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Existing studies identify two major underlying mechanisms behind East and
Southeast Asia’s miraculous economic performance in the past 5 decades:
accumulation and technological catching-up. This study investigates empirically
the relative importance of these two mechanisms in Asian development based on
a unified framework. Using canonical cross-economy panel data, the study
arrives at three important findings. First, while the process of catching-up through
capital accumulation played an important role worldwide, this mechanism was
more salient in Asia than in other economies around the globe, especially during
the region’s early phase of growth and development. Second, human capital
formation had a significant positive effect on the technological catching-up
process worldwide. In particular, human capital formation promoted technology
adoptionmore strongly in Asia than in the rest of the world. Third, innovation has
also been critical in facilitating recent growth in Asian economies. These results
suggest that Asia’s capital-accumulation-driven growth in the early phase
induced human capital formation and international technological transfers at later
phases, with strong complementarities between these two types of capital. Asian
economies likely went through three phases of catching-up, that is, capital
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accumulation, technological imitation, and then innovation. The experiences of
these Asian economies in the last several decades provide critical lessons for
latecomer growth and development.

Keywords: accumulation catching-up, technological catching-up, human capital,
augmented Solow growth model, Asian development
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I. Introduction

While catching-up is key in successful economic growth and the development of

East and Southeast Asian economies (hereafter, we simply call them Asian economies

unless otherwise stated), a long-standing debate over its underlying mechanisms

exists, that is, whether the region’s development is driven by the accumulation of

production factors or technological progress (Krugman 1994, Young 1995, Kim and

Lau 1996, Hayami and Ogasawara 1999, Comin and Mestieri 2018). This study aims

to settle this debate, at least partially, by setting up and empirically implementing an

integrated framework that considers both accumulation and technological catching-up

mechanisms. In the former, physical capital formation is essential in economic growth,

and, given the technological level, an economy’s per capita income level or growth

rate converges to a certain long-run equilibrium level. In the latter, technological

diffusion facilitated by human capital from a technological leader economy to a

follower economy is key in economic growth.

The accumulation catching-up process is typically formalized and empirically

implemented based on the neoclassical models of economic growth, that is, either the

Ramsey model (Barro and Sala-i-Martin 1992) or the Solow model (Mankiw, Romer,

and Weil 1992). Although the accumulation catching-up mechanism can explain a

country’s growth process to some extent, many researchers find that technological

diffusion and adoption are critical factors in a country’s economic growth and

development (Bernard and Jones 1996; Dowrick and Rogers 2002; Madsen 2007,

2008; Madsen, Islam, and Ang 2010; Comin and Hobijn 2010, 2011; Comin and

Mestieri 2018).1 In fact, Asian economies employed a variety of channels and methods

1Although Bils and Klenow (2000) formulate the growth rate of technology in terms of both the
technological catching-up process and human capital constructed from the average return to schooling
estimated by applying the Mincer equation, their interest is in the relationship between human capital
accumulation and economic growth. In contrast, our interest is in decomposing the development process
into the accumulation catching-up process, in which physical capital formation is crucial, and the
technological catching-up process, in which human capital formation and the technological gap promote
technology transfer from abroad.
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to adopt technologies such as inviting experts from overseas, sending business

missions and students abroad, purchasing foreign licenses, importing machinery,

engaging in trade, conducting reverse engineering, attracting foreign direct investment

(FDI), and receiving technical cooperation aid (ADB 2020). Furthermore, as many

economic historians and development economists argue, human capital is

indispensable in the adoption of foreign technology (Ohkawa and Rosovsky 1973,

Abramovitz 1986, Keller 1996, Godo 2010). Indeed, to support international

technological transfers, Asian governments helped build a human capital base of

engineers, scientists, and other researchers and provided them with opportunities and

incentives to learn and apply their knowledge (ADB 2020).

In this study, we construct and empirically examine a unified framework of the

two catching-up processes. While Dowrick and Rogers (2002) compare these two

mechanisms separately using a similar cross-country dataset, we compare them within

an integrated framework. We believe that our integrated approach is indispensable for

rigorous comparisons because existing empirical results based on one of these two

mechanisms are likely to involve estimation bias arising from omitted variables,

specification errors, or endogeneity, especially because of the assumption of

exogenous technological progress. More concretely, we introduce the technological

catching-up process of Nelson and Phelps (1966) and Benhabib and Spiegel (1994,

2005) into the augmented Solow model of Mankiw, Romer, and Weil (1992) to

investigate accumulation and technological catching-up mechanisms simultaneously.

In this regard, following Ohkawa and Rosovsky (1973) and others, we consider that

human capital can generate a positive effect on technological diffusion from abroad.

We match the estimation equation derived from the unified theory with the canonical

cross-economy panel data consisting of 144 economies between 1980 and 2014,

which is the period after the second oil crisis when most Asian economies begin

growing steadily, as well as for the earlier period from 1950 to 1989. Under this

framework, we can focus on the comparison of the relative importance of the two

catching-up processes in Asian economies and the rest of the world.

We obtain the following empirical results. First, physical capital formation was

essential in the accumulation catching-up process worldwide. Moreover, Asian

economies showed more pronounced accumulation effects than in other economies,

particularly at the early phase of economic development. Second, while human capital

formation generated a significant facilitation effect on international technological

diffusion in both Asian and other economies, it enhanced technology adoption more

strongly in Asian economies than in the rest of the world. Third, later phases of

development have shown that own innovation also played a visible role in supporting

growth of Asian economies.
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The remainder of this paper is organized as follows. In the next section, we

develop a unified framework of the accumulation and technological catching-up

processes and derive a differential equation with respect to per capita gross domestic

product (GDP). Section III postulates an estimable equation based on the theory and

describes the panel dataset from 144 economies. In Section IV, we report and discuss

the empirical results based on the panel fixed effects estimations, as well as the system

generalized method of moments (GMM) estimations. Section V provides the

concluding remarks.

II. Model

We construct a unified model of factor accumulation and technological catching-

up based on Mankiw, Romer, and Weil (1992) and Benhabib and Spiegel (2005),

respectively, where economy i technologically follows economy m, which is a global

technological leader (e.g., the United States [US]). The production technology of

economy i is given by a neoclassical aggregate production function:

Yi ¼ K α
i (AiLi)1�α, where Ki is physical capital and Li is labor. Ai is the Harrod-

neutral economy-specific technological level, which is endogenously determined. The

laws of aggregate physical and human capital accumulation are

_Ki ¼ ski Yi � δiKi ð1Þ
and

_Hi ¼ shi Yi � δiHi, ð2Þ
where ski and shi are the saving rates for physical and human capital, respectively, and

δi is the common depreciation rate for physical and human capital. Defining efficiency

labor unit variables, ki ¼ Ki=(AiLi) and hi ¼ Hi=(AiLi), we rewrite equations (1) and

(2) as

_ki
ki

¼ ski k
α�1
i � ni þ δi þ

_Ai

Ai

� �
ð3Þ

and

_hi
hi

¼ shi
k α
i

hi
� ni þ δi þ

_Ai

Ai

� �
, ð4Þ

where ni is the labor or population growth rate. Suppose that the technological leader

economy m’s technology level, Am, has a constant and nonnegative growth rate, that is,
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_Am=Am ¼: gm � 0. Define the technological gap between economy i and the

technological leader m as xi :¼ Ai=Am. Then, we can rewrite equations (3) and (4) as

_ki
ki

¼ ski k
α�1
i � _xi

xi
� (ni þ δi þ gm) ð5Þ

and

_hi
hi

¼ shi
k α
i

hi
� _xi

xi
� (ni þ δi þ gm): ð6Þ

To incorporate the technological catching-up mechanism explicitly, we postulate that

the technological diffusion process from the leader economy to each follower economy

takes the specification developed by Benhabib and Spiegel (1994, 2005), which is

_Ai

Ai
¼ g�

~hi
~hm

� �
þ c

s
�

~hi
~hm

� �
1� Ai

Am

� �s� �

¼ gþ c

s

� �
�

~hi
~hm

� �
� c

s
�

~hi
~hm

� �
Ai

Am

� �s

, (7)

where g and c are positive constants, and ~hi :¼ Aihi and ~hm :¼ Amhm are the per-worker

human capital in economies i andm, respectively, where hm is a constant such that the leader

economy is in the steady state.

Regarding the technological diffusion process given by equation (7), several

remarks are in order. First, in equation (7), g�(~hi=~hm) is the endogenous innovation

rate of Ai and (c=s)�(~hi=~hm)(1� (Ai=Am)s) is the rate of technological diffusion from

the leader economy where s 2 [� 1, 1].2 �(�) is assumed to be an increasing function,

and, thus, the human capital ratio between economy i and economy m, ~hi=~hm,

enhances both the endogenous innovation rate and the rate of technological diffusion

from the leader economy.3 Second, the rate of technological diffusion increases as

Ai=Am decreases. This implies that as the technological distance between economy i

and the leader economy widens, the growth rate of Ai increases, and economy i is more

2Actually, technological spillovers arise from multiple advanced economies, and we can thus
consider that Am is a composite of advanced economies’ technology levels. In this study, following
Benhabib and Spiegel (1994), we assume that the spillover effects originate from the economy with the
best technology at that time; that is, Am(t) ¼ max

j
Aj(t).

3There are other economic determinants of catching-up or absorption of technologies. Then, �(�)
might be a function of, for instance, trade openness, FDI, the business environment, and the quality of
institutions and governance. Moreover, if �(�) encompasses policy variables such as public budget
allocation for technical and vocational education and training as its arguments, we can then examine the
government policy impact. In this study, we follow Benhabib and Spiegel (1994, 2005) closely and restrict
our attention to the role of human capital, and we handle other remaining economy-specific heterogeneities
at least partly by including economy-specific fixed effects in our estimation.
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likely to acquire state-of-the-art technologies regardless of the sign of s. Third,

equation (7) features a nested structure that can capture the two diffusion possibilities

of Ai as discussed in Richards (1959), Benhabib and Spiegel (2005), and Sawada,

Matsuda, and Kimura (2012). More concretely, if s ¼ �1, _Ai can be written as a linear

function of Ai provided that all variables in the right-hand side of equation (7) other

than Ai are constant. Then, if s ¼ �1, the technological diffusion process is called

“exponential.” In contrast, if s ¼ 1, _Ai can be written as a quadratic function of Ai

provided that all variables in the right-hand side of equation (7) other than Ai are again

constant, where the functional form of the general solution of equation (7) becomes

logistic. Then, if s ¼ 1, the technological diffusion process is called “logistic.” In our

empirical study, we estimate the value of s.

Throughout the present analysis, we simply assume that �(~hi=~hm) ¼ ~hi=~hm. We

can then rewrite equations (5)–(7) as

_ki
ki

¼ ski k
α�1
i � gþ c

s

� � hi
hm

� �
xi þ

c

s

hi
hm

� �
xsþ1
i � (ni þ δi), ð8Þ

_hi
hi

¼ shi
k α
i

hi
� gþ c

s

� � hi
hm

� �
xi þ

c

s

hi
hm

� �
xsþ1
i � (ni þ δi), ð9Þ

_xi
xi

¼ gþ c

s

� � hi
hm

� �
xi �

c

s

hi
hm

� �
xsþ1
i � gm: ð10Þ

The economy can be expressed in an integrated manner by the three-dimensional

dynamical system consisting of equations (8)–(10).

Steady State and Growth Rate

If the steady-state value of xi exists, the steady-state values of ki and hi also exist.

To guarantee the existence of the steady-state value of xi 2 (0, 1) for any s 2 [� 1, 1],

which is locally stable, we assume that c > g > 0 and gm is sufficiently small. In

particular, in an extreme case in which gm ¼ 0, it is straightforward to verify the

existence of the nontrivial steady-state value of xi for any s 2 [� 1, 1]. By continuity,

as long as gm is sufficiently small, the nontrivial steady-state value of xi exists.
4

4We can prove the following. If �1 � s � 0, the dynamical system has a unique nontrivial steady
state, which is locally stable, for any nonnegative value of gm. If 0 < s � 1, it has two nontrivial steady
states provided that [(1þ sg=c)(1=(sþ 1))](sþ1)=s(c=hm) > [(nþ δþ gm)1=(1�α)gm]=[sh(s

k)α=(1�α)], where
one is locally stable and the other is a saddle point; otherwise, there is no nontrivial steady state. In the case
in which there is no nontrivial steady state, the economy experiences endogenous growth. In this study, we
focus on the case in which there is at least one nontrivial steady state and consider the approximate law of
yi’s motion in the neighborhood of the stable steady state.
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Denoting physical capital, human capital, and output per effective labor in the

steady state as k �
i , h

�
i , and y�i , respectively, we can consolidate equations (5)–(6) into

the following equation:

ski (k
�
i )

α�1 ¼ shi
(k �

i )α

h�
i

¼ ni þ δi þ gm: ð11Þ

Equation (11) yields k �
i , h

�
i , and y�i as follows:

k �
i ¼

sk

ni þ δi þ gm

 ! 1
1�α

, ð12Þ

h�
i ¼

sh(sk)
α

1�α

(ni þ δi þ gm)
1

1�α

, ð13Þ

y�i ¼ (k �
i )

α ¼ sk

ni þ δi þ gm

 ! α
1�α

: ð14Þ

Proposition 1.

Suppose that c > g and gm is sufficiently small so that the steady-state value of x

exists. Then, the approximate law of yi ’s motion around the steady state is given by

_y i
yi

¼ ��i( log yi � log y�i )� α gþ c

s

� � hi
hm

� �
xi þ α

c

s

� � hi
hm

� �
xsþ1
i þ αgm, ð15Þ

where �i ¼ (1� α)(ni þ δi þ gm).

Proof. See Appendix 1.

We define per-worker income as ~yi :¼ Yi=Li. Since ~yi :¼ Aiyi and ~hi :¼ Aihi, we

can rewrite equation (15) in terms of per worker as follows:

_~yi
~yi

¼ �(1� α)(δi þ gm) log
~yi
Ai

� �
þ α(δi þ gm) log s

k
i

� (1� α)ni log
~yi
Ai

� �
þ αni log s

k
i � α ni þ δi þ gmð Þ log ni þ δi þ gmð Þ

� (1� α)
c

s

� � ~hi
~hm

� �
xsi þ 1� αð Þ gþ c

s

� � ~hi
~hm

� �
þ αgm: (16)

Equation (16) describes two types of catching-up processes. The first and second lines

of the right-hand side of equation (16) show the accumulation catching-up process, in

which physical capital formation is crucial in economy i’s economic growth. The third
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line represents the technological catching-up process, which can be further

decomposed into two parts: the first part is “imitation” or technology transfer from

abroad, and the second part is “innovation” or endogenous innovation driven by

human capital. In this technological catching-up process, human capital formation and

the technological gap promote technology transfer from abroad, which plays a crucial

role in economy i’s economic growth.

For the empirical analysis in the next section, we linearize the third term of the

second line of equation (16) around the average value of ni across economies and

rewrite equation (16) as follows:

_~yi
~yi

¼ �(1� α)(δi þ gm) log
~yi
Ai

� �
þ α(δi þ gm) log s

k
i

� (1� α)ni log
~yi
Ai

� �
þ αni log s

k
i � α[ log ( �n þ δi þ gm)þ 1]ni

� (1� α)
c

s

� � ~hi
~hm

� �
xsi þ (1� α) gþ c

s

� � ~hi
~hm

� �
þ αgm � α[(δþ gm) log( �n þ δi þ gm)� 1]�n, (17)

where �n is the average value of ni across economies.

III. Empirical Analysis

We implement econometric analyses using the panel data for world economies,

assuming that δi is invariant across economies. To test heterogenous growth

trajectories between Asia and the rest of the world, we include the rest-of-the-world

dummies (ROW dummies) in the coefficients of investment, log skt�1 and ni log s
k
t�1;

the human-capital ratio, ~ht�1, i=~ht�1,m; and the interaction term of the human capital

ratio and the sth power of the total factor productivity (TFP) ratio,

(~ht�1, i=~ht�1,m)(xt�1, i)s. As such, since we can approximate _~yi=~yi ¼ log( ~yt, i=~yt�1, i),

we convert equation (17) into equation (18) as follows:

log
~yt, i
~yt�1, i

� �
¼a1 log

~yt�1, i

At�1, i

� �
þ a2nt, i log

~yt�1, i

At�1, i

� �
þ a3 log s

k
t�1, i þ a4 log s

k
t�1, i �ROW dummy

þ a5nt, i log s
k
t�1, i þ a6nt, i log s

k
t�1, i �ROW dummyþ a7nt, i

þ b1
~ht�1, i

~ht�1,m

 !
(xt�1, i)

s þ b2
~ht�1, i

~ht�1,m

 !
(xt�1, i)

s �ROW dummy
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þ b3
~ht�1, i

~ht�1,m

 !
þ b4

~ht�1, i

~ht�1,m

 !
� ROW dummy

þ constantþ �i þ �t, i, (18)

where �i represents an economy-specific effect and �t, i is an error term. Since

economies’ interconnectedness through trade, investments, and business networks

may induce cross-economy correlations in the error terms, we use heteroscedasticity

and autocorrelation-consistent standard errors clustered at the economy level. In

equation (18), we expect from theory that the convergence coefficients a1 and a2 will

be negative. Additionally, a3, a3 þ a4, a5, and a5 þ a6 will be positive, and a6 will be

negative. On the technological diffusion parameters, we expect b1 and b1 þ b2 will be

negative (positive) and b3 and b3 þ b4 will be positive (negative) if s > 0 (s < 0).

Based on the standard development accounting framework of Caselli (2005), we

compute At�1, i as At�1, i ¼ [ ~yt�1, i=~k
α
t�1, i]1=(1�α) with α ¼ 1=3, where ~ki :¼ Aiki.

5

Assuming that the leader economy m is the US, we obtain xt�1, i ¼ At�1, i=At�1,m as

follows:

xt�1, i ¼
At�1, i

At�1,m
¼ ~yt�1, i

~k
α
t�1, i

 !
~k
α
t�1,m

~yt�1,m

 !" #1= 1�αð Þ
:

A. Data

We extract all data from the Penn World Table, version 9.0, constructed by

Feenstra, Inklaar, and Timmer (2015). We collect annual data from 144 economies

over the period 1950–2014, although complete data are not necessarily available for all

the economies we analyze. The economies in our sample are listed in Table A2.1

in Appendix 2. In particular, we use the output-side real GDP at chained purchasing

power parity (PPP) (rgdpo) and the number of persons engaged (emp) in the Penn

World Table to obtain per-worker income ~yi and the population growth rate of workers

ni. We also employ capital stock (rkna) to obtain physical capital Ki and share of gross

capital formation in GDP (csh_i) to obtain the saving rates for physical capital ski . We

use the human capital index based on years of schooling and returns to education (hc)

to obtain per-worker human capital ~hi.

Following the standard procedure in the growth regression literature (see, for

example, Levine, Loayza, and Beck 2000), we take the 5-year average of each variable

5In setting α to 1=3, we follow the sensitivity excise result on the calibrated capital share of Caselli
(2005), who uses the Penn World Tables and the World Bank’s World Development Indicators.
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and construct the panel dataset for the following nonoverlapping 13 periods: 1950–

1954, 1955–1959, 1960–1964, 1965–1969, 1970–1974, 1975–1979, 1980–1984,

1985–1989, 1990–1994, 1995–1999, 2000–2004, 2005–2009, and 2010–2014. Using

5-year averages enables us to mitigate the noise and measurement errors due to short-

run economic fluctuations, so that we can confine our attention to medium-term

economic growth. In Appendix 2, Table A2.2 reports the descriptive statistics and

Table A2.3 shows the mean values of each variable for the Asian and non-Asian

economies in our sample in two different time periods.

B. Estimation Method

Our interest is in characterizing the development process of the economies in

Asia. To this end, we examine 11 high-performing East and Southeast Asian

economies as a group: the People’s Republic of China; Hong Kong, China; Indonesia;

Japan; the Republic of Korea; Malaysia; the Philippines; Singapore; Taipei,China;

Thailand; and Viet Nam. We focus our analysis on the period after the second oil crisis

when most Asian economies began to grow steadily; thus, we use the dataset for the

period 1980–2014. We will also use the dataset that includes an earlier period to

compare the growth process between the earlier and the later phases of post-World War

II economic development.

A nonlinear term, (xt�1, i)s, in equation (18) is a main component of

technological diffusion. As previously explained, if s ¼ 1, then the technological

diffusion process is logistic, and if s ¼ �1, then it is exponential. Benhabib and

Spiegel (2005) and Sawada, Matsuda, and Kimura (2012) obtain s ¼ 1 by conducting

the estimations with the cross-country data, which is consistent with the logistic case

of the technological diffusion process. However, their estimation results are based on a

single cross-country data and might involve the estimation bias arising from omitted

variables because of economy-specific heterogeneities. Given these remarks, we

preexamined linear fixed effects estimations with the assumption of either of the two

possible parameter values; that is, s ¼ �1 or s ¼ 1. Tables A3.1 and A3.2

in Appendix 3 provide the estimation results under the assumption of s ¼ �1 and

s ¼ 1, respectively. Note from Table A3.1 that although the coefficient of (~hi=~hm)(x)s

is significant and its sign is consistent with the theoretical prediction, the coefficient of
~hi=~hm is insignificant or its sign is inconsistent with our theory. Table A3.2 shows that

while the coefficient of log( ~y=A) is significant, its sign is inconsistent with our theory.

From these results, we conjecture that neither s ¼ �1 nor s ¼ 1 is a plausible value

that governs the nonlinear term.
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Notably, the estimation results with s ¼ �1 and s ¼ 1 are not necessarily

consistent with those of Benhabib and Spiegel (2005) and Sawada, Matsuda, and

Kimura (2012). In fact, Benhabib and Spiegel (2005) and Sawada, Matsuda, and

Kimura (2012) remove cross-country variations in their datasets by considering the

long-term development process for 36 years from 1960 to 1995. Furthermore, their

estimation model considers only the technological catching-up process. Hence, their

results may involve estimation biases arising from omitted variables and endogeneity

problems. In contrast, we consider the development process every 5 years using the

panel data, integrating two catching-up mechanisms into a unified framework. Hence,

the augmented specification of our model, which integrates the Solow growth model

and Benhabib and Spiegel (2005) and Sawada, Matsuda, and Kimura (2012), together

with the economy fixed effects to control for unobserved time-invariant hetero-

geneities, likely generates different empirical results.

Considering the computational feasibility of estimating a highly nonlinear

equation (18), we set our empirical strategy as follows. First, to allow the parameter

value of s to be flexible, we estimate equation (18) by applying the nonlinear least

squares method with economy fixed effects. After fixing the value of s, we also

reestimate the model using a linear regression with fixed effects as well as a system

GMM model.

IV. Results

To report our empirical results shown in Tables 1–3, we follow equation (18)

and label the estimated coefficients using variables log( ~y=A), log ski , xi, ~hi=~hm, and

(~ht�1, i=~ht�1,m)(xt�1, i)s.

A. Characterization of the Development Process

In this section, we first characterize the development process of Asian economies

empirically by estimating the parameters of equation (18), including the power

parameter s. Table 1 presents the results of the nonlinear fixed effects estimations using

data for the period 1980–2014. The estimated values of s in columns (1)–(4) are

significant at the 1% level and relatively stable within the range from �0:275 to

�0:299. Moreover, they are statistically different from 1 and �1. The coefficient of the

international technological transfer or imitation term, (~ht�1, i=~ht�1,m)(xt�1, i)s, in all

these nonlinear specifications is statistically significant, and its sign is consistent with
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the theoretical prediction. Whereas the coefficient of the human capital ratio or

innovation term, ~hi=~hm, in columns (1) and (2) is insignificant, its sign in columns (1)–

(4) are all consistent with the theoretical prediction.

We select s ¼ �0:275 as the reference value of s for the main analysis, which is a

point estimate reported in column (1) of Table 1. We believe this value is reasonable

Table 1. Nonlinear Least Squares Estimation with Economy Fixed Effects of the
Unified Model Shown in Equation (18), 1980–2014

(1) (2) (3) (4)

log( ~yt�1=At�1) �0.014 �0.013 0.000 �0.000
(0.041) (0.041) (0.046) (0.046)

nt log( ~yt�1=At�1) �0.360 �0.365 �0.356 �0.363
(0.698) (0.699) (0.695) (0.697)

log skt�1 0.014 0.029 0.013 0.026

(0.010) (0.030) (0.010) (0.030)

log skt�1 � ROW �0.015 �0.013

(0.030) (0.030)

nt log s
k
t�1 �0.191 �0.371 �0.189 �0.249

(0.360) (0.539) (0.360) (0.533)

nt log s
k
t�1 � ROW 0.179 0.061

(0.428) (0.401)
nt �0.230 �0.231 �0.237 �0.230

(0.794) (0.793) (0.790) (0.790)

(~ht�1=~ht�1,m)(xt�1)s 0.275** 0.273** 0.279** 0.280**

(0.120) (0.119) (0.130) (0.129)
s �0.275*** �0.276*** �0.297*** �0.299***

(0.072) (0.072) (0.077) (0.077)

(~ht�1=~ht�1,m)(xt�1)s � ROW �0.052 �0.054

(0.060) (0.057)

(~ht�1=~ht�1,m) �0.158 �0.154 �0.284* �0.286*

(0.149) (0.149) (0.161) (0.165)

(~ht�1=~ht�1,m)� ROW 0.221 0.225

(0.160) (0.164)

Number of economies 144 144 144 144
Number of observations 831 831 831 831

Notes: The dependent variable is an economic growth rate. ROW is a dummy variable for
the rest of the world consisting of all economies except 11 Asian economies: the People’s
Republic of China; Hong Kong, China; Indonesia; Japan; the Republic of Korea; Malaysia;
the Philippines; Singapore; Thailand; Taipei,China; and Viet Nam. All estimations include
economy fixed effects and a constant term. The numbers in parentheses are robust standard
errors clustered at the economy level. ***, **, and * indicate the 1%, 5%, and 10%
significance levels, respectively.
Source: Authors’ calculations.
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Table 2. Fixed Effects and System Generalized Method of Moments Estimation of the Unified
Model Shown by Equation (18), 1980–2014 (With Restriction of s ¼ �0:275)

(1) (2) (3) (4) (5) (6)
FE FE FE FE GMM GMM

log( ~yt�1=At�1) �0.014 �0.013 �0.002 �0.002 �0.087** �0.084**
(0.036) (0.036) (0.040) (0.040) (0.041) (0.032)

nt log( ~yt�1=At�1) �0.360 �0.364 �0.344 �0.350 2.389* 1.580
(0.633) (0.634) (0.634) (0.635) (1.263) (1.068)

log s kt�1 0.014 0.029 0.014 0.025 0.054*** 0.326**

(0.009) (0.028) (0.009) (0.028) (0.020) (0.143)

log s kt�1 � ROW �0.015 �0.012 �0.286*

(0.027) (0.027) (0.150)

nt log s
k
t�1 �0.191 �0.371 �0.192 �0.250 �0.372 �3.917*

(0.328) (0.489) (0.329) (0.486) (0.854) (2.288)

nt log s
k
t�1 � ROW 0.179 0.058 3.640

(0.388) (0.366) (2.295)
nt �0.229 �0.232 �0.245 �0.240 �1.938 �1.272

(0.722) (0.721) (0.723) (0.723) (1.729) (1.423)

(~ht�1=~ht�1,m)(xt�1)s 0.275*** 0.275*** 0.313*** 0.316*** 0.117*** 0.395*

(0.036) (0.036) (0.056) (0.054) (0.019) (0.228)

(~ht�1=~ht�1,m)(xt�1)s � ROW �0.052 �0.054 �0.293

(0.061) (0.059) (0.239)

(~ht�1=~ht�1,m) �0.157** �0.156** �0.318*** �0.321*** �0.078*** �0.094

(0.062) (0.063) (0.117) (0.122) (0.028) (0.195)

(~ht�1=~ht�1,m)� ROW 0.214 0.216 0.015

(0.148) (0.152) (0.221)
Number of instruments 45 45

AR (2) test (p-value) 0.87 0.62
Hansen test (p-value) 0.56 0.71
Number of economies 144 144 144 144 144 144
Number of observations 831 831 831 831 831 831

FE ¼ fixed effects, GMM ¼ generalized method of moments.
Notes: The dependent variable is an economic growth rate. ROW is a dummy variable for the rest of the
world consisting of all economies except 11 Asian economies: the People’s Republic of China; Hong
Kong, China; Indonesia; Japan; the Republic of Korea; Malaysia; the Philippines; Singapore; Thailand;
Taipei,China; and Viet Nam. All estimations include a constant term, and those in columns (1)–(4) include
economy fixed effects. The instruments in columns (5) and (6) are the two- and three-period lagged
variables of log( ~yt�1=At�1), log s

k
t�1, (~ht�1=~ht�1,m)(xt�1)s, and (~ht�1=~ht�1,m). The numbers in parentheses

are robust standard errors clustered at the economy level in columns (1)–(4) and Windmeijer’s (2005)
corrected robust standard errors in columns (5) and (6). ***, **, and * indicate the 1%, 5%, and 10%
significance levels, respectively.
Source: Authors’ calculations.
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as it falls in the 95% confidence interval of the estimations obtained from the other

specifications shown in columns (2)–(4). Fixing s ¼ �0:275, we reestimate the

regression models with economy fixed effects to mitigate estimation biases arising

from omitted variables and endogeneity. The results are reported in columns (1)–(4) in

Table 2. We can verify that all the estimated coefficients in columns (1)–(4) in Table 2

are comparable to those reported in Table 1, although the statistical significance of

some coefficients changes. In particular, the coefficient of the human capital ratio

Table 3. Fixed Effects Estimation of the Unified Model Shown by Equation
(18), 1950–1989 (With Restriction of s ¼ �0:422)

(1) (2) (3) (4)

log( ~yt�1=At�1) �0.098** �0.103** �0.104** �0.105**
(0.042) (0.041) (0.042) (0.041)

nt log( ~yt�1=At�1) 0.510 0.598 0.549 0.608
(0.663) (0.655) (0.667) (0.658)

log s kt�1 �0.003 0.028 �0.004 0.019

(0.007) (0.021) (0.007) (0.017)

log s kt�1 � ROW �0.034* �0.025

(0.021) (0.017)

nt log s
k
t�1 0.249 0.017 0.243 0.060

(0.265) (0.389) (0.266) (0.403)

nt log s
k
t�1 � ROW 0.229 0.183

(0.269) (0.292)
nt �0.261 �0.363 �0.301 �0.368

(0.740) (0.745) (0.744) (0.748)

(~ht�1=~ht�1,m)(xt�1)s 0.117*** 0.123*** 0.071** 0.094***

(0.017) (0.017) (0.031) (0.025)

(~ht�1=~ht�1,m)(xt�1)s � ROW 0.057* 0.033

(0.033) (0.027)

(~ht�1=~ht�1,m) �0.129** �0.157*** �0.060 �0.162

(0.058) (0.056) (0.107) (0.098)

(~ht�1=~ht�1,m)� ROW �0.093 0.006

(0.119) (0.114)

Number of economies 127 127 127 127
Number of observations 620 620 620 620

Notes: The dependent variable is an economic growth rate. ROW is a dummy variable for
the rest of the world consisting of all economies except 11 Asian economies: the People’s
Republic of China; Hong Kong, China; Indonesia; Japan; the Republic of Korea;
Malaysia; the Philippines; Singapore; Thailand; Taipei,China; and Viet Nam. All
estimations include economy fixed effects and a constant term. The numbers in
parentheses are robust standard errors clustered at the economy level. ***, **, and *
indicate the 1%, 5%, and 10% significance levels, respectively.
Source: Authors’ calculations.
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becomes significant at the conventional level in specifications (1)–(5) of Table 2,

while the patterns of significance of the other variables remain basically the same as

those in Table 1.

When figuring out the development process, we may face endogeneity problems

associated with reverse causality, such that economic growth affects the accumulation

catching-up process and/or the technological catching-up process.6 For instance, if

people anticipate a low future growth rate, they may refrain from investing in projects

or save education costs. In addition, they may abandon importing new technologies

from abroad. More generally, although the inclusion of fixed effects can eliminate the

omitted variable and endogeneity biases arising from time-invariant unobserved

heterogeneities, a bias due to time-variant omitted variables may still exist.

To address the endogeneity problem arising from time-variant unobserved

factors, we conduct a dynamic panel data analysis by applying the system GMM

estimator.7 Columns (5) and (6) in Table 2 show the results of the system GMM

estimations that correspond to the fixed effects estimations in columns (1) and (4),

respectively. We confirm the validity of instrumental variables for the GMM

estimations by applying the Hansen tests for overidentifying restrictions. The Hansen

tests do not reject the orthogonality conditions at the conventional significance level

under the moderate number of overidentifying restrictions in both columns (5) and (6).

The validity of the assumption that there are no serial correlations of the error term, �it,

also affects the consistency of the GMM estimator. Hence, we test whether the

differenced error terms are serially correlated with respect to the second order. The

Arellano–Bond serial correlation tests (AR[2] tests) do not reject the null hypothesis of

nonexistence of a second-order serial correlation.

1. Accumulation Catching-Up

In all estimations, including the fixed effects and system GMM estimations in

Table 2, the sign of the estimated coefficient of adjusted per capita output, log( ~y=A), is

negative and consistent with the theoretical prediction based on the accumulation

catching-up mechanism. Whereas the coefficient of adjusted per capita output is

insignificant in columns (1)–(4) of the fixed effects estimations, the coefficient in

6The importance of the reverse causality issue is stressed by Bils and Klenow (2000) and Hanushek
and Woessmann (2010).

7Arellano and Bond (1991), Arellano and Bover (1995), and Blundell and Bond (1998) develop the
GMM estimator for dynamic panel models. In our analysis, we perform the two-step system GMM
estimation. We use the two- and three-period lagged variables of per capita output, investment, the
interaction term, and the human capital ratio as the instruments.
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columns (5) and (6) of the system GMM estimations is significant at the 5% level.

Similarly, the sign of the estimated coefficient of investment, log ski , is positive and in

line with the theoretical prediction. This investment coefficient is statistically

insignificant in columns (1)–(4) of the fixed effects estimations; however, in columns

(5) and (6) of the system GMM estimations, it is significant at the 5% level. The

coefficient of the interaction of investment and the population growth of workers (i.e.,

a5 in equation [18]) is largely insignificant; however, its sign is not consistent with our

theory.

In equation (18), the marginal effect of investment is captured by a3 þ na5 for

Asian economies and a3 þ a4 þ n(a5 þ a6) for ROW. We test a3 þ na5 ¼ 0 and a3 þ
a4 þ n(a5 þ a6) ¼ 0 in equation (18) by using the F-value obtained from the system

GMM estimation of column (6). For a3 þ na5 ¼ 0, we use n ¼ 0:019 (the average

growth rate of workers in Asian economies over the estimation period), and for

a3 þ a4 þ n(a5 þ a6) ¼ 0, we use n ¼ 0:022 (the average growth rate of workers in

ROW). The null hypothesis of a3 þ 0:019� a5 ¼ 0 is rejected at the 5% significance

level and that of a3 þ a4 þ 0:022� (a5 þ a6) ¼ 0 is rejected at the 1% significance

level. From the estimation of column (6), we obtain a3 þ 0:019� a5 ¼ 0:326þ
0:019� (�3:917) ¼ 0:251 and a3 þ a4 þ 0:022 � (a5 þ a6) ¼ 0:326 � 0:286þ
0:022 � (�3:917 þ 3:640) ¼ 0:033. This implies that, evaluated at the average

population growth of workers, the marginal effect of investment captured by the log of

the GDP share of physical capital formation, log ski , is much greater in Asian

economies than in ROW. In sum, the results obtained here indicate that physical

capital accumulation has been an effective mechanism behind economic growth in all

economies, and growth and development were driven by physical capital formation

more strongly in Asian economies than in other economies during the period 1980–

2014. Moreover, considering that capital accumulation is used as one of the

instrumental variables in the GMM model and the estimation results support the

validity of instruments, we find suggestive evidence that capital accumulation

facilitated human capital formation.

2. Technological Catching-Up

As seen in columns (1)–(4) of Table 2, the coefficient of the international

technological transfer or imitation term, (~ht�1, i=~ht�1,m)(xt�1, i)s, is positive and

significant at the 1% level in all four specifications even after we control for ROW

dummies. Its sign is consistent with one of our theoretical mechanisms, representing

the impact of technology adoption from abroad. Furthermore, the estimated coefficient

of the same variable in columns (5) and (6) using the system GMM estimations is
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significant at the 1% and 10% significance level, respectively, and its sign is also

consistent with our theory. The coefficient of this term corresponds to a combination of

structural parameters, �(1� α)c=s, in the technological spillovers portion of equation

(17). Hence, as the human capital ratio increases and the TFP gap becomes wider, the

technology adoption effect becomes stronger. Given this theoretical feature, we test

b1 þ b2 ¼ 0 in equation (18) using the F-value obtained from the system GMM

estimation in column (6) to compare the technological catching-up processes between

Asian economies and ROW. The null hypothesis of b1 þ b2 ¼ 0 is rejected at the 1%

significance level. Since column (6) shows that b1 > b1 þ b2 > 0, this suggests that

human capital formation and the TFP gap in Asian economies promoted technology

adoption more strongly than in ROW.

The coefficient of the human capital ratio, (~ht�1, i=~ht�1,m), in columns (1)–(4) of

the fixed effects estimations is also significant at the conventional level. The coefficient

of the human capital ratio in column (5) of the system GMM estimation is significant;

however, the coefficient in column (6) is insignificant. From a theoretical perspective,

b1 þ b3 and b1 þ b2 þ b3 þ b4 in equation (18), the potential innovation rates in Asian

economies and ROW, respectively, are equal to (1� α)g in equation (17).

To investigate both imitation and innovation channels of technological catching-

up, we test two null hypotheses, that is, b1 þ b3 ¼ 0 and b1 þ b2 þ b3 þ b4 ¼ 0, using

the F-value obtained from the system GMM estimation in column (6). While the null

hypothesis of b1 þ b3 ¼ 0 is rejected at the 5% significance level, that of b1 þ b2 þ
b3 þ b4 ¼ 0 cannot be rejected. According to our estimated coefficients,

b1 þ b3 ¼ 0:301, which implies that g ¼ 0:45 with α ¼ 1=3, where g is the innovation
parameter in the technological catching-up mechanism shown in equation (7). This

result indicates that the innovation channel also worked well in Asian economies

during the period 1980–2014. In contrast, since b1 þ b2 þ b3 þ b4 ¼ 0:023, which is

not different from zero statistically, the implied innovation parameter for ROW

becomes g ¼ 0:0345. Judging from these results, we may conclude that overall

innovation in ROW might have been negligible compared to innovation in Asian

economies. Indeed, in 2015, the Republic of Korea; Taipei,China; and the PRC were

listed among the top five in the number of foreign-origin patents granted in the US

(ADB 2020), as evidence of Asian economies’ innovation capacity.

Overall, these results indicate that human capital formation and the initial TFP

gap between Asian economies and the global technology frontier promoted technology

adoption and potential innovation more strongly in Asia than in ROW in the period

1980–2014.
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3. Different Phases of Catching-Up

In order to track different phases of catching-up, we apply the same framework to

data that covers earlier years from 1950 to 1989. Note that we also include data from

the 1980s in the analysis to secure computational feasibility and stability of estimated

coefficients. As before, we first estimate the parameter value of s in equation (18) by

applying the nonlinear least squares method with economy fixed effects, and then

given a fixed value of s, we reestimate the equation using a linear regression with fixed

effects. With the estimated value of s ¼ �0:422, the empirical results are reported in

Table 3.

In all specifications shown in columns (1)–(4) of Table 3, the estimated

coefficients of adjusted per capita output, log( ~y=A), are negative and statistically

significant. Also, the absolute magnitude of these coefficients is substantially larger

than those reported in Table 2 for the period 1980–2014. These results suggest that

physical capital accumulation played a more important role in facilitating catching-up

in all economies including Asia for the period 1950–1989 than it did in later phases of

economic growth.

As for technological catching-up through imitation and innovation channels, the

estimated coefficient of the imitation term, that is, (~ht�1, i=~ht�1,m)(xt�1, i)s, is lower than

that in Table 2 for 1980–2014 but is consistently positive and statistically significant,

even allowing for heterogeneities of ROW. This indicates the effectiveness of

technology adoption from abroad in supporting catch-up and economic growth in the

earlier phase of 1950–1989, a channel that is strengthened in the later phase of 1980–

2014. The implied innovation parameter g, on the other hand, becomes negligible or

even slightly negative during the earlier period. Own innovation did not seem to be

critical in catching-up in the earlier phase of growth and development.

These results suggest that Asian economies experienced three phases of

catching-up (ADB 2020). First, in the region’s early stage of development, its success

was primarily based on mobilization of resources, especially physical capital

accumulation. Subsequently, in the second phase, economies began to rely more on

foreign technologies or technological imitation. Finally, in the third phase, Asia

reached the global technological frontier in different sectors and started engaging in

own innovation. These findings are also consistent with an observation that over

the past 50 years, Asia’s leading economies have transitioned from being users of

foreign patents to producers of domestic ones, especially during and after the 1990s

(ADB 2020). Built on income growth driven by capital investments in the first phase,

accumulated human capital played a complementary role in promoting catching-up in

the latter two phases.
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B. Policy Implications

The empirical results obtained from our econometric analyses can be

summarized in the following four essential points:

(i) Growth and development were driven by physical capital formation more

strongly in Asian economies than in ROW throughout the post-World War II era,

especially during the region’s early phase of development.

(ii) In the later phases of development, technology adoption or catching-up through

imitation was enhanced by human capital formation and the initial TFP gap more

strongly in Asian economies than in ROW, hence facilitating growth.

(iii) Potential innovation was enhanced by human capital formation more strongly in

Asian economies than in ROW during the latest phase of growth and

development.

(iv) Asian economies likely went through three phases of catching-up, that is, capital

accumulation, technological imitation, and innovation.

Since these catching-up processes are not automatic, deliberate efforts by

individuals, firms, and governments are indispensable. In the first phase of catching-up

through capital accumulation, Asian economies successfully mobilized high savings

and excess rural labor. Moreover, especially in the second phase, Asia adopted foreign

technologies by inviting foreign experts, sending business missions and students

abroad, obtaining foreign licenses, importing machinery, learning through exporting to

global markets, attracting FDI, engaging in reverse engineering, and receiving

technical cooperation aid (ADB 2020). As economies achieved imitation-based

catching-up, which enabled further physical capital accumulation and human capital

investment through income growth, they moved further toward innovation-based

growth and catching-up. Asian governments had a significant role in facilitating these

processes by strengthening human capital, which led to a larger number of engineers,

scientists, and researchers, and by creating an institutional environment to stimulate

innovation.

Human capital formation and resulting TFP growth expanded the so-called

knowledge capital, which is critical in modern economic growth and development.

According to our empirical results, not only are policies that directly promote human

capital formation and TFP growth essential but policies that enhance physical capital

formation are also important, as discussed in Bosworth and Collins (2003). This is

because physical capital formation can directly increase economic growth, as shown

by the first result of this study, and also indirectly promote human capital formation
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and TFP growth through income growth as well as complementarities among physical

and human capital and international technological transfers. Our empirical results

imply that successful mobilization of domestic savings for physical capital

investments might have also induced the formation of human capital in Asian

economies, leading to Asia’s human capital rising substantially in later years

(Table A2.3 of Appendix 2). Moreover, according to our framework, interventions in

education and knowledge capital accumulation should target not only basic literacy

and numeracy but also technological and vocational training to build the capacity to

absorb foreign knowledge and technologies. For example, Godo and Hayami (2002)

emphasize the critical role of vocational education in Japan, which facilitated rapid

capital catching-up. These experiences of Asian economies over the past several

decades provide critical lessons for growth and development of latecomers.

V. Concluding Remarks

In this study, we find that while both accumulation and technological catching-up

processes worked almost similarly to accelerate growth and development worldwide

for the past 5 decades, such processes were more salient in Asia, which went through

three phases of catching-up: accumulation, imitation, and then innovation. In the

imitation and innovation phases of the technological catching-up process, human

capital formation played an indispensable complementary role in supporting the

catching-up process over the past several decades. Our results suggest that the

empirically supported growth effect of human capital formation in the canonical

neoclassical growth models may be attributed to technological diffusion based on

accumulated absorptive capacity as well as innovation capabilities. Such capacities can

be held by the technicians and engineers who can take design licenses or a foreign

technology to replicate a machine or a process. These findings highlight that

individuals, firms, and governments in Asia were critical in building a human capital

base of educated workers, engineers, scientists, and other researchers.

Our study has a few caveats. First, we focused on the role of human capital in

facilitating international technological transfers and own innovation. However, there

are other possible elements of technological catching-up such as purchasing licenses,

learning by exporting, FDI, conducting reverse engineering, receiving technical

cooperation aid, and setting up and supporting an ecosystem of technological adoption

and innovation by governments. Second, since we restricted our study to an aggregate

analysis, we are silent about the distributional consequences of catching-up and
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growth. To address unequal patterns and other heterogeneities of catching-up, it will be

imperative to employ long-term panel data of households and firms and to analyze

microlevel catching-up processes through the framework of accumulation versus

technology adoption. Third, identifying more concrete policy lessons from Asia’s

experiences will require evaluating specific programs to promote the absorptive

capabilities of technologies and own innovation. Finally, while Asia has been

successful in catching-up, further challenges for the region to continue innovating

and adopting new technologies remain, especially as economies recover from the

COVID-19 pandemic. We leave these remaining issues for future research.
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Appendix 1. Proof of Proposition 1

From equation (5), we obtain

_y i
yi

¼ α
_ki
ki

¼ αski k
α�1
i � α

_xi
xi
� α(ni þ δi þ gm): ðA1Þ

From the log-linearization of the first term on the right-hand side of equation (A1) and

using equation (11), we can rewrite equation (A1) as

_y i
yi

¼ α(α� 1)ski
y�i
k �
i

� �
(log ki � log k �

i )� α
_xi
xi
: ðA2Þ

Using equation (11) again, we can rewrite equation (A2) as

_y i
yi
¼ α(α� 1)(ni þ δi þ gm)(log ki � log k �

i )� α
_xi
xi

¼ (α� 1)(ni þ δi þ gm)(log yi � log y�i )� α
_xi
xi
: (A3)

Inserting equation (10) into equation (A3) yields equation (15).
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Appendix 2. Data Description

Table A2.1. List of Economies

Albania Ecuador Lithuania Russian Federation
Algeria El Salvador Luxembourg Rwanda
Angola Estonia Macau, China Saudi Arabia
Arab Republic of Egypt Ethiopia Madagascar Senegal
Argentina Fiji Malawi Serbia
Armenia Finland Malaysia Sierra Leone
Australia France Maldives Singapore
Austria Gabon Mali Slovakia
Bahrain Gambia Malta Slovenia
Bangladesh Germany Mauritania South Africa
Barbados Ghana Mauritius Spain
Belgium Greece Mexico Sri Lanka
Belize Guatemala Mongolia Sudan
Benin Haiti Morocco Swaziland
Bolivia Honduras Mozambique Sweden
Botswana Hong Kong, China Myanmar Switzerland
Brazil Hungary Namibia Syrian Arab Republic
Brunei Darussalam Iceland Nepal Taipei,China
Bulgaria India Netherlands Tajikistan
Burkina Faso Indonesia New Zealand Tanzania
Burundi Iraq Nicaragua Thailand
Cambodia Ireland Niger Togo
Cameroon Islamic Republic of Iran Nigeria Trinidad and Tobago
Canada Israel Norway Tunisia
Central African Republic Italy Pakistan Turkey
Chile Jamaica Panama Uganda
Colombia Japan Paraguay Ukraine
Congo Jordan People’s Republic

of China
United Arab Emirates

Costa Rica Kazakhstan Peru United Kingdom
Côte d’Ivoire Kenya Philippines United States
Croatia Kuwait Poland Uruguay
Cyprus Kyrgyz Republic Portugal Venezuela
Czech Republic Lao PDR Qatar Viet Nam
D.R. of the Congo Latvia Republic of Korea Yemen
Denmark Lesotho Republic of Moldova Zambia
Dominican Republic Liberia Romania Zimbabwe

D.R. of the Congo ¼ Democratic Republic of the Congo, Lao PDR ¼ Lao People’s Democratic
Republic.
Source: Penn World Table, version 9.0.
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Table A2.2. Descriptive Statistics

Variable Observations Mean Standard Deviation Minimum Maximum

log( ~yt=~yt�1) 831 0.021 0.048 �0.364 0.255
log( ~yt�1=At�1) 831 0.644 0.276 �0.552 1.618
log s kt�1 831 �1.727 0.557 �4.540 �0.514
nt 831 0.022 0.021 �0.055 0.207
~ht�1=~ht�1,m 831 0.622 0.192 0.298 1.004
xt�1 831 0.321 0.388 0.005 5.839

Note: These statistics are calculated based on 5-year averaged data for the 144 economies listed in
Table A2.1.
Source: Authors’ calculations.

Table A2.3. Mean Values of Each Group in Different Periods

1950–1979 1980–2014

Variable Asia ROW Asia ROW

Annual economic growth rate 0.043 0.023 0.033 0.016
log( ~y=A) 0.435 0.616 0.662 0.572
log sk �1.418 �1.679 �1.278 �1.585
n 0.018 0.026 0.007 0.019
~h=~hm 0.580 0.541 0.800 0.688
x 0.326 0.497 0.407 0.375

Notes: Asia includes 11 Asian economies: the People’s Republic of China;
Hong Kong, China; Indonesia; Japan; the Republic of Korea; Malaysia; the
Philippines; Singapore; Thailand; Taipei,China; and Viet Nam. ROW means
the rest of the world, consisting of the other 133 economies in the sample.
After calculating the annual mean values of each economy in the period, we
compute the mean values of Asian economies and the rest of the world.
Source: Authors’ calculations.
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Appendix 3. Additional Estimation Results

Table A3.1. Fixed Effects Estimation of the Unified Model Shown by
Equation (18) (With Restriction of s ¼ �1)

(1) (2) (3) (4)

log( ~yt�1=At�1) 0.078*** 0.079*** 0.095*** 0.094***
(0.029) (0.029) (0.031) (0.031)

nt log( ~yt�1=At�1) �0.637 �0.634 �0.574 �0.583
(0.603) (0.606) (0.605) (0.606)

log skt�1 0.009 0.026 0.009 0.024

(0.009) (0.036) (0.009) (0.030)

log skt�1 � ROW �0.018 �0.016

(0.036) (0.029)

nt log s
k
t�1 �0.069 �0.472 �0.089 �0.129

(0.319) (0.621) (0.321) (0.497)

nt log s
k
t�1 � ROW 0.399 0.041

(0.534) (0.387)
nt 0.094 0.072 0.013 0.023

(0.667) (0.669) (0.672) (0.673)

(~ht�1=~ht�1,m)(xt�1)s 0.004*** 0.004*** 0.014*** 0.015***

(0.001) (0.001) (0.003) (0.003)

(~ht�1=~ht�1,m)(xt�1)s � ROW �0.010*** �0.011***

(0.003) (0.003)

(~ht�1=~ht�1,m) 0.260*** 0.264*** �0.087 �0.091

(0.057) (0.057) (0.101) (0.111)

(~ht�1=~ht�1,m)� ROW 0.429*** 0.433***

(0.128) (0.136)

Number of economies 144 144 144 144
Number of observations 831 831 831 831

Notes: The dependent variable is an economic growth rate. ROW is a dummy variable
for the rest of the world consisting of all economies except 11 Asian economies: the
People’s Republic of China; Hong Kong, China; Indonesia; Japan; the Republic of
Korea; Malaysia; the Philippines; Singapore; Thailand; Taipei,China; and Viet Nam. All
estimations include economy fixed effects and a constant term. The numbers in
parentheses are robust standard errors clustered at the economy level. ***, **, and *
indicate the 1%, 5%, and 10% significance levels, respectively.
Source: Authors’ calculations.
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Table A3.2. Fixed Effects Estimation of the Unified Model Shown by
Equation (18) (With Restriction of s ¼ 1)

(1) (2) (3) (4)

log( ~yt�1=At�1) 0.139*** 0.141*** 0.159*** 0.159***
(0.043) (0.043) (0.043) (0.043)

nt log( ~yt�1=At�1) �0.486 �0.472 �0.408 �0.405
(0.771) (0.773) (0.748) (0.750)

log skt�1 0.011 0.021 0.010 0.003

(0.011) (0.044) (0.011) (0.034)

log skt�1 � ROW �0.009 0.007

(0.043) (0.034)

nt log s
k
t�1 �0.068 �0.582 �0.086 �0.021

(0.372) (0.724) (0.366) (0.574)

nt log s
k
t�1 � ROW 0.507 �0.065

(0.629) (0.455)
nt 0.091 0.048 �0.014 �0.015

(0.859) (0.859) (0.834) (0.835)

(~ht�1=~ht�1,m)(xt�1)s �0.038* �0.037* �0.069 �0.070

(0.022) (0.021) (0.120) (0.121)

(~ht�1=~ht�1,m)(xt�1)s � ROW 0.050 0.050

(0.120) (0.121)

(~ht�1=~ht�1,m) 0.331*** 0.337*** �0.077 �0.079

(0.062) (0.062) (0.126) (0.129)

(~ht�1=~ht�1,m)� ROW 0.512*** 0.513***

(0.157) (0.161)

Number of economies 144 144 144 144
Number of observations 831 831 831 831

Notes: The dependent variable is an economic growth rate. ROW is a dummy variable
for the rest of the world consisting of all economies except 11 Asian economies: the
People’s Republic of China; Hong Kong, China; Indonesia; Japan; the Republic of
Korea; Malaysia; the Philippines; Singapore; Thailand; Taipei,China; and Viet Nam. All
estimations include economy fixed effects and a constant term. The numbers in
parentheses are robust standard errors clustered at the economy level. ***, **, and *
indicate the 1%, 5%, and 10% significance levels, respectively.
Source: Authors’ calculations.
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