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ABSTRACT

This paper attempts to analy ze the factors that influence the total factor productivity

(TFp) growth rate for six East Asian countries over 1980-2007 . Data envelop analysis

(DEA) approach is used to estimate the changes in the production frontier in first stage.

The Malmquist productivity index has decomposed total factor productivity into

technological change (TECHCH) and technical efficiency change (EFFCH). Empirical

results suggest that TFP growth for the entire sample periods have not been encouraging

due to unsatisfactory contribution from technological changes. The results reveal that the

economies were able to cause shifts in their own frontier due to innovation. In the second

stage the pape r analyzes the factors responsible for the surge in total factor productivity

experienced by the sample countries. Based on a panel regression with random effects of

the six countries over the time period 1980-2007,the number of technical and journal

articles was the only variable that had a positive impact on TFP growth and efficiency

growth. On the contrary, trade openness and foreign direct investment were seen to be

inconsequent as determinants of TFP growth and its components. This highlights the fact

that internal technological improvements as opposed to foreign capital and technologies

were the main determinants of TFP growth and improvements in efficiency.



1. Introduction:

The Assessment of economic performance, after adoption of trade liberalized policies

since 1991, in view of linkages between trade liberalization and productivity groMh has

gained importance among academicians and policy makers. The economic literature on

the influence of trade openness and liberalization on the industrialization and

development process has been recently enriched by many contributions. Significant

relationships between key variables, such as trade performance, international

specialization and long-run growth, have been defined and/or redefined and new policy

implications have also been offered. Theoretically, trade liberalization could have both a

positive as well as negative impact on productivity and recent surveys have enlighten the

empirical literatures in either positive effect or negative effect of trade liberalization on

economic productivity of countries. Thus the effect of trade liberalization on productivity

is an empirical question.

The success of East Asia persuaded policy makers in other parts of the world that

outward-oriented policies were effective in promoting economic development. This

slrccess is often thought within the framework of traditional trade theory in which both

competitiveness and external trade, which are the keys of rapid economic groMh and

stability, are achieved through series of economic liberalization. In 1993, the World Bank

published a report, entitled the "East Asian Miracle", which identified eight countries that

had achieved "seemingly miraculous" rates of sustained growth over the 25-year period

from 1965 to 1990'. The eight were Japan, the "Four Tigers"; Hong Kong, South Korea,

Singapore, and Taiwan; followed by the "newly industrializing economies', now called

"emerging Tigers": lndonesia, Malaysia, and Thailand. Their public policies promoted

rapid capital accumulation by making banks more reliable and encouraging high levels of

t 
Billingtnn.G. April 1.lgg7. 'Why the Asian Tiger Miracle is an Endangered Species. The American Almanac.
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domestic savings. They increased the skilled labor force by providing universal primary

schooling and better primary and secondary education. These countries try to keep price

distortions in check and welcomed new technology and FDI. Trade in manufactured

exports was promoted by government-established marketing institutions.

The East Asian growth "Miracle", oS described by the World Bank (1993), has led to the

penning down of vast and diverse literature on the debate regarding the determinants of

growth (young, 1995; World Bank, 1993). A little research have been made to analyze

the impact of growth in total factor productivity (TFP) believing it as a potential factor

influencing economic performance of OECD countries (Fare, Grosskopf, Nonis and

Zl-rang, 1994; Savvides and Zachariadis, 2005) and also on five East Asian countries

(Mahmood and Afza, 2008) . But as empirical analysis on Asian countries could not

provide any clear-cut direction of the determinants towards TFP growth, following a two-

pronged approach, this paper studies total factor productivity in six high-growth East

Asian economies; China, Indonesia, Malaysia, South Korea Thailand and Japan over the

period l9g0-2007,. First it calculates the growth in TFP, and then it proceeds to analyze

the factors responsible for miracle growth.

This paper is organized as follows after introduction: section 2 provides an overview of

the current literature on productivity growth and convergence and the determinants of

TFp growth. Section 3 will continue by providing an in-depth explanation on

productivity growth. Section 4 approaches with methodology used to calculate TFP

growth and then explicate the model that evaluates the simultaneous contribution of

various factors to groMh in TFP. Section 5 goes on to describe the data description,

while Section 6 discusses the results of the two stages and section 7 concludes the paper'

s
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2. Literature Review:

Since the time of Adam Smith's classic Inquiry into the Nature and Causes of the Wealth

of Nations, economists have paid considerable attention to the issue of understanding

economic groMh. The empirics of growth have been an important area of research since

mid 1950s when Abramovitz(1956) and Solow (1957) highlighted the large contribution

of total factor productivity (TFP) to output growth. The increase in productivity of newly

industrialized countries was attributed to the convergence phenomenon of the neo-

classical growth framework. According to De Long (198S) and Baumol (1986), economic

convergence is primarily due to their incorporation of partial productivity measures,

namely labor productivity, while Fare (1994) strongly opposed that and breaking TFP up

into technical and allocative components he made insightful contributions to exiting

literature on growth theory. This study has also been largely inspired by the framework

employed by Fare et al. (1994).

The literature on the sources of growth of nations has grown since mid 1950s, and the

issue of determinants of growth has occupied the attention of economists for the last l5

years or so. There is growing skepticism about the methodology of cross-country

regressions employed in the analysis of determinants. Although high frequency panel

data used in recent growth research provides many more observations and permits

experimentation with better specifications and estimation methods, it cannot be claimed

that the resulting parameter estimates are necessarily better estimates or closer to the true

values of the parameters.

Bloom and Williamson (1998) found that economic growth is less rapid in the first phase

of demographic transition in East Asia (prior to 1970) in which the growth rate of

working-age population less than that of the population as a whole. Economic growth is

more rapid when the growth rate of working population is higher than that of the total

population (second phase of the transition, which coincides with the East Asian miracle).

Rowen (199g) puts East Asian countries in the special category that is as countries that



are initially having primary and secondary school enrollment rate above the world norm,

given their incomes, and later on growing faster than those with lower initial levels.

Using the year of 1960 as the base year, the preliminary work of Hahn and Kim (1999)

also suggests that human capital significantly related to total factor productivity groMh,

implying that a country with high human capital has better chance to adopt advanced

technology. Romer (1990) noted that countries with greater initial stocks of human

capital terrd to grow faster through rapid introduction of new ideas or products.

Zachariadis (2004), in his study of ten OECD countries, regresses TFP growth on R & D

intensity, according to which, internal R &. D strongly determines the level of

productivity growth in an economy. Grossman and Helpman ( 1991) explored the

theoretical possibility that intervention in trade could raise growth if protection

encourages investment in recent-intensive sectors for countries with a comparative

advantage in these goods. Using different measure of trade policy, Levine and Renelt

(lgg1) didn,t find robust or consistent positive relationship between trade liberalization

and long run gro6h. In that case, according to Nelson (1996), number of scientific and

technical journal publications by domestic scientists can be employed as proxy for

indigenous R & D.

To analyze the robustness of the relationship between openness and TFP groMh,

Edwards (199g) used comparative data for 93 countries. He used nine indexes of trade

policy to investigate whether the evidence supports the view that TFP grow this faster in

more open economies and the results suggested more open economies experienced faster

economic growth . Zachariadis and Savvides (2005) argue that technology is embodied in

capital and intermediate goods, so that the direct import of these goods is a channel of

transmission of foreign technology, and hence eventual growth in TFP. Moreover,

according to Zachariadis (2004), openness can also have a positive impact on an

economy,s productivity growth through other channels, such as increased competition in

the domestic market.

^
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Savvides and Zachariadis (2005) suggest that foreign direct investment (FDI) by

multinational corporations (MNCs) might be another channel for the international

transmission of technologY.

Besides the import of capital goods by the subsidiaries of MNCs, FDI frequently involves

the movement of employees and managerial talent across countries, as well as links

between MNC subsidiaries and local firms; all potential channels for the transfer of new

techno I o gies (S avvides and Zachariadi s, 200 5 ).

3. Productivitv:

In economics, a measure of productive efficiency calculated as the ratio of what is

produced to what is required to produce it. Any of the traditional factors of production -
land, labour, or capital can be used as the denominator of the ratio, though

productivity calculations are actually seldom made for land or capital since their capacity

is difficult to measure. Labour is in most cases easily quantified - for example, by

counting workers engaged on a particular product. In industrialized nations, the effects of

increasing productivity are most apparent in the use of labour. Productivity can be seen

not only as a measure of efficiency but also as an indicator of economic development'

productivity increases as a primitive extractive economy develops into a technologically

sophisticated one. The pattern of increase typically exhibits long-term stability

interrupted by sudden leaps that represent major technological advances. Following the

development of technologies of steam power, the railroad, and the gasoline motor later in

the ZOth century, advances in productivity stemmed from a number of innovations,

including assembly lines and automation, computer-integrated manufacturing, database

management systems, just-in-time manufacturing, and just-in-time inventory

management. lncreases in productivity have tended to lead to long-term increases in real

wages.



3.1 Total Factor Productivity:

There are two measures of productivity, namely, partial or single factor productivity

(SFp) and rotal facror productivity (TFP). Partial factor productivity is calculated by

dividing the total output by the quantity of an input and the main problem of this

measurement of productivity is that it ignores the fact that the productivity of an input

also depends upon the levels of other inputs used. For example, a higher amount of

capital application may increase the productivity of labour even when other inputs

including labour remain constant. The TFP approach over come from this problem by

take into account the level of all inputs used in the production of output. TFP is defined

as the ratio of weighted sum of output to the weighted some of inputs. In other words, the

TFp approach measures the amount of aggregate output produced by a unit of aggregate

inputs.

Over the last three decades, researchers have developed several theories and method of

TFp measurement. The two main approaches applied for the estimation of growth in TFP

are the production Function Approach (PFA) and the Growth Accounting Approach

(GAA). But both approaches have some limitations. One of the major disadvantages of

using pFA is the problem of identification of production function due to the simultaneity

in determination of input intensities and output levels (Balk, B.M. 2001). The problems

of autocorrelation and multicollinearity encountered in the use of PFA vitiate the

empirical estimates obtained by this approach. To massaging the data in order to take

care of these statistical problems render it difficult to interpret the empirical results. On

the other hand, the limitation of GAA is that, if the share of capital is treated as a

residual, it implies the assumption of constant returns to scale. Moreover, if output

elasticities are proxies by the observed factor shares, it implies the assumption of a

competitive market structure. It is also assumes that an industry operates on its

production frontier, implying that it has 100 per cent technical efficiency. Thus, TFP

growth measured through this approach is due to technical change, not due to technical

efficiency change (Mawson et al., 2003).



Among these, the most popular approach to measure productivity changes is based on

using Malmquist Productivity Indexes-a method originated by Caves et al. (1982).

According to MPI approach, TFP can increase not only due to technical progress (shifting

of production frontier) but also due to improvement in technical efficiency (catching-up).

The Malmquist index has three main advantages. First, it does not require the profit

maximization, or cost minimization, assumption. Second, it does not require information

on the input and output prices. Finally, if the researcher has panel data, it allows the

decomposition of productivity changes into two components- technical efficiency change,

or catching up and technical change, or changes in the best practice. Its main

disadvantage is the necessity to compute distance functions. However, the Data E'nvelop

Analysis (DEA) technique can be used to solve this problem.

Malmquist productivity Index is explained by distance or technical efficiency functions.

One feature of distance functions is that these allow description of multi-input, multi-

output production technology without the need to specifying a behavioral objective, such

as profit maximization or cost minimization. Distance functions are two types; the input

distance functions and the output distance functions. lnput distance functions look for 'by

how much can input quantities be proportionally reduced without changing the output

quantities produced?' On the other hand output distance functions addresses 'by how

much can output quantities be proportionally expanded without altering the input

quantities used?

4. Methodological Issues:

4.1 Approaches to Meosure Productivity

This section defines the Malmquist productivity index (MPI) and the underlying

assumptions. The specific Malmquist index of productivity change used in this paper is

the index of total factor productivity change (TFP), proposed by Fare, Grosskopf'

Lindgren & Roos .(1992). Ten years earlier, in fact, Caves, Christensen & Diewert (1982)

8



already developed an index to measure productivity change which they named after Sten

Malmquist (M. Ammara and A. Talat, 2008). However, Fare et al. (1992) merged

efficiency theory as developed by Farrell (1957) with the Malmquist index of Caves et al.

(1982) to propose a Malmquist index of productivity change that is now commonly used

in the literature. Contrary to Fare et al. (1992), who considered an input based Malmquist

index, an output based Malmquist index in the current paper.

Considering firms, which use ,? inputs to produce m output,

respectively, the input vector and output vector of those

possibilities of a firm at time t can be written as:

S' = {(*' ,y')l x' can produce y'}

Assuming that S is closed, convex, exhibits constant returns to

disposability of outputs and inputs, according to Fare, Grosskopf, Norris

followed Shephard (1970) to define the output distance function at time t

Do'(*' ,y') =inf{01 (r', y' le) € ,S'} = (sup{0 I (r', 0y'). S'})-'

denote xe Ri and y eRias,

firms. The set of production

(l)

scale and free

& Zhang (1994)

AS:

(2)

The subscript o is used to denote the output-based distance function. Note that,

Do'(*' ,y') <1 if and only if(x' ,y') e S', and Do'(*' ,y') = l if and only if (x',y') is on

the frontier of the technology. In the later case, Farrell (1957) argued that the firm is

technically efficient.

To define the Malmquist index, Fare et al. (1994) defined distance functions with respect

to two different time Periods:

D| (*'*t ,y'*t) -inf{01 (r'*' ,y'*' 19) e s'}

and

Do'*'(x' ,y' ) - inf{d l(*' ,y' I o) € ^s'*'}

(3)

(4)



The distance function in (3) measures the maximal proportional change in output required

- to make (r'*', y'*') feasible in relation to technology at time t. Similarly, the distance

function in (a) measures the maximal proportional change in output required to make

-
(*' ,y' ) feasible in relation to technology at time t + l.

- 
Then according to fare (lgg4)the productivity indices in period t and t*l are:

rr 
D'"(*'*" Y'*')fuI'=ffi

_ tr4,+t=##

!r 
The output Malmquist TFP productivity index can then be expressed as:

- Mn(*'*"!'*"x',''=Wlffirffi*r)' (5)

llt

The term outside the brackets shows the change in technical efficiency while the

r geometric mean of the two ratios inside the brackets measures the shift in technology

- 
between the two periods t and t + 1; this could be called technological progress. So:

Efficiency change -- 
D:;*t (*'*' 'y'*t) (6)

D'"(*' ' Y')

I o:(*'*' , y'*t ) or!*' , y'). ), (7),- Technical change - | 

--

--' -"---D- 
L o;.1**' ,!,*r) D:" (*, ,y,) )

- 
In each of the formulas above, a value greater than one indicates an improvement and a

value smaller than one presents deteriorations in performance over time.

10
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4.2 The Method of Estimating the Econometric Model

To re-an alyze the direction of the determinants, which are the freer trade (openness),

secondary enrollment ratio (SER), foreign direct investment (FDI) and research &

development (R&D) of total factor productivity growth, the panel data is constructed

according to the model of Ammara and Talat, which they have experimented in the paper

of "Total Factor Productivity Growth in East Asia: A Two Pronged Approach" (M.

Ammara and A. Talat, 2008).

GTFP : d0a ATOPEN,,+ A2SERil+ AsFDIit * dtRDi, * D" + tit

TECHCH: Bo* 0, OPEN,,+ BzSERi,* frtFDIit * froRDi, * D, + 0i,

EFFCH : To+ T t OPEN,,+ | zSERit+ T sFDIit + T qRDi, * D, * Tit

(1)

(2)

(3)

Alike Ammara and Talat the second part of the analysis first looks at the overall impact

of the explanatory variables on TFP growth and then proceed to find the impact on the

technical and efficiency change components of the Malmquist productivity index. In

these equations, Dc represents country-specific dummies, explaining whether a country is

a developed one or not. In terms of developed country Dc stands for I otherwise it stands

for 0. GTFP refers to groMh in TFP, TECHCH is the groMh in innovation over time,

EFFCH is the improvement in efficient utilization of available inputs. SER is the gross

secondary school enrollment ratio, FDI is the foreign direct investment, OPEN is the

economy's openness to foreign trade, and RD is the number of technical and scientific

journal article publications taking place in the economy. The intercept terms cto, 90, To

represent the estimated value of the dependant variables in each three equations when all

the independents variables have a value of 0, while t, 0 and T are the error terms for the

equations. The subscripts i, and t are indexes for occupation and time, respectively.

TL



5. Data & Variables:

5.1 Data Description:

The study is based on panel data and it comprises the six economies of China, Indonesia,

Malaysia, South Korea, Thailand and Japan over the period I 980-2007. At an early stage,

the importance of infrastructure investment in these countries, as an aid to exporters and

import-competing firms, was recognized-and appropriate measures taken. Later in the

reform process, greater emphasis was placed on liberalization of the trade and financial

sectors. Thus the main thrust of economic policy became an outward orientation with

strong incentives for exporters, and a commitment to groMh through tradez. These

striking features of South East Asian growth regional economic activity and the

significant shift in the pattern of Asia's trade paves this study.

ln order to calculate total factor productivity for the first part of this analysis, the data for

capital stock and labor as inputs have been used in the Malmquist productivity index, and

gross value added is taken to be the output.

The secondary data for capital, labor and gross value added have been obtained from the

penn World Tables (PWT) Mark (6.3).But, for non-availability of reliable data on capital

stock, investment was used as a proxy. Data for labor comprises the total working

population of each of the six sample countries. Similarly, GDP at constant prices was

taken as a proxy for gross value added, in the absence of reliable figures for the latter.

t2

2 
See country specification in appendix l.
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The following table shows the means and standard deviations for gross value added,

capital and labor for each country in the sample over the period 1980-2007.

Country GDP Labor Capital

China 3239.891

(1e60.s62)

6.54e+08

(8.41e+07)

3.59e+13

(2.64e+13)

lndonesia 3777.769

(s48.6e03)

3.48e+08

(5.76e+07)

5.52e+15

(1.71e+15)

Malaysia 10982.77

(38s2.ss7)

797978L

(2100881)

7.76e+L1,

(3.62e+1L)

South Korea t4\94.4

(s738.802)

2.01.e+07

(312s887],

1.55e+15

(7.43e+t4l

Thailand 6087.92t

(2oo6.ss)

3.20e+07

(400s3e4)

1.60e+13

(7.2Oe+721

Japan 25387.16

(382e.44e1

6.47e+07

(382e606)

1.10e+15

(1.83e+14)

Average 10601.65 1.89e+08 1.39e+15

Table 1: Summary statistics of GDP, Labor and Capital (1980-2007)

13



For the second part of this study, a host of variables have been employed on which TFP

has been regressed. These variables are; gross secondary enrollment ratio (GSER), trade

openness, number of technical and scientific journal articles published, and foreign direct

investment (FDI).

The figures for GSER have been obtained from the database of World Development

Report and statistics of the LINESCO. These figures have been compiled for the period

1980-2007.To gauge the extent to which an economy engages in international trade, we

have obtained figures for trade openness from PWT version 6.3. Publication of scientific

and technical journal articles has been used to measure indigenous research and

development. These figures have been obtained from the World Data Bank for the period

1980-2007. FDI incorporates the import of capital goods by multinational corporations

(MNCs), and the transfer of managerial and technical skills resulting from the link

between parent companies and local subsidiaries of MNCs. The figures for FDI over the

period 1980-2007 have also been obtained from the World Data Bank.

Table 2 shows the mean and standard deviations for secondary enrollment ratio, trade

openness, scientific and technical journal article publications and foreign direct

investment for each country in the sample, and the entire sample, over the observed time

period. It shows that Malaysia appears to be the most open economy in terms of foreign

trade and along with Thailand FDI also flourished in these countries. South Korea and

Japan have pretty much higher mean SER. And Japan has also its dominant control over

publish ing j ournal articles.
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T"blr, Summary statistics of the explanatory variables

Country Variables

Openness Secondary

enrollment
ratio

FDI Journal
articles

China 36.02603

(1s.6s137)

50.20991

(13.73s1e)

2.96e+10

(3.25e+10)

72876.86

(1101s.91)

lndonesia 55.18097

(7.L37248)

49.7 4389

(11.s00s2)

1.39e+09

(2.85e+09)

L29.65

(4s.07586)

Malaysia 156.5656

(44.s2e73)

58.55859

(7.88328e)

3.00e+09

(2.08e+09)

362.3

(130.4333)

South Korea 47.96844

(20.s4478)

93.19615

(s.s0474)

2.47 e+09

(2.90e+09)

5466.727

(s2es.s07)

Thailand 99.8293s

(32.83824)

46.72224

(1S.28044)

3.15e+09

(3.06e+09)

522.25

(314.3843)

Japan 19.31345

(4.62s7 64)

98.10311

(3.406444)

2.99e+09

(5.36e+09)

45348.64

(10481.0s)

Average 69.7473 64.70447 7.10e+09 1L281.85

15



5.2 Variable Description:

Openness:

Exports plus imports divided by Real GDP per capita (constant price) the exports and

import figures are in national currencies from the World Bank and United Nations data

archives. This is the constant price and is the total trade as a percentage of GDP3.

Gross SeconddrY Enrollment Rotio:

The secondary enrollment ratio is the ratio of total enrollment, regardless of age, to the

population of the age group that officially corresponds to the level of education.

Secondary education completes the provision of basic education that began at the primary

level, and aims at laying the foundations for lifelong learning and human development,

by offering more subject- or skill-oriented instruction using more specialized teachersa.

Scientilic ond Technicol tournal Articles:

Scientific and technical journal articles refer to the number of scientific and engineering

articles published in the following fields: physics, biology, chemistry, mathematics,

clinical medicine, biomedical research, engineering and technology, and earth and space

sciencess.

Foreign direct investment, net inflows (BoP, current usJ.):

Foreign direct investment are the net inflows of investment to acquire a lasting

management interest (10 percent or more of voting stock) in an enterprise operating in an

economy other than that of the investor. It is the sum of equity capital, reinvestment of

earnings, other long-term capital, and short-term capital. This series shows net inflows

3 
Country list.university of pennsylvania-center for internationalcomparisons,university of pennsylvania.Penn world

table. study documentation.dec I 2,2008.
o 

Sour.., United Nations Educational, Scientific, and Cultural Organization (UNESCO) Institute for Statistics.

t Sour..' National Science Foundation, Science and Engineering Indicators'

16
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(new investment inflows less disinvestment)

investors. Data are in current U.S. dollars6.

6. Empirical Analysis:

6.1 Empiricol Finding of Productivity:

in the reporting economy from foreign

Applying Malmquist Productivity Indices, this study finds to measure TFP change and its

sources using Data Envelope Approach by using the computer software DEAP (Coelli,

1996) to compute these indices. Table I demonstrates average estimates (geometric

mean) of Malmquist indices of total factor productivity change (TFPC), decomposed into

technical efficiency change (TEC) and technological change in capital-intensive

countries. TEC is further decomposed into pure technical efficiency change (PTEC) and

scale efficiency change (SEC). The countries are affanged in descending order of their

Malmquist productivity indices (TFPC). The value of TFPC greater than one reveals

productivity groMh, value equal to one indicates no change and lower than unity

indicates regress in productivity groMh. To estimate percentage change in productivity,

one in subtracted from the TFPC index andthen value is multiplied by 100, [(TFPC-l) x

1001. The rule applies to the other indices presented in the table.

MALMQUIST INDEX SUMMARY OF COUNTRY MEANS

Indices reported in the end of the last row of Table- 1 are the averages of country specific indices.

t So.rr."' Intemational Monetary Fund, International Financial Statistics and Balance of Payments databases, and

World Bank, Global Development Finance.

COUNTRY EFC TEC PTEC SEC TFPC

China 1.039 0.67 4 1.030 1.009 0.701

Indonesia 0.996 0.646 r.000 0.996 0.644

Malaysia 1.000 0.902 r.000 0.996 0.902

South Korea I .014 0.823 1 .014 1.000 0.834

Thailand 1.009 0.925 1.008 l .001 0.934

Japan 1.000 0.87 4 1.000 I .000 0.814

Mean 1.010 0.800 1.009 l.00r 0.807
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In most cases, the growth in productivity seems to be caused by an improvement either in

technological progress or in technical efficiency. China, Malaysia, South Korea, Thailand

and Japan could manage to override their production frontier with technological progress.

These have happened mostly due to the scale efficiencies, large scale production in the

industries may be encouraged to take the advantage of the economies of scale, which

would lead to greater efficiency in the countries, and consequently force the production

points closer to the frontier.

The results suggest that TFP growth for the entire sample periods have not been

encouraging due to unsatisfactory contribution from technological changes. The results

reveal that the economies were able to cause shifts in their own frontier due to

innovation. The economies need enhancement of their productivity-based catching-up

capability, specifically use of human capital in the labor market, increase the number of

skilled workers to operate more sophisticated technology and the adoption of new

technology

The slowdown in TFp growth over time could be attributed to the financial crisis that

most of these countries went through during the 1990s. Evidence shows that Thailand,

South Korea and Indonesia were particularly badly hit. Also in the case of South Korea,

the large drawback has been criticized for the mismanagement arising from large scale

production over time.

By using the non-parametric technique of DEA-type Malmquist index in this paper, the

productivity changes is measured for selected capital-intensive countries from 1980-

2007. This model hetped to isolate the contributions of technological change, efficiency

change and scale change to productivity change in the country resources. Relatively TFP

growth achieved by capital-intensive industries during the study period provides some

indication that policy-induced factors, such as flow of foreign direct investment and

import of advanced technology have made positive impact on the TFP groMh. The

economies of scale in the countries coupled with advanced technology acquisition would

further develop downstream activities in the related countries should attract foreign direct

18
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investment and import and adopt advanced technology to survive during era of

- globalization.

- 
6.2 Empirical Findings of Regression

In order to analyze the determinants of TFP growth, total factor productivity growth has

-! been regressed on the entire sample against SER, FDI, journal articles and openness. The

results panel regressions with fixed and random effects are given in Table 4. Statistically,

most efficient model to run. Random effects will give the better P-values as they are a

t more efficient estimator, so it is statistically justifiable to run random effects if it is do so.

The generally accepted way of choosing between fixed and random effects is running a

A' Hausman test7.

-
And table 5 illustrates the results of panel regression on technical change and efficiency

- change.

-

/r 
' Th. Huu.*an specification test compares the fixed versus random effects under the null hypothesis /ll, that the random effects

estlmator is consistent and efficient, while the fixed effects estimator is consistent, but not efficient (Greene 1997).
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Table 4: parameter estimates and summary statistics panel regression of
explanatory variables on total factor productivity

Note: Values in parentheses show standard errors, while those in square brackets are p-values and a single-asterisk

indicates statistical significance at the 0.05 level.

-

-

-

-

-

-

Explanatory variables Parameter Estimates

Fixed Effects Random Effects

Intercept 9.846581*

(4.2s8402)

8.s380s9

(4.627 s04)

Openness -0.1511157

(0.4128s98)

-.1827268

(.3e40163)

Secondary enrol lment ratio -l.0203I3

(1.37613e)

-.5927 133

(1.287827)

FDI -3. l2e- 10

(3.36e- 10)

-2.16e-10

(2.23e-10)

Number of scientific and

technical journals
0.0032633

(0.0037 427)

.00341

(.003366)

Country dummy .78997 5l

(6.es4s48)

R, 0.0195 0.0239

Wu-Hausman test statistic 0.80

[0.8s01]
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Table 5: Parameter estimates and summary statistics for panel regression of
explanatory variable on TFP, technical change and efficiency change

Note: Values in parentheses show standard errors, while those in square br kets are p-values and a single-asterisk

indicates statistical significance at the 0.05 level.

In Table 4, the first column shows the panel regression results for fixed effect model

estimates for SER, FDI, journal articles and openness, along with t-values at 5 %

significance levels. The second column shows random effect parameter estimates

respectively. The table reveals that the fixed effects estimates yield the lower value for R-

squared.

Explanatory variables Dependent variables

TECHCH EFCH

Intercept 8.83t7 47

(4.64s802)

1.838341*

(.s2s6233)

Openness -.16709s6

(.3ess743)

-.041 4045

(.0447ss)

Secondary enrollment ratio -.96899s6

(t.zezete)

.2617235

(.1 46280 1 )

FDI -2.36e-10

(2.23e-r0)

7.41e-12

(2.53e- I I )

Number of scientific and

technical journals
.0030693

(.00337e3)

.0000572

(.0003823)

Country dummY .946697 6

(6.e82048)

-.9620502

(.78ee447)

R2 0.0262 0.0577
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However, the Wu-Hausman test favors usage of the random effects model over the fixed

effects model. A glance at the test-statistic and the p-value indicates that the random

effects estimators are consistent and efficient8. Based on these statistics, it can be

established that the random effects specification best suits the sample countries.

For the regression on the components of TFP, in table 5, technical change and efficiency

change R2 is higher with efficiency change as the dependent variable as compared to other

two as the dependent variable. This shows that the explanatory variables chosen in the model

are more significant for the determination of efficiency change relative to technical change,

despite its importance.

We now proceed to interpret the parameter estimates for each variable under the random

specification for TFP growth and for its two components technical change and efficiency

change.

Unlike Talat and Ammara results (2008), for TFP growth only research and development

sector is clearly presenting its vital performance in improving productivity of the sample

countries. Unexpectedly all the other independent variables --openness, secondary

enrollment ratio and FDI have no positive effect on the growth of the total factor

productivity of the sample countries. Any unit changes of openness, SER and FDI result

in declination of the growth of TFP by 0. 1827268, 0.5927133 and 2J6e-10 units

respectively.

The technical change in second column shows the same direction of the explanatory

variables as the first column. Education, free trade, Foreign direct investments have not

played an important role in shifting the production function of the sample countries; on

the contrary research and development sector has assisted the countries to catch-up the

frontier line.

8 Th" Huurran test-statistic : 0.80, p-value : 0.850 I
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ln the third column, the efficiency change is positively moving with education, FDI and

R&D performance. Only openness in trade, along with other equations, shows the

negative impact on the efficiency change.

However, for the sample trade openness has a statistically insignificant negative value, at

5o/o level of significance, implying that high levels of imports and exports negatively

impact TFp growth for the sample countries over the period under observation. FDI is

also observed to have negative impact on productivity growth. Openness also has a

insignificant negative value for efficiency change and also is insignificant in explaining

technical change. The coefficient of FDI appears to be statistically insignificant for TFP

growth as a whole, technical change and efficiency change. Similar to the coefficient of

openness, the negative coefficient for FDI explains a lower percentage of the growth in

TFp. This means that FDI, trade openness, secondary enrollment ratio and research

variable may not be the main factors affecting TFP.

lt can be said in line with Ammara and Talat that the impact of trade openness on

efficiency change contradicts the generally held belief that growth in East Asia was

primarily export-led and that these countries, especially South Korea, prospered by

opening up to the world market. On the contrary, internally developed technology and

production methods coupled with local policy initiatives are more important determinant

of productivity gromh relative to the role played by foreign technology transfers and

competition in the international market.

Although internal research and development, as measured by the proxy the number of

scientific and technical journal articles published, has a positive coefficient, this

coefficient appears to be statistically insignificant for all the three dependent variables -
TFp, TECHCH and EFCH variables. This invalidates the choice of the proxy for research

and development, as scientific and technical journal articles may not have any substantial

affect on the method of production.
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Graph I : Gromh rate of secondary enrollment ratio of the six countries 1980-2007

Graph I shows the declining trend of the growth rate of education for the six countries-

china (country-l), Indonesia (country-2),Malaysia (country-3), South Korea (country-4),

Thailand (country-5) and Japan (country-6). It seems that lacks of promotions of the

social gain from education are unable to boost the economic growth of these six Asian

countries.

Similarly, the negative coefficient for FDI explains very little of the growth in TFP. This

means that FDI and trade openness are not the main factors affecting TFP. This is in line

with Zachariadis (2005) observation that FDI and trade do not significantly impact TFP

growth.

It is surprising to have such unwanted empirical impact of FDI and secondary enrollment

ratio on the groMh variables, as it contradicts to theories. The following graphs of the

growth rate of these two variables over the year of 1980-2007 for the six Asian countries

might provide some explanations for that.

2
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Graph 2 reveals almost steady level growth rates of FDI is responsible for such negative

contribution to the total factor productivity growth. Asian Crisis in 1997 prompted global

investors to reevaluate the risk of investing in emerging markets and often led to their

withdrawal from emerging markets in earlier of 2000s. But, compared with other forms

of international capital flow, FDI has been a relatively stable source of capital for the

Asian countries during these years (H. Toshihisa, 2003).

1980 1990 2000 20101980

Graphs by country sr

2000 20101980 1990 2@0 2010

Graph 2: Growth rate of FDI for the six countries over 1980-2007

The country specificities dummy, being developed or otherwise, shows expected positive

impact on the productivity growth of the sample countries, except for the efficiency

change dependent variable. A country being developed like Japan and Korea can be

attributable for such performance comparing the following countries'

Summar izingthe regression results, the determinants of TFP growth are showing little

impacts of the chosen independent variables on economic growth for the six Asian

countries over the year of 1980-zoo7. Foreign transfers of technology through increased
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trade and capital imports have not had a significant impact on TFP groMh. Thus, TFP

growth can be attributed little to internal technological developments due to the highly

educated labor force; however, over time, TFP growth has slowed down. However as far

as technical change TFP growth is concerned none of the variables in the model have

been adequate in explaining shifts in the frontier. Thus, the determinant variables in the

second stage of the model are not satisfactory in explaining catching up among the

sample countries however, the model does not provide insight into the factors responsible

for innovation responsible for shifting the production frontier outwards.

7. Conclusion:

Given the lack of research on the dynamics of productivity growth in East Asia, by using

the non-parametric technique of DEA-type Malmquist index, this paper has measured the

productivity changes for selected countries in this region from 1980 to 2007 . The

Malmquist, production frontier model helped in isolating the contributions of

technological change, efficiency change and scale change to productivity change in

overall economic performance for each country'

For the entire sample on average, productivity increased largely due to technological

innovation, rather than improvements in efficiency. Improvement in the efficient

utilization of resources was slower compared to the technological innovation, as indicated

by the larger value of the technical change component of the Malmquist index. Following

on with two-pronged approach, the second stage of the study analyzed the determinants

of TFp growth and its components, namely efficiency change and technioal change.

Based on a panel regression with random effects of the countries over the time period

l9g0-2007,trade openness and foreign direct investment are seen to be inconsequent as

determinants of TFp growth and its components. This highlights the fact that internal

technological improvements as opposed to foreign capital and technologies were the

main determinants of TFP growth and improvements in efficiency. However, the

indicator for internal R&D, the number of scientific and technical journal articles, does

not help in explaining the observed phenomenon. Overall, the explanatory variables
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chosen in our model help explain efficiency change but are inconsequent in explaining

shifts in the production frontier. Therefore, it can be suggested that governments should

focus more on domestic policy, especially improving research and developing sector

rather than having an outward oriented approach in their efforts to improve TFP.
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APPENDIX 1:

Country Specification:

Beginning in the 1950s, East Asian countries-some faster, some slower-adopted wide-

ranging policies aimed at transforming themselves into fully-fledged market economies.

Sound macroeconomic policies were put into place, which provided a stable backdrop for

business to grow. Political stability was also an important factor, although it is ditllcult to

disentangle whether stability is a cause or consequence of strong growth.

China has emerged as the world's assembler, producing final electronic goods from

components manufactured around the world, but mostly in Asia. As a result, China has

grown rapidly in importance as an export destination for East and Southeast Asian

countries. In addition to components, China is a major importer of minerals and other raw

materials, fuel, food, capital goods and even some consumer goods. China is now India's

largest trading partner, absorbing nearly ten percent of India's exports, consisting among

other products of ores and metals, yarn and textiles, chemicals, precious stones and

machinery. It is Korea's largest export destination as well. China's share of intra-regional

trade in East and Southeast Asia rose from 31.7 percent in 1990 to 42 percent in 2008

(ADB 2009,41).

Although Indonesia has posted respectable growth rates during the recent global crisis,

from a longer term perspective the country is becoming less competitive relative to

China, India, Thailand, Malaysia, Vietnam and the Philippines in terms of foreign direct

investment flows, manufacturing, infrastructure and education (HDI). Like the other large

economies of Southeast Asia, Indonesia relied almost exclusively on natural resource

exports until the mid 1980s. But after a fall in global commodity prices strategy has been

shifted away from natural resource dependence and towards exports of labor intensive

manufactures based largely on inward investment from Japan, Korea and Taiwan.
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Exports of manufactures from Indonesia grew at an average annual rate of 16.5% from

l99l to 1996. In Indonesia, rapid growth of manufacturing in the 1980s and 1990s was

driven by FDI in labor-intensive industries. Indonesia's FDI is concentrated in production

for its large domestic market and natural resource exploitation, and not in the production

of manufactured exports.

Malaysia is a growing and relatively open state-oriented market economy. The state

plays a significant but declining role in guiding economic activity through

macroeconomic plans. ln 2007, the economy of Malaysia was the 29th largest economy

in the world by purchasing power parity with gross domestic product for 2007 estimated

to be $357.9 billion with a growth rate of 5oh to 7oh since 2007.In the 1970s, Malaysia

began to imitate the four Asian Tiger economies (Republic of Korea (South Korea).

Republic of China (Taiwan), then British Crown Colony of Hong Kong and the Republic

of Singapore) and committed itself to a transition from being reliant on mining and

agriculture to an economy that depends more on manufacturing. With Japanese

investment, heavy industries flourished and in a matter of years, Malaysian exports

became the country's primary growth engine.

South Korea was one of the first newly industrialized countries, noted for maintaining

exceptionally high growth rates and rapid industrialization between the early 1960s and

1990s. Since the2lst century, it has graduated into advanced economy and high-income

economy. It has a highly educated and skilled workforce and has specialized itt arcas

where it had a comparative advantage in information technology. Abandoning import

substitution, the model advocated in the developing world following the two world wars,

this Asian tiger pursued an export-driven model of economic development with the

exportation of goods to highly-industri alized nation. South Korea singled out education

as a means of improving productivity; this country focused on improving the education

system at all levels; heavy emphasis was placed on ensuring that all children attended

elementary education and compulsory high school education.
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The Kingdom of Thailand's economy is characterized by years of neglect during its

unstable formative years following World War II to a decade of continuous growth from

1985. Ten years later, Thailand was one of the world's fastest-growing economies with

an average growth of around 9%o annually. The economy is heavily export-oriented, with

exports accounting for more than two-thirds of the Gross Domestic Product (GDP). With

a population of 63.4 million (2006 World Bank Data) Thailand is classified as a lower

middle-income country, having made the transition from low-income to middle-income

(per capita income of 53000) within the span ofjust a few decades. The Thai economy is

the world's 67th freest economy, according to the lndex of Economic Freedom tbr 2009.

Japan experienced rapid economic groMh in last three decades, which was referred to

as the Japanese post-war economic miracle. In the second half of the 1980s sliding stock

and real estate prices caused the Japanese economy to overheat in what was later to be

known as the Japanese asset price bubble. Growth in Japan throughout the 1990s was

slower than growth in other major industrial nations. From 4.5% per annum in the 1980s,

real GDP rose just 1.5% p.a. in the 1990s and 0.8% p.a. in the 2000t. 'Th. problems of

the 1990s may have been exacerbated by domestic policies intended to wring speculative

excesses from the stock and real estate markets. Government efforts to revive economic

growth throughout the 1990s were not very successful and when the global economy

slowed in 2000-2001 the Japanese economy was in a serious economic situation. The

economy began to recover under the policies of Junichiro Koizumi and revived strong

growth in global trade, raising an average of 2.1% a year in 2003-07.

s 
htt p : //e n. wi k i ped i a .o r gl wiki / Econ o my-of-J a pa n
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.-PPENDIX 2

Results from DEAP Version 2.1

lnstruction file = fn-ins.txt
Data file = fn-dta.txt

Output orientated Malmquist DEA

DISTANCES SUMMARY:
year = 1

firm crs te rel to tech in yr vrs

no. *rI:*:*:f ******r**:r,f *:t:t**x1g

t-1 t t+1

L 0.000 0.096 0.L32 0.4s2
2 0.000 0.198 0.273 1.000

3 0.000 1.000 1.585 1.000

4 0.000 0.682 0.903 0.684
5 0.000 0.274 0.341 0.287
6 0.000 1.000 L.376 1.000

mean 0.000 0.542 0.768 0.737

y€ar = 2

firm crs te rel to tech in yr vrs

nO. *****!hr(**,1.********** 
1

t-1 t t+1

t 0.059 0.081_

2 0.L08 0.148
3 1.011 L.000

4 0.47L 0.592

5 0.218 0.294
6 0.870 1.000

0.175 1.000

0.320 0.552
1.600 1.000
0.981 0.862
0.395 0.333
2.t57 1.000

mean 0.456 0.536 0.938 0.791'
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Y€dr = 3

firm crs te re! to tech in yr vrs
nO. ***************,F,F:F** te

t+1

0.209 1.000

0.298 0.44L
1.390 1.000

0.871. 0.697
0.353 0.295
1.685 1.000

L 0.064
2 0.110
3 1.010

4 0.540
5 0.2LL
6 0.801

0.380 1_.000

0.6s6 0.s48
L.701. 1.000

1.s63 0.739

0.694 0.286
3.529 1.000

t-1

L 0.057 0.124
2 0.082 0.L77
3 1.008 1.000

4 0.429 0.664
s 0.187 0.277

6 0.747 1.000

mean 0.419 0.540 0.801 0.739

Y€ar = 4

firm crs te rel to tech in yr vrs

nO. ******************** 19

t-1 t t+L

0.108
0.186
1.000
o.728
0.277
1.000

mean 0.456 0.550 1.420 0.762

year = 5

firm crs te rel to tech in yr vrs

nO. *************,1.:t<*****19

t-1 t t+1

t 0.066
2 0,L12
3 t.o27
4 0.519
s 0.104
6 0.272

4.098 1.000

6.94L 1.000

17.597 1.000

76.766 1.000

0.329 0.287
1.361 1.000

0.233
0.394
1.000

0.9s3
0.101
0.25s

mean 0.350 0.491 7.849 0.881
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y€ar = 6

firm crs te re! to tech in yr
no. *******************

t-1 t t+1

L 0.005
2 0.009
3 0.932
4 0.370
5 0.104
5 0.27s

1, 0.069
2 0.099
3 0.994
4 0.664
5 0.308
6 1.352

VTS

te

0.068 0.079

0.097 0.127

0.968 1.000

0.610 0.911
0.289 1.000

1.328 1.000

0.089 0.L24 1.000

0.1s6 0.21.8 1.000

1.000 L.337 1.000
0.755 0.928 0.803
0.278 0.324 0.294
1.000 1.396 1.000

-

t

/-

-

A

-

-

-

-

-

A

-

mean 0.282 0.546 0.721 0.850

year = 7

firm crs te rel to tech in yr vrs

nO. ******************** te
t-1 t t+1

L 0.079 0.110 0.081 1.000

2 0.122 0.170 0.126 0.s90
3 0.946 1.000 7.394 1.000

4 0.669 0.844 0.979 0.866
5 0.242 0.290 0.306 0.297

6 0.894 1.000 0.943 1.000

mean 0.492 0.569 0.638 0.792

y€ar = 8

firm crs te rel to tech in yr vrs

nO. ******************** te
t-1 t t+1

0.051

0.073
1.000
0.846
0.320
1.000

mean 0.581 0.548 0.560 0.686
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Year = 9

firm crs te rel to tech in yr vrs

nO. :**'F**************'F** te
t-1 t t+1

7 0.080
2 0.119

3 1.505

4 1.L26
5 0.333
6 0.998

0.106 0.002 1.000

0.158 0.008 0.302

1.000 0.97s 1.000

0.913 0.470 0.932
0.299 0.120 0.304
1.000 0.319 1.000

mean 0.694 0.579 0.316 0.756

Year = 10

firm crs te rel to tech in Yr vrs

nO. ******************** te
t-1 t t+1

t 0.075 0.002 0.002 0.073

2 0.129 0.008 0.008 0.t28
3 8062.2L3 1.000 0.984 1.000

4 9277.38L 0.897 0.855 0.93s

s 3644.007 0.296 0.284 0.3L4

6 L7189.280 1.000 0.996 1.000

mean 6362.L81, 0.534 0.52L 0.575

year = LL

firm crs te rel to tech in Yr vrs

nO. *****:t********:F***x 1a

t-1 t t+1

L 0.073
2 0.161
3 1..025

4 1.056

s 0.343
6 1.018

0.073 0.1-99 0.073

0.160 0.440 0.192
1.000 1.804 1.000

1.000 1.851 1.000

0.330 0.695 0.339

1.000 2.743 1.000
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mean 0.613 0.594 1.289 0.601

Y€ar = L2

firm crs te rel to tech in Yr vrs

nO. ***********,f******x* 19

t-1 t t+1

L 0.065 0.L79 0.134 1.000

2 0.089 0.243 0.182 0.436

3 1.038 1.000 1.059 1.000

4 0.536 0.956 0.923 0.996

s 0.189 0.333 0.311 0.3s3

6 0.589 1.000 0.895 1.000

mean 0.418 0.619 0.584 0.797

Ye?r = 13

firm crs te rel to tech in Yr vrs

nO. *******,F************ 19

t-1 t t+1

L 0.081 0.061 0.078 0.08s

2 0.12L 0.091 0.116 0.742
3 1.036 1.000 1.135 1.000

4 1.052 1.000 L.723 1.000

5 0.357 0.334 0.373 0.371
6 1.335 1.000 7.283 1.000

mean 0.664 0.581 0.685 0.600

!€Etr = L4

firm crs te rel to tech in Yr vrs

nO. *{(*******t(*********x1g
t-1 t t+1

0.113 59.168 0.334

0.180 94.069 1.000

1.000 231.740 1.000

1.000 3L7.521, 1.000

0.372 136.308 0.387

1.000 522.689 1-.000

1, 0.088
2 0.140
3 1.040

4 0.900
s 0.332
6 0.907
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mean 0.558 0.611 226.916 0.787

year = 15

firm crs te rel to tech in Yr vrs

nO. *************'F'F'**** te
t-1 t t+1

1 0.003 0.1s9 0.385 1.000

2 0.009 0.235 0.571 1.000

3 1,.047 1.000 1,.739 1.000

4 0.531 0.981 L.674 1.000

5 0.163 0.370 0.674 0.398

6 0.297 1.000 2.429 1.000

mea n 0.342 0.624 t.245 0.900

yedr = 16

firm crs te rel to tech in Yr vrs

nO. ************:******** 19

t-t t t+1

1 0.104 0.252 0.346 1.000

2 0.128 0.312 0.428 1.000

3 1.049 1.000 1..623 1.000

4 0.579 1.000 L.419 1.000

s 0.2t6 0.372 0.49s 0.398

6 0.587 1.000 L.372 1.000

mean 0.444 0.656 0.947 0.900

yedr = t7

firm crs te rel to tech in Yr vrs

nO. *:*:1.*****************19
t-1 t t+1

L 0.L23 0.158 0.t72 1.000

2 0.166 0.228 0.233 1.000

3 1.043 1.000 1.039 1.000

4 0.633 0.997 0.983 1.000

5 0.247 0.370 0.365 0.392
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6 0.800 1.000 L.o27 1.000

mean 0.502 0.627 0.536 0.899

year = 18

firm crs te rel to tech in yr vrs

nO. *******************{<1g

t-1 t t+1

0.012 1.000

0.031 0322
1,.730 1.000

1.054 1_.000

0.347 0.373

0.787 1.000

L 0.18s
2 0.204
3 1.011

4 t.017
5 0.368
6 0.992

0.189
0.208
1.000
L.000

0.36s
1.000

mean 0.530 0.627 0.577 0.783

Ye?r = 19

firm crs te rel to tech in yr vrs

nO. *,F,F***************** te
t-1 t t+1

t 0.L29 0.013 0.004 0.L38
2 0.136 0.025 0.008 0.149

3 0.900 1.000 0.983 1.000

4 0.793 0.870 0.500 0.991

s 85.235 0.487 0.399 1.000

6 327.240 1.000 1.320 1.000

mean 69.239 0.566 0.536 0.7L3

yedr = 20

firm crs te rel to tech in yr vrs

nO. ******,t ******{.******te
t-1 t t+1

t 0.157 0.208 0.520 1.000

2 0.L28 0.169 0.424 0.242
3 3.525 1.000 7.773 1.000

4 1,.920 1.000 1..832 1.000
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0.507
0.998

0.368 0.7s3 1.000

1.000 2.so2 1.000

mean 1.206 0.624 1.301 0.874

Y€?r = 2L

firm crs te rel to tech in yr vrs

nO. **t*****************1g
t t+1

0.306 0.170 1.000

0.251 0.L39 1.000

1.000 1.396 1.000

1.000 1.078 1.000

0.332 0.328 0.33s
1.000 0.847 1.000

t-1

1 0.122
2 0.100
3 1..024

4 0.568
5 0.185
6 0.549

t 0.!49
2 0.t20
3 0.953
4 0.901

5 0.507

6 1.807

mean 0.425 0.648 0.660 0.889

year = 22

firm crs te rel to tech in Yr vrs

no. ************************
t-1 t t+1

0.082 0.L44 0.155
0.056 0.116 0.L52
1.000 0.993 1.000

1.000 0.773 1.000

0.425 0.49L 1.000

1.000 t.749 1.000

mean 0.739 0.596 0.71'L 0.719

yedr = 23

firm crs te rel to tech in Yr vrs

nO. ************,************
t-1 t t+l-

0.160 0.280 1.399 1.000

0.135 0.236 1.270 1.000

1.466 1.000 22.294 1.000
38
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4 L.254 1.000 23.907 1.000

5 0.355 0.322 7.249 0.336
6 0.852 1.000 19.826 1.000

mean 0.705 0.640 12.658 0.889

yedr = 24

firm crs te rel to tech in yr vrs

nO. ********************te
t-1 t t+1

0.200 1.000

0.L67 1.000

1.013 1.000

0.624 1_.000

0.157 0.348
0.301 1.000

10.389 1.000

8.696 1.000

1.054 1.000

1.138 1.000

0.424 0.349

1.519 1.000

mean 0.410 0.89L 3.870 0.892

y€ar = 25

firm crs te rel to tech in Yr vrs

nO. ****:**************** 19

t-1 t

t 0.166 0.307

2 0.L32 0.22L
3 1.031 1.000

4 0.931 1.000

s 0.288 0.334
6 0.79L 1.000

t+1

0.31,2 1.000

0.225 0.379

t.2t8 1.000

1.L74 1.000

0.373 0.354
1,.O!7 1.000

mean 0.557 0.644 0.720 0.789

y€ar = 26

firm crs te rel to tech in yr vrs

nO. **************a<*****1g

t-1 t t+1

1. 0.207 0.210 0.195 0.218
2 0.152 0.1s4 0.143 0.164

-

-

-l

A
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3 1.013 1.000 0.983 1.000

4 0.884 1.000 0.928 1.000

5 0.318 0.360 0.331 1.000

5 0.989 1.000 0.94s 1.000

mean 0.594 0.621. 0.588 0.730

yedr = 27

firm crs te rel to tech in Yr vrs

nO. *****,t************** 19

1.

2

3

4

5

6

t-1 t

0.228 0.212
0.160 0.149
1.075 1.000

1..104 1.000

0.377 0.347
t.o76 1.000

t+L

0.210 0.234
0.148 0.164
0.984 1.000

0.984 1.000

0.342 0.357

0.994 1.000

mean 0.670 0.618 0.511 0.626

y€ar = 28

firm crs te re! to tech in Yr vrs

nO. :t******ll(**'F****{<*:lt**19

t-1 t t+1

t 0.274 0.272
2 0.L79 0.178
3 1..067 1.000

4 1.025 1.000

s 0.3s9 0.354
6 1.010 1.000

0.000 1.000

0.000 1.000

0.000 1.000

0.000 1.000

0.000 0.3s9
0.000 1.000

mean 0.652 0.634 0.000 0.893

INote that t-1 in year 1 and t+1 in the final year are not defined]

MALMQU IST INDEX SUMMARY

Y€?r = 2
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firm effch techch pech sech tfPch

L 0.844 0.727 2.2L4 0.381 0.613
2 0.748 0.727 0.552 L.353 0.543

3 1.000 0.799 1.000 1.000 0.799
4 1.015 0.7t7 L.260 0.805 0.728
5 1.072 0.772 1..1.57 0.927 0.828

6 1.000 0.795 1.000 1.000 0.795

mean 0.939 0.755 1.101 0.853 0.710

year = 3

firm effch techch pech sech tfPch

L 1,.528 0.464 1.000 1.528 0.708

2 L.L94 0.464 0.797 t.497 0.553

3 1.000 0.794 1.000 1.000 0.794
4 0.959 0.676 0.808 1.186 0.648

5 0.94L 0.710 0.885 1.063 0.669

6 1.000 0.589 1.000 1.000 0.589

mean 1.087 0.603 0.911 1.193 0.655

Y€ar = 4

firm effch techch pech sech tfPch

7 0.869 0.593
2 1.050 0.593
3 1.000 0.852
4 1.096 0.752
s 0.999 0.774
5 1.000 0.690

1.000 0.869 0.51s
L.243 0.845 0.623

1.000 1.000 0.852

1.060 1.034 0.825

0.970 1.030 0.773

1.000 1.000 0.690

mean 1.000 0.703 7.042 0.950 0.703

year = 5

firm effch techch Pech sech tfPch

L 2.L65 0.283
2 2.L2L 0.283
3 1.000 0.777
4 1.309 0.504
5 0.366 0.640
6 0.26s 0.539

1,.000 2.165 0.614
L.826 L.t62 0.601

1.000 1.000 0.777

1.353 0.967 0.659

1.003 0.36s 0.234
1.000 0.265 0.143
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mean 0.914 0.47L 1.153 0.786 0.430

Y€or = 5

firm effch techch pech sech tfPch

L 0.382 0.0s7 1.000 0.382 0.022
2 0.395 0.057 1.000 0.395 0.022
3 1.000 0.230 1.000 1.000 0.230

4 0J93 0.L57 0.803 0.987 0.L32
s 2.748 0.339 1,.025 2.679 0.931

6 3.777 0.23L 1.000 3.777 0.874

mean 1.037 0.146 0.968 1.071 0.151

Y€?r = 7

firm effch techch pech sech tfPch

L 1..232 0.7L6 1.000 1.232 0.882

2 1.093 0.7L6 0.590 1.854 0.783

3 1.000 0.841 1.000 L.000 0.841

4 1.118 0.803 t.o78 L.037 0.898

5 1.043 0.846 1.010 1.033 0.883

6 1.000 0.800 1.000 1.000 0.800

mean 1.078 0.785 0.929 1.161 0.847

y€ar = 8

firm effch techch Pech sech tfPch

1. 0.469 1.352 0.079 5.966 0.534

2 0.430 7.352 0.215 2.002 0.582

3 1.000 0.844 1.000 1.000 0.844

4 1.002 0.823 1.051 0.953 0.824
5 1.L00 0.957 3.368 0.327 1.053

6 1.000 t.197 1.000 1.000 t.t97

mean 0J78 1.064 0.625 1.245 0.829

Ye0r = 9

firm effch techch Pech sech tfPch

t 2.062 0.753 L2.725 0.162 1.553
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2.1,56 0.753
1.000 1,.248

1.080 L.307

0.937 1.108
1-.000 0.867

2.378 0.907 L.624
1.000 1.000 t.248
L.024 1.054 L.4tt
0.304 3.082 1.038

1.000 1.000 0.867

mean 1,.285 0.981 1.453 0.884 1,.260

y€dr = 10

firm effch techch pech sech tfPch

7 0.023 37.083 0.073 0.308 0.838

2 0.053 L7.520 0.423 0.L25 0.927

3 1.000 90.9s3 1.000 1.000 90.9s3

4 0.982 141..727 L.003 0.979 L39.193

5 0.990 L75.020 1,.032 0.9s9 773371
6 1.000 232.048 1.000 1,000 232.048

mean 0.324 83.549 0.564 0.575 27.096

Ye?r = LL

firm effch techch pech sech tfPch

1 30.336 1.015 1.001 30.305 30.778

2 19.1,49 1.015 1.501 12.760 19.428

3 1.000 t.02L 1.000 1.000 1.02t
4 1.1,15 1.053 1.069 1-.043 r.174
5 t.1,!2 1.043 1.080 1.030 L.L6L

6 1.000 1.0L1 1.000 1.000 1.011

mean 2.994 L.O26 1.096 2.732 3.072

year = t2

firm effch techch pech sech tfPch

L 2.462 0.36s 13.607 0.18L 0.898

2 1.519 0.365 2.273 0.668 0.s54

3 1.000 0.759 1.000 1.000 0.759

4 0.956 0.550 0.996 0.960 0.s26
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1.011 0.s1-8 L.O47 0.972 0.524
1.000 0.464 1.000 1.000 0.464

mean L.239 0.487 1,.782 0.695 0.603

Year = 13

firm effch techch Pech sech tfPch

L 0.339 1.335 0.085 3.987 0.453

2 0.373 1.335 0.325 L.747 0.498

3 1.000 0.989 1.000 1.000 0.989

4 1.045 t.o44 1.004 L.047 1.092

5 1.000 t.o7L 1.0s3 0.950 7.071

6 1.000 t.221 1.000 1.000 1.221

mean o.7t4 1.158 0.555 1.286 0.826

year = t4

firm effch techch Pech sech tfPch

1 1.866 0.780 3.926 0.475 1.45s

2 1.983 0.780 7.065 0.281 t.546
3 1.000 0.957 1.000 1.000 0.957

4 1.000 0.89s 1.000 1.000 0.89s

5 1.116 0.894 L.O4t L.072 0.998

6 1.000 0.841 1.000 1.000 0.841

mean 1.267 0.855 L.752 0.723 1.083

Y€?r = 15

firm effch techch Pech sech tfPch

1 L.402 0.005 2.996 0.468 0.008

2 1.307 0.008 1-.000 L.307 0.011

3 1.000 0.067 1.000 1.000 0.057

4 0.981 0.041 1.000 0.981 0.040

5 0.994 0.035 1.028 0.967 0.035

6 1.OOO 0.024 1.000 1.000 0.024

mean t.Lo2 0.022 L.206 0.913 0.024

year = tG

firm effch techch Pech sech tfPch

5

6
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L 1.588 0.4t2 1.000 1.588 0.654

2 1.326 0.412 1.000 L.326 0.546

3 1.000 0.777 1.000 1.000 0.777

4 1.0L9 0.582 1.000 1.019 0.594

5 1.004 0.56s 1.001 1.003 0.567

6 1.000 0.492 1.000 1.000 0.492

mean L.737 0.526 1.000 1.136 0.598

year = L7

firm effch techch pech sech tfPch

1. 0.667 0.729 1.000 0.667 0.486

2 0J32 0.729 1.000 0.732 0.534

3 1.000 0.802 1.000 1.000 0.802

4 0.997 0.669 1.000 0.997 0.667

s 0.995 0.708 0.985 1.010 0.70s

6 1.000 0.764 1.000 1.000 0.764

mean 0.886 0.732 0.997 0.889 0.649

year = 18

firm effch techch Pech sech tfPch

t t.126 0.979 1.000 1.L26 t.toz
2 0.912 0.979 0.322 2.833 0.893

3 1.000 0.987 1.000 1.000 0.987

4 1.003 1.015 1.000 1.003 1.018

s 0.98s 1.009 0.952 1.03s 0.99s

6 1.000 0.986 1.000 1.000 0.986

mean 1.002 0.992 0.821 1..221 0.995

yedr = 19

firm effch techch Pech sech tfPch

1 0.068 12.47t 0.138 0.489 0.842

2 0.122 5.938 0.462 0.264 0.73t
3 1.000 0.855 1.000 1.000 0.855

4 0.870 0.931 0.991 0.878 0.809

5 1.334 t3.646 2.679 0.498 18.209

6 1.OOO 20.39s 1.000 1.000 20.39s
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mean 0.461 5.048 0.744 0.619 2.326

year = 20

firm effch techch Pech sech tfPch

1. L6.269 1.616 7.241 2.247 26.296

2 5.658 1.595 t.525 4.095 10.619

3 1.000 7.894 1.000 1.000 1.894

4 1.150 1.827 1.009 1.139 2.100

5 0.756 t.296 1.000 0.755 0.980

6 1.000 0.869 1.000 1.000 0.869

mean 2.133 L.469 1.511 1.4L2 3.133

y€ar = 2L

firm effch techch pech sech tfPch

L 1,.473 0.400 1.000 t.473 0.589

2 1,.486 0.400 4.130 0.350 0.594

3 1.000 0.760 1.000 1.000 0.760

4 1.000 0.557 1.000 1.000 0.557

5 0.901 0.522 0.335 2.690 0.470

5 1.000 0.469 1.000 1.000 0.469

mean L.!20 0.505 1.056 1.061 0.565

Y€?r = 22

firm effch techch pech sech tfPch

t 0.269 1.807 0.1-65 1..632 0.487

2 0.264 1.807 0.t52 t.7 40 0.477

3 1.000 0.826 1.000 1.000 0.826

4 1.000 0.915 1.000 1.000 0.915

s 7.283 1.098 2.98s 0.430 1.408

6 1.000 1,.460 1.000 1.000 1.460

mean O.67t 1,.258 0.649 1.034 0.844

year = 23

firm effch techch Pech sech tfPch

L 3.392 0.572 6.063 0.559 1.939
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2 3.554 0.572 6.599 0.539 2.032

3 1.000 1..2t5 1.000 1.000 7.21.5

4 1.000 1.274 1.000 1.000 L.274

5 0.757 0.978 0.336 2.25s 0.740
6 1.000 0.702 1.000 1.000 0.702

mean L.445 0.838 7.542 0.938 L.2t2

y€ar = 24

firm effch techch pech sech tfPch

7 3.575 0.200 1.000 3.575 0.7!5
2 4.242 0.776 1.000 4.242 0.748
3 1.000 0.2L3 1.000 1.000 0.213

4 1.000 0.t62 L.000 1.000 0.t62
5 1.082 0.L4L L.O4t 1.039 0.153

6 1.000 0.t23 1.000 1.000 0.L23

mean L.594 0.166 L.O07 1.583 0.265

year = 25

firm effch techch pech sech tfPch

L 0.307 0.228 1.000 0.307 0.070

2 0.22L 0.262 0.379 0.583 0.058

3 1.000 0.989 1.000 1.000 0.989

4 1.000 0.904 1.000 1.000 0.904

s 0.958 0.842 1.013 0.945 0.807

5 1.000 0.722 1.000 1.000 0.722

mean 0.634 0.565 0.853 0.744 0.358

year = 26

firm effch techch pech sech tfPch

t 0.684 0.983 0.2L8 3.74L 0.672

2 0.697 0.983 0.432 1.6L1 0.685

3 1.000 0.9L2 1.000 1.000 0.912
4 1.000 0.868 1.000 1.000 0.868

s 1.080 0.889 2.824 0.382 0.960

6 1.000 0.986 1.000 1.000 0.986

mean 0.895 0.936 0.802 1.116 0.838
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Year = 27

firm effch techch pech sech tfPch

L 1.007 7.076 L.073 0.938 1.084

2 0.954 L.O76 1.001 0.954 1.038

3 1.000 1.046 1.000 1.000 L.046

4 1.000 1.091 1.000 1.000 1.091

5 0.963 L.087 0.357 2.696 L.O47

6 1.000 L.057 1.000 1.000 L.o57

mean 0.989 L.074 0,852 1.160 1.062

year = 28

firm effch techch pech sech tfPch

7 1.287 1.006 4.280 0.301 7.294
2 1.195 1.005 6.094 0.196 t.202
3 1.000 L.o41 1.000 1.000 !.o4t
4 1.000 L.o2t 1.000 1.000 t.ozL
5 1.019 1..014 1.006 1.013 1.033

6 1.000 1.008 1.000 1.000 1.008

mean L.078 1.016 t.724 0.625 1.095

MALMQUIST INDEX SUMMARY OF ANNUAL MEANS

year effch techch pech sech tfPch

2 0.939 0.755 1.101 0.853 0.710

3 1..087 0.603 0.911 1.193 0.655

4 1.000 0.703 L.O42 0.960 0.703

s 0.914 0.471. L.163 0.786 0.430

6 t.o37 0.L46 0.968 L.O7L 0.151

7 1.078 0.786 0.929 t.t6t 0.847

8 0J78 1.054 0.525 7.245 0.829

9 1.285 0.981 1.4s3 0.884 1.260

10 0.324 83.549 0.564 0.575 27.096

tL 2.994 L.O26 1.096 2.732 3.072

t2 1.239 0.487 1.782 0.695 0.603

13 0.7L4 1.158 0.555 1.286 0.826

L4 1.267 0.855 t.752 0.723 1.083

15 L.t02 0.022 L.206 0.913 0.024

16 1,.137 0.526 1.000 1.136 0.598

t7 0.886 0.732 0.997 0.889 0.649
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18 1.002 0.992 0.82t L.221 0.995

19 0.451 s.048 0.744 0.619 2.326

20 2.L33 1.459 1.511 t.4t2 3.133

27 1.L20 0.505 1.056 1.061 0.565

22 0.677 1..258 0.649 1.034 0.844

23 7.445 0.838 L.542 0.938 1.2t2
24 1..594 0.166 1..OO7 1.583 0.265

25 0.634 0.565 0.853 0.744 0.358

26 0.89s 0.936 0.802 L.176 0.838

27 0.989 L.074 0.852 1.160 L.062

28 1,.078 1.0L5 L.724 0.625 1.095

mean 1.010 0.800 1.009 1.001 0.807

MALMQUIST INDEX SUMMARY OF FIRM MEANS

firm effch techch pech sech tfPch

1. 1.039 0.674 1.030 1.009 0.701

2 0.995 0.546 1.000 0.996 0.644

3 1.000 0.902 1.000 1.000 0.902

4 L.Ot4 0.823 t.Ot4 1.000 0.834

5 1.009 0.925 1.008 1.001 0.934

6 1.000 0.874 1.000 1.000 0.874

mean 1.0L0 0.800 1.009 1.001 0.807

[Note that all Malmquist index averages are geometric means]
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REGRESSION RESULTS:

Table l: panel Data Analysis of Fixed Effect Model of Dependent Variable TFP and

All Independent Variables

F ixed-effects (within) regression

Group variable (i): countrYsr

R-sq: within :0.0195

Between : 0.2537

overall : 0.0223

F(4,102) : 0.51

corr(u_i, Xb) : -0.2779

tfp Coef. Std. Err. t

slopen -.1511157 .4128598 -0.37

sser -1.020313 1.376139 -0.74

ssrd .0032633 .0037 427 0.87

fdi -3.12e-10 3.36e-10 -0.93

td (dropped)

cons 9.8465 8 I 4.258402 2.31

Number of obs :
Number of groups -

Obs per group: min : 17

avg: 18.7

max: 20

Prob>F : 0.7313

Pltl 195% Conf. lnterval]

0.71s -.9700211 .6677897

0.460 -3 .7 49877 t .709252

0.38s -.0041603 .01 06869

0.355 -9.80e- 10 3.55e- l0

0.023 1.400061 18.2931

sigma_u 4.1370739

sigma_e 3 I .98 17 42

rho .01645793 (fraction of variance due to u-i)

F test that all u i:0: F(5, 102): 0.24 Prob)F:0.9449
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Table 2: panel Data Analysis of Random Effect Model of Dependent Variable TFP

and All Independent Variables

Random-effects GLS regression

Group variable (i): countrYsr

R-sq: within : 0.0180

between :0.3890

overall : 0.0239

Randomeffects u i-Gaussian
corr(u_i, X) :0 (assumed)

Number of obs : I 12

Number of groups : 6

Obs per group: min - 17

avg: 18.7

max - 20

Waldchi2(5) : 1.75

Prob>chi2 _ 0.8823

tfp Coef.

s I open -.1827268

sser -.5927133

ssrd .00341

fdi -2.16e-10

td .7 8997 5l
cons 8.538059

z P>lzl 195% Conf.lntervall

-0.46 0,643 -.9549845 .589531

-0.46 0.645 -3. I 16807 I .931381

I .01 0.3 I 1 -.003 1872 .0100072

-0.97 0.332 -6.52e-10 2.20e-10

0.11 0.910 -12.84069 14.42064

1 .85 0.065 -.s31 6829 17 .6078

Std. Err.

.3940t63
1.287827

.003366

2.23e-10

6.954548

4.627 s04

0

31.981742
(fraction of variance due to u-i)
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Table 3: Wu-Hausman Specification Test

- ---- Coefficients ----
(b) (B) (b-B) sqrt(diag(v-b-v-B))

_ fixed random Difference S.E.

slopen -.1511157 -.1827268 .0316111 .1233059

- sser -1.020313 -.5927133 -.4275993 .485036

ssrd .0032633 .00341 -.0001467 .001 6364

_ fdi -3 .12e-lO -2.16e-10 -9 .64e-l I 2.52e-10

b: consistent under Ho and Ha; obtained from xtreg

a B : inconsistent under Ha, efficient under Ho; obtained from xtreg

Test: Ho: difference in coefficients not systematic

-
chi2(3) : (b-B)'[(V-b-V-B)"(- I )](b-B)

: 0.80

Prob>chi2: 0.8501

-
(V_b-V-B is not positive definite)
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Table 4: Panel Data Analysis of Random Effect Model of Dependent Variable

Technical Change and AII Independent Variables

Random-effects GLS regression

Group variable (i): countrysr

R-sq: within :0.0222

between : 0.3 105

overall : 0.0262

Randomeffects u i-Gaussian
corr(u_i, X) :0 (assumed)

Number of obs - 112

Number of groups - 6

Obs per group: min 17

avg : 18.7

max : 20

Wald chi2(5) _ 1.87

Prob>chi2 : 0.8672

Coef.

-.r67 09s6

-.9689956

.0030693

-2.36e-10

.946697 6

8.8317 47

0

Std. Err. z

.39557 43 -0.42

L292919 -0.7 5

.0033793 0.91

2.23e-10 - l .06

6.982048 0. 14

4.645802 1.90

Prlzl 195% Conf.lntervall

0.67 3 -.942407 .6082t59
0.454 -3.503071 1.565079

0.364 -.003554 .0096926

0.291 -6.74e-10 2.02e-10

0.892 -12.73786 t4.63126

0.057 -.273858 17.93735

32.064213
(fraction of variance due to u_i)
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Table 5: Panel Data Analysis of Random Effect Model of Dependent Variable
Efficiency Change and All Independent Variables
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Random-effects GLS regression

Group variable (i): countrysr

R-sq: within : 0.0569

between : 0.1125

overall :0.0577

Randomeffects u i-Gaussian
corr(u_i, X) :0 (assumed)

Number of obs : 112

Number of groups : 6

Obs per group: min : 17

avg : 18.7

max: 20

Wald chi2(5) : 6.26

Prob>chi2 : 0.2819

efc

s 1 open

SSET

ssrd

fdi
td

cons

Coef. Std. Err.

-.0414045 .0447 55

.26t723s .1462801

.0000s72 .0003 823

7.41e-12 2.53e-11

-.9620502 .7 899447

r .83 834 1 .5256233

P>lzl

-0.93 0.355

r.79 0.074

0.15 0.881

0.29 0.770

-1.22 0.223

3.s0 0.000

195% Conf.

-.1291228

-.0249802

-.0006921

-4.21e-ll
-2.510313

.808 r 38s

Interval]

.0463137

.5484272

.0008066

5.70e-l I

.5862129

2.868s44

sigma_u 0

sigma_e 3.400484
rho 0 (fraction of variance due to u_i)
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