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In this paper we attempt to answer the question of poor in-
dustrialization in 4 dynamic model with limited diffusion of technology
and costly learning in which individuals make ap effort to adopt
technology, We find that there are generically multiple interior steady

ment, .

L Introduction

limited diffusion of technology and costly learning. We underscore the
role of learning incentives, Specifically, we model the process of diffy-
sion of industria| technology into Jess developed countries to he limited;
meanwhile, entrepreneurs are allowed to make an effort to learn the
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technologies to hasten the process of acqusition but are subject to costs
incurred. Depending on the learning costs and the expected returns ob-
tainable from acquiring the technology, entrepreneurs decide their op-
timal effort to learn the technology. In steady state, either retarded or
great industrialization results.

There have been some related papers in the literature recently.
Among these are the works by Murphy, Shieifer and Vishny (1989a, b),
Krugman (1991) and Matsuyama (1991). The former authors presented
one line of research about the conditions under which both a zero and a
full level of industrialization coexist. In these models, a zero level of in-
dustrialization results solely from self-fulfilling prophecy. These
models, however, are treated ini a static framework and therefore treated
with difficulty the possibility of a takeoff.

Krugman (1991) and Matsuyama (1991) presented an another line of
research, in which their models being variants of sector adjustment are
thus dynamic. In their equilibria, there exist both a zero and a full or
high level of industrialization in the steady state and their economy can
lock into the state with a zero industrialization. As Krugman’s setting is
linear, there exists no interior steady state. Although by improving
Krugman’s setting in the direction of non-linearity Matsuyama attained -
an interior (high) level of industrialization, he stiil obtained a non-
interior (zero-level) steady state. The laiter state implies that the
developing economy under issue uscs no industrialized technology; this
implication is not shared by most developing or less developed
economies that have generally a non-negligible fraction of modern
manufacturing sector, €.£., India and Pakistan. This result rests in part
upon the assumption that an agent must decide in which sector to work
at the beginning of his life and is not permitted to switch sectors after
making such a decision. Moreover, sector choice in Matsuyama takes no
time, whereas in real world technology choice takes time as the avail-
ability of industrialized technology is not instantancous; time is typically
required to employ more advanced technology as the proper technology
must be chosen first and engineers need to learn the operation or to be
trained next. As this characteristic of the process of technology adop-
tion is prevalent especially in less developed countries, it should be in-
corporated in modeling. We try to model in this direction.

Our model features both limited diffusion of industrial technology
into a developing country and incentives of entrepreneurs to make the
effort to hasten the diffusion. Moreover, in contrast 10 Matsuyama, an
agent in our model is permitted to switch sectors after he works in the
traditional sector. According to our modeling strategy, an economy has
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4 more productive modern technology coexisting with a less productive
traditional technology; the traditional technology is subject to constant
Teturns to scale, whereas the modern technology is subject to an external
€conomy. Hence, as there is greater modern industry, there is a greater
. broductivity per capita within thig industry.! Ap entrepreneur in ques-

To simplify matters, we represent it by a Poisson process with a mean
rate of arrival, This rate js not constant, but an increasing function of
the level of learning effort. Technically, this process of learning a

We find that as there are multiple interior steady states generically,
there coexist both a low and a high leve] of industrialization. In analyz-
ing what leads the ¢conomy to choose this low-level steady state, our
analysis indicates that, as in Krugman (1991) and Matsuyama (1991),
both history and expectations are relevant for the result of a low level of

makes actually more practical sense compared with a Z¢ro (non-interior)
level in both Krugman and Matsuyama.

1 This externality is a sort of learning By doing in which an individual entrepreneur in-
vests in private knowledge that concomitantly contributes inadvertently to a public pool of
knowledge, See Arrow (1962).

2 1n literature, a search equilibrium model ig mainly applied to explain high unemploy-
ment. See among others, Diamond (1982a,b) and Howitt and McAfee (1 987). The use of a
search equilibrivm model for economic development in this work thus represents a new
application.



256 JOURNAL OF ECONOMIC DEVELOPMENT

This paper is organized as follows. After building a basic model in
the next section, we consider an individual’s problem of optimal learn-
ing in section III; the equilibrium and its properties are analyzed in sec-
tion IV. We investigate policy implications for a takeoff by drawing
casual historical examples in section V, and conclude in section VL.

H. Basic Model

We consider an economy that is populated by a continuum of iden-
tical, risk-neutral and self-employed entrepreneurs, of which the size,
for simplicity, is normalized to unity. There are overlapping agents
(Blanchard, 1985): each agent throughout his life confronts a constant
probability of death b,3 and at any instant, a cohort of size b is born.
Each entrepreneur owns one unit of labor endowment.

A. Preferences and Technologies

We assume that individuals consume what they produce. This
assumption is made to avoid the effects of demand spillover which is the
principal mechanism that generates multiple steady-state equilibria ac-
cording to Murphy, Shleifer and Vishny (1989b). We assume for
simplicity the instantaneous utility to be linear. The instantaneous utility

can be relaxed to concavity without altering the analytical results. '

There are technologies of two kinds that produce homogeneous com-
modities called the traditional and modern technology for convenience.
Both technologies use labor as the only input. The traditional tech-
nology is operated under constant returns to scale, with one unit of
labor input producing y units of output. Each entrepreneur has a free
access to traditional technology. He can choose to learn a more produc-
five modernt technology, subject to an external economy due to learning
by doing. The productivity of modern technology depends on the size of
this industry in the sense that, if there is greater modern technology
adopted, there is more human capital accumulated and people know
how to use the technology more efficiently. As a result, the technology
becomes more productive. In terms of evidence for external economies,
Caballero and Lyons (1990, 1992) who examined the external economies

of two-digit manufacturing industries in four European countries and

3 This setting of an instantaneous rate of death captures also bankruptey of firms due to
structural shifts. This condition reflects the fact that the turn-over rate of firms is typically
non-negligible in many countries. The structural shifts are assumed to cause randomly a
fraction b of firms to become bankrupt.
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US found significant evidence of external economies for most in-
dustries. These manufacturing industries in Europe and USA exemplify
the modern industry in this work.

Formally, we assume that the modernized production function has
the functional form g(m), in which mef0,1] is the fraction of en-
trepreneurs in this industry, or the size of this industry, This production

technology becomes embedded in an another term.

Under the condition that there is no transition of states from live to
death and from using traditional technology to using modern tech-
nology, an agent’s expected lifetime utility is then V()= [Fet-nydr
when he uses traditional technology (v), where r is a constant rate of
time-preference, and is V()= j‘;’e‘(T_t gm(t))dr when he uses
modern technology {g(m)). The €xpected lifetime atility is the sum of
future outpyt produced as we have assumed that an agent consumes
what he produced and the instantaneous utility is linear 4 If we take the
derjvative of V() and V,.(t) with respect to time, we get respectively

M Vm=y+v,
@ 1v,0=gmu)+V,,

where a variable with a dot above it denotes its time derivative. In-
tuitively, equations (1) and (2) are arbitrage equations. To explain why,

B. Technology Diffusion Process
The diffusion of modern technology is assumed to be a Poisson pro-

4 If the instantaneouys utility ig convave, we just replace v in Vy(t) and g(m) in V() by
u(y} and u{gim)) respectively, where u’ >0 and u" <.
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cess with a parameter a, in which a is a function of the level of learning
effort 8. The greater effort B that an individual exercises, the more
readily obtainable is the modern technology. Accordingly, we deduce a
functional form a=a(B). However, the greater learning effort that an
individua! exerts, the greater is the cost f(8) incurred. We note that
‘because the parameter of the Possion process ia a, it implies that the ex-
pected or mean arrival rate of a modern technology in a small time in-
terval dt is a and 1/a is the expected waiting time.

We assume that both a(8) and f(3) are non-negative, finite, twice
continuously differentiable, and strictly increasing for all >0, that a is
strictly concave for >0, that f is strictly convex for 8>0, and that
a(0) =(0) = 0. These assumptions are conventional except the latter. The
assumption a(0)=f(0)=0 is to make the law of motion in equation (3)
emanating from the origin.

When expected capital gains (losses) due to death and transition of
production type are taken into considerations, they should appear in
equations (1) and (2) along with other expected capital gains. These two
equations then becomes respectively

@3) 1V, ()=y+b[0— V] +aBOV,O - V,01 = £F(BW) +V,,
@ 1V, (0=gm®)+bl0-V, DI+ V.-

These two equations are standard in literature. See, among marny
others, Diamond (1982a, b) and Howitt and McAfee (1978) in the con-
text of labor search, Shapiro and Stiglitz (1984) in that of efficiency
wage, and Kiyotaki and Wright (1989) of the origin of medium of ex-
change. In equation (3), b[0— V,(1)] is the expected capital loss due to
death, and a(B)[V,(t) — V(DI — f(3) is the expected capital gain due to
transition of production state. This latter capital gain consists of the in-
come gap between using a modern technology (Vm(t)) and using a tradi-
tional technology (V (1)) times the expected arrival rate of a modern
technology (a(8)) and the cost of making effort to adopt a modern tech-
nology (—f(5)). In equation (4), b[0— V()] is the expected capital loss
due to death. The arbitrage interpretations similar to those of equations
(1) and (2) apply here. '

C. Law of Motion for the Size of Modern Industry
- As m(t) is the fraction of modern industry, 1-m(t) is the size of tradi-

tional industry. Therefore, increased size of modern industry signifies
decreased size of traditional industry. The proportion of population in
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modernized industry satisfies the following law of motion.
G =11~ mOXI - b)a(s(t)) - m(b.

According to equation (5), the size of modern industry increrases as
people transfer into from traditional industry and decreases due to
death of people in this industry. (1 —m)(1 - b} is the fraction of people
alive in existing traditional industry and they make effort to adopt
modern technologies and each has a mean probability a(g) to adopt one
technology in a small period dt.

1I1. Entrepreneur’s Optimal Learning Problem

We proceed to examine the optimal learning of an éntrepreneur, As
a modern technology is more productive than its traditiona] counter-
bart, an entrepreneur currently in traditional industry may have an in-

centive to learn a modern technology. The intensity of incentives,
however, may vary before a steady state is reached. An individual’s in-

Denoting V(t) = V,.(1) = V,(t), we interpret V(t) as the value surplus of
an entrepreneur who transfers into moder_n frpm traditional industry at

timet. As a result, we obtain the relation V=V, - Vy. Subtracting equa-
tion (3) from equation (4), one derives

1
r+b+aft)

V(1) in equation (6) forms the expected value surplus obtainable
from working in modern industry, rather than in traditional industry,
from t onward. According to this equation, a larger size of modern in-
dustry implies a greater expected value surplus. For any given expected
V, we derive V.(t) from equation (3) in the following equation’

©® V= le(m(t) ~ y + £(8(1)) + V].

M VO =72 e t4he-opy BNV () ~f(B(r)Idr.

V() in equation (7) is the expected lifetime income of an en-
trepreneur who is in traditional industry at time L, according to which

5 As the right hand side of {3) is continuously differentiable {C1), there exists a unique
solution V(8). See Hirsch and Smale (1974, pp. 163-169) for the proof. For a solution of
this nonhomogeneous and nonautonomous differential equation, see also Hirsch and
Smale (1974, pp. 99-102).
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the expected lifetime income is constituted by both the instantaneous
output produced using the traditional technology and the net expected
income from making the effort to adopt a modern technology. Given
the expected excess income V(t) and the size of the modern industry
m(t), an entrepreneur in traditional industry maximizes his lifetime in-
come (V,(1)) by optimizing his learning effort B(r) for 7=>t. The op-
timal level of learning effort 3 is found by pointwise maximizing equa-
tion (7). The necessary and sufficient condition is®

&) a BV (7} =F(8(7), Vr=>t.

According to equation (8), an entrepreneur in traditiona! industry
makes an effort to learn the modern technology in every period 72t up
to the level at which the expected marginal excess income equals
marginal cost. This equation characterizes an entrepreneur’s optimal
learning behavior. Equation (8) implies an interior 8 as long as
limg_,, fag(B)V — £,(3)1> 0. We denote this 8 by 8(r)=p(V(), 721,
with 8 strictly increasing in V>>0.

IV. Equilibrium: Low Level of Industrialization

We assume that the entreprencurs’ expectations of value surplus are
perfect foresight. In equilibrium, the preceived V should equal the
realized value surplus. Moreover, because our setup involves a represen-
tative individual setting, an entreprencur’s optimal level of learning
effort B8 is equal to the average optimal level of learning effort 8 in
equilibrium. With this understanding in mind, we analyze the perfect-
foresight steady state as follows.

This perfect-foresight steady state is the set of values, {3,m,V}, that
satisfies (5), (6), and (8), with m=V=0. Recalling that equation (8)
becomes reduced to the unique function 8=£(V) and inserting 8= (V)
into both equations (5) and (6), one obtains

® = (1 — m())(1 — balB(V(t))] — m(t)b,
(10)  V=[r+b+a@VENIVE) —gmt)+y - ABVIED).
The steady states solve m=0 in equation (9) and V=0 in equation

6 In deriving the following equation, we evaluate V(1) at 8. Note that the permanent in-
come from working in modern industry, V(1), is common to all workers in this industry
and is independent of 8. This condition implies that dV/88 =38V ,,/38 —aV,/98= 0.
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(10) simultaneously 1o obtain m and Vv, Instead of solving these two
equations algebraically, we use a diagrammatical too] for analysis. We
find first their slopes in the {m,V) coordinates as

dv —a—-b

1y —]. =~ >0,

an dm]’”=° (1-mja,b,
v, =g,

(12) I lieo = “Trarpl

According to (11) and (12), the slopes of both curves are positive for
the following reasons. For the curve i = 0, a greater modern industry im-
plies, other things being equal, both more numerous entrepreneurs exist-

modern inc_iustry expands to stop the arbitrages in the steady state., V
and mon V=0 therefore move in the same direction as well,

follows. We show that V=0 starts from a value v greater than that at

~ which =0 starts when m =0, and ends at a value of V less than that at
which m=( ends when m=1, We note that on r‘n=0, V=0when m=0
and V approaches infinity when m~ 1., This results in a convex curve
m=0. See Figure 1. As both m=0and V=0 are continuous on mel0, 1,
there exists invariously an interior steady state.

As is obvious from Figure 1, the key difference between our figure and
of Diamond (1982a) and Matsuyama (1991) lies in the resuit that
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Figure 1
Multiple Steady States
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both m=0and V =0 in Figure 1 are intrinsically as nonlinear as those in
Diamond and Matsuyama, there are generically multiple steady states.
Diamond and Matsuyama discuss the simplest case of multiple sieady
states where the number of steady states is two. In the following, we
discuss the case with three steady states and denote the three steady
states E,, E, and E, in Figure 1. Among these states, E| represents an
equilibrium with a low level of industrialization, E, symbolizes an
equilibrium with a high level of industrialization, and E,, a middle level.
The economy hence can end at either the worse steady state E, or the
better steady state E, if both E, and E, are not unstable. Note that E,
corresponds to a low rather than zero level of industrialization. We
make remarks on this point subsequently.

Given the underlying population and economic structure, our resuit
indicates that this economy could end up varied states. If the steady
state happens to be at E;, the economy becomes highly industrialized;
namely, modernized industry m, becomes large. As a consequence, the
realized value surplus of V, from modern industry is large, and
therefore the society becomes affiuent. In contrast, if the steady state
oceurs at E,, the economy has now only a low level of industrialization
m,. The corresponding value surplus, V, is amall and the state of pover-
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ty prevails. The steady state at E; may represent the economic situation
for countries in western Europe, North America and Japan, whereas the
one at E, may represent the case for countries in southern Asia, Africa
and Latin America.

question is equivalent to asking why many countries selected E,, instead
of E, in Figure ] as the steady state two hundred years after the In-

equilibrivm (Krugman, 1991). We next analyze the lgeal dynamic pro-
perties near each steady state and then envisage when and why the
equilibrivm moves to the state at E,.

Let E, =(m, V), i= 1,2,3, be the three steady states in Figure 1. If
we linearize (9) and (10} around E,, we obtain

i [—a-bpa_yp A-m)i-bjas,] [m-m,

v -8, r+b+a V-V,

From the above we obtain
Trace=r+ab >0,
Determinant = [~ (] — p)g — blr+b+a)—g (1-my - b)a 8,
= —(r+b+a)1 —m)y(1— b)a3, {(the slope of h = 0)
—(the slope of V= 0.

This condition implies that the two eigenvalues have opposite signs and
thereby E, and E, are saddles. Therefore, there exists a unique trajec-
tory respectively that leads the equilibrigm to converge toward E, or E,.
Analogously, E, is obviously a source as both the determinant and the

eigenvalues at E, may be real or complex, the system may expand away
from E, in a monotonic or oscillating manner. Combined with the fact
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Figure 2
Heteroclonic Orbit will E; & Monotonic Source
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that both E, and E; are saddles, it then becomes evident that the paths
emanating from E, are heterclonic orbits. These two cases are illustrated
respectively in Figures 2 and 3.

Figure 2 depicts the case in which the paths emanating from E, are
monotonic. This case defines a threshold of m,. “History’’ plays &
major role in selecting an equilibrium in this situation. The economy Ob-
viously converges monotonically and gradually toward the steady state
E, with a low level of industrialization in the steady state when the
economy starts with the size of modern industry smaller than the
threshold m,. Intuitively, when the size of the modern industry is below
the threshold and thus the productivity of the modern technology is
small, the expected value surplus obtainable from adoption of a modern
technology is not greater than the learning cost. The learning incentive
of entrepreneurs in traditional industry (8} is therefore diminished, and
thereby the mean technology-adoption probability (a(3)) is lessened.
The fraction of people entering into this industry, (1 —m}1 —bja(A), is
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Figure 3
Heteroclonic Orbit with E, an Oscilating Source

\V4 _ m=0
0\
E/ V=0
E,
i
) 4 [
1 1
' ! )
I ; : :
— ! | ]'
. f ) ! |
0 I —>m
m, Ny m, m m; i

consequently smaller than that existing from it, mb. Asg a result, the
modern industry shrinks and the economy moves to 2 steady state with a
low level of industrialization. :

When the path stemming from E, is oscillating, the story is more
complicated. The orbits in figure 3 involve a range of values of m, from
m, to'm*, from which either E, or E; can be reached in the steady state.
In this situation, even when the economy starts with m greater than m,,
the poor leve] of industrialization at E, may result as long as m is less
than m*, Here the “self-fulfilling prophecy” plays a pivotal role in
selecting an equilibriym, Intuitively, although the productivity of modern
technology is large currently when m>m,, this fact may not ensure the
result that the expected productivity of modern technology is also large
in the future. This condition occurs when entrepreneurs expect that peo-
ple outside the modern industry, due to pessimistic expectations about
capital gains obtainable from adopting a modern technology, make in-
sufficient learning effort such that the fraction of people entering into is
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smaller than that existing into this industry. These enirepreneurs then
expend only a smaller learning effort; as a result, the modern industry
shrinks, and the productivity of modern technology is diminished.
Entrepreneurs’ beliefs are thus seif-fulfilled.

We must point out that, although both history and expectations play
roles in selecting an equilibrium in our model as do in Krugman (1991)
and Matsuyama (1991), the factors underlying the dynamic are dif-
ferent. It is the entrepreneurs’ technology-adoption incentives that ex-
plain the underlying dynamic evolution in our model. In contrast to
Krugman and Matsuyama, entrepreneurs in our model invariously make
an effort to adopt modern technology, although the intensity of effort
may be large or small. The reason is that in our model modern tech-
nology is assumed to be more productive than its traditional counterpart
given that the installation or adoption cost of modern technology has
‘been specified separately, and that entrepreneurs are allowed to transfer
sector to produce after they have been already in one of two sectors. In
this circumstance, the economy under question possesses at least a (non-
negligible) small rather than zero fraction of modern industry in the
steady state. This result is more nearly applicable to the real world as
most developing countries obtain a proportion of modern manufactur-
ing sector. For example, even the lowest fraction of manufacturing sec-
tor in term of GDP was 4% (Uganda) in the world in 1990; for industry
as a whole as against agriculture and services, this fraction is even
greater (7%).7 This case exemplifies the situation that a manufacturing
sector in even the least developed country is not zero but small.

This poor industrialization is an unfortunate result. This result may
reflect phenomena in the real world; that is, while countries in Western
Europe, North America and Japan have increased incomes per capita to
high levels, less developed countries in Southern Asia, Africa and Latin .
America have remained at low levels. According to our model, an im-
portant reason for this result is that the cost of adopting new tech-
nologies in these less developed countries is great, so to diminish
technology-adoption incentives. In the real world, one main ground
resulting in this great learning cost may be the fact that average educa-
tional levels in these countries are generally low. As a consequence, it is
more expensive and difficult for people in these countries to learn a
given modern technology than for people in developed countries.
Accordingly, most people in these less developed countries prefer to use
traditional technologies instead of learning modern technology. This
condition maintains poor industrialization, and the income per capita

7 See World Bank (1992), table 3.
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remains small. In this situation, an economy cannot escape from this
poor industrialization without a takeoff, the possibility of which we
next investigate,

V. Policy Implications: Takeoff

When analyzing implications of policy for economic development, it
is worthwhile to Jearn from the experience of successful economic
development, Japan and the ““foyr Asian tigers,”’ among others, are
proper examples. Among these countries, we are familiar with the fact
that Japan has expanded its economy from poor industrialization to the
current advanced industrialization and these later comers have moved
brogressively from underdeveloped to the current “newly
industrialized”’ levels. These countries have a common property, namely
large rates of savings. In g dynarmic model, a small rate of time
preference, other things else equal, implies a large rate of saving.
According to equation (6), a smaller rate of time preference indicates a
greater value surplug obtainable from joining modern industry. And
according to eguation (8), a greater expected values surplus in furn

level. This analysis involves a comparative statics, According to equa-
tions (9) and (10), asris reduced, the curve V=0 shifts upward for any
given levei of m whereas m=0 is not influenced because r does not ap-
pear in this curve, Intuitively, a smaller rate of time preference results in
a small value surplus according to equation (10). There js therefore a
capital loss, i.e., V< 0, and thus a chance for an arbitrage. Under a
fixed level of m, the value surplus must increase to avoid arbitrages in
the steddy state. Therefore, V=0 shifts upward at any given level on m,
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with an upward shift in V=0 we obtain three new- steady states
denoted by E,, E,, and E; in Figure 4. According to the figure, both the
new steady states at E; and E, are each obviously Pareto-dominating the
old ones at E, and E, respectively as each corresponding value surplus is
increased. Nevertheless, E; is still a low level of industrialization, and
thereby the economy continues to stagnate and stays poor. Evidently, a
small reduction in the rate of time preference is inadequalte. The
economy needs a takeoff to escape from this poor industrialization.
Such a takeoff could be achieved if people in the economy become pa-
tient, namely if the rate of time preference r becomes sufficiently small.
Intuitively, if r is small enough, the curve V=0 may be pushed upward
so much that there is only one steady state (E," in Figure 4). The critical
rate of time preference depends on the economic structure. Given the
economic structure, the assumptions on g, a and f, and the optimal
learning behavior, the critical value r* can be calcualted if we
parametrize g, 4 and f. If the realized rate of time preference happens to
be below the critical value r*, from whatever initial value of m, the
economy moves along the ‘turnpike” Ws(E,")(Radner, 1961) and
becomes industrialized gradually.

Figure 4
Possibility for a Takeoff

><

m=0
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Although a small rate of time preference is beneficial to escape from
a poor industrialization, there are difficulties of two kinds. First, if r* is
negative there is no possibility for a take off by decreasing the rate of
time preference. Second, even if r* ig positive, the rate of time
preference is not g policy that a government can easily control or alter in
a brief period. Thege difficulties may explain why some Asian countries
have taken off while most of the developing countries have not,

The learning incentives, and therefore to 4 certain extent the educa-
tional incentives, are important for adoption of a more productive tech-
nology: more importantly, the government has the ability to influence

technology. As a consequence, the fconomy gains a larger modern in-
dustry., The economy finally benefits from the external €xpansion in
productivity, N

An another policy in a similar dirction is to diminish y, According to
equation (6), a decreased y enlarges the income gap between modern
technology and traditional technology and therefore launches incentives
for technology adoption. Some newly industrialized countries utilized
this policy when they started economic development. Kuo (1983) noted
the use of a ““hjdden rice tax”’ from 1952 to 1960 in Taiwan when the
share of rice over overall agricultural products was above 45%;8 she
found that the hidden Tice tax diminished the share of rice and con-
tributed to the development of food processing and other industries and
1o an early stage of industrialization in Taiwan, '

We draw on some educational achievement among East Asian coun-
tries as educational accomplishment is related to ability (or cost) and in-
centives of technology adoption. In Japan, numerous foreign scholars
and technological €xperts were imported and students were sent to the

8 See Kuo (1983), chapter 3.
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West after the Meiji Restoration. Moreover, Japan had a high enroll-
ment rate in primary school since the late 1880. These factors allowed
Japan to become industrialized quickly after World War I1.Y As for
newly industrialized East Asian economies, because governments in
these economies have devoted much budget to educational investment,
these economies have accomplished high average educational levels.
During the past thirty years many foreign undergraduate and graduate
students from these economies, especially from Hong Kong, South

" Korea and Taiwan, studied in USA. Of these students many returned to
their countries after graduation. These people helped either to adopt
western advanced technologies into domestic industry or to teach the
next generation at schools. This condition made people in these coun-
tries learn advanced technologies at smaller cost than in other develop-
ing countries, and made their country become industrialized quickly.
Such achievement seems to indicate education to be a viable way to ac-
quire more productive technologies.

VI. Conciuding Remarks

We have constructed a dynamic model to address the issue regarding

the causes of a low level of industrialization and the possibility of a

takeoff from this poor industrialization. We feature a protonged diffu-

sion of modern technology, while allowing entrepreneurs to make a

learning effort to hasten the process of obtaining modern technology.

We find that this economy may attain a steady state with a low level of

- industrialization. Entrepreneuss’ lack of incentives to learn technology

is the key reason producing this poor industrialization. We discussed the

possibility of a takeoff from this state, illustrated with successful
achievement of economic development.

Some people may consider our supply-side setting to be special.
However, we believe this consideration to be untrue. The specification
of only the supply side is one common characteristic in most models of
economic growth and development. The reason that in most work of
growth and development this setting is employed is that the supply-side
effect generally dominates other factors in the long run. Moreove, this
simplified setting makes our model more intuitive and more easily tract-
able. Although we are aware that the demand in commodity market may
have a sillover effect on the supply side,’® and although we know that

9 See Basterlin (1981). See also Lackwood (1954, chapter 1) for similar argnmenis,
10 See the argument made by, for example, Leijonhufvad (1968) and by Murphy, Shleifer
and Vishny (1989b).
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some people advocate the importance of money and finance in the
development process,!! we excluded such consideration from the model.
This deliberate omission, however, does not harm the purpose of this
paper. Conversely, this omission sheds light on the roles of both a
limited diffusion of technology and insufficient learning incentive that
result in poor industrialization. We think that the specification of only

the supply side is proper in this Tespect.

LI For example, McKinnon (1974) advocates that large real cash balances, held in port-
folio equilibrium, enhance the rate of growth.
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