienced. As a result the unintentional (or unconscious) type of
 

innovation gradually gives way to the more conscious type. In this phase, 

in contrast to the first, there is a deceleration of the capital deepening 

process or, when carried to its logical conclusion, the possibility of 

some capital shallowing. Two arguments may be cited in support of this 

conclusion. First, as long as the real wage remains low, the capital 

deepening effect traceable to residual innovation.; of the unintentional 

variety is gradunlly swamped 3y the effects of the intentional type 
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which is, as we have seen. mainly capital shallowing in nature. The
 

conclusion is that such capital shallowing or reduction in capital
 

deepening should be what we expect of any rationally operating labor sur­

plus economy in which relatively mature entrepreneurs, for the first time, 

learn to make use of the relatively abundant factor, i.e. labor. It is 

for this reason, that we e-pect rapid growth, both in terms of a higher 

rate of capital accumulation and a higher rate of per capita income, to
 

accompany the capital shallowing process.
 

In the third phase of transition the innovation effect may be
 

traced entirely to the conscious type of innovation--as the unconscious
 

variety is completely exhausted. Now the innovation bias gradually shifts 

from labor using to labor saving. This tendency toward capital deepening 

becomes pronounced vhen, with the elimination of the economy's surplus 

labor and the consequential sustained increase in te real wage, innova­

tion takes on the character typical of an industrially advanced economy. 

Capital deepening will hoe accompanied by a slovin,, down of the growth 

rate, as the surplus labor (a hidden source of saving) runs out and the 

economy gradually closes its technology gap with the advanced countries. 

Once development becomes more skill and capital-based, the economy re­

lies more and more on her own internal entrepreneurial talents to fashion 

the initial innovational breakthroughs. 

'When the real wage climbs to a relatively hi-her level, even the 
capitaJ. ,;bvllowing consequences.unintentional type of innovation will have 
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In diagram 4, the time series for capital per head (K/L), the 

real wage (w), and the rate of growth of the capital/stock (K) for the 

industrial sector of Japan are shown. The 50 years of transition ex­

perience, between 1C'C- and 1130, can be seen, by inspection, to be
 

divisible into three possible sub-phases marked off by the two vertical
 

lines in lM5 and 1'17. The year 1917 moreover appears to be a major 

turning point, maring off the labor surplus phase froma the phase charac­

terized by the exhaustion of the labor surplus in ariculture.l To us,
 

the operational significance of the turning point is that, in the labor
 

surplus phase, there is strong population pressure !:eeping the real wa,,e
 

fran rising very much and .. This con­nducing labor-using innovations. 


trasts sharply with the rapid w- 2 increase after 1,17, which, according
 

to our analysis induces entrepreneurs to innovate in a labor-saving direc­

tion.
 

Based on these data, the average annual rate of increases of tie 

real vage (w), capital per head (K/L) and capital stoc. (K) are presented 

in Table I. The significance of the turning point in 1717 is seen by 

a comparison between rows (III) and (IV). Moderate annual increases oj. 

real t:age before E'17 (1.7%) give way to much hig,,her rates of increase 

(t..:7) thereafter. Equally striking contrasts are :uon for the rote o;. 

capitaLi deepening (from 1.2% to 4.0%) and for the rz,Lc of ,rowth of 

capital (from 2.5'-% to 1:.I-%) -?s betucen before and 'ftei- the turning roj.nt. 

1Fei and Ranis, Development of the L:.o "uluor Econon: Theor-­
and Policy, -pp. Li___t. 
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Table I: Average Annunl Growth Ratcs 

Be fore .1L17: realI wJae (tn) ital ner hed1 .7] ( 

(I) !000-iS105 1., 1.2 2.3 

(II) !1'05-IL17 1.6 4.0 

(III) I1GO- 1'17 1.7 2.1 2. 

After 1,17: 

(IV) 1, 17-1729 4.4 	 4.0 

Note: 	 lhe real wae figures are based on a moving average 
beginninj in ICC6. 

The year 1.05 -.!1so appears to have some si- n-71ic once, by inspec­

tioni of diigram 4, possibly dividing the labor surplus phasc into two 

sub-periods. For the period prior to l':'=, there is a span of 25 years 

of ::ear constancy of capital per head (1.2% per year in Table I), in­

dicating a tendency touards "capital shallowing grcut.i 1 This is a signi­

ficint phenomenon in the transition of a labor surplus economy. It 

-i-nifies that entrepreneurs have, during this relatively long stretch 

of ir:e, developed suf:ficient maturity and experience to be able to 

uti,-:.-c the relatively abundant factor (i.e. the endoximent of cheap lchor) 

by innovating in a labor using direction on top of the imported tec,1no.o; yo 

This rather remarkable entrepreneurial performance, of course, 

did c-o just happen but has to be viewed as resulin., from the develop­

ment of entrepreneurship in the earlier period. Oir dataL beg;in in .'. 

(.-hic- -	 For theis.more than decade cfter the Restoration *n .. 


earlier period, in spitu of the absence of rel.a.1 , data,
 

iEarlier data led us to the conclusion o:f actuol capital shallowing 
for this per;od (ei rnd Ranis, 2_. cit.). But the importont point is 
that there is little cc[p.tal deepening in spite o,;;eiIncrease in the 
real wage.
 

4.4 
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there is ample qualitative evidence of the Lind of inefficiencies, based 

on the immaturity of entrepreneurs just moving from agrarian and commer­

cial oursuits into attempting to organize a "modern': industrial sector, 

1 
in the analysis of our liaper.

which characterized phase one 

The period between 1)05 and L'17 may be ve.ed is n transitionil 

subphase between agricultural labor surplus and its ultimte exhsustion. 

-uring this subphase, the forces leading to the turnin, point begin to 

assert themselves. Entrepreneurs are, by now, fully matured. The fact 

that the real wage has climbed to a relatively higher level ncw 

induces them to begin to shift somewhat toward labor saving inno­

vations. The result is that, after iE'05, there beg:ins a decided trend 

tc,ards capital deepening growth, i.e. from 1.2% before to 4.0% 

tlhereafter (see Table I). 

The rapidity of growth of the econonry as a whole during the 5'. 

or so years of transition reflects tiree types of forces: (i) an entre­

nreneurial maturing prccess, (ii) the process of gradual exhaustion of 

the economy's surplus labor, and (iii) the gradual narrowing of the 

technology gap (or the exhaustion of the advantage 0 - the economy's 

*This evidence includes the massive scale o. carly, rather 

frantic attempts to borrow technology, including wiYole factories, frojil 

abroad6, once the economy had been unceremoniously opened up after cen­

turies of isolation. Secondly, the fact that many of the early fac­

tories were built by .overnment on an experimental *asis and sold to tic 

private sector by around .. indicates the reduct..on of initial in­

efficiencies as the increased competence of privote entrepreneurs could 

be harnessed. If we had The data our theory would predict finding 

capital deepening in the early post-Restoration years and ar, assist to 

the capital. shallowing tendency already noted above, thereafter. 

21n addition to this conscious innovation aru,,,ecnt is the capi­

traced to the exhaustion of the unconscious inno­tal shallowing effect 
vation possibilities acco:napanying the elimination o. or,-anizationnl in­

efficiency.
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is the basic cause of the accelera­"latecomer status.") The first factor 

the early phase. The othertion of the rate of ecpansion, especially in 

two factors contribute to a deceleration effect on the rate of expansion. 

rateWhen we take the rate of capital ac-umulation as a proxy for the of 

we can detect, in diagram 4, a long-runZrouJth of the whole economy, 

the dotted curve fitted -.y inverse U-shaped curve (seen more clearly by 

:free hand). This curve reaches a peak just before the turning point 

labor e:hausted econoilr's entrepreneurs\,hen the surplus is and when the 

matured.1have become fully 

Any study of the transitional growth process through an investi­

to the hole economy must be 
gation of macro-econo.mic data pertaining 

accomDanied by a reasonable theoretical fran.ewor:. As noted earlier, 

the analysis of this paper constitutes only a preliminary attempt in
 

:his direction. If nothing, else, we have demonstrated that what lies 

is anbiehind such macro data as capital-output and capital-labor ratios 

ztreme.y complicated set of phenomena involvin,, iiter ilia. the develop­

into play olf an entrepreneurialwent of entrepreneurslip and the coming 

innovation inducement ,echanism in assimilatin; imported technolo?.y, while 

making efficient use of ;i country's domestic resources. It is our hope 

that our theory can )c refined and 	 some of our belzvioral relations 

investigation in the future.specified by more thorough empirical 

IFrom Table I we see that the rate 	of -rowth ci capital increases 
II). Dtui: the post-lU 17

from 2.3% to 4./:% ,nnuc1.1] (see rows I and 


period, the rate of growth of capital drastically decreases from its
 

earlier pea: as can be seen from the diagram, -nO coil]d be observed
 
for shorter time periods.statistically by calctlatiLng ,Y1 
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