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of human capital will show a fixed growth; when the consumption intertem-
poral elasticity of substitution isn’t equal to 1, we have a higher growth rate of
human capital. In terms of economic growth rate, regardless of the value of
consumption intertemporal elasticity of substitution, we can get a higher
economic growth rate. It shows that learning by doing and human capital has
a positive effect on the economic growth rate. Even if the human capital
growth rate shows a fixed growth, the learning by doing effect can also pro-
mote the long-term economic growth rate of the system.
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1. Introduction

Since the middle and late 1980s, endogenous economic growth theory has be-
come an important research topic in the macroeconomic field. Many economists
began to look for the engine of economic growth comes from the model itself.
Some of them consider that in order to achieve sustained economic growth, the

overall production function of the economic system must get rid of the decreas-
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ing of marginal output. Romer (1986) considers that the employees in the pro-
duction process exist the learning by doing effect. It means that employees will
gradually master the required skills as they work and keep their working expe-
rience. This will improve the productivity of employees, increase corporate prof-
its and drive economic growth. Lucas (1988) believes that enterprise employees
will accumulate human capital outside of work, including learning, further edu-
cation, training, sports and leisure activities. The accumulation of human capital
can improve the output level of the enterprise and promote the long run eco-
nomic growth rate.

Romer (1986) and Lucas (1988) respectively believe that learning by doing
and human capital have positive effects on economic growth, but in fact, the
learning by doing effect and human capital accumulation exist at the same time.
Therefore, our paper attempts to establish a theoretical model of endogenous
economic growth by combining the learning by doing effect and human capital
accumulation to explore the long run economic growth rate of the economic

system. Finally, our results will be compared and analyzed with Lucas (1988).

2. Literature Review

Romer (1986) considers that the learning by doing effect can not only improve
the work efficiency of individual employees, but also the accumulated work ex-
perience will become the common capital of the enterprise and the overall
economy system. These common capitals have spillover effect, which will jointly
improve the production efficiency of other employees, increase the marginal
productivity of labor, and further make the long-term economic growth rate
shows stable positive growth. The research result shows that when the sum of
real capital share and spillover effect of learning by doing is greater than or equal
to 1, the long run economic growth rate of the economic system appears positive
growth. When the sum of real capital share and spillover effect of learning by
doing is less than 1, the result will back to Solow (1956). It means that there will
be a steady-state equilibrium in the economic system, that is, the long run eco-
nomic growth rate is 0. It shows that if learning by doing spillover effect is not
obvious, the long run economic growth rate will not show positive growth.

King and Robson (1989) found that when an economic department makes a
new investment plan, it will produce a demonstration effect and a contagion ef-
fect of learning by watching for other economic departments. It will improve the
productivity, production efficiency and economic growth rate of economic sys-
tem. It means that the spillover effect of learning by doing does exist and is sig-
nificant enough to promote the long run economic growth rate always stable and
positive growth.

Lucas (1988) believes that enterprise employees will accumulate human capi-
tal outside of work, there is constant return to scale characteristic between in-
vestment time and human capital, and human capital has spillover effect. The

research result shows that when there is no spillover effect of human capital, the
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long run economic growth rate is still positive. If considering the spillover effect
of human capital, the long run economic growth rate can be further improved.
Human capital not only has internal effects on the production of individual en-
terprises, but also has external effects on the production of the overall economic
system. Therefore, in the short term, it has the level effect of changing the output
level. In the long term, it has the growth effect of increasing the economic
growth rate.

Since Lucas (1988), many economists have focused on the issue of human
capital. Becker, Murphy and Tamura (1990) found that there is an interactive
relationship between human capital and fertility. The accumulation of human
capital determines the path from low-income equilibrium to high-income equi-
librium. It shows that human capital plays an extremely important role in the
process of national economic development.

Under the open economy, many studies have found that countries can intro-
duce innovative technology and human capital through international trade,
which can enable countries participating in trade to quickly improve the output
level, especially countries with relatively backward economic development,
which is called catch up effect. This means that the technology gap and know-
ledge gap between countries can quickly catch up through international trade,
narrow the gap, and accelerate a country’s economic growth. It also means that
human capital makes a more significant contribution to economic growth.
Grossman and Helpman (1990, 1991) and Shaw (1992) considered that interna-
tional trade will contribute to the accumulation of a country’s knowledge stock
and the improvement of its technical level. Romer (1990) and Rebelo (1991) also
believe that human capital belongs to the production function of reproducible
factors and has the characteristics of non-decreasing returns to scale, so it can

accelerate capital accumulation and promote economic growth.

3. Theoretical Model Setting and Analysis

Our paper is based on Lucas (1988) human capital model and combined Romer
(1986) the concept of learning by doing. We consider that both human capital
and social average capital accumulated by learning by doing have spillover ef-
fects. According to these settings to establish an endogenous growth model un-
der a closed economic system, we assume that the members of the system are
only composed of representative household with infinitely lived and perfect fo-
resight. There is no government and money in the economic system.

The household is postulated to choose his private level of consumption, c,,
real capital, k , human capital, h,, and labor time, |, so as to maximize the

discounted sum of future instantaneous utilities:

w07 -1
U= tl—'e“"dt; >0, p>0 1)

0

In Equation (1), where p is the constant rate of time preference, and o is

the inverse of the elasticity of intertemporal substitution which measures the
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curvature of the utility function. The instantaneous utility function is equivalent
to a logarithmic utility function, Inc,,if o=1.

Following Romer (1986) and Lucas (1988), the domestic output Yy, is pro-
duced by real capital k, and efficiency labor |h,, and we consider that both
human capital and social average capital accumulated by learning by doing have

spillover effects. The production function can be described as follow:
y, = Ak (ILh )" hk"; 0<a<l y>0,n>0 )

In Equation (2), where A is the parameter of production technology, a is

the real capital share, 1-¢ is the efficiency labor share, h, is the human cap-

a
ital accumulation of economic system, h! is the spillover effect of human capi-
tal, k is the average social capital accumulation by learning by doing, and k"
is the spillover effect of average social capital.

In terms of the accumulation of real capital, we assume that there is no labor

growth and depreciation, so it can be described as follow:
k = Ak (Ih)"“h/k" —c, 3)

Following Lucas (1988), the time invested is constant return to scale with the
accumulation of average human capital per capita, so it can be described as fol-

low:
h =35@1-1)h (4)

In Equation (4), where (1-1,) is the time for representative household to
invest in human capital, and J 1is the parameter of human capital productivity,
it means that the growth rate of human capital is a fixed proportion of invest
time.

According to above setting, we can be described the optimal problem of eco-

nomic system as follow:

Max U = .[mﬁe’”‘dt (5)
0 1-0
s.t.K = Ak (Lh) “h/ k" —c, (6)
h =5@-1)h )
The current-value Hamiltonian for the agent’s optimization is given by:
Ctl%; -1 a 1-a y i, n
H="— + A [ ARE ()K" = ]+ [S@-1)h] (8)

In Equation (8), A, and g, represent the shadow prices of two production
factors: real capital and human capital. According this equation we can solve the

first order condition of the optimal solution as follow:

¢’ =4 )

A =[@-a) AR/ K" |- s =0 (10)

A [@ A U)K [ = =4 + pA, (11)
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A A=) AKC N WK+ i, (=) = — 1, + pig (12)

Since our model includes both real capital and human capital, it must be sa-
tisfying the following transversality condition. The purpose is to require that real
capital and human capital cannot accumulate indefinitely to ensure that the

economic system can converge to a stable state.

lim A ke = lim s he” "=0 (13)

n—oo

Under the long run equilibrium of macroeconomic system, the human capital
accumulation by individuals and the human capital accumulation of economic
system are regarded as the same factors of production; the real capital and the
average social capital accumulation by learning by doing are also regarded as the
same factors of production. It means that h =h and k = k . Then, by com-
bining the constraint of optimal problem and the first order condition, the fol-

lowing macroeconomic equilibrium conditions can be obtained:

1

gc :;(aAktaH]_lltl_a lty-a _p) (14)
gk — Akta+n_1|t:l_a l+y-a _E_t (15)
t
g9, =6(@-1) (16)
a+n o-— a+n-1jl-a pl+y-a
0 = (g, (g, + (G- aAK TR (17)

According to the macroeconomic equilibrium conditions, at optimal balance
growth path, the long run growth rate of labor time is 0, and the relationship
between long run growth rate of consumption, real capital and human capital
can be described as follows:

1+;/ a 1+7 a

9 =0 =(—_— )0 =(—_—)50-1) (18)

According to equation (18), when the spillover effect of human capital and
learning by doing do not exist (y =0,n=0), the long run economic growth rate
is equal to the growth rate of human capital. When we only consider the spillov-
er of human capital (y >0,n=0), the long run economic growth rate will be
greater than the growth rate of human capital, and the greater the spillover ef-
fect, the greater the gap between the two. If we both consider the spillover effect
of human capital and learning by doing (¥ >0,n>0), it will further promote
and improve the economic growth rate of the system.

We substitute Equation (18) into macroeconomic equilibrium conditions, the

growth rate of human capital and the economic growth rate can be obtained:

l-a-n
gh=|:0'(1+7—0()—(n+}/):|(5—p) (19)
o l+y-a 3
9. = 9 —L(M_a)_(w)}(a p) (20)
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Then, we compare the research result of this paper with Lucas (1988) which
the model exists the spillover effect of human capital, and analysis the difference
between two of them. The growth rate of human capital in Lucas (1988):

L l-« B
o; —{—G(lw_a)_y}(a p) (21)

Subtract Equation (21) from Equation (19): ¢, —gy =n(l+y-a)(1-0c)>0.
The result shows that when we consider the spillover effect of learning by doing,
if the inverse of the elasticity of intertemporal substitution is not equal to 1
(o #1), the growth rate of human capital in our paper will greater than that of
Lucas (1988). If the inverse of the elasticity of intertemporal substitution is equal
tol (o =1), the growth rate of human capital in our paper is the same as that in
Lucas (1988), itis (0 — p). Therefore, we can get the following proposition:

Proposition 1: considering the spillover effect of human capital and learning
by doing at the same time, when the inverse of the elasticity of intertemporal
substitution is not equal to 1 (o #1), the growth rate of human capital will be
higher than that considering only the spillover effect of human capital. When the
inverse of the elasticity of intertemporal substitution is equal to 1 (o =1), the
growth rate of human capital will show a fixed growth.

The long run economic growth rate in Lucas (1988):

L L { l+y-«

g =0 m} (6-p) (22)

Compare Equation (22) with Equation (20), it is obvious that the result ob-
tained in our paper is higher than that in Lucas (1988). It means that the spillov-
er effect of learning by doing can indeed further drive the long run economic
growth rate, and this result is not affected by the inverse of the elasticity of in-
tertemporal substitution. Therefore, we can get the following proposition:

Proposition 2: considering the spillover effect of human capital and learning
by doing at the same time, no matter what the inverse of the elasticity of inter-
temporal substitution, the long run economic growth rate will be higher than
that considering only the spillover effect of human capital. It shows that the
spillover effect of learning by doing can further drive the long run economic

growth rate.

4. Conclusion

According to Romer (1986) and Lucas (1988), whether workers improve work
efficiency through learning by doing at work or accumulate their own human
capital after work, they can improve enterprise profits and drive economic
growth, which also shows that learning by doing and human capital are an im-
portant driving force for the continuous improvement of long run economic
growth rate.

However, in fact, the learning by doing effect and human capital accumula-

tion is not independent of each other but exist at the same time. Therefore, our
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paper attempts to establish a theoretical model of endogenous economic growth
by combining the learning by doing effect and human capital accumulation to
explore the long run economic growth rate of the economic system.

Our research has found that when we both consider the spillover effect of
human capital and learning by doing, if the inverse of the elasticity of intertem-
poral substitution is not equal to 1 (o #1), the growth rate of human capital
can be further improved compared with Lucas (1988). If the inverse of the elas-
ticity of intertemporal substitution is equal to 1 (o =1), the growth rate of hu-
man capital will show a fixed growth.

In terms of long run economic growth rate, when we both consider the spil-
lover effect of human capital and learning by doing, no matter what the inverse
of the elasticity of intertemporal substitution, the long run economic growth rate
will be higher than that considering only the spillover effect of human capital. It
shows that learning by doing and human capital has a positive effect on the
economic growth rate. Even if the growth rate of human capital shows a fixed
growth, the learning by doing effect can also further drive the long run economic

growth rate of the system.
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