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Abstract of the Paper

Using the Malmquist productivity index, the efficiency change index, and the technical change
index, this paper compares the productivity growth of 15 matched manufacturing sectors of
Koreaand Taiwan. The distance functions are derived by using industry-wide production
frontiers from 1979 t01996. We find that the efficiency growth rates for both countries are high
and are the predominant component of productivity, and that technology, and thus productivity,
growth rates are much higher in Taiwan than in Korea. At adisaggregated level, thereis more
similarity in technology growth, and less or none in efficiency growth. In both countries,
productivity growth is similar, but traditional industries rely more on efficiency, basic industries
on technology, and high-tech industries on both. The petroleum and coal products sector is
consistently the major innovator of the manufacturing industry in both countries, but the minor
innovators differ.
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Productivity Growth in Newly Developed Countries

-- The Case of Korea and Taiwan
Frank S.T. Hsilao* and Changsuh Park*
University of Colorado at Boulder
|. Introduction
After the Asian financial crisis of 1997, it has become clear that the “East Asian
Economic Miracle” hasitslimits. The Asian NIEs and the ASEAN countries have fallen into

i

recession, and face the prospect of a productivity slow-down.™ Taiwan and South Korea
(hereafter Korea), the most prominent “twins’ among the impressive Asian performers, are no
exception. This paper compares productivity growth, and its two components, technical progress
and efficiency change, at the matched manufacturing levels of the two countries during 18 years
(1979-1996) before the financial crisisset in.

The importance of productivity growth in the study of the economic devel opment of
nations cannot be overemphasized. Productivity growth is “the single most important indicator
of any nation’s economic performance in the long run” (Lester, 1998), and “for real economic
miracles you have to look to productivity growth ... In terms of human welfare, there is nothing
that matter as much in the long run” (Baumol, et al., 1989). Indeed, Korea and Taiwan can claim
the long-run “miracle growth” of the twentieth century. From 1911 to 1992, the average annual
growth rate of real GDP per capita of Taiwan was 3.04%, and of Korea, 2.98%. The two ranked
second and third in long-run world development, surpassed only by Japan, which had 3.34%. If
we restrict our calculation to the postwar period from 1951 to 1992, then Taiwan’s real GDP per
capita average annua growth rate was a whopping 6.03%, ranked number one in the world,
followed by Korea's, at 5.98%, even higher than that of third ranked Japan (5.57%) (Hsiao and
Hsiao, 2003). Almost for a century, the real GDPs per capita of Koreaand Taiwan, measured
either by levels or by growth rates, grew like twins. By 1996, Korea was admitted to the OECD.
Taiwan should have followed suit, but was prevented by international politics. Thus, one would
expect asimilar pattern of productivity growth in these two newly developed countries.

Productivity may be partial, either labor or capital productivity, or total (multifactor).
Partial productivity is the value of output produced per unit of labor or capital, and total



productivity measures the value of output when both factors are used. In this paper we discuss
both partial and total productivitiesin the manufacturing industry. Both Taiwan and Korea are
manufacturing-oriented countries with a high share of manufacturing goods exports to total
exports (Syrquin and Chenery, 1989). The manufacturing industry played a crucia role in the
rapid growth of both countries in the postwar period (Timmer, 2000).

The traditional method of productivity analysisisto calculate productivity growth based
Bl

on production or cost functions with some restrictive neoclassical assumptions.~ Despite much
discussion in the literature, there is no consensus about the size of total factor productivity
growth rates (Hsiao and Hsiao, 1998). This paper, instead, proposes to use the recently
developed method of the Malmquist productivity index and its composition using non-parametric
data envelopment analysis (DEA). There are afew papers that use the Malmquist index
methodology to study productivity growth in Korea and Taiwan by decomposing the index into
two components. technological change and efficiency change. Theseinclude Lee, Kim and Heo
(1998) and Kim and Park (2002) for Korea, and Faere, Grosskopf, and Lee (1995) and Lee (1997)
for Taiwan. However, so far as we are aware, no one has used thisindex to make direct
comparisons of productivity growth between these two newly developed countries, even though
they are so similar in history and stage of devel opment.

In Section |1, we first show Korean and Taiwanese economiesin the world. Their
economic scalein terms of GDP level islarge compared with that of many nations with much
larger populations or areas. We then point out that in the postwar period, the real GDP per capita
level of Korea has been consistently lower than that of Taiwan. Curiously, economistsin Korea
and Taiwan, aswell asthose in the field of economic development, completely ignore this fact.
We would like to explain this from the productivity performances of the two countries.

The major technical contribution of this paper is to use the Malmquist output index and
its composition, the efficiency index and the technology index, in comparing the matched

manufacturing sectors of Korea and Taiwan. We derive the composition in avery ssimpleway in

! Recovery is on the way in 2002, although “ Growth in the region will continue to be uneven. And there's plenty
that can go wrong.” (BusinessWeek, 2002).

2 See Stiroh (2001) for exposition on the restriction and some survey of total factor productivity (TFP) studies. For
survey articles, see Hsiao and Hsiao (1998), Dowling and Summers (1998). A recent study of TFP growth in Korea
isgiven in Kwack (2000). There are several papers that compare directly the TFP of Korea and Taiwan, including
Oshima (1987), Kawai (1994), Okuda (1997), and Timmer (2000). None, however, use the decomposition of the
Malmquist productivity index.



Section 11, followed by an explanation of the sources of datain Section V. We use the three-
digit matched industry levels of 15 manufacturing industries so that the differencesin
productivity are not due to the product composition of each industry. Torii and Caves (1992)
also use the matched manufacturing sectors. However, they are more concerned with the
different estimation methods of frontier production functions and with determination of the
productivity of Japan and the United States.

Section V studies the overall industrial structure of Korea and Taiwan by comparing real
output, real capital, the number of workers, and partial productivity of labor and capital between
Koreaand Taiwan. Thisisthe conventiona analysis of productivity in the literature, as may be
seen in various papers collected in Wagner and van Ark (1996).

In Section VI, we go beyond traditional analysis and studies and compare efficiency,
technology, and productivity indexes of a cross-section of 15 manufacturing sectors, which are
grouped into three categories, traditional, basic, and high-tech industries, as well as the time-
series of these indexes. We believe our method of presentation and analysis of international
comparisons of productivity growth isinnovative and unique in the literature. In Section VI, the
time-series data are divided into period A, 1979-1986, and period B, 1987-1996. We then
compare efficiency, technology, and productivity of the three industrial categoriesin each sub-
period. Section VI1II asks an important question: which sectors are the real movers of the
manufacturing industry in these newly developed countries each year, the sectors which help
form the social meta productivity frontier which serves to measure the efficiency and technology
of other industries. We also discuss briefly the effects of industrial policy in both countries.
Section IX present the conclusions.

II. Koreaand Taiwan in the World Economy

One of the problems with comparisons of productivity among countries is that we may
compare the productivity of economies at different stage of economic and socia development.
This happens in many cross-section anal yses when many countries are involved. Fortunately,
thisis not the case with Korea and Taiwan. We have alluded to the similarity of the long-run
real GDP per capita growth rates of the two countriesin the introduction. In this section, we

examine the levels of GDP in both countries.



According to the World Development Report classification (World Bank, 2000/2001, 275,
footnotes), by 1999, ASEAN countries, except Indonesia, belonged to the lower middle-income
countries (US$ 755 to 2,996). Korea was an upper middle-income country (US$ 2,997 to 9,265).

Taiwan, along with Hong Kong and Singapore, belonged to high-income category, with per
capita GNPs reaching US$ 9,266 or more. From 1980 to 1999, the per capitaincome of Korea
increased 5.6 times, and that of Taiwan increased 5.7 times, five times faster than the average for
middle-income countries, and twice faster than that of the United States, while GDP per capita of
ASEAN-4 increased only dlightly above the average rate. The convergence of GDPs per capita
of Koreaand Taiwan to those of the industrial countriesis evident (Hsiao and Hsiao, 2002b).

In terms of the level of GNP in 1999 (WDR, 2000/2001), the contrast is even more
dramatic. Few people know that the economic scale of Koreain terms of nominal GNP in US
dollars (ranked 13th in the world) is about 40% of that of China (7" at US$ 980 billion). At the
GNP level of US$ 292 hillion (TSDB, 2000, 13), the economic scale of Taiwan (ranked 17") is
almost the same as that of Russia (16™ at US$ 332 hillion), as much as 66% of India and 30% of
China, and larger than Argentina (18" and Switzerland (19™).

Figure 1 presents along-run historical view of the economy of Koreaand Taiwan. It
shows the ten-year moving average of real GDP per capitain 1990 Geary-Khamis dollars for
Taiwan, South Korea, and some OECD countries in the logarithmic scale, since the colonial
period (Hsiao and Hsiao, 2002a; Maddison, 1995). It visualizes and confirms the distinctively
twin-like relation between the two countries. In the prewar period, both economies grew rapidly
and attained the highest real GDP per capita just before WWII, and both then plunged to alevel
which was even lower than the level of the early 1910s. The diagram shows that the “miracle’
of economic growth in both countries started as early as the 1910s, disrupted by WWII and the
chaos of the early postwar period for almost 20 years. The economies recovered to their prewar
peak during the late 1950s and the mid-1960s, and then continued to show rapid economic
grovvthElthereafter.

3 Us ng the Perron’ stest of time-series analysis, we have shown that the plunge of GDP per capitain 1944 was
indeed very significant in both countries (Hsiao and Hsiao, 2003).



After 1970 both grew faster than any other countriesin Asiaincluding Japan, and even
faster (the lines are steegper) than all of the advanced countries in the postwar period (Hsiao and
Hsiao, 2003). Although, compared with Japan, real GDPs per capita of Korea and Taiwan
decreased after the war until 1970, they started to catch up with Japan after 1970 (ibid). If Korea
and Taiwan continue their current tracks of progress, it is not inconceivable that both countries
may even surpass other developed countries (ibid.). Aseconomic growth is determined by
productivity, we may expect that the pattern of productivity growth of these two countries may
be similar. Thisisthefirst point we would like to explore in this paper.

As Figure 1 shows, for amost a century, the real GDP per capitalevels of Koreaand
Taiwan have grown together hand in hand. It isworth noting that the real GDP per capita of
Korea was consistently higher than that of Taiwan in the prewar period, and it became
consistently lower than that of Taiwan in the postwar period. Many reasons have been given
(ibid.): There may be systematic errorsin the data, or the aftermath of the evils of colonialism
may have been worse in Koreathan in Taiwan; it may also have been due to different
government policies, or to different patterns of development and industrial structure. Inthis
paper, and as our second purpose, we would like to shed some light on this question from the

vantage point of productivity growth of the matched manufacturing levels of both countries.

[11. The Malmquist Productivity I ndex

Unlike the neoclassical model of productivity analysis, the Mamquist productivity index
method allows inefficiency in production, and can be decomposed into indexes of technical
efficiency (catching-up) and technical change (innovation). Let the pair of observed input vector
X at time t and the corresponding observed output vector y; at timet be denoted asa = (x', Y.

Then the output distance function at timet is defined as
D(&) = irgf {3y /8isin P(x)} Q)

= [sup{8|dy'isin P(x)}]*

where P(x) = {y' |x' can producey'} isthe production set at time t which is convex, closed,
bounded, and satisfies strong disposability of x' and y* (Coelli, 1996, 62). The scalar disa
fraction, 0< d< 1foral y'=0,and d=1if y'isin the production set. Then, the Mamquist
productivity index (MPI) at time t when the production set (technology) is P{(x') is defined as M'



= D'(a"**)/ D'(d), which is the ratio of the maximum proportional changesin the observed outputs
required to make each of the observed outputs efficient in relation to the technology at t.
Similarly, the MPI at time t+1 when the production set is P*(x) isM™* = D"}(a"*!)/ D"*(d),
which refers to the technology at t+1. To avoid ambiguity in choosing the indexes, the output-
oriented MPI is then defined as the geometric mean of the MPI in two consecutive periods
(Codlli, et a., 1998, 128; Faere et a., 1994):

12 _ %Dt(aﬁl)% Dt+l(at+l)5§/2
m Dt(at) D:D Dt+l(at)|:||:|

MPI = (M'M™h) @)

where MPI > = < 1 implies productivity growth (or change) is positive, zero, or negative from
period t to period t+1. We estimate the four distance functionsin (2) by non-parametric linear
programs. The method is to construct an annual cross-industry best-practice meta production
frontier from the sample, and then compare the observed annual output of each industry with the
cross-sector frontier.

Following Faere, et al. (1994, 1995) and Lee, et a. (1998), we use a cross-sector frontier
A

for the whole industry, instead of the sector-specific frontiers,~since, in this paper, we are
interested in the relative performance among all the sectors, reflecting the social capacity of the

economy wide production system (Nishimizu and Hulten, 1978).

The MPI in (2) isthe standard definition. It isenigmatic and not intuitively clear. Inthe
literature, the diagram with one-input one-output of Fare et al. (1994) is often reproduced to
illustrate the concept. Instead, we will present it and show its decomposition using the familiar
diagram of production possibility curv&El(PPC) (see Figure 2). To avoid the cluttering of
superscriptsin Figure 2, we denote the observed outputs for periodst and t+1 asy and z,
respectively, and the corresponding efficient outputs at timet asy’ and z' along the PPC P (x),
and those at timet+1 asy” and z" along the PPC P’ (x), respectively. Then, in Figure 2,
substituting D'(d) = y/y’, D'(@*") = z/z, etc., into the definition of the MPI above, we have

* Elsewhere we have constructed the sector-specific frontiers with further decomposition of the efficiency index
into the pure efficiency change and the scale efficiency change, based on the variable-returns-scal e technol ogy
gHsiao and Park, 2002a).

We submit that our method of illustration is unique in the productivity literature.
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which, in terms of the original distance function (2), is equivalent to
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The value of MPI may be calculated from the linear program. Thus, the MPI is decomposed into
aproduct of two terms. The termsin the square root measures the relative movement of the PPC
in each period. Their geometric average of the ratios is used as an index of the technological
change over the two periods, and is denoted as Tl (the technology index). It represents new

product and process innovation, new management system, or external shock that shifts the PPC.

Thefirst term in (4) shows the ratio of the degree of deficiency of the observed y and z
relative to the corresponding output along the PPC at each period. Thisterm isan index of the
relative efficiency change by comparing the actual output with possible output the technol ogy
allows at each period, and is denoted as El (the efficiency index). It reflects the results of
technology learning, knowledge diffusion and spillover across the industrial sectors,

improvement in market competitiveness, cost structure, and capacity utilization, etc.

In this paper, we will refer to the output-oriented Malmquist productivity index (MPI)
simply as the productivity index.

When the observed outputs are on the PPC curve at each period, that is,y =y’ andz = 7",
then El = 1. Inthiscase, if the technological progressis Hicks neutral, the PPC moves
proportionatel y outward along the ray from the origin, and y”/y’ =z"/z° = zly. Thus, we have Tl
=z/ywhereyison P (x) and zon P’ (x). zly isthe same as the conventional definition (using
the growth accounting method) of the total factor productivity (TFP) ratio between two periods.



When 1 is deducted from thisratio, TFPG = (z/y — 1)*100 is the discrete growth rateE(or
percentage change) of TFP (Faere et a., 1994) between the two consecutive periods. Hence, the
TFP growth rateis a specia caseElof the MPI when EI =1. Similarly, MPG = (MPI-1)* 100
isthe growth rate of productivity, EG = (EI — 1)*100 is the growth rate of efficiency, and TG =
(T1-1)* 100 is the growth rate of technology. These three indicators will be used in this paper to

compare the industrial structures of Korea and Taiwan.

The output-oriented Mamquist productivity index (MPI), efficiency index (El), and
technology index (TI) arefirst calculated using the method of nonparametric data envelopment
analysis used in Faere, et a. (1994) and programmed in Coelli (1996). The growth rates of the
productivity (MPG), efficiency (EG), and technology (TG) are then calculated by subtracting one
from the indexes and multiplying by 100. Comparisons of productivity are performed using
indexes as well as growth rates, both of which are pure numbers, independent of the units of
measurement used in each county.

Differentiating MPI logarithmically, we have the unique relationship

MPI = El +TI .
That is, the continuous growth rate of MPI is the sum of the growth rates of the efficiency index
and the growth rate of the technology index. Since we use discrete growth rates, the relation
between MPG, EG and TG is only approximate, that is,
MPG OEG + TG

which may deviate considerably in some empirical studies.

® In conventional notation, sincey =y, and z = .4, TFPG = (2/y) — 1 is a discrete growth rate, which is compounded
onceayear. On the other hand, if we define TFPG = Inz—Iny, then it is a continuous growth rate, which is
compounded instantaneously. In the continuous case, the sum from period 0 to period 17 will cancel out the middie
terms and the average growth rateis (In y17 - Inyg)/17. Since some growth rates are negative, we use the discrete
rowth rate.
Thus, it is confusing, if not in error, to refer to MPI as TFP or the TFP ratio.



I'VV. Sources of Data

For Korea, the real value-added and the number of workers by industry are taken from
OECD (2000), STAN Database for Industrial Analysis 1970-1997. We didn’t use “Report on
Mining and Manufacturing Survey” since itsindustry classification has been changed several
times over the years, and is difficult to find matched classification. Furthermore, the survey only
lists gross output. To derive value-added output, we still need to calculate production of
intermediate output using the input-output table. For the physical capital stock, see Pyo, H-K.
(1998), “Estimation of Korean Physical Capital Stock by Industry and Type of Asset,” Korea:
Korea Institute of Public Finance (Korean). GDP by industry is taken from Korea National
Statistic Office (2002) homepage: http://www.nso.go.kr}

For Taiwan, the data were made availabl e to the authors courtesy of Drs. Sheng-cheng
Hu and Vei-lin Chan. Real GDP (calculated by dividing the GDP deflator for each industry) is
from Taiwan Area National Income, which has data on 22 manufacturing sectors. Dueto the
lack of consistency among the data, Hu and Chan (1999) selected 15 industries, which are used
in this paper. Real capital (at the 1991 constant price) is adopted from the table on Series of Red
Net Fixed Capital Stock (excluding land) of Industrial and Service Sectorsin The Trends and

Multifactor Productivity, Taiwan Area, published every four years by the Directorate-General of

Budget, Accounting and Statistics, Executive Yuan, Taiwan. The number of workersis taken

from Monthly Statistics of Manpower Allocation, Taiwan Area, published by the Ministry of

Economic Affairs (ibid.).

Since Taiwan’'s data set consists of 15 sectors, as shown on the left-hand side of Table 1,
and rang%EIfrom 1978 to 1996, the Korean data are rearranged and matched with the Taiwanese
data and are reduced to 15 sectors, as noted in the last column of Table 1.

8 The data range from 1978 to 1996. We lost one year in calculating the indexes and the growth rates..
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To calculate the Malmquist Productivity Index of (2), we need four distance functions for
the initial two periods for each sector. Each additional period requires three more distance
functions (Coelli, 1996). Thus, for 18 years, each sector requires 52 (=3x18-2) distance
functions. For 15 sectors and 18 years, we have found 780 linear program solutions of distance
functions to construct the time series of the productivity index. The productivity index of each
sector in each year is decomposed into indexes of efficiency and technology. At the end, we

have generated a sample of 810 (=3x15x18) panel data of the three indexes.

In the following analysis, we compare the time-series data as well as the cross-section
datafor the two countries. Because the years in the mid-1980s are considered a period of
transition from traditional industrialization to the high-tech and service-oriented industrialization
for both countries, the time-series data have been divided into two sub-periods. Period A covers
1979 to 1986 and Period B, 1987 to 1996. Taiwan lifted its 37-year long Martial Law in 1987,
and entered anew era of political freedom and economic liberalization and reform (Hsiao and
Hsiao, 2001). Similarly, Korea passed the 6.29 Declaration on democratization to change the
presidential election method from indirect to direct election by the people, and promulgated
seven other laws to democratize the society. One of the consequences of this, asin Taiwan, has
been the gain in power of labor unions (Leg, et al., 2001).

Following Hu and Chan (1999), the 15 sectorsin the cross-section data set are further
grouped into three categories. The traditional industry category (T, Sectors 1 to 6), the basic
industry category (B, Sectors 7 to 11), and the high-tech industry category (H, Sectors 7 to 15),
as shown in thefirst “ Category” (Ca) columnin Table 1.

V. Labor and Capital Productivities

The conventional method of comparing the productivity of manufacturing sectors within
and between countries is to examine the average labor and capital productivity of the
manufacturing industry (Wagner and van Ark, 1996).

Figure 3 draws the time series of real output (Q), real capital (K), and the number of
workers (L), labor productivity (Q/L), and capital productivity (Q/K), measured in New Taiwan
Dollar for Taiwan and won for Korea, except that labor is given by the number of workers. The

units of the data are adjusted to fit the time seriesin one diagram. They are drawn to show
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merely the trend and shape of the lines within the country and between the countries over the
years, but the height of the lines and columns between the two countries are not comparable, as
the lines and columns are measured in each country’s national currency in different units.
Except real output, which is drawn in columns and measured from the right-hand side secondary
Y-axisand labeled initalic font, al lines are measured from the left-hand side primary Y -axis.
In both countries, there is a steady increase in real output (Q), real capital stock, and
labor productivity (Q/L) during the longer period. Thereisasurge in the number of workersin
thefirst half of the 1980s. The difference between the two countriesis apparent in capital
productivity (Q/K), which increases steadily in Korea during 1979-1996, but in Taiwan,
increases up to 1987 and then decreases after 1988, corresponding to the decrease in the output
share of the manufacturing sector in GDP, as Taiwan enters a service-oriented stage of
development after the mid-1980s (Hsiao and Hsiao, 2001). Since the manufacturing sector is
generally more capital intensive, it isnot clear that the decrease in the share of the manufacturing
industry in the industrial output is due to the decrease in capital productivity. To determine
whether that is the case, we need to look into the experience of other advanced countries.

Table 2 confirms the above observations using correlation coefficients within and
between countries.EI The level of significance at 1% (@), 5% (b), 10% (c), and 15% (d) isalso
indicated next to a coefficient. Between the two countries, there is a strong and very significant
correlation in real output, real capital, number of workers, and labor productivity. The
correlation coefficients of capital productivity between the two countries are positive and very
high (0.889) in period A, but negative and very significant in period B (-0.966), showing the
similarity in period A and deviation in period B, resulting in negative but not so strong
correlation in the 1979-1996 period (-0.508).

® Correlation anal ysisis often used in intercountry comparisons, as seen in O’ Mahony and Wagner (1996). For the
use of thet distribution in productivity analysis, see Torii and Caves (1992). Let r be a sample correlation
coefficient from a bivariate normal distribution. Then, t = r((n—2)/(1—r2))”2 has the t distribution with n-2 degree of
freedom. Thus, thet tables may be used to test the null hypothesis p = 0 and t above may be compared with
t(0.01,16) = 2.921, 1(0.05,16) = 2.120, t(0.10,16) = 1.746, etc. When p = 0isrejected at alevel of significance, then
the industry in the two countries correlates at that level of significance.
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Within each country, labor is positively and significantly correlated with real output and
real capital in period A, but is negatively and rather weakly correlated in period B. For both
countries, they are complementary in period A but substitute in period B. A similar relation
holds between labor and capital productivity, and labor and labor productivity in both countries
in periods A and B, except for the correlation between labor and capital productivity in Taiwan.

VI. Total Productivity Growth, 1979-1996
Having cal cul ated efficiency, technology, and productivity growth rates for Korea and
Taiwan covering the cross-section of 15 manufacturing sectors, each of which has atime-series

of the three growth rates from 1979 to 1996, we will now discuss their properties separately.

A. Analysisof the Cross-Section Data

Figure 4 shows the average outputIEI

197910 1996. EG isshown by an empty column on the left, TG, by afilled dark column on the

of each manufacturing sector for the period from

right, and MPG by a marked line with circles. The number next to the circle mark is the value of
MPG. We also calculated the weighted grand averagemgrowth rates, EG, TG, and MPG, for the
whole manufacturing industry. The weighted grand average and its values are shown after the
dotted lines and also in the x-axis label below. The lower section of the chart aso indicates
whether a sector isin the traditional (T), basic (B), or high-tech (H) category.

At an aggregate level of weighted grand average growth rates of the manufacturing
industry as awhole, both countries have ailmost the same positive efficiency growth, 1.80% for
Koreaand 1.65% for Taiwan. However, the similarity ends here. The overall technology
growth rates are quite different, -1.38% for Korea and 0.72% for Taiwan, resulting in alow MPG
for Korea (0.38%) and a much higher MPG for Taiwan (2.23%) (the circle marker of “Grand

10 Figure 4 is constructed as follows. Wefirst take the geometric mean of El (and also Tl and MPI) of each
manufacturing sector for the period from 1979 to 1996, thus we have 15 means of El’s, each for 15 sectors. Do the
same for TI and MPI. We then subtract one from each mean and multiply it by 100 to obtain EG, TG and MPG.

1 To derive the wei ghted grand average, we first weight the index EI (and similarly TI and MPI) using the value-
added output share of each sector for each year as weight, and then sum the weighted index for each year over the 15
sectors. Thiswill aggregate the El for 15 sectors. Do the same for Tl and MPI. After taking the geometric mean of
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Average’ column in Korea and Taiwan sections). Thus, efficiency growth is the dominant factor
in productivity growth in both countries, and they are almost the same. However, considering
that the manufacturing industry plays a prominent and leading role in a country’s
industrialization, negative technology growth and the resulting low productivity growth in Korea
may, at least partially, explain why GDP per capita of Koreafalls behind that of Taiwan in
Figure 1. Itisrather surprising that technology growth rates, and therefore productivity growth

rates, can be so different between these two newly developed countries.

At adisaggregate level, the other part of Figure 4 provides sector-by-sector information
in detail. Among the sectors, Korea' s EG, TG, and M PG fluctuate much more than those of
Taiwan. All of Korea straditional sectors register large negative technology growth rates (TG),
as well as negative productivity growth rates (MPG) and the efficiency growth rates (EG), except
for the“ Textiles” and “Paper and Pulp” sectors. Thisis different from Taiwan, which has a
small technology growth (TG) in *“Food, Beverages, and Tobacco,” “Textiles,” and “ Paper and

Pulp,” while the lossesin “Apparel,” “Leather,” and “Wood” sectors are much smaller.

In contrast, during the whole period of the study, all sectorsin Taiwan’s basic category
(B) have positive growth rates in efficiency (except the small negative EG in the Primary Metal
sector), technology, and productivity, especially in the Petroleum and Coal sector (4.7%). Korea,
on the other hand, although having similar technology and productivity growth rates in the
Petroleum and Coal sector, has large negative technology growth in Fabricated Metal sector.

A very clear similarity can be found in the high-tech industry category (H). Except for
the efficiency growth rate of the “Precision Instruments and Others’ sector, the sign pattern of
the growth rates of efficiency, technology, and productivity and the order of the productivity
growth rates among the sectors are all remarkably the same between the two countries, and the
size differenceis aso small, showing the similar industrial structure in the high-tech category in

El, TI, and MPI for 18 years, respectively, and subtracting one from the index and multiplying by 100, we have the
weighted grand average growth rates of the manufacturing industry for the three indexes.
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both countries. Thisis due to the fact that both countries have enforced the development of the
electric and electronic sector, machinery, etc. and the high-tech industries are more exposed to
the same international market and multinational investment in both countries. In contrast, the
traditional category ismore local in character and differs considerably between the two newly
developed countries.

The similarities and differences among the three categories are clearer if the three indexes
are arranged in descending order of productivity growth rates (MPG). Thisisshown in Figure 5.
In all categories, Korea has much larger and more negative growth rates than Taiwan, especialy
in technology growth. Note the similarity of the shape and location of the columns and linesin
all categories, especialy the same ranking of sectorsin the High-tech category. They are indeed

visudly similar. -

To find the degree of relationship among the sectors between Korea and Taiwan, we have
calculated Pearson correlation coefficients among EG, TG, and MPG between Korea and Taiwan
in Table 3. Thistable shows the correlation coefficients of weighted indexaElfor the 15
manufacturing sectors in the two countries, using the datain Figure 4. Table 3a givesthe
coefficients of the manufacturing industry as awhole, and Tables 3b to 3d give the coefficients
for the three categories. In each subtable, the upper left block shows the correlations among the
pairs from EGk, TGk, and MPGk for Korea, and the lower right block shows the correlations
among the pairs from EGt, TGt, and MPGt for Taiwan. The coefficients along the diagonal line
with bold-faced numbers are the direct comparisons of EG, TG, and MPG between Korea and

12 The correlation coefficient r's of the wei ghted indexes are taken as follows. For Table 3b to 3d in each country
we weigh each of the threeindexes El, TI, MPI in each category by the corresponding val ue-added output shares
within that category for each year. Summing the weighted index in each category, we have the average weighted
index for each category, each index containing 18 time-series observations. The correlation coefficients are taken
among the six weighted indexes, Elk, Elt, ... within a category, the degree of freedom being 16. For Table 33, the
r's are calculated by summing a weighted index of the 15 manufacturing sectors, the weights being the value-added
output shares of the 15 manufacturing sectors of that country each year. Thus, each of the six indexes contains 18
time-series observations. Note that the calculations of the r’s among the indexes (EIk, Elt, ...) and of the r’samong
the growth rates (EGk, EGt, ...) are the same.
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Taiwan, and the off-diagonal numbers are cross comparisons of growth rates between the two

countries.

We submit that if the Korean and Taiwanese economies are at the same stage and the
structures of production are similar, then the growth rates of efficiency, technology, and MPI
will be more or less similar and of the same magnitude and trend, as the sample may be regarded
as drawn from the same population. Thisimpliesthat the Pearson and rank correlation
coefficients between the variables and countries should be high. With this understanding, we

may observe some interesting patternsin Table 3.

a. For the manufacturing industry as awhole (Table 3a), along the bold-faced diagonal elements
in the small box, the correlation coefficient is high and very significant for productivity growth
(MPG), but that of technology growth (TG) isamost zero and not significant, and that of
efficiency growth (EG) is negative and not significant. The two newly developed countries are
very similar in the pattern of productivity growth, and yet have quite different, or even opposite

patterns of efficiency and technology growth at the aggregate level of the manufacturing industry.

Along the diagonal of other subtables (Tables 3b, 3c, 3d), correlation coefficientsin the
traditional sector are positive but not significant, and in the basic sectors, they tend to be negative
but not significant. Only technology growth and productivity growth in the high-tech category
are significant at the level of 10% and 5%. This reinforces our observation above that new
technology comes from the same international market which both Korea and Taiwan face,
resulting in high correlation coefficients. On the other hand, efficiency improvement, similar to
the traditional industries, is more country specific and islocal in character, independent of
international influence. This seemsto be the case in general for al the boxesin the subtables.

In the traditional and basic categories the correlation coefficients are not significant or

even negative; i.e., these sectors in the two countries are generally not correlated.

b. The triangle matrices in the upper left corner and lower right corner show the relation of the
three growth rates within each country. The within-country comparisons aso reveal severa
interesting similarities between the two countries.

For the manufacturing industry as awhole (Table 3a), in both countries, thereisavery



16

high correlation between MPG and EG or TG, especialy in Korea, but low or negative and
significant correlation between EG and TG. Thus, even though EG and TG are the components

of MPG, they are generally independent of each other inside each country.

c. Thisrelation, however, differs with the industry category. In the traditional sector (Table 3b),
EG and TG in both countries, and especially EG, have high and significant correlations with
MPG. Thus, for both countries, the main source of productivity growth in the traditional

category comes from improvement in efficiency rat her than in technology.

d. In contrast, in the basic category (Table 3c), TG in both countries has a very high and
significant correlation (1%) with MPG, but EG has different relation in the two countries. EG is
highly correlated with MPG in Korea, but negatively and insignificantly correlated with MPG in
Taiwan. Thus, we may consider that the main source of productivity improvement in the basic
category comes mostly from technology growth rather than from efficiency growth, as the effects

of EG on MPG in these newly developed countries differ.

e. Inthe high-tech industry category (Table 3d), we notice that, unlike the other two categories,
both EG and TG have a very high correlation with MPG at the 1% significance level, although
the correlation coefficient between EG and MPG in Taiwan has level of significance of only
10%. Thus, in both countries, the source of growth of productivity in the high-tech industry
category comes from both efficiency improvement and technology growth, greatly increasing the

output growth of the high-tech industries in both countries.

f. The overall effect of the three categories on the manufacturing industry, as shown in Table 33,
isthat in Korea both efficiency and technology improvements contribute to productivity growth
(at 1% level of significance), but in Taiwan, efficiency growth does not contribute to

productivity growth, and only technology growth does so in all categories.

g. Aside from the bold-faced diagonal coefficients, the off-diagonal coefficients relate one index
of one country to another index in the other country. The coefficients may be small or negative
and generally not significant, as expected. However, astrange finding is that in the high-tech
category, Korea' s technology growth and efficiency growth are significantly correlated with
Taiwan's productivity growth, and so is Taiwan’s technology growth with Korea's productivity
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growth. The explanation is not clear. Both growth indexes may be influenced by athird factor,
such as the international technology market or the pattern of technology transfer in the high-tech
industries, or perhaps there is a learning process between the countries. In any case, this
interpretation is consistent with our other observations.

Figure 5 shows, when each category is arranged in decreasing order of productivity
growth rates (MPG), the shape, trend, and position of the three indexes are visibly very similar
between the two countries. Thus, we have a so cal culated the cross-country rank correlation
coefficients of the ranking of the sectorsin each category between the indexes (not shown here).
It turns out that the correlation coefficients of the rankingsin each category are very similar to
Table 3. For the manufacturing industry as awhole, the rank correlation for the technol ogy
index islarge (0.7) and that of the efficiency index isvery small (0.2). The rank correlation
coefficients of EG in traditional and basic categories are negative and small and insignificant,
while the coefficient in the high-tech category is 1.0. Thus, the efficiency growth in both
countriesis not only country-specific, but the ranking of the sectorsis also country-specific. In
contrast, technology growth in both countriesis not only highly significantly correlated, but the
ranking of the sectorsis exactly the same. This again seems to reflect the international character

of technological growth.

Instead of comparing the weighted indexes in each category, we may go one step further
and find the correlation coefficients of unweighted indexes EG, TG, and MPG between the two
countries sector by sector.IEI Thisis presented in Figure 6 diagrammatically. The left-hand side
of Figure 6 shows the direct correlation coefficients of each manufacturing sector between Korea
and Taiwan. Clearly, the coefficients for EG (the empty bars) are generally lower than those for
TG (thefilled bars). Thus, technology growth shows more similarity between the two countries
than the efficiency growth. There are more positive and high correlation coefficientsin TG,
more negative correlations in EG and MPG in the traditional category, and more negative
correlations in TG and positive correlations in MPG in the basic category. Thus, more diverse
trends are shown in the traditional and basic categories between the two countries. In particular,

13 The correlation coefficient r of each sector between the two countriesis found by correlating the time series data
of El (or Tl or MPI) of a sector in Taiwan with the time series data of El of the same sector in Korea. The same for
Tl and MPI. Inthis exercise, the indexes are not weighted.
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in traditional industries, the “Food, Beverage, and Tobacco”, “Apparel”, and “Leather, Fur, and
Products’ sectors have negative correlation coefficient in productivity, but the “Food, Beverage,
and Tobacco,” “Wood Products’ and “Leather” sectors have very high correlation coefficientsin
TG and low or negative coefficientsin EG.

In the traditional and basic industry categories, the correlation coefficients of TG and EG
tend to be opposite; if oneis positive, the other will be negative. Thisis not the case in the high-
tech category, in which TG and EG often have relatively strong and positive correlation

coefficients, except EG in the “Precision Instruments and Other Manufacturing” sector.

Our diagram confirms our observation in Table 3 that there is more similarity among the
indexes in the high-tech categories than the other categories. Thus, whether from the weighted
indexesin Table 3 or the un-weighted indexes in Figure 6, we have the same observations and

conclusion.

We have a'so calculated the (arithmetic) average of the correlation coefficients of the 15
sectors. The average EG of the whole manufacturing industry is close to zero (0.05), while the
average TG is0.17, and the average MPG is 0.2. These numbers are indeed small, mainly due to
the cancellation effect of the positive and negative correlation coefficients. It also suggests that
the aggregated numbers may be misleading.

B. Analysisof Time-series Data
The right-hand side of Figure 6 presents the time-series of correlation coefficients of

m

unweighted indexes for the 15 manufacturing sectors of Koreaand Taiwan, “'separating period A

and period B. The correlation coefficients fluctuate considerably over the years: More

 The correlation coefficient r of each year between the two countriesis found by correlating the cross-section data
of El (or Tl or MPI) of ayear in Taiwan with the corresponding cross-section data of El of the same year in Korea.
The samefor Tl and MPI. Inthisexercise, the indexes are not weighted.
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fluctuating and more negative in the early 1980s, mostly negative in the late 1980s, showing the
trend of deviation between the two countries. The correlation in the 1980sis either small but
positive or large and negative. The technology growth rates (TG), in particular, have alarge and
negative correlation (above 0.5). However, in thefirst half of the 1990s, the industrial structure
of both countries seemsto converge in all three indexes, as both governments emphasize high-

tech industries during this period.

VII. Productivity Growth of Three Categoriesin Subperiods
We examined the productivity performance of the manufacturing industry of Korea and
Taiwan in the 1979-1996 period in the previous section. In this section, we would like to

examine sector by sectorl‘-?‘I

the performance of three categories, traditional, basic, and high-tech
industries, in each subperiod, period A and period B. Aswe have seen from the analysis of
partial labor and capital productivity in Table 2, a much clearer similarity between the two
countriesin the industrial structure of the manufacturing industry emerges in the subperiods.

Figures 7 and 8 show the three categories of manufacturing industry for period A and
period B for Taiwan and Korea, respectively. In Figures 7 and 8, the sectors are arranged in the
original order for easy comparison sector by sector. When the sectors in each category are
rearranged in accordance with a decreasing order of productivity growth rates (MPG) the
similarity is much more striking (not shown). Note the great similarity in terms of the shape,
size, and position between the two countries in each period, especially those of the productivity
index in period B.

In period A, Korea has a mixture of signs of the efficiency growth rates (EG), the
technology growth rates (TG), and productivity growth rates (MPG), while Taiwan has mostly
positive growth rates for almost all sectors and categories, showing the vitality of the Taiwanese
manufacturing industry over Korean industry in period A. Referringto Figure 8, thegainin
productivity growth of Taiwanese traditional industriesis mostly due to efficiency growth, very

%> Since we do not aggregate the data, the indexes are not weighted by the value-added output shares.
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little to technology growth, except probably in the Food and Tobacco sector. The Taiwanese
basic industry shows strong technical growth, especially in the Petroleum, Coal and Products
sector and the Basic Metal sector. Both countries show positive efficiency growth and negative
technology growth in Fabricated Metal Products. In the high-tech category, both countries have
positive efficiency growth in all sectors, especially in the Transportation sector, and negative
technology growth in the “Electric, Electronic Machinery” and *Precision Instruments and
Other” sectors. The similarity is almost complete in this high-tech category.

In period B, the similarity of the two countriesis even greater. The advantages of the
traditional industry category in EG, TG, and MPG have mostly disappeared, and negative growth
rates are registered for aimost every sector in both countries. In this category, Korea continues to
show negative technology growth, while Taiwan shows negative efficiency growth. Indeed, the
changeis striking and dramatic in both sets of the figures. In the basic industry category,

Korea s Petroleum and Coal sector grows almost five times while the growth of the same sector
in Taiwan decreases by half. However, Taiwan continues to show positive growth in efficiency
and technology in this category, and Korea also shows improvement in technology in other
sectors, except the Fabricated Metal Products sector. In the high-tech industry category, both
countries have the same pattern of EG, TG, and MPG in every sector, and thereisan increase in

EG in the Electric and Electronic Machinery sector in both countries.

VIIIl. Thelnnovators of the Manufacturing Industry

In the process of deriving the distance functionsin (1), we have compared the actual
output of each sector each year with the corresponding maximum output on the manufacturing-
wide best-practiced beta frontier of that year (see Figure 3). The two components of the
Mamquist productivity index, efficiency change (El) and technical change (TI) are interpreted
as catch-up and shift of production frontier, respectively. Therefore, it isimportant to identify
which industries, called the innovators by Faere, et a. (1994), shift the production possibility
curve of the manufacturing industry each year. If we can find the same innovators, that would be
additional evidence for the same pattern of manufacturing structure in these two countries.

Faere et a. (1994) define an innovator as
{T|| > 1, Dit (at+l) > 1' Dit+l(at+l) - 1}
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where Tl; isthe index of technical change of manufacturing sector i, D (a"**)and D;*(a"*") are

the estimated values of distance functions of industry i. Aninnovator isthe industry i that has
technical progress at timet, located beyond the previous production frontier, but on the current
frontier based on the constant-returns-to-scale technol ogy.

Table 4 shows the innovators of the manufacturing industry in both countries. We find
both similarity and dissimilarity in the innovators of the overall manufacturing industry. First,
the petroleum sector (Pe) isthe main innovator of manufacturing industry in both countries. The
petroleum sector in Koreais an innovator over amost the whole period, except for the five years
before 1990, and in the case of Taiwan, it isan innovator in the early 1980s and the 1990s. This
can also be seen in Figure 4. On average, from 1979 to 1996, the technology and productivity
indexes of the Petroleum sector are consistently higher than those of any other sectorsin Korea
and Taiwan. We may aso seethisclearly in periods A and B in both countriesin Figures 7 and
8.

Another common innovator between Korea and Taiwan is the Precision Instrument sector
in period A. Because the economies are growing rapidly, this sector in both countries probably
includes all other innovative products that cannot be classified into the conventional definitions
of the existing sectors, yet these products play aleading role in technical progressin the
manufacturing industry. Other minor innovators are different in each country. Korea has Food
(Fd) and the Apparel sectors as occasional innovators, and Taiwan has larger variety, including
the Leather, the Electric and Electronic Machinery, and Transportation sectors as occasional
innovators. No innovator islisted in 1985, in which no technical progress occurred in the
manufacturing industry in either country. It is not clear whether thisis a coincidence or due to
some third factor in the international economy.

In terms of category, in the Korean manufacturing industry, the dominant innovators are
in the traditional industries (Fd and Ap) and basic industries (Pe). High-tech industries play
weak roles asinnovators. In Taiwan, the basic and high-tech industries are the major innovators,
and the traditional industries have not been in the position of innovators.

In general, both countries have the two same major innovators and different minor
innovators. Both countries embarked on the heavy and chemical projectsin mid-1970s. Taiwan
in 1974 as part of the “Ten Major Construction Projects’ (Hsiao and Hsiao, 1996, 251-252), and
Koreaalso in 1974 by establishing the National Investment Fund (Bae, 2001). So far asthe
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Petrochemical and Coal sector is concerned, Table 4 shows that both countries have apparently
succeeded in their industrial policy of promoting this sector, although other projects have been
lack-luster or have failed.

In the 1980s, however, both governments started promoting capital and skill/high-tech
industries, which included, in addition to chemicals and their products, electronics, basic metal,
machinery, transport equipment, and precision instruments (Hsiao and Hsiao, 1996, 254; Okuda,
1997). Inview of this, it israther surprising that the Electric and Electronic Machinery Products
sector has not played any innovator role in Korea and only avery minor rolein Taiwan in the
overall manufacturing industry. A further study of the role of innovators and the effectiveness of
the government industrial policy iscalled for.

X1. Some Concluding Remarks

The “East Asian Miracle’ has generated an extensive and varied literature. However,
there still are few consensuses on productivity growth (Hsiao and Hsiao, 1998), and no study
even considered the productivity growth at matched manufacturing levels of Taiwan and Korea,
the two most outstanding economies among the devel oping countries since the end of WWII.
This paper attemptsto fill this gap and to stimulate research in this area.

From the economic point of view, there is much similarity in industrial structure between
Koreaand Taiwan. At the aggregate level, the similarity of the growth patterns and the trend of
labor, capital, and output are obvious, except that the capital productivity of Korea continue to
grow, while that of Taiwan began to decrease in 1987, coinciding with the decrease in the share
of manufacturing industry in GDP.

Against this general background, we have examined the productivity performance of
Korea and Taiwan from 1979 to 1996, using the efficiency, technology, and productivity indexes
of the matched manufacturing sectors. For the overall cross-section data, both countries have
similarly positive and high efficiency growth. However, the weighted technology growth rate of
Koreain this period is negative (-1.4%) while that of Taiwan is positive (0.7%), resulting in a
much smaller but positive productivity growth for Korea (0.4%) and alarge and positive
productivity growth for Taiwan (2.2%). The growth rates of efficiency, technology, and
productivity in Korea fluctuate more than those of Taiwan, indicating a rather uneven

industrialization processin Korea.
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In both countries, productivity improvement in traditional industry comes from efficiency
growth, that in basic industries from technology growth, and that in high-tech industries from
both efficiency and technology growth. However, correlation analysis reveals that the processes
of efficiency improvement and technology change are different in the two countries. The high-
tech industry is an exception, since both efficiency improvement and technology growth are
positively and highly correlated between the two countries, showing that both countries have the
common factor that they are exposed to the international market and influenced by multinational
investment.

The analysis from the time-series data leads to the same conclusion as the analysis from
the cross-section data. However, the time-series data do not reveal much about the common
trend of the three indexes between the two countries. The correlation analysis shows that the
similarity between the manufacturing sectorsin period B, 1987-1996, has increased, indicating
that due to government policies of emphasizing high-tech industries, thereisasign of
convergence in thisindustry between the two countries. However, the innovator analysis reveals
that only the Petrochemical sector dominated the production frontier in both countries, the
Electric and Electronic Machinery Products sector played no role or avery minimal one as an
innovator. While the future is hard to predict, the policy implication of our analysisisthat each
country shows similarity in recent years at the aggregate levels and can learn from each other:

Korea from Taiwan on technology adoption and Taiwan from Korea on efficiency improvement.
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* We are indebted to Professors Vei-lin Chan, Song-ken Hsu, Sheng-cheng Hu, and Ms. Li-Min
Weng for making the data on Taiwan and Korea available to the authors. Without their help, this
paper could not have been written. This paper was presented at the Conference on Korea and the
World Economy, Seoul, Korea, 2002. We are indebted to Dr. Chang Soo Lee for helpful
discussions. Comments and suggestions from the audience and Professors Mei-chu W. Hsiao,
Murat F. lyigun, John Y.T. Kuark, Robert F. McNown, Keith E. Maskus were most helpful.

All errors of omission and commissions are ours.
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Table 1. Classification of 15 Manufacturing Industries.

STAN Industry Category for Korea

Ca ISIC No. Taiwan's 15 Sectors Combination of Korean Mfg Sectors
T 01 1 Food, Beverage & Tobacco 311, 312, 313, 314
T 02 2 Textiles 321

T 3 Apparel and Ornaments 322

T 4 Leather, Fur, and Products 323

T 03 5 Wood Products & Non-metalic Furniture 331, 332

T 04 6 Paper, Paper Products & Printing 341, 342

B 05 7 Chemical Products, Rubber, and Plastics 351, 352, 355, 356
B 8 Petroleum, Coal, and Products 353, 354

B 06 9 Non-Metallic Mineral Products 361, 362, 369

B 07 10 Basic Metal Industries 371,372

B 08 11 Fabricated Metal Products 381

H 12 Machinery Products and Repairs 382

H 13 Electric, Electronic Machinery Products and Repairs 383

H 14 Transportation Products and Repairs 384

H 09 15 Precision Instruments and Other Manufacturing 385, 390

Notes:

1 The Korean list includes "#324 Footwear" which may be "wearing apparel" or "leather products."
Since we don't have detail information, we divide the numbers in 324 in two: one half puts in
Apparel (322), and another half in Leather and Products (323).

2 The title of 385 in the Korean list is "Professional Goods."



Table 2. Correlation Coefficients of Production Factors and Productivity, 1979-1996

a Period, 1979-1996 n =18

Qk Kk Lk Q/Kk Q/Lk Qt Kt Lt Q/Kt
Kk 0.993 a
Lk 0.796a 0.722 a
Q/Kk | 0.985a 0996 a 0.690 a
Q/Lk | 0981a 0994a 0679a 0.993a
Qt 0983a 0958a 0.878a 0948a 0942a
Kt 0996 a 0990a 0.795a 0982a 0983 a| 0.985a
Lt 0.455c¢ 0.360 0.838 a 0.345 0.318 0.603 a 0.466 c
Q/Kt | -0.393 -0492 b 0.203 -0.508 b -0.520 b | -0.229  -0.389 0.581 b
QLt [ 0.960a 0982a 0617a 0984 a 0993a| 0909a 0964a 0235 -0580b
b Period A, 1979-1986 n=8
Qk Kk Lk Q/Kk Q/Lk Qt Kt Lt Q/Kt
Kk 0.987 a
Lk 0.973a 0.933 a
Q/Kk [ 0979a 0981a 0.911a
Q/Lk | 0.940a 0979a 0.843a 0.972a
Qt 0.992a 0992a 0944a 0982a 0.963a
Kt 0961a 0990a 0.878a 0982a 0997 a| 0.976 a
Lt 0983a 0980a 0938a 0970a 0945a | 0.989a 0.958 a
Q/Kt | 0931a 0865a 0944a 0.889a 0.783a| 0913a 0.816a 0.907 a
Q/Lt | 0.581b 0.670b 0.401 0.704a 0.799a| 0641 b 0.765a 0.573b 0.385
¢ Period B, 1987-1996 n =10
Qk Kk Lk Q/Kk Q/Lk Qt Kt Lt Q/Kt
Kk 0.997 a
Lk -0.522 b -0.566 b
Q/Kk [ 0.992a 0994 a -0.600b
Q/Lk | 0974a 0987 a -0680a 0.984 a
Qt 0995a 0991a -0506b 0.991a 0.965a
Kt 0.993a 0997a -0563b 0989a 0987 a]| 0.985a
Lt -0.816a -0.849a 0.759a -0.821a -0.897 a|-0.776 a -0.861 a
Q/Kt | -0974a -0980a 0554b -0966a -0971a(-0.955a -0.990a 0.884 a
Q/ILt | 0.959a 0973a -0720a 0975a 0992a| 0946a 0976a -0913a -0.969 a

Notes: a = significant at 1%, b = significant at 5%, ¢ = significant at 10% of the t distribution for the null

hypothesis, HO: rho = 0.




Table 3. Pearson Correlation Coefficients of Mfg Industry, 1979-96
Korea and Taiwan

a Mfg Industry n=15

Mfg
TGk
MPGk
EGt
TGt
MPGt

b  Traditional Category n=6

TGk
MPGk
EGt
TGt
MPGt

c Bsic Category n=5

TGk
MPGk
EGt
TGt
MPGt

d High-tech Category n=4

TGk
MPGk
EGt
TGt
MPGt

EGk TGk MPGk EGt TGt

0.045

0.808 a 0.625 a

-0.106 0.165 0.022

0.514 b 0.009 0.408 ¢ -0.727 a

0.622 a 0.206 0.619 a 0.133 0.580 b
EGk TGk MPGk EGt TGt

-0.444 ¢

0.671 a 0.365 d

0.061 0.097 0.158

-0.073 0.151 0.049 -0.606 a

-0.012 0.266 0.223 0.482 b 0.402 ¢
EGk TGk MPGk EGt TGt

-0.121

0.628 a 0.695 a

-0.150 0.245 0.093

0.238 -0.158 0.042 -0.885 a

0.292 0.056 0.258 -0.297 0.701 a
EGk TGk MPGk EGt TGt

0.422 ¢

0.966 a 0.640 a

0.193 -0.141 0.128

0.488 b 0.454 c 0.542 b -0.143

0.572 b 0.348 d 0.587 b 0.458 ¢ 0.813 a

Notes: a = significant at 1%, b = significant at 5%, ¢ = significant at 10%, d =
signifcant at 15%, of the t distribution for the null hypothesis, HO: rho = 0.




Table 4. The Innovators Among the Manufacturing Industry

year KOREA TAIWAN
79 Fd Pe Pe
80 Pe
81 Ap Pe Pe
82 Fd Le Pr
83 Pe Pr Pr
84 Fd Pe Pe Pr
85
86 Pe Pr Pr

Count 3 1 5 2 1 4 0 O 4
87 Pr Pe Pr
88 Pe Pr
89 Tp
90 Fd Pe
91 Pe Pe Tp
92 Fd Ap Pe Tp
93 Pe
94 Pe Pe
95 Pe Pe EI
96 Pe Pe

count 2 1 8 1 O 5 1 3 2

Total 5 2 13 3 1 9 1 3 6

Notes: Fd = 1Food, beverage & tobacco, Ap = 3Apparel and

Ornaments, Pe = 8Petroleum, coal, and products, Le = 4Leather,

fur, and products, El = 13Electric, electronic machinery products
and repairs, Tr = 14Transportation products an drepairs, Pr =

Precision instruments and other manufacturing.
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Figure 1. Real GDP per capita of Taiwan, Korea,
and Some OECD Countries
Ten-Year Moving Average
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Figure 2. Real Output, Labor and Capital Productivities
Korea and Taiwan
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Figure 3. The Production Possibility Curves (PPC) and Malmquist Productivity Index (MPI)
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Figure 4. Efficiency, Technology, and MPI Grow th Rates
Korea and Taiwan. 15 Mfg Sectors, 1979-1996
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Figure 5. Efficiency, Technology, and MPI Growth Rates

Korea and Taiwan. 15 Mfg Sectors, 1979-1996
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Figure 6. Correlation Coefficients of Grow th Rates

Korea and Taiwan, 1979-1996
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Figure 7. Efficiency, Technology, and MPI Grow th Rates

Korea, 15 Mfg Sectors, 1979-86, 1987-96
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Figure 8. Efficiency, Technology, and MPI Growth Rates

Taiwan, 15 Mfg Sectors, 1979-86, 1987-96
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