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LDC Innovation Analvsis and the Technolocy Gap

John Fei¥®
Gustav Ranis®

Increases in material welfare, i.c, cconomic progress leading to
increases in per capita consumption, can be achicved in the long run as
the consequence of many factors, including capital sccumulation, improve-
ments in the quantity of human resources, and technological change. How-
ever, both economists with a theoretical and those with an empirical and
historical bent1 have increasingly come to the conclusion that, in the
long run, technological change is the most crucial--as well as the most
fifficult to get a hold of, On the one hand, the theoretical economists
have reminded us of the inevitability of stagnation in per capita income
I capital accumulation alone is at work.” Cn the other, those with an his=-
rorical interest have identified modern growth, as the Western world has
experienced it aver the past 200 years, as an cpoch characterized by the
routinization of innovations,

When we accept such a long run historical perspective, the develope
ment of a "typical" contemporary LDC may be viewed as focussed on transi-
tional grawth, i.e, that period of some 30-5C years during which the

eountry shakes off its economic heritage of pre-modern stagnation3 and' moves

le.g. R. M. Solow, "Technical Change and the Aggfegate Production
Function," RES, August 1957; and S. Kuznets, Modern Economic Growth, New
Haven: Yale University Press, 1566.

-
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ze.g. R, M, Sclow, te ¥ cnomic
Growth," QJE, February, 1956; T. W. Swan, "Economic Growth and Capital
Accumulation," Economic Record, November 1956; and J, Fei, "Per Capita

Consumption and Growth," GQJE, February 1965.

3In many a contemporary LDC, this heritage is that of a pre-in~
dependence open agrarian society operating typically as a colonial appene
dage to a mature industrial country.

*Professors of Ecoromics, 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 “he 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. eny 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 tasik.

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 of the multitude of possible observations are esseinclal
and relevant--and which 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 faétor endowment over time, and (iii) the possibility of the intere
national transfer of technology. These are the facets that will be ex-

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

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 threaten to involve us in a rather ambitious
reformulation of development theory--something we have clearly not
attempted. But even a first approximation must sive due recognition

to some of the followiny factors: (i) the relationship between rational
evntrepreneurial decision-making and the feasibility of technological
vorrowing abroad (section II); (ii) the high cost of technological
borrowing initially due to entreprencurial immaturity--and the sub-
sequent act of unconscious innovation as these entrepreneurs gradually
learn by doing in the course of the transition precess (section IIL); znd
(iii) the attempt, later, by maturing cntrepreneurs to consciously

adopt biased innovations in response o changing factor 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 some statistical verification

(section V).
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I. Innovations in Historical Perspective

AL o

Since most of our "nowlcdge about technological change is necessarily de-

rived from our understanding of industyially advanced countries, it behooves
us to make a preliminary assessment of the extent of transferability of

that knowledge, i.e. t;‘éﬁaﬁ extent the knowledge of innovations pertinent
to "mature industrial capitalism’ is useful for the understanding of an
underdeve loped country engaged in this trancition. Ve propose to examine
“ne  transferability of innovation analysis from the point of view of

{15 ke socio-economic significance of innovetions, (2) the sources of in~
aovational ideas, and (3) the innovatiou-motivation mechanism proper. As

we will discover, there exist significant differences between the rich

sn¢ the poor countries in all three of thesc dimensions.

1. The Socio-Economic Significance of Innovation ‘

Economists are normally conterned with social as opposed to private
ohjectives., In a wealthy industxrial society, thieee types of socio-
economic problems may be said to have métivated economists' interest in
innovations: (i) economic instability, (ii) distributional equity, and
(iii) long run stagnation., The relationship between innovations and in-
stability stems from the fact that cconomic fluctuations are caused
mainly by fluctuations of investment which, in turn, may be traced to

the lack of dependability in the appearance oi innovational ideas to e

. . . 1, , " , .
accommodated by capital accumulation. The issue of "distributional

1 . -
c.f. J. A, Schumpetew, The The 1y of Ieonomic Development,
Camlridge, Massc.: Harvard Unwverasity Prevs, 1954; and Karl Marx, Das

Kapital, London: Georse Allen & Unwin, Led,, 1uh2.
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equity" stems from the natural focus of a wealthy society on issues of
distributional conflicts (e.g. the distribution hetveen labor and capital)
vhich are 2ffected 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 deepening must be compensated for by innova-
tions if secular stagnation is to be aveided, i.e. 1f the capital owning,
class i< to be induced by a high enough profit rate to take the risl. of
investoent and the cxploration of new ideas,

The problems of instability and of distributional sensitivity
are mainly problems of mature twentieth century capitalism in which inno-
vationz2l activities are assumed to have become institutionalized and
routinized, This group of sccial prohlems is very different from that
faced by a contemporary LDC in the course of transition. Here the crucisl
secio-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 "distvibutional equity"
the cnalysis of LDC innovations must be focussed on (i) the orinins of
innovational capacity and (ii) the impact of innovatious on relative
factor utilization,

One of the most important "cultural' achicvements during the

tr

)

nsiiion phiase 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 making,


http:stagnat.on
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given inherited human resources.1 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,
the analysis should focus naturally on the identification of the parti-
cular entrepreneurial tasks which need to be per formed 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 resouxce
endoument of the country. As a general rule, we may visualize that,
during the transition process, an LDC moves from an almost exclusive re-
liance on land-based natural resources (e.g. in primary product exports)
to the utiligation of its human resources (labor and entrepreneurship)
and, still later, of its skill and capital resources. Thus, the impact
of an innovation in the "early," i.e, land-based or labor surplus phase,
must be gauged mainly in terms of its labor using (or capital saving)
impact in meeting the basic requirements of efficiency. The common sensc
of the metter is that as long as there is a marked discrepancy between
factor endowment and factor utilization, given a particular state of the
arts, innovations should be "biased" in a labor-using direction, as a
learning effort in the use of the country's relatively abundant resource
(i.e. labor) and in conserving the relatively scarce resource ({.e. capi~
tal), For an LDC in transition, the innovation effects could thus be
atatistically summarized in terms of changes in the overall capital-labor

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

1 .
Including such cultural factors as secularism, nationalism and
a belief in tho cquality of access to scarce resources.



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 mere 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-
sults from decades of cost~bencfis cnalyses guidin~ the direction of R
anc D expenditures to explore the knowledge frontier\with the benefits
reaped in terms of the actual industrial adoption of new ideas, Thus the
sources of imnnovational ideas reside in the exploration of new linowledr.e,
Moreover, full analysis of the institutionalization of the exploration
process itself nmecessitates dis“inguishing between nrivate (profit~secizing)
and public (e.z. military-rela:~l) innovationsol

The situation is agein 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 via the importation

1

of ideas slready proven to be industrially feasible in the industriaily

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

%ﬂ. Fellner, "Trends in the Activities Generating Technological
Progress,' AER, March 1970,
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the innovation process are largely irrelevant, since the 'cost' aspect

is trivial, i.es except for search costs, innovational ideas are relatively
freely available to the 1ateéomer. Thus, for an LDC, the focal poinﬁ of
the analysis of innovations is more likely to be t.e absorption process
prover, 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 innov&tion process and a social in~
novation process. Like its counterpart in the industrially advanced
countries, the private innovation process refers to the consclous cal-
culations and actions of private profit sceking entrepreneurs, with
respect to profits and losses, as related to, among other elements, factnr
bias in technology transfer. The soéial innovation process, on the other
hand, refers to more unconscious acts of learnin-, by doing, partly by
entreprencurs and partly by other economic agents, in the process of
technological assimilation. As we shall argue, such "unintentional"
social innovations may be quite important, especially in the early phase
of transition when the dowestic entreprencurship is, as yet, underdeveloped.
This type of innovation, whici may have just as much "emp loyment" and
Moutput raising" effects as the conscious private type, is peculiar to
an LDC under transition, i.e. it represents a catejory of innovations

not ordinarily emphasized in the mature industrialized society where
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the effects of most innovations tend to be "internalized" or "imputed,"
This unintentional or social variety of innovation, it should be em=

nhasized, is likely to come earlier in the life of an LDC since inefficiencies
arising from pure transplantation are eliminated as domestic entrepreneurs

become more expericnced,

3., Innovation-Motivation Analysis

With respect to the analysis of the private or conscious motiva-
tion of innovation, the focal point in the industrially mature countries
hss been on the entrepyeneurial calculation of the anticipated saving in
factor cost.l A most important type of information relevant to this cal-
culation is usually provided by the state of anticipation with respect
£o the supply of labor. This includes both (i) the anticipation of the
real vage trend--generally upward in mature societies and (i1) the anti-
cipation of other (non-wage) difficulties in dealiny; with labor unions--
cenerally upward too. Tor both these reasons, innovations in mature
capitalist societies have had an inherent labor-savinr bias, i.e. as
exemplified by the merked trerd towards "automation,"

Once the LDC entrepreneur is capable of making rational economic
calculations, a similar innovaiion motivation analysis can be applied
here. There are two points which need to be emphasized in this context.
First, the full flowering of labor union development is a phenomenon

- 2
still mainly reserved [or the mature economy, and hence the analysis of

v

IW. Fellher, Trends and Cycles in Economic Activity, New Yorl:
Holt, Rinehart and Winston, 155¢&.
2

1_ss true for LDC's which are 2t a later stage of transitiom,
e.J. Latin America,
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innovations can be simplified by the assumption of ‘a trend towards pere
fect competition in the labor markets. Second, instead of anticipating
continuing marked increases in the real wage, we may distinguish two
stages of LDC growth: a first stage characterized by an approximation
to the "unlimited supply of labor" condition and hence the anticipation
of fairly constant or only gently rising real wages; and a second stage
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.

II. A Pure Model of Technolopy Treansfer

In the context of any "pure" theory of technolopical transfer,
at least three facets must be specified: (1) the availability of iech~
nolocy 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 implicetions of such borrowing for
"orouth," i.e. the tendency for capital deepening or shallowing, for em-
ployment and output generatiom, etc. These three facets will be examined
in turn. Moreover, it should be understood that the "pure model" repre-
sents merely the skeleton of our analysis which will be modified and cx-

panded in the subsequent sectlons

1. Technology 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

1J. Fei and G. Ranis, Development of the Labor Surplus Econory:
Theory and Policy, Homewood, T1l.,: Richard Irwin, Inc., 1964; and alco
J. Fei and G. Ranis, ""On the Zmpirical Relevency of the Ranis-Fei Model
of Economic Development: & Reply," to be published in the AER,
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technolopy shelf, containing technologies of production which either in
the present or at some time in the historical past, have been demonctrated
to be feesible in the industrially advenced couniries, and from whick an
LDC czn dorrow freely, The technology shelf is ;iven by the curve 58'
in dizgram (la) in which labor (capitsl) is measured on the horizontel
(vertical) axis., A typical point Ai on this curve represents a pair
(ni, ki) in which n, is the labor coefficient and %, is the capital co-
efficient. The point A; may be referred to 2s a unit technology in that
it describes the amount of labor inputs (ni) and of capital inputs (ki)
recuired to produce one unit of output. The ideca of a unit technolony
assumes factor complementarity and is shown diagramatically by the fact
that the point Ai is the "corner point" of an L-shaped production contow
(U.) producing one unit of output,

Suppose the size of the capital stock for the whole industrial
sector is K, as measured on the vertical axis, Then, when, for example,
the unit technology A1 is chosen from the shelf, it can be operated at
definite scale producing K/l:1 units of output and employing Knl/'.:1 units
of labor. In diagram (la) the radial line through point Al’ i.e. the
radial lime with a slope (klfnl) intersects the horizontal line throurt
point "K" at a point ”cl.” This point "cl” is the "cornmer point'" of an
L-shaped productjon contour indexed by V1~-producing I(/!:1 units of outnut
and emp loying Kc1 (=Knl/h1) units of labor. Thus, associated with ony
techinology choice (in this case Al)’ the degrece of capital intensity
(i.e. capital per head, kl/nl) is determined., The size of the capital

stocl: "K" thus determines the amount of labor force (X cl here) which can be

efficiently accommodated for each technological cheuice.



The complementary nature of capital and iabor in the unit tech-
nology (e.g. Al?can alternatively be shown by means of t:he‘TPPL (total
productivity of labor) curve oalb1 in diagram (1b). This TPPL-curve has
a radial, i.e. homogeneously linear portion, Oal, before the size of the
optimum labor force;(Kcl in diagram la) is reached, and a horizontal
portion, albl, beyond that point.1 Thus, when the size of the capital
stock K is given, by varying the unit technology Ao’ Al’ Az...on the
shelf 58' in diagram la, we can determine a family of TPPL curves (Omobo,
Gaby, Oayb,

The technclogy shelf contains information on techniques demon-

voein diagram (1b).

ctrated to have been feasible at some point in the historical past some-
vnere in an industx»ially advanced country., The fact that curve 5S'
(diagram ia) is negatively sloped serves to emphasize the fact that, with
respect to the more recent vintage of advanced country technology, i.e,

as e move upward to the left along the shelf, Ao’ Al’ Az...three long

run trends mdy be observed: increasing labor productivity (i.e, de~
creasing values of Doy By nz...), continuous capital deepening (i.c.
ircreasing slopes of radial lines OAO, OAl, QAZ"')’ and increasing
capitai-output ratios (i.e. increasing values of ks %9 k2>‘ The first
two properiies are among the well known "sgylized" facts of economic grouth

. . 2
in the history of the mature economies.

1., . . .

Given the capital stock, e,gs K and the unit technology c.g. by
the optimum labor force (kn./k,) is an optimum in the sense that it re~
presents the minimum anount “of "labor required to produce the maximum ero-

duceable output.

2e.3. Kaldor, "A lModel of Ecomomic Growth,'" E.J., Pecember, 1357
and Fellner, Trends ond Cyales_in Econom’ . fctivity, on. ¢itt. The thivd
condition, that of an increasing trend .n the capital-output ratio, could
easily be modified in our above amalyris. For examlie, the fechnology
shelf SS' is a horizontal line for a comstant "K', clearly not an impossizie
case; an upward sloping curve would indicate a declining k", an unlikely
world in which increases in Zabor productivity in #he indu'trial countries
do not have to be '"bought" 2t the price of higher capital-output ratios,
Empirically the downward sloping shelf, as we have pictured it, seems the

most realistic,
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2, Technolopical Borrowin;, and Rational Entreprencurial Action

Let us assume that, in addition to the technology shelf itselsf,
we also know the value of the real wage, i.e. the height Ow of the hori-
zontal supply curve of labor ww' in diagram (lc), From this we can con-
struct a curve depictin; the total wage bill, i.e, the radial line 0G
in diagram (1b), the.SIOpe of which is the real wage. If the technolony
chosen by the entreprcneur is Al’ for example, then profits n, are
maximized at the point ay vhere the gap between the 0G and the TPPL-curve
Oalb1 is at a maximum. In other words, that amount of labor input which
maximizes profits is precisely the previously defined optimum labor force,
i.e. that iabor force vhich, for the given capital stocl:, leaves neither
labor nor capital disguisedly umemployed. This simple property follous
directly from the competitive assumption, i.e, the fact that the real
ware is constant and given for all firms.

Vhen the size of the capital stock (K) is fixed, a rational entre~
prencur will thus seei: to adopt (i.c. borrow) thet technology choice which
maximizes the rate of return to capital, In diagram (1b), alternative
maximum profit levels T, ™, T, Tepresent the anticipated profit
stream associated with each alternative technoloszy choice--under the
assumption of the expectation of near constancy of the real wage. A
rational entrepreneur under these circumstances will adopt that tech-
nology which yields the maximum profit. In diagram (1b), the equilibrium
technology choice turns out to be Al’ leading to the maximum profit ma

This equilibrium condition can be shown explicitly by treating

1
the "envelope curve" a,, @y, A, as an ex agte TP.’EL curve.  For cach amount

] his is reminiscent of the putty-to-cley idec in the growth
theory literature (see E. Phelps, "Substitution, Fixed Proportion, Grouth
and Distribution," International Fconomic Review, 1.(3.
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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 maxirum
output is obtained when the optimum technology, consistent with the jiven

labor force, is chosen, The ex ante MPPL-curve, l1.e,, the slope of the

Par -3

x ante TPP, curve, -is the demand curve for labor as depicted by the
negatively sloped MM curve in diagram (lc). Vhere this demend curve in-
tersects the horizontal wage line ww' 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 domestic real wage behavior and the technological
information available from abroad. The result of such an entreprenecurial
choice is not only the determination of the rate of return to cugital
( nl) but also simultaneously of the degree of capital intensity (kl/nl)

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

3., Overall Implications for Growth

The above framewor: for analyzing technolosical choice also pro-
vides the groundvor! for determining the impact of srowth. In this simple
model erouth may be defined in terms of increased capital accumulation
and increased employment opportunities. Both of these will be clearly
affected by the anticipated long run behavior of wages. As pointed out
earlier, wages may be assumed to be held roughly constant or increasing

only modestly durin: the early labor surplus phase of transition,and to
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Lucrease rapidly at the later phases when that labor surplus no longer
overhangs the market.l

Thus far we have kept the capital stock constent at K. Now let
the increase of that capital stock through time be represénted by the
points K, K', X",,.on the vertical axis in diagram (la). ' The larger capi~
tal stock will lead to "higher" demand curves for labor MM, M'M', M'M'..,
in diagrxam (lc), leading to increases in labor. absorption. When the
real wvage is constant, the amount of labor force asbsorbed will always be
proportional to the size of that copital stock. Starting from the initiel

peint Me " in diagram (l2) the expansion path would then be indicated

1

by the locus of points R', R", R'",, which fall on e radial line. Con-
versely, when the real vage is increasing (i.e, as represented by the
Zdotted curve from the noint E on), the expansion path will show a capital
deepening tendency, as shoun by thc locus of points E', E", E"',,, .
“hese conclusions follow readily from the assumption of constant returns
to scale,

In summary, we can thus see that the main implication of our view
of LBC innovation behavior is that the behavior of the real wape, as it
males itself felt through the choice of technology, deterwines the citent
of capital intensity, i.e. a repid increase in the real wage will induce
rapid capital deepening., The pace at which employment opportunities are
senerated is thus conirolled by capital accumulatiog)as modified, in an

adverse direction, by the capital deepening tendency resultine from ware

1Other exogenous, trecuures miy combine with the terminotion of
the unlimited supply of labor condition to differentiare this second phase
from the first. As vages risc, moderately in phasce 1 and rapidly in
phase 2, the slone of ihe ware “ill curve (G in dlogram 1b shifts up and
the maximum profit point shifts to the left.
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increases. These simple relations must now be modified to accommodate

other important dimensions of the technology transfer process.

III. "Social" Innovation Actavities

-—

For a less developed country in tramsition, an important source
o: productivity gain may 02 traced to the elimination of inefficiency in
~~e course of the above described precess of technolory transter. As
werfected and developed in the industrially advanced countries, such tech-
nolocies assure certain factor efficicncy and orpanizational efficiency
ich may be lacting in an LDC. The most important manifestation of
cactor cfficicncy is, of course, labor efficiency vbhich can be traced to
~4et factors as cultural heritape, accumulated eipericnce, education,

etc,. the precise relationshins es yet incomsletely coecified. In o -cnizational

ficiency, we may include entrepreneurial capacity as wvell as or;aniza-
t:onal capacity traceable to economies of lar_c scale production. While
—e are not yet rcady for Iinely specified answers, ve wdy assume that

voth of these types of eificiency are related to learning by doing pro-

Tie aforementioned ineff{iciency is operacionally descrihed hy
on increment in the real cost (i.c. real capital cost and/or real labor
cost) uhich an LDC will have to incur, over and above that implied by the
technolo;y shelf, i.e, over and above the costs ney unit of output pre-
vailine historically ir the advanced countries. In diagram (2a), the
]

85" curve represents itie technolosy shelf containing unit technolonies

Ao’ Al’ Az...)and TT' vepesents the unit technolo,ics after unit tecu-
n

nologies A, have veen transnlonted into the LDC and corwerted into
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Bo’ By, Bye..at lover levels of efficiency. The incremental real costs

due to inefficiency arc indicateu by the vectors (i.c. Hrrows) AOBO,

Ry

A.B., A2B2...which have a "direction” (i.c. slope) and o "mopnitude"

(i.e. length). Notice that these arrcws point to the North-Enst (i.0,
they ere positively sloped), indicating the fact that capitel and/or
letor ccefficients will be increased &5 a consequence of the existence
si lnelficiencies.

Generally speaking,an LDC will incur a heavier real cost if it

sgcenpts to import technolosies with a more recent vintage, i.,e. further

gway from their own experience. This is shown by the increasing lenth

ci vectors AoBo’ AlBi, A2B2,...as we move to the left, Our cc.jecture
is that these arrows will also become steceper indicating the fact that
as the LDC attempts to import technologies o7 a more recent vintage,
i.e, "beyond their reach,” the incremental real cost per unit of output
is oriented increasingly toward capital rather than lavor. This is due
to the fact that the efficiency of modern capital intensive production
denends more and morc on organizational capacity as well as the ability
te meintain and repair the capital stoel. On the other hand, when en
LDC attempts to import 2 technology of a considera:ly older vintase,
e..» @ U.X textile mill of vintage 1640, the toial iweificiency the
porrovver will have to worry about may be absolutely smaller and the in-
efficiency of the lavor force may be relatively more iwportant.

Suppose, the size of the capital stoch: Ok iz «iven (in dicsram Za),
In diagram (2b), let i he the demand curve for labor, i.e. the gx ante
MPPL curve as previously introduced, correspondin; io the niven technolory

sheli, and let NN ve the cifective demand for labor corresponding to tic
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transplanted shelf TT'. Vhen cn LDC strives to climinate the above in-
efficiency over time, we cen think of the movement ‘rom the TT' curve
bacl to the 38" curve as an innovation in the ordincry sense which can we
measured with respect to (i) the intensity of iunovation and (ii) the

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

ZIEZ, AZBZ...increases indicates inncvations with increasing intensity,
The fact that, on the same radial line (e.z. 0&) the slope of ss!
{e.y. at AZ) is less steep than the slope of TT' (e,g. at Bz) means that
the innovation is bizsed “n the lebor saving direction. Thus in diagranm
(2b), it should be notized that ae compared to M, the cffective demand
curve raises the MFP for technologics of an older vincage, while de-
pressing the MPPL for those of moce recent vintace. This is due to the
fact taat, for technologies with older vintage, tle lou innovation in-
tensity effect is over-whelmed Dby the "very labor-saving innovation"
cffect. For technolosies of wore rucent vintage, the hipgh innovation
intensity effect which raises the MPIL overwhelms the wealk labor savin,
effect, leading to a net increas2 in the MPPn.
Yhen an LDC, after initial technological transplantation, finds
itsel? confronted with such inefficiencies alonr IT', for each level of
the real wase the amount of labor awployed At the depree of capital in-
tensity will be different from that prevailing iu tbe lending industvictly
advanced countrics. When the yeal wane is velatively favr (ear. oV, in
diacram 2b), the LDC will employ wove labo~ than wus the case historicelly
abroad (i.c. Wl cy > Wli'.‘-)c Frow the auxilicry radiaj lines G and 0J,
in diacram 2a, we can sce that the technology selecied iy the LDC, riven

the real wege at owl, is B,, transnlantced from A,, vhile, historically,
L A
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the industrially advanced country, at the same real waye 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 A, (i.e. K/k,) and at B, (i.e. K/ké), i.e.

3
there is no a priori 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 stocl: represents the entire incremental real cost
due to iabor inefficiency.

Given a real wage at a somewhat higher level, we may note that
the above situation is reversed. Here the depressing effect of MPPL
leads to the employment of less labor than was the case historically in
the industrially advanced countries (i.e, wzel' <i:2E’). In diagram (2a),
at the given hizher real wage level, the technolosy chliosen by the LDC is

B. (transplanted from AS) vhich represents a higher depree of capital

tn

intensity than that prevailing historically in the advanced countries

(i.e, Ab>‘ Because of this inefficiency, the couniry now pays a double

penalty in terms of output loss, i.e., the loss of output is Q(l/kA-l/ké).
In other words, the economy loses cutput on the riven capital stock Loth

because it chosc a technology which is wore capitel using (i.e. by moving
from Aé to AS) and b2couse of the inefficiency in the utilization of that

. , 1
technolony (i.c. by movins, from A, to Bq).

lFor lack of ~ better name, the nbove phenomenon way be referred
to as a "discconomy'" of premoture modernization. Such '"diseconomies"
dlways cccur vhen the countyy is as yet not very cilicient, requiring
the use of relatively more caopital ~nd resulting in & loweriny of the
MPP_. The inhereunt pavadox can be scen in the tvensplantation of o
"supermodern factery' scemin ly completely out of Tire with the pre=-
vailing, relatively lrv Jeve? of real wanes, The introduction of such o
plant may be viewed a5 secessoyy to vroise the MY oo hiech enoupsh level
to compensate for the inheren: irefficicmey. DiiTeroutly put, in diceram
(2b) we see that as the reol vnge level i roised to w,, it will becowe
uncconomic for any technolony 2o ba lLorrowed by the 1DC while some
technolony will still be economical in the lendinr, country,
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For an LDC which normally finds itself with such inefficiencies
as part of its colonial heritage, their elimination over cime clearly
constitutes a major source of innovation, leadin; to roins in output
capacity per unit of input. In diagram 2a such "{nnovations" may be re-
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 2s 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 of the real wage such innovations lead to capital
deepening, 1.e. €5, €5, ¢4 .esEs little effect on raising output is
recorded, with the main impact of innovation the layiny off of some redun-
dant workers per unit of capital stock, TFor a relatively high level of
the real wage, the impact of this type of innovation leads to capital
shallovwing, i.e, ei, 5 eé...E' as more labor is employed per unit of
capital, However, the major zain is now measured in terms of increased
output brought about through a more effective usc of the scarce napital
stocli,

The existence oand elimination of these inefficiencies modifies
the conclusions for the LDC's prowth path as analyzed in the last section,
For the low wage case (Owl) in diagram 2a, the expansion path as a re-
sult of only capital accumulation would, in the absence of elimination of
inefficiencies, have followed the radial lime JP (@5 we noted carlier).
The ¢limination of inefficiencies, on the other hand, leads to a grouth
path Ol, marked by a capital deepening tendency, vwhich "ecatches up" with
the JP path over time. TFor the hish wapge casc (0!2) the arowth path RN
now shows a capital shallowin; tendency approximatin the radial path

J'PY over time.
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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 mariet. 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 arcu-
ment of this section is added, however, we can see thet while, in the
carly phase, the country will shov 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. IMoreover, this capital
shallowing phase is seen to be accompanied by o substantial growth in
incozme because of the hume output-raising effects associated with wains
in the efficiency of using capital. This capital shallowing phase s likely,
ackeveyr, to ;0 on forever and will eventually ;ive way to capital
deepening when this éource of gain in efficiency is exhausted and the
capital deepening effect, due to an accelerating rezl wage increase,

bezins to dominate,

1V, The Motivation for Innovational Bias

The unintentional or "social innovation of the last section is
the result of learning by doing processes which ore themselves a by-
product of growth. This contrasts sharply with the important intentional
type of innovation which we will be concermed with in this section,

i.e, as a consequence of 2 conscious entreprenenrial attempt to further
reduce the real output costs (in terms of capital or labor inputs) in

the process of techunologicel assimilation. The core ol this theory, as
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in the mature countries, must be a rational innovation motivation analysis
at the level of the individual entreprencur. Since the amount of possible
reductions in real costs, or innovational intensity is, of course, con-
strained by the expansion of the entreprcneurial knowledpge frontier,
thers is little that economists can say, on & priori crounds about the
magnitude of possible cost reductions. What the economist can hope fully
speculate about on such a priori grounds is limited to the direction of
the factor bias of innovations, which is vhat will be emphasized in this
section,

In diagram (3a2), let the point A (i.e. the point (n,k)) represent
& pre-innovation unit technolony. The real cost reducing effect of an
innovation 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-
eificient. In the same diagram, we have shown two special extreme cases:
a2 move from A to A', vhich may be called a purc canital saQing innovation
(i.e., yiclding a reduction of the capital coefficicnt only and leavin:
the labor coefficient constant), and a move frow A to A", a pure labor
saviny innovation, Useiul a priori reasoning about the innovation-
motivation mechanism is usually limited to showin:, vhy entrepreneurs
should attempt to orieunt their innovational effort in either of these
directions.1

Supposc the size of the capital stoecl. () is :iven. The TPPL-
curve corresponding to the pre~innovation technolo:y (i.e. at point 4)

is shoun by the curve oab in diagram 3b. For the tvo extreme caues

1 , . .
In the context of this paper the costs of R and D and of scnrci
are neglected.
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(i.e. A' and A"), the post innovation TPPL-curves are also shown in the
same diagram (3b). For the case of the labor-saving innovation "),
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. through
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 oa'b', implying that more
labor will be employed (i,e, by an increment of AL units) gnd that total
output will be raised (i.e, by AQ).1 The key analytical issue before
us is in which direction will the profit maximizinc entrepreneur orient
ris innovational effort?

In diagram (3b), given a real wage at W, let the total wage bill
line & be shown, leading to a pre-innovation rate of return to capital 5 .
If the labor saving innovation is adopted, the incremental profit is An.
which is brought about entirely by a saving in wages, i.,e. AT = W 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 conscquent saving in the wage bill. On the other hand, if
the capital-saving innovation is adopted, the incremental profit is Ag
(ncte that dd'a'a is a parallelogram) which is proportional to two factors:
(i) the increment in employment AL' and (ii) the derree of exploitation
per unit of labor £ v (L.a, Ar = AL' (2 =~ W)). "sys the axtrs innova-
tion profit ( 4z) is larser the larger the additional labor absorption

( AL') and the higher the dezree 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,
innovations tend toc be biased in a labor saving direction. Under competi-
tive assumptions the most important reason is that in such countries the
desree of labor exploitation, n-w, tends to be low, i,c. the wage tends
to be a relatively high fraction of labor productivity and hence the pro-
fit margin tends to be low. Under these circumstances, the saving
associated with lzbor saving innovations tend to be larse and, at the
same time, the extra profits due to capital saving innovation tend to be
small., This is clearly seen in the cxtreme case when the wage bill
curve (W) is steep enough to coincide with the TPPL-curve oa, implying
zero profits before innovation. In this case, the extra profit due to
the labor saviny innovetion is ja" (ja" = AL x n), while the ektra proiit
due to a capital savinn innovation is zerxo.

This "static" argument would be strengthened i ¢ the entrepreneur
can be viewed as anticipating a rising trend in rcal vages. For the ounly
way in which said cntrepreneur can protect hié profit margin (when
threatened by wage bikes) is through adopting labor saving innovations,
Copital saving innovations will not help when the profit moargin is
threatencd,

Ye may cite tvo additional arguments based on warket imperfections
which tend to stren thev the above conclusion. First, labor saving inno-
vations result in lower levels of employment and hence in a lessenin,
of the entrepreneurial depcudence on labor=~thus miniwizing labor control
problems, Sccond, labor savin; innovations, to tie c.utent that there is
little or nc output raising efrfect, lessen the cntreprencurial tashk in
having to create new mcrkets, which can be a serious problem in a wealthy

economy constantly threatened by a deficiency of agguregate demand,



-25~

When we turn the argument around, we can sec why, in an LDC,
the entrepreneurial effort is generally oriented in the opposite or capi-
tal saving direction. When the wage bill 1s relatively low and the profit
marzin (i.e. the degree of labor exploitation n-w) relatively high the
entrepreneurial preference clearly lies in the capital saving direction,
For example, in the extreme case where the wage is zero (i.e. QW coin-
cides with the horizontal axis), the gain in profits due to a labor
savinz innovation approaches zero (i.c. AW = 0), while 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
apain add a couple of non-competitive ones, i.,e. (1) entrepreneurs in
LDC's are likely to be more paternalistic or "family oriented" and moti~
vated by a desire to provide emp loyment ;pportunities 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 technolozy in the industriall, advanced country was at point
A, Ve may then let the shaded area represent the set of newly possible
unit activities resulting from the R and D expenditures, hounded by the
knowledge frontier FF', The checice of the post-innovation technology is
then shown to be at point Algas 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 technuolopy shelf SS'
itself has been built up historically in the mature economy.

A contemporary LDC, on the other hand, faced vith technology shelf

S8', will mainly be concerned with engaging in capital-saving innovations
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in accordance with our earlier analysis. For example, 1f unit technology
Al 1s borrowed, such innovation may bring the actual unit technology down
to point C, Choices along curve CD*, the post-assimilation locus of unit
technology, thus represents all the points describing the net result of
moving along the technoloéy shelf SS' plus the capital-saving innova-
tion, The actual final resting place will be determined by profit

maximdzation as described earlier.

V. Summary and Statistical Implenentation

As vwe pointed out in the introduction, any study of LDC innova-
zions 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
utilization once entvepreneurial capacities improve.1 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--ﬁith rapid
increases in the real wapge to follow later in the transition process.
On the other hand, we assume that the importation of technolozy from
abroad represents the dominant source of innovational ideas., While both
assumptions somewhat delimit the peneralizability ol our theory, we be-
lieve that our approach is addressed to an important type of contemporary

LDC.

1In an open econsmy, the first phase is often highly correlated
with e so-called import substitution 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 tramsition period of 30-50 years for the typical contemporary LDC
is accepted. The various phases which make up that transition are 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 exemplified by the elimination of inefficiencies
inherent in the process of technology transfer. In this first phase,
since the real wage remains low, innovations, &s we have seen, tend to
be labor saving in nature, with little output reisino impact. Thus ve
would expect to observe moderate rates of growth ol 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 moxe
experienced, As a result the unintentional (or unconscious) type of
innovation gradually gives way to the more conscious type. In this plase,
in contrast to the first, there is a deceleration of the capital deepcning
process or, vhen 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 innovations of the unintentional

variety is gradually svamped by the effects of the intentional type
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which is, as we have seen, mainly capital shallowing in nature.l The
conclusion is that such capital shallowing or reduction in capital
deepening should te vhat 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 i3
for this reason, that we expect 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 phese 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 shiits
from labor using to labor saving. This tendency toward capital deepening
hecomes pronounced when, with the elimination of the economy's surplus
jabor and the consequential sustained increase in ile real wage, innova-
tion takes on the character typical of an industrially advanced economy,
Capital deepening will be accompanied by a slowin;, down of the growth
rate, as the surplus labor (a2 hidden source of saving) runs out and the
economy graduclly closes its technology pap with the advanced countries,
Once development becomes more skill and capitezl-based, the economy re-
lics more and more on her own internal entreprencurial talents to fashioen

the initial innovational brealthroughs.

lNhen the real wage climbs to a relatively hi;her level, cven the
unintentional type of innovation will have capital shollowing, coanscquences,
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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 (nK) for the
industrial sector of Japan are shown. The 50 years »f transition ex-
perience, between 1CCT and 1¢30, can be seen, by inspection, to be
divisible into three possible sub-phases marlied oif Ly the two vertical
lines in 1505 and 1717, The year 1917 moreover appecars to be a major
turning point, markin? off the labor surplus phase frow the phasc charac-
terized by the exhaustion of the labor surplus in agriculture.1 To us,
the operational significance of the turning point is that, in the labor
surnlus phase, there is strong population pressure ':eeping the real ware
from rising very much and inducing labor-using innovations. This con-
trests sharply with the rapid w 2 increase after 1.17, which, according
to our @nalysis, induces entrepreneurs to innovate in a labor-saving direc-
tion.

Based on these data, the average annual race ol increases of tue
real vage (w), capital per head (/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). Ioderate amual increases oj
real vage before 1217 {1.7%) nive way to much hirher rates of increasc
(¢.4%) thereafter. Equally striking contrasts oxe slown for the rcte ol
capitel deepening (from 1.2% to 4.0%) and for the vate of srowth of

capital (from 2.%% te &.4%) os betucen before and nfter the turning point.

1Fei and Ranis, Development of the La&sor Surpius Economy: Theogy
and Policy, op. cit.
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Table I: Averare Annual Grouth Rates

Before 1:-17: real wagg_ﬁill copital per uwead (K/L) capttal (K
(I) 1580-1505 leC 1.2 2,3
(II) 105-117 1.6 &, C : 4.k

(1I1) 1550-1017 1.7 - 2.1 2,9

After 1.17:

Note: lThe real wa_e fijurec are based on 2 moving average
besinnine in 1{CU.

The year 1005 also appears to have some si nificance, by inspec-
tion of diagram &, possibly dividing the labor surplus phasc into two
sub-neriods. TFor the period prior to 1905, there is a span of 25 yeavs
of near counstancy of capital per head (1.2% per year in Table I), in-
diccilins a tendency tovards "capital shallowing Qrowth.”l This is a si~ni-
ficent phenomenon in the iransition of a labor surplus economy. It
siznifies that entrepreneurs have, during this relatively long stretch
of zire, developed suificient maturity and expericnce to be able to
utili.c the relatively abundant factor (i.e. the endoument of cheap lcbor)
by innovating in a labor using direction on top of the imported technolo y.

This rather remorkavle entrepreneuriel periormance, ol coursc,

did cct just happen but lLas to be viewed as resultin;, from the develop-
ment ol entreprenecurshin in the carlier period. Our dota bepin in 70
vhiicl is wore than o decade ofter the Restoration in 1ll.i, For the

earliew period, in spite ol the zbsence of reliacle siocrsticel data,

lEarlicr data led us to the conclusion of actucl capitel shallowing
for this period (Fei ond Ranis, op. cit.). But the important point is
that there is little ccpital deepening in spite of the increase in the
real wage,
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there is ample qualitative evidence of the lind of inefficiencies, based
on the immaturity of entrepreneurs just moving from acrarian and commer-
cial pursuits into attempting to organize a ''modern” industrial sector,
which characterized phase one in the analysis of our naper.

The period betwcen 1205 and 1017 may be viecwed as a transitional
subphase between agricultural labor surplus and its ultimote exhaustion,
During 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 cliumbed to a relatively hijher level now
induces them to berin to shift somewhat toward labor saving inno-

2
vetions.” The result is that, after 1¢05, there ve,’ns a decided trend
tcverds capital deepening orowth, i.e. from 1.2% before to 4.0%

therecafter (see Table I1).

“©

The rapidity of ~routh of the economy os a vhole during the 57

or so years of transition reflects three types oif forces: (i) an entre-
preneurial maturing prccess, (ii) the process of gradual exhaustion of

the economy's surplus labor, and (iii) the rraduel narrowiny of the

technolony cap (or the exhaustion of the advantarse of the cconomy's
\.)yc\p [ ny

'This evidence includes the massive scole o corly, rather
frantic attempts to horrow technology, including wiole factories, from
abroad, once the economy had been unceremoniously opened up after ceun-
turies of isolation., Secondly, the fact that many ol the early fac-
tories were built by covernment on an experimental Hasis and sold to the
private sector by around i..3 indicates the reduction of initial in-
efficiencics as the incrcased competence of private cntreprencurs could
be harnessed. If we had the datz our theory would nredict finding
capital deepening in the early post-Restoration ycars and an assist to
the capital shallowing tendency already noted above, thereafter.

zln addition to this conscious innovation arcusent is the capi-
tal shallowing effect traced to the exhaustion of the unconscious inno-
vation possibilities accompanying the elimination of or~anizational in-
efficiency.
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"{atecomer status.") The first factor is the basic cause of the accelera-
tion of the rate of expansion, especially in the early phase. The other
two fzctors contribute to a deceleration effect on the rate of expansion.
then we tale the rate of capital cccumulation as a proxy for the rate of
erowth of the whole economy, we can detect, in diagram 4, a long-run
inverse U-shaped curve (seen more clearly by the dotted curve fitted by
*ree hand). This curve reaches a peak just before the turning point
vhen the surplus labor is exhausted and when the cconomy's entrepreneurs
nave pecome fully matured.

Any study of the transitionel crowth process through an investi-
cation of macro-econoaic data pertaining to the whole economy must ve
accompanied by a reasonavle theoretical framewor!.. As noted earlier,
the znalysis of this paper constitutes only 2 preliminary attempt in
-1is direction. IFf nothing else, we have demonstrated that what lies
wehind such macro data as capital-output and capital-labor ratios is an
sutvemely complicated set of phenomena involvins, inter alia, the develop-
ment of entrepreneurship and the coming into play of an cntreprencurial
jpnovation inducement wechanism in assimilating fmported technolopy while
malking efficient use of a country's domestic resources. It is our hope
that our theory can oe refined and some of our behwvioral relations

specified by more thorouzu empirical investigotion in the future.

1From Table I we see that the rate of growth ci capital increades
from 2.3% to 4.4% anmuclly (see vrows T and II). Duriwm the post-1.17
period, the rate of growth of capital drastically decreases from its
carlicr pea. as can be seen {row the diagram, ond covld bhe ohserved

statistically by caleulating n, for shorter time periods,
N
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