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Economic Growth in East Asia:
Accumulation versus Assimilation
economic performance of many Asian economies during the past three decades is now an old story. The growth of per capita
GDP averaged over 4 percent in China and the major East Asian economies (Indonesia, Korea, Malaysia, the Philippines, Singapore, Taiwan, and Thailand) between 1960 and 1994, compared with less than
2 percent in other developing economies and 2.6 percent among the
industrial countries.' East Asia stands out as the only region where
living standards are catching up to those in industrial countries, while
other parts of the developing world seem to be struggling to either tread
water or fall further and further behind (see table 1).
The exemplary performance of many East Asian economies has been
the basis for a large and varied literature, much of which explores
reasons for the persistently high growth and draws lessons for other
countries that would like to follow suit. A surprising aspect of this
literature is the lack of agreement on fundamental aspects of the performance record that analysts seek to explain. Is the basis for East
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The views expressedare those of the authorsand should not be interpretedas representative of the staff or trusteesof the BrookingsInstitution.
1. East Asia, as a region, is defined to exclude China and Japan. Our somewhat
unconventionalgroup of East Asian economies is based on the availabilityof data to
constructthe growth accounts. We include all but two (China and Hong Kong) of the
eight economies that were the focus of the World Bank study The East Asian Miracle
(World Bank, 1993a) and add the Philippines. We include Japanwith the industrial
economies.
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Table 1. Basic Indicatorsof Economic Growth, by Region and Countrya
Units as indicated
Per capita
Region and
country

China
East Asia
Indonesia
Korea
Malaysia
Philippines
Singapore
Thailand
Taiwan
SouthAsia
Africa
MiddleEast
LatinAmerica
Industrialcountries

Population
I990b

1,134
380
178
43
18
61
3
56
20
1,130
432
175
421
853

Growth rates, 1960-94d

incomec
1960

1990

GDP

Population

Labor force

0.6
0.9
0.6
0.9
1.4
1.1
1.6
0.9
1.3
0.8
0.6
1.9
2.4
6.4

1.3
3.6
2.0
6.7
5.1
1.8
11.7
3.6
8.1
1.1
0.7
3.0
4.1
14.9

6.8
6.8
5.7
8.5
7.0
3.8
8.3
7.7
8.7
4.2
2.9
4.5
4.2
3.5

1.8
2.2
2.1
1.7
2.6
2.7
1.7
2.4
2.1
2.3
2.8
2.9
2.4
0.9

2.3
2.5
2.2
2.6
3.0
2.5
2.7
2.5
2.7
1.9
2.6
2.9
2.7
1.1

Source: Population and GDP are the authors' calculations based on data from the World Bank's CD-ROM World Data
1995 (hereafter referred to by its title alone). Per capita income is calculated using data from the Penn-World Tables, mark
5.6 (accessed via the worldwide web page of the National Bureau of Economic Research). Labor force numbers are from
unpublished data provided by the International Labour Organisation.
a. Computed using the eighty-eight country sample. Regional averages are calculated by weighting each country by its
average GDP over 1960-94, as measured in 1985 dollars.
b. Millions.
c. Thousands of 1985 dollars.
d. Annual percentage rate.

Asian growth the maintenance of high rates of physical and human
capital accumulation over a number of decades-a willingness to make
the sacrifices of current consumption necessary to invest for the future?
Or has the key been the less costly approach of adopting existing technologies from more advanced economies, which may be associated with
increased capital accumulation along the way?
Establishing which of these characterizations is correct is a crucial
first step in extracting appropriate lessons from East Asian growth experiences and is a primary motivation for this paper. If the accumulation
view is correct, these experiences reinforce the lesson that to improve
living standards requires investment, paid for in large part through
forgone current consumption. The alternative assessment, which Paul
Romer has referred to as narrowing the "idea gap," implies a much
more optimistic message.2 No opportunity cost need be incurred to
2. Romer (1993).
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incorporate ideas. Instead, they could be transmitted to the mutual
benefit of suppliers and recipients. Deciphering East Asia's rapid
growth would thus hold forth the promise of a much less steep road to
prosperity.
A long list of authors implicitly or explicitly highlights productivity
growth as the key to East Asian success. One strand of literature has
engaged in a debate over the role of government policies (particularly
microeconomic) in achieving productivity increases. In the early incarnation of this debate, some pointed to high-growth Asian economies as
proof that "market friendly" approaches, including the maintenance of
an open trading regime, promoted increased efficiency.3 Others characterized government strategies in the region as targeted intervention,
not laissez-faire, arguing that the experiences showed how "getting
prices wrong" and picking winners were the road to catching up with
industrialized nations.4 Thus the same group of countries became poster
children for conflicting policy advice. Views in this debate have moved
somewhat closer over time. In particular, there is now broad recognition
that the high-growth Asian economies exhibit a range of government
strategies, from extreme laissez-faire to extensive intervention in some
sectors. A growing number of analysts have also concluded that some
interventions were beneficial.5 However, considerable disagreement remains over the importance and transferability of active intervention.6
This debate still centers on the role of the public sector versus the
private sector in generating productivity growth.
A second strand of literature stems from dissatisfaction with the
ability of traditional growth models to explain observed features of
economic growth.7 The result has been an exploration of alternative
frameworks, known collectively as models of endogenous growth.
Some of the underlying ideas can be found in the development literature
of the 1950s and 1960s, but the associated explosion of attention to
how rapid economic growth may be spurred by increases in efficiency
is certainly new. In these models, while productivity gains may induce
3. See WorldBank (1993a) and, more recently, Krueger(1995).
4. See Amsden(1989, 1991, 1994), Wade (1990), and Fishlow and others (1994).
5. See for example, WorldBank (1993a), Krugman(1992), and Stiglitz (1996).
6. See, in particular,the debatethatfollowed the publicationof WorldBank(1993a);
for example, Singh (1994), Page (1994), Ito (1994), and Ito and Krueger(1995).
7. See, for example, BarroandSala-i-Martin(1995), GrossmanandHelpman(1991,
1994), Lucas (1988), Pack (1994), and Romer(1986, 1994).
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capital accumulation so that the two are observed to grow hand in hand,
it is the productivity gains, not capital formation per se, that is the
fundamental cause of growth.8
The following quotations imply an acceptance of the view that rapid
economic growth, such as that seen in East Asia, can largely be explained by successfully catching up with technology: "The optimistic
view of the potential for development suggested by idea gaps is consistent with the experience of a few, very rapidly growing economies. In
fact, a rapidly closing idea gap offers the best way to explain these
cases of dramatic success." And, "the source of growth in a few Asian
economies was their ability to extract relevant technological knowledge
from industrial economies and utilize it productively within the domestic economy.'9
This literature has also looked for policy lessons, and many authors
have concluded that openness to trade, imports of capital goods, direct
foreign investment, financial development, and macroeconomic stability can help countries to grow by closing technology gaps. These claims
are based on a combination of cross-country growth regressions and
evidence from industry- and firm-level studies."'
Not so fast, argue a growing number of empirical studies that find
little or no evidence that East Asia's rapid growth has been associated
with rapid productivity growth or closing the knowledge or technology
gap. The best known of these studies are Alwyn Young's growth accounting papers examining the composition of growth in Korea, Taiwan, Hong Kong, and Singapore. Jong-Il Kim and Lawrence Lau, using
regression analysis to estimate underlying production functions, are
unable to reject the hypothesis of no technical progress in the same four
economies. " If these studies are correct, and efficiency gains are not
lead actors in the Asian success stories, then debates over the roles of
government and the private sector in raising productivity, while of
interest in their own right, cannot hope to uncover the lessons from
Asian experience.
This paper revisits the issue of the sources of East Asia's rapid
8. See Barroand Sala-i-Martin(1992), Romer(1990), King and Levine (1994).
9. Romer(1993, p. 547); Pack (1992, p. 299).
10. See, for example, Bell and Pavitt (1992), Pack (1992), Romer (1993), and
Fagerberg(1994).
11. Young (1991, 1994, 1995); Kim and Lau (1994).
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growth in output. The empirical framework is provided by a set of
growth accounts that decompose the growth in output per worker from
1960 to 1994 into the contributions from the accumulation of physical
and human capital and a residual measure of the change in total factor
productivity (TFP). Our methodology is simpler, and therefore more
transparent, than many of the other growth accounting studies in the
literature. Furthermore, we apply a common methodology to eightyeight developing and industrial countries, including East Asian economies as well as countries from other regions at all levels of development. We focus on seven East Asian economies: Indonesia, Korea,
Malaysia, the Philippines, Singapore, Taiwan, and Thailand. China is
included in the sample but is treated separately because of concerns
about the data. Japan is included among the industrial countries, not
East Asia.
Growth accounting has recently been subject to criticism because it
cannot identify the fundamental causes of growth. However, this is not
its objective. It provides a consistent decomposition of growth among
its proximate sources, which we believe is very informative. This approach also avoids some of the problems associated with cross-country
regression analyses. In particular, it has been widely recognized that
because such studies suffer from simultaneity, multicolinearity, and
limited degrees of freedom, their results should be interpreted with
caution. 12 Note also that growth accounting does not require taking a
stand on the appropriate underlying model of growth. There is no need
to choose between a neoclassical framework, in which technology is
identical across countries and technical progress is exogenously determined, and the many alternative frameworks in which technology may
differ across countries and the accumulation of knowledge is an endogenous process.
The central result of our empirical analysis reinforces those studies
that have concluded that TFP growth played a surprisingly small role
in East Asia's success. The main lessons of this success come not from
identifying which policies best promote TFP growth, but how countries
can achieve and sustain high rates of saving and investment. The saving
and investment record in East Asia has been impressive, and govern12. See Mankiw (1995) for one exposition of the difficulties with the empirical
analysis.
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ment policies may well have been a key contributor to this accomplishment. Further, we emphasize that East Asia has avoided the fate of
other regions where large negative productivity shocks sharply lowered
the level of TFP. With the exception of the Philippines, improvements
in efficiency consistently made positive (if small) contributions to
growth in the region.
Finding little TFP growth among these countries is not new. Indeed,
our results are similar to Young's in this regard. The main contributions
of our work fall into three areas. The first is its extensive coverageparticularly within East Asia. Other studies typically focus on two
countries (Korea and Taiwan) and two tiny city-states (Hong Kong and
Singapore) whose experience may be of limited relevance for larger
economies. In its inclusion of Indonesia, Malaysia, the Philippines, and
Thailand, our analysis represents a significant expansion of information
about developments in the region. Our large sample enables us to make
comparisons across countries and time periods such that different
experiences cannot be attributed to methodological inconsistencies.
We are able to study the robustness of Young's conclusions which,
because they are based on a very detailed decomposition, cannot be
contrasted directly with those for other countries. We also examine the
relationship between factor accumulation and productivity growth in
these economies.
Second, our analysis clarifies why some previous studies have underemphasized the importance of capital accumulation in East Asia.
We show that using investment to proxy physical or human capital
accumulation can be very misleading. These proxies are surprisingly
uncorrelated with changes in capital stocks. Furthermore, they lead to
severe underestimates of the role of physical capital in explaining high
Asian growth. We also examine the ways of measuring human capital
accumulation. We argue that using years of schooling directly is problematic. Because of the way in which it treats those with no formal
education, this method overstates growth in human capital for countries
with low initial levels of education relative to our labor quality index,
which weights labor on the basis of returns to schooling. This alternative implies a larger, though still modest, contribution to growth from
increased schooling in East Asia relative to other regions.
Third, we use the decomposition of growth into factor accumulation
and productivity gains to explore the channels through which variations
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in initial conditions, the external environment, and some aspects of
government policy have affected the growth process. In some cases the
roles of various policies can be evaluated by examining the extent to
which they are correlated with changes in factor accumulation as against
gains in the efficiency with which the factors are used.
In the sections that follow, we explain the construction of the accounts and discuss the results as they bear on the East Asian experience.
We use the resulting data to explore the context in which East Asian
economic growth has been distinctive. Is there, as emphasized by the
new growth literature, a positive correlation between capital accumulation and factor productivity gains and, if so, was it important for East
Asia? Proceeding from our emphasis on the dominant role of capital
accumulation, we examine a further issue raised by Paul Krugman
(based on Young's analysis): whether or not East Asian growth must
inevitably slow down. ' We suggest that there is some evidence that
these economies are evolving toward a greater emphasis on TFP gains
and that future growth can be sustained.

Construction of the Accounts
Growth accounts make it possible to decompose the change in output
into the contributions of factor accumulation and a residual measure of
gains in the efficiency with which the factors are used. Most previous
studies have been restricted to a select few countries for which the
researcher was able to obtain the required information from national
sources. 14 In recent years the situation has been changed by the development of several large international data sets. We use these data sets
to construct growth accounts that, while simpler than those available
from other sources, cover a large number of economies over an extended period. Thus they augment the other studies by employing a
standardized and transparent methodology to compare the growth experience of a large number of countries. Comparisons can be made
between the growth experience in East Asia and in the industrial coun13. Krugman (1994).
14. Three of the most detailed recent examples are Elias (1992), covering seven
Latin American countries; Hofman (I1993), comparing six Latin American countries with
three in Asia; and Young (1995), for four newly industrializing economies in Asia.
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tries and developing economies in other regions, without concern for
differences in methodology.
We construct indexes of real output, the capital stock, and a measure
of the education-adjusted work force for eighty-eight countries over the
period 1960-94. The choice of countries is limited primarily by the
availability of national accounts data and measures of educational attainment, but the result provides very good coverage of the major regions: East Asia (eight countries), South Asia (five), sub-Saharan Africa (twenty-one), the Middle East and North Africa (nine), Latin
America (twenty-two), and the industrial countries (twenty-three). '5 In
addition, we use an updated version of the Penn-World Tables (PWT)
to obtain relative levels of output and capital per worker in common
international prices (see below).
The neoclassical analysis of economic growth starts with the assumption of a stable underlying relationship between output (Q), the
inputs capital (K) and labor (L), and technology (A):
(1)

Qt = F(Kt, L, At).

L is used to denote a skill-adjusted measure of the labor input, such
that
(2)

L = HL,

where H is an index of labor quality. In concept, the growth accounts
can be constructed to yield estimates of total factor productivity that
are independent of the parameters or functional form of the above
production process. It is only necessary to assume a degree of competition sufficient to ensure that the earnings of the factors are proportionate to their factor productivities. The shares of income paid to the
factors can then be used to measure their relative importance in the
production process. That is, an index of growth in total factor productivity, denoted by a(t), can be defined as the growth rate of output, q(t),
less the share-weighted growth of the factor inputs, k(t) andI (t):
(3)

a(t) = q(t) - Skk(t) - s, (t).

As discussed below, we are compelled to use fixed weights-an assumption that is only consistent with a more limited set of production
15. A complete list is given in appendixA.
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functions-in the construction of the indexes. Furthermore, any deviation from constant returns to scale is allocated to the residual of total
factor productivity.
Output Growth
The basic output measure is gross domestic product in national prices
of 1987, from the World Bank's CD-ROM World Data 1995. Because
of data revisions and some reporting errors, we substitute measures
from the International Monetary Fund (IMF) and the Organisation for
Economic Co-operation and Development (OECD) in a few cases. An
alternative measure of GDP in international prices with a base year of
1985 is available in the Penn-World Tables, mark 5.6. 16 While the PWT
measure starts from the same national accounts data as the World Bank,
it is converted to standard international prices by constructing indexes
in national prices at the level of the three main components of real GDP
(private consumption, government consumption, and investment) and
forming a new aggregate using international price weights. 17
The composition of output measured in international prices can deviate from that shown by the standard national accounts, which are
measured in national prices. Most of these differences can be traced to
wide variations across countries in the price of labor in nontraded products, but they also reflect the influence of various restrictions on external
trade that prevent an equalization of the domestic and foreign prices of
tradables. In general, for high-income countries the conversion to international prices raises the share of output devoted to investment (capital and skill intensive) and lowers the share devoted to government
consumption (labor intensive). The opposite is true for poor countries.
The measurement of output in common international prices is of great
value for comparing levels of income across countries. However, the
international and the national price measures produce very similar estimates of output change. 18 Over the period 1960-90, the correlation
coefficient between the two measures exceeds 0.95 for our sample. The
difference in the average annual growth rate exceeds one percentage
16. Accessed on the worldwide web page of the National Bureau of Economic
Research.
17. For furtherdiscussion, see Summersand Heston (1991).
18. The differencesin weights will have largeeffects on the growthin the aggregate
only if the growthratesof the componentsare widely divergent.
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point in only six countries; and in one such case, China, the disparity
reflects a special revision of the national source data by the authors of
the PWT. 19 In this paper we report output growth in terms of national
prices because our data for these are more up to date (through 1994)
and capture some important data revisions.
Physical Capital
The measure of the capital stock is based on a perpetual inventory
estimation with a common geometric depreciation rate of 0.04. Estimates of the capital stock are normally considered unreliable due to
lack of information about the initial capital stock and the rate of depreciation. However, the researchers who developed the World Bank data
set devoted substantial effort to incorporating the results of previous
studies of individual or small groups of countries, and they obtained
investment data extending as far back as 1950.20 The long time series
on investment is significant because it reduces the importance of the
assumption about the initial stock. For the East Asian economies in
particular, where subsequent investment rates have been very high, any
error in the estimate of the capital stock for the 1950s would be a very
small portion of the stock available in the 1980s and 1990s.
An alternative approach, reflecting skepticism about estimating the
capital stock, uses the gross investment rate as a proxy for the change
in the capital stock. The change in the capital stock is given by
(4)

AK = I-dK,

where I is investment and d is a measure of the geometric rate of
depreciation. Dividing through by K and assuming a steady-state constant value (,y) for the inverse of the capital-to-output ratio allows the
rate of change of capital (k) to be measured by the investment rate
(i = IIQ):
19. The six countries with large differences are China, Jordan, Mali, Myanmar,
Nigeria, and Rwanda.In the case of China, the PWTreflecta special adjustmentto the
underlyingnational accountsover the period 1980-93 that reducedthe growth rate of
investmentby 40 percentand that of consumptionby 30 percent. In the other cases, it
appearsthat the World Bank measuresof GDP had been revised since the data were
gatheredfor the PWT.
20. Nehruand Dhareshwar(1993). We extend the estimatesthrough1994 by using
data from the WorldBank's CD-ROMWorldData 1995.
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k= iy-d.

Most previous cross-national growth studies have relied on the investment rate to measure capital accumulation. The approach is typically
justified either by the assumption of a steady state or by a linearization
around a steady state.2'
The choice between using a direct estimate of the capital stock and
its steady-state investment equivalent is critical to deciphering the differences among the various studies that have sought to explain East
Asian growth. The growth experience of many developing countries
over the past three decades has been very far from the conditions of a
steady state, and the capital-to-output ratio has been far from constant.
As a result the investment rate is a very poor proxy for the rate of capital
accumulation. In fact, in our sample of eighty-eight countries there is
no significant correlation between the rate of change in the capital stock
and the mean investment rate, even over a period as long as thirty-four
years (see figure 1 and the associated table 2).22
The newly industrializing economies of Asia all have extraordinarily
high rates of growth of the capital stock, but they are less distinctive in
terms of the share of output devoted to investment. The combination of
an elevated investment share and a rapid growth of output has yielded
a very high rate of capital accumulation for these economies, but there
are other countries with high investment shares that have had less output
growth.
It is also possible to use the PWT data to construct estimates of the
capital stock in international prices. However, because the growth in
investment spending is the same in national and international prices,
the choice between the two measures affects only the level of the capital
input.23

21. See Mankiw, Romer, and Weil (1992) and the studiesreferencedin Levine and
Renelt (1992).
22. Underthe assumptionof lineardeviationsfrom a steady state (Mankiw,Romer,
andWeil, 1992), capitalaccumulationshould dependon initial conditionsas well as on
the investmentrate. To explore this relationship,we add averageinvestmentrates to a
regressionequationexplainingvariationin our measureof the contributionof increases
in physicalcapitalper worker.The internationalprice investmentsharehas a coefficient
of only 0.03 and increasesthe regression'sexplanatorypower (R2)by only 0.04. The
national price investment share adds no explanatorypower. Thus we conclude that
investmentrates are very poor proxies for capital accumulation.
23. To constructan estimate of the capital stock in internationalprices, we adjust

146

BrookingsPapers on EconomicActivity, 2:1996

Figure 1. Capital Stock Growth and AverageInvestmentRates, by Country,1960-94
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Source: See table 2.
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Labor Inputs
The measure of the quantity of labor is actual employment for the
industrial countries and for the other countries, unpublished estimates
of the economically active (labor force) population from the International Labour Organisation (ILO). For many countries, data on the
economically active population are available only every five or ten
years, from population surveys or censuses. The ILO has used information on age-specific labor force participation rates and more frequent
population estimates to develop consistent estimates of the labor force
at five-year intervals extending over the period 1960-90. Those participation rates are then interpolated and applied to annual estimates of
the total population.
the initial capital-to-outputratio in line with the ratio of the investmentrate in national
prices and internationalprices in the 1960s.
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Table 2. Capital Stock Growth and Average Investment Rates, by Region and
Country, 1960-94a
Units as indicated
Investment ratec

Region and country

Capital
stock growthb

National
prices

Interniational
prices

China
East Asia
Indonesia
Korea
Malaysia
Philippines
Singapore
Thailand
Taiwan
South Asia
Africa
Middle East
Latin America
Industrial countries

6.7
9.9
8.3
12.6
10.0
6.0
13.1
10.6
12.2
5.2
4.8
7.1
5.4
4.5

22.3
21.1
18.1
23.5
25.6
19.8
33.2
25.6
20.0
18.9
19.0
19.0
21.4
20.8

20.5
18.6
17.1
23.7
23.5
15.3
31.2
18.1
21.9
11.3
9.5
12.6
16.9
24.5

Source: Capital stock growth is calculated using data from Nehru and Dhareshwar ( 1993). Investment rate data are from
World Data 1995 (national prices) and the Penn-World Tables, mark 5.6 (international prices).
a. Computed using the eighty-eight country sample. Regional averages are calculated by weighting each country by its
average GDP over 1960-94, as measured in 1985 dollars.
b. Annual percentage rate.
c. Percent of GDP.

The use of a labor force measure instead of the total population, as
is more common in similar studies, makes little difference in the aggregate: over the period 1960-94, the two series have nearly identical
growth rates at the level of the total sample (2. 1 for the labor force and
2.0 percent for the total population), and the cross-country correlation
of the change is 0.82. It does makes a difference, however, at the level
of individual countries; and it is important for evaluating the sources of
growth in some of the East Asian economies (see the last two columns
of table 1). The growth of the labor force exceeds that of the population
in China and East Asia-with particularly large differences in Korea,
Singapore, and Taiwan. Rising labor force participation is also evident
in the industrial countries, but the opposite is true for the low-income,
high-population growth economies of South Asia and sub-Saharan Africa. Thus using the labor force to measure growth in the labor input
lowers the amount of growth attributed to TFP for the faster-growing
economies and reduces its variance across countries.
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Human Capital
Measures of the labor force, in effect, treat all workers as if they
were identical, but worker characteristics clearly influence marginal
productivity. Some previous growth accounting studies of individual
countries have incorporated detailed adjustments by labor force groupings, including education, age, and gender.24 We follow a simpler
approach, adjusting only for the characteristic that has been found to
be most important: education. The benefits of education are assumed to
be embodied in workers, as explained below.25
Our analysis is based on the educational attainment data constructed
by Robert Barro and Jong-Wha Lee.26 They use a combination of data
sources to infer the percentage of each country's adult population (aged
twenty-five and older) that had obtained a particular level of education
for each year from 1960 to 1990.27 Census data provide direct measures
of a country's stock of education in a particular year. However, such
data are only available for selected years, particularly in developing
countries. Therefore enrollment data are used to interpolate between
census years and, along with data on literacy rates, to fill in missing
cells. The result is an allocation of each country's population among
seven schooling levels (ranging from no schooling-illiterate to completed postsecondary schooling) and an estimate of average years of
schooling of the adult population constructed from the categorical data.
Following their extrapolation procedures, we extend the data to 1994.
Seven of the countries in our sample are not in the Barro-Lee data set.28
In these cases, we construct estimates using data on years of schooling
compiled by Vikram Nehru, Eric Swanson, and Ashutosh Dubey, and
the relationship between the two data sets for countries at comparable
stages of development.29 Although we believe that the resulting indi24. For example, Denison (1967) and Young (1995).
25. Otherformulationsof the productionfunctionthattreatthe benefitsof education
separatelyfrom the workers, such as that of Mankiw, Romer, and Weil (1992), are
reportedin Bosworth, Collins, and Chen (1996).
26. Barroand Lee (1994a).
27. Thus we assume that the educationaldistributionof the populationis representative of the educationaldistributionof the laborforce.
28. These countries are China, Cote d'Ivoire, Egypt, Ethiopia, Madagascar,Morocco, and Nigeria.
29. Nehru, Swanson, and Dubey (1995). This alternativedata set is based primarily
on informationabout school enrollments. Surprisingly,althoughthere is a very high
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Table 3. Educational Attainment and Labor Quality, by Region and Countrya
Units as indicated

Average years of schooling

Growth rate, 1960-94b
Years of
Quali

Region and country

1960

1994

schooling

indexc

China
East Asia
Indonesia
Korea
Malaysia
Philippines
Singapore
Thailand
Taiwan
South Asia
Africa
Middle East
Latin America
Industrial countries

1.7
2.7
1.1
3.2
2.3
3.8
3.0
3.5
3.2
1.3
1.6
1.4
3.0
7.3

5.3
7.2
5.0
9.7
7.0
7.4
6.1
7.5
8.2
3.4
3.5
4.9
5.5
9.8

3.5
3.0
4.5
3.3
3.3
2.0
2.1
2.3
2.8
2.8
2.4
3.8
1.8
0.9

0.6
0.9
0.8
1.2
0.8
0.8
0.6
0.7
1.0
0.5
0.3
0.7
0.5
0.5

Source: Authors' calculations as explained in text, based on data sets constructed by Barro and Lee (1994b) and Nehru,
Swanson, and Dubey (1995).
a. Computed using the eighty-eight country sample. Regional averages are calculated by weighting each country by its
average GDP over 1960-94, as measured in 1985 dollars.
b. Annual percentage rate.
c. The labor quality index (H), as described in text, calculated using weights implied by a 7 percent return to each year
of education.

cators represent the best available comprehensive educational data,
there are a number of potentially serious measurement problems, and
those problems may vary systematically with the level of development.30
Table 3 summarizes the average educational attainment for the populations of the East Asian countries and the major regions worldwide.
The first column reports average years of schooling in 1960. Countries
in South Asia had the least educated population, followed by those in
the Middle East and Africa. On average, East Asian countries had
slightly less human capital (per person) than those in Latin America,
cross-countrycorrelationbetween the two measuresof the average level of schooling
duringthe period 1960-85, the correlationvanishes in a comparisonof changes over
the period. There are also significantdiscrepanciesbetween the two data sets for some
industrialcountries. As discussed furtherin Bosworth, Collins, and Chen (1996), we
find the Barro-Leedata preferable.
30. See BehrmanandRosenzweig (1994) and Barroand Lee (1994a) for discussions
of the problemswith educationand laborforce data from developingcountries.
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but educational attainment in both regions remained well below the
average for industrial countries. As shown in the second column, by
1994 average educational levels in East Asia were second only to those
in industrial countries and well above levels in all other nonindustrial
regions. Of all the regions, East Asia experienced the greatest absolute
increase in years of schooling between 1960 and 1994. However, as
shown in the third column, East Asia (excluding China) is not the region
with the most rapid percentage rate of increase in schooling. This distinction goes to the Middle East, where educational levels nearly tripled, but from an initially low base.
Prior empirical studies have frequently relied on enrollment rates as
a proxy for changes in education. But the enrollment rate encounters a
problem similar to that of the investment rate as a measure of physical
capital accumulation: it only works in (or for linearizations around) the
steady state.3' The enrollment rate that would be necessary to maintain
constant average years of schooling in a country with an initially high
stock would imply increasing years of schooling in a country with an
initially low stock.32 Indeed, enrollment in 1965 and growth in years
of schooling over the period 1965-85 are uncorrelated in the data sets
of either Barro and Lee or Nehru, Swanson, and Dubey.
More recently, several studies have used the number of years of
schooling as an explanatory variable. But, as Barro and Lee are careful
to point out, the level of schooling at the beginning of a period should
be interpreted as an initial condition, not a proxy for human capital
accumulation. Indeed, the initial number of years of schooling has been
found to be negatively correlated with the growth in years of schooling.
Other studies have used the average years of schooling over the growth
period, but this method also fails to measure the accumulation of human
capital over the period.33
Many studies have even found it difficult to detect a significant
relationship between the change in years of schooling and economic
31. This assumption, and its justificationof linearizationaroundthe steady state,
became very popularfollowing the paperby Mankiw, Romer, and Weil (1992).
32. This point is also made in Benhabiband Spiegel (1994).
33. Benhabiband Spiegel (1994) justify use of the averagelevel of schooling with
an endogenousgrowthmodel in which productivitygrowthdependson the accumulated
stock of humancapital.
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growth.34 Various explanations have been offered. Some emphasize the
measurement problems in cross-country data on educational attainment.
But it is also evident that years of schooling alone is a poor index of
labor quality because it assigns workers with zero education a weight
of zero and it implies disproportionate changes in labor quality for
countries with low initial levels of schooling.
We have tried to follow Edward Denison and others in using estimates of the relative wage structure for workers with different years of
schooling to construct weights for aggregating workers across educational levels.35 Our labor quality index,
(6)

H = I

WjP,

weights the percentage of a country's population that has attained level
j of schooling (Pj, where j ranges from 1:no schooling to 7:beyond
secondary completed) by our estimate of the return to level j of schooling (Wj). The weights are based on the observed relative earnings of
different educational groups and reflect the assumption that percentage
returns to schooling are constant across levels of schooling and
countries.
A recent article by George Psacharopoulos provides a comprehensive
survey of the empirical literature.36 The method most frequently used
to estimate the return to education involves regressing log earnings on
years of schooling, potential years of experience, potential experience
squared, and a constant. The estimated coefficient on years of schooling
can be interpreted as the average marginal return to an additional year
of schooling. The assumption that the returns to schooling are constant
across different schooling levels is consistent with David Card and Alan
Krueger's recent findings for the United States.37 However, Psacharopoulos reports that the estimates for other countries frequently find
larger returns for primary than for secondary or higher levels of
education.38
34. Benhabiband Spiegel (1994), Pritchett(1995), Harrison(1996), and Judson
(1996).
35. See Denison (1967).
36. Psacharopoulos(1994).
37. Cardand Krueger(1996).
38. The earningsregressionapproachmay overstatereturnsto schooling because it
omits variablessuch as ability and family background.
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Table 4. Educational Attainment of Adult Population, by Region and Country, 1960a
Percent, except as indicated

Region and
country
East Asia
Indonesia
Korea
Malaysia
Philippines
Singapore
Thailand
Taiwan
South Asia
Africa
Middle East
Latin America
Industrial countries

No
schooling

Completed

Completed

Completed

primary

secondary

higher

No

Yes

No

Yes

56.6
75.5
56.9
58.5
33.5
64.0
48.1
47.0
76.7
66.8
82.3
41.5
4.4

16.3
15.0
3.4
21.5
32.3
7.9
12.5
24.9
14.5
11.7
6.6
34.7
26.7

17.7
7.6
26.2
11.2
17.4
5.3
33.9
13.9
5.2
8.5
4.4
13.0
30.8

4.2
1.4
5.1
4.8
6.1
15.3
3.3
5.8
2.1
9.6
2.6
5.2
18.1

3.0
0.5
5.8
2.4
4.5
7.6
1.6
4.2
1.3
3.2
2.5
3.6
12.0

Addendum
Labor quality weights
7 percent return
100.0
12 percent return
100.0

125.0
150.0

150.0
200.0

187.0
300.0

225.0
400.0

No
0.7
0.1
0.7
0.2
2.2
0.0
0.0
2.1
0.0
0.1
0.7
0.7
3.7

Average

.return to
Yes schoolingb
1.4
0.0
1.9
1.3
4.0
0.0
0.6
2.2
0.1
0.2
0.8
1.2
5.2

10.7
17.0
10.6
9.4
8.0
13.4
10.4
6.0
7.2
13.3
10.6
12.3
7.0

262.0 300.0
500.0 600.0

Source: Data on educational attainment are from the data sets constructed by Barro and Lee ( 1994b) and Nehru, Swanson,
and Dubey (1995); and on returns to schooling, from Psacharopoulos (1994). Labor quality weights are the authors'
calculations, as described in the text.
a. Data cover fifty-three of the eighty-eight sample countries. Regional averages are calculated by weighting each country
by its average GDP over 1960-94, as measured in 1985 dollars.
b. The return to each additional year of schooling; see text for details.

The estimated average returns to schooling by region, drawn from
data reported by Psacharopoulos, are summarized in table 4.39 Based
on the range of regional estimates, we construct two indexes of labor
quality, one using weights implied by a 7 percent return to schooling
(a relatively low estimate) and the other using weights implied by a 12
percent return to schooling (a relatively high estimate). Both sets of
weights assign a value of one hundred to individuals with no formal
schooling. The weights implied by the 7 and 12 percent rates of return,
respectively, at different levels of schooling are shown in table 4. The
table also shows the percentage distribution of the adult population
39. Estimatesare availablefor fifty-threeof the countriesin our sample(60 percent),
includingall of the East Asian countriesand eighteenof the twenty-twoLatinAmerican
countries.The averagereturnto an additionalyearof school in East Asia is 10.7 percent,
slightly higherthan the overall worldwideaverageof 10.2 percent.

Susan M. Collins and Barry P. Bosworth

153

Table 5. Labor Quality Indexes, by Region and Countrya
Index, except as indicated
7 percent returnb
Labor quality

Region and
country

1960

China
East Asia
Indonesia
Korea
Malaysia
Philippines
Singapore
Thailand
Taiwan
South Asia
Africa
Middle East
Latin America
Industrial countries

109.9
123.2
109.7
130.6
121.0
139.3
127.3
126.2
131.1
109.9
114.4
111.8
127.7
168.6

12 percent returnb
Labor quality

1994

Growth
ratec

1960

1994

Growth
ratec

135.3
166.1
142.8
197.4
160.0
182.8
155.2
158.2
182.1
129.9
128.3
143.0
153.8
200.4

0.6
0.9
0.8
1.2
0.8
0.8
0.6
0.7
1.0
0.5
0.3
0.7
0.5
0.5

120.5
151.8
119.9
167.8
145.9
188.1
162.4
154.6
169.5
121.2
130.8
126.3
160.3
255.8

183.9
252.9
192.4
331.5
233.8
293.4
226.4
227.9
294.2
169.5
162.4
199.5
222.6
338.3

1.3
1.5
1.4
2.0
1.4
1.3
1.0
1.1
1.6
1.0
0.6
1.4
1.0
0.8

Source: Authors' calculations as explained in text. Underlying data on years of schooling are from the data sets constructed
by Barro and Lee (1994b) and Nehru, Swanson, and Dubey (1995).
a. Computed using the eighty-eight country sample. Regional averages are calculated by weighting each country by its
average GDP over 1960-94, as measured in 1985 dollars.
b. The return to each additional year of schooling; see text for details.
c. Annual percentage rate.

across each of the seven educational levels in 1960 and 1994, by country
and region. The two indexes, and their rates of growth over the sample
period, are summarized in table 5. While growth accounting decompositions based on both indexes are presented and compared below, we
treat the 7 percent return weights as our base.40
The growth rates of the labor quality indexes, assuming a 7 percent
return, are reported in the fourth column of table 3. In contrast to the
findings of the raw years of schooling measure (third column), the labor
quality measure shows that East Asia experienced the greatest increase
in labor quality over the period 1960-94: a 0.9 percent annual rate of
40. There are two reasons for focusing on the decomposition under a 7 percent
return.First, we believe that the likely biases due to omitted variablesimply overestimatesof returnsto schooling amongdevelopingcountries.Second, as discussedbelow,
assuminga higherrateof returnto schooling will resultin a smallerresidual,or estimate
of total factor productivity,in East Asia. Since one of our main messages is that there
is surprisinglylittle productivitygrowthfor these countries, we want to ensurethat this
conclusioncannotbe attributedto extremeunderlyingassumptions.
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growth. The quality index also sharply changes the picture of the distribution of education gains within the region. China and Indonesia,
which begin with very low average years of schooling, appear to gain
much less, and Korea jumps to the top of the ranking in terms of
improvement. A similar phenomenon is evident in the regional data,
where the differences for growth rates are less notable than for years of
schooling. The improvement in labor quality for Africa is much smaller
than implied by the increase from an average of one to three years of
schooling: a rise in labor quality of only 0.3 percent per year. The
relative performance of the industrial countries is greatly improved.
Measures of Factor Shares
The final step in the estimation of the indexes of TFP growth involves
the choice of weights for aggregating the factor inputs. As mentioned
above, in a competitive economy those weights could be represented
by the shares of income earned by capital and labor respectively; and,
to be truly independent of the underlying production function, the
weights would need to vary freely across countries and time (as in
Divisia-Tornquist indexes). However, reliable measures of factor income shares are not available for most developing countries, and even
for the industrial countries, problems arise in dividing the income of
the self-employed between the returns to capital and labor.
We have employed fixed weights in aggregating the factor inputs.
That procedure is consistent with a much more limited set of production
functions; but existing studies provide surprisingly little evidence of
major changes in factor shares over time. Instead, most of the debate
has been about the absolute level of the capital share. Within the industrial countries, the disagreements are largely reconcilable by relating
them to differences in the breadth of the definition of capital and the
specific sectors of the economy that are included in the studies.41 For
definitions of capital and output close to ours, Angus Maddison finds
that capital's share of income in the major industrial economies is
41. Denison (1967), for example, assigns a low weight to capitalbecausehe focuses
on outputnet of depreciationand excludes some of the most capital-intensivesectors,
such as housing. In contrast, the studies by Jorgensonand his various coauthorsuse
gross outputand often include consumerdurablesin capital;see, for example, Jorgenson, Gollop, and Fraumeni(1987).
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clustered around 0.3.42 Steven Englander and Andrew Gurney calculate
factor share ratios (adjusted for the self-employed) for the business
sector of the OECD countries, finding that capital's share varies between 0.3 and 0.4 and is largely free of trend.43
For the developing economies, there has typically been a much
broader range of variation. Where national accounts data exist, the
reported capital shares are usually well above those of the industrial
countries, but the difference is heavily influenced by the large role of
the self-employed, whose income is included with that of capital.44
Furthermore, it could be a mistake to attribute the higher share to the
greater importance of capital in these economies. For example, capital's
contribution could be overstated if developing countries systematically
suffer from weaker competition and a greater role for monopoly profits.
Parametric estimates, however, have also generally found that the
capital elasticity is higher in developing economies. For example, Kim
and Lau obtain capital elasticities in excess of 0.4 for the Asian newly
industrializing countries, compared with values near 0.3 for the industrial countries; and Ann Harrison obtains coefficients in excess of 0.4
for a larger set of developing economies.45 Yet there are good reasons
for believing that the parametric estimates will be biased upward.46
We believe, from the existing literature, that a plausible range for
the capital share is 0.3 to 0.4; and there is also considerable evidence
that the capital elasticity is higher in developing economies than in
industrial economies. However, to minimize concern about methodological differences in our comparison of growth in East Asia with that
in other regions, we use a uniform capital share of 0.35 for the entire
sample. We also treat the benefits of education (H) as being embodied
in workers, so that the basic production relationship is of the form
(7)

Q = AKOWLY"',

42. Maddison(1987, p. 659).
43. Englanderand Gurney(1994) use the average factor share in each country to
constructTFP indexes.
44. For four Asian economies, Young (1995) estimates the factor shares with detailed adjustmentsfor the self-employed. For variousperiodsduringthe last three decades, he obtainsa capitalshareof 0.32 for Korea, 0.29 for Taiwan,0.53 for Singapore,
and 0.37 for Hong Kong. The share appearsto be constantover time for Taiwan and
Singapore,to fall slightly for Korea, and to rise for Hong Kong.
45. Kim and Lau (1994); Harrison(1996). See, as well, Page (1994).
46. Some evidence is providedin Benhabiband Spiegel (1994, pp. 169-73).
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where cx = 0.35. Thus we report our results in a form that decomposes
the growth of output per worker (qll) into the contributions of the
growth of physical capital per worker (kll), the growth of education per
worker (h), and the growth of total factor productivity (a):
(8)

qll = o(k/l) + (1 - o) h + a.

Sources of East Asian Growth
The growth in output per worker, divided into the contributions of
increases in physical capital per worker, education per worker, and
total factor productivity, is reported in table 6 for the seven East Asian
economies over various subperiods of 1960-94. For comparative purposes, regional aggregates are reported in table 7. We separate China
from the rest of Asia both because of its size and because there are
questions about the accuracy of the underlying national accounts data.
The United States is also reported separately because of the interest in
comparing East Asia today with the other industrial countries during
the periods when they were rapidly catching up to the productivity
standards of the United States. An alternative, graphic perspective is
provided by the summary of the regional indexes on an annual basis in
figure 2-again, growth in output per worker is divided into the contribution of increased capital per worker and TFP.47
The results are interesting in several respects. First, as stressed by
Young, it is quite surprising to note the extent to which the extraordinary growth of East Asia has been driven by factor accumulation, while
gains in TFP have been rather modest.48 In fact, the division between
factor accumulation and TFP growth is actually tilted more toward the
former by extension of the analysis to cover a larger number of East
Asian countries. While it might be tempting to argue that developing
economies can make rapid strides forward simply by accelerating the
pace at which they adopt the more efficient technologies of the industrial
countries, this does not appear to be an important aspect of the Asian
success story. The estimated growth of TFP for the region, 1. 1 percent
47. Capitalper workeris definedsuch thatcapital includeseducation.
48. See Young (1994, 1995). Ourresultsfor Korea, Singapore,andTaiwanarevery
similarto those of Young, allowing for our inclusionof the agriculturalsector.
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Table6. Sources of Growthin East Asia, by Country and Period
Percentage points per year

Country and
period
Indonesia
1960-94
1960-73
1973-94
1973-84
1984-94
Korea
1960-94
1960-73
1973-94
1973-84
1984-94
Malaysia
1960-94
1960-73
1973-94
1973-84
1984-94
Philippines
1960-94
1960-73
1973-94
1973-84
1984-94
Singapore
1960-94
1960-73
1973-94
1973-84
1984-94
Thailand
1960-94
1960-73
1973-94
1973-84
1984-94
Taiwan
1960-94
1960-73
1973-94
1973-84
1984-94

Contribution by component

Growth of
output per
worker

Physical capital
peri workera

Education
per workerb

Total factor
productivityc

3.4
2.5
4.0
4.3
3.7

2.1
0.9
2.8
3.3
2.3

0.5
0.5
0.5
0.5
0.5

0.8
1.1
0.7
0.5
0.9

5.7
5.6
5.8
5.3
6.2

3.3
3.2
3.4
3.4
3.3

0.8
0.9
0.7
0.8
0.6

1.5
1.4
1.6
1.1
2.1

3.8
4.0
3.7
3.6
3.8

2.3
2.4
2.3
2.7
1.8

0.5
0.5
0.5
0.5
0.5

0.9
1.0
0.9
0.4
1.4

1.3
2.5
0.5
1.2
- 0.3

1.2
1.3
1.1
2.0
0.2

0.5
0.6
0.5
0.6
0.4

- 0.4
0.7
- 1.1
- 1.3
- 0.9

5.4
5.9
5.1
4.3
6.0

3.4
4.6
2.7
3.1
2.3

0.4
0.4
0.4
0.2
0.6

1.5
0.9
2.0
1.0
3.1

5.0
4.8
5.2
3.6
6.9

2.7
3.2
2.3
2.0
2.6

0.4
0.1
0.6
0.5
0.8

1.8
1.4
2.1
1.1
3.3

5.8
6.8
5.2
4.9
5.6

3.1
3.9
2.7
3.0
2.3

0.6
0.5
0.7
0.9
0.5

2.0
2.2
1.8
0.9
2.8

Source: Authors' calculations, as explained in text, based on data from World Data 1995; the data sets of Barro and Lee
(1994b), Nehru and Dhareshwar (1993), and Nehru, Swanson, and Dubey (1995); the Penn-World Tables, mark 5.6; and
unpublished materials provided by the International Labour Organisation.
a. The contribution of physical capital per worker is its growth rate multiplied by capital's production share (ot = 0.35).
b. The contribution of education per worker is the growth rate of the labor quality itidex (H) multiplied by labor's
production share (I - ot = 0.65).
c. The contribution of TFP is the difference between the growth rate of output per worker and the summed contributions
of physical capital per worker and education per worker.
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Table 7. Sources of Growth, by Region and Perioda
Percentage points per year
Contribution by component

Growth of
Region and period
China
1960-94
1960-73
1973-94
1973-84
1984-94
East Asia
1960-94
1960-73
1973-94
1973-84
1984-94
South Asia
1960-94
1960-73
1973-94
1973-84
1984-94
Africa
1960-94
1960-73
1973-94
1973-84
1984-94

output per
worker

Physical capital
per workerb

Education
per workerc

Total factor
productivityd

4.5
2.2
6.0
4.3
8.0

1.5
0.4
2.2
1.7
2.9

0.4
0.4
0.4
0.4
0.3

2.6
1.4
3.3
2.2
4.6

4.2
4.2
4.2
4.0
4.4

2.5
2.3
2.5
2.8
2.2

0.6
0.5
0.6
0.6
0.6

1.1
1.3
1.0
0.5
1.6

2.3
1.8
2.6
2.5
2.7

1.1
1.4
0.9
0.9
1.0

0.3
0.3
0.3
0.4
0.3

0.8
0.1
1.3
1.2
1.5

0.3
1.9
-0.6
-0.6
-0.6

0.8
1.3
0.4
1.2
-0.4

0.2
0.2
0.2
0.2
0.3

-0.6
0.3
- 1.3
- 2.0
-0.4
(continued)

Source: See table 6.
a. Computed using the eighty-eight country sample. Regional averages are calculated by weighting each country by its
average GDP over 1960-94, as measured in 1985 dollars.
b. The contribution of physical capital per worker is its growth rate multiplied by capital's production share (ot = 0.35).

per year over the thirty-four-year period, is about the same as that of
the industrial countries other than the United States, and only marginally above that of South Asia. Gains in TFP account for only one-fourth
of the region's growth in output per worker over the past three decades.
The situation may be changing, as there is some evidence of more
extensive gains in TFP in the period 1984-94. There are also some
important differences among individual countries: TFP growth is higher
for Taiwan, and the performance of the Philippines is strikingly poor.
However, while the rate of TFP growth in East Asia may seem low
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Table 7. Sources of Growth, by Region and Perioda (continued)
Percentage points per year

Region and period

Growth of
output per
worker

Middle East
1960-94
1.6
1960-73
4.7
1973-94
-0.3
1973-84
0.5
1984-94
- 1.1
Latin America
1960-94
1.5
1960-73
3.4
1973-94
0.3
1973-84
0.4
1984-94
0.1
United States
1960-94
1.1
1960-73
1.9
1973-94
0.6
1973-84
0.2
1984-94
0.9
Other industrial countries
1960-94
2.9
1960-73
4.8
1973-94
1.7
1973-84
1.8
1984-94
1.7

Contribution by component
Physical capital
per workerb

Education
per workerc

Total factor
productivityd

1.5
2.0
1.1
2.2
-0.0

0.5
0.4
0.5
0.6
0.5

-0.3
2.3
- 1.9
- 2.2
- 1.5

0.9
1.3
0.6
1.1
0.1

0.4
0.3
0.4
0.4
0.4

0.2
1.8
-0.8
- 1.1
-0.4

0.4
0.5
0.3
0.3
0.3

0.4
0.6
0.2
0.5
-0.0

0.3
0.8
0.1
-0.5
0.7

1.5
2.3
1.0
1.1
0.8

0.4
0.4
0.4
0.6
0.2

1.1
2.2
0.4
0.2
0.7

c. The contribution of education per worker is the growth rate of the labor quality index (H) multiplied by labor's
production share (I - ot = 0.65).
d. The contribution of TFP is the difference between the growth rate of output per worker and the summed contributions
of physical capital per worker and education per worker.

in an absolute sense, it is far better than that achieved by some other
developing regions. It has been negative in Africa and the Middle East
and nearly zero in Latin America. The real surpriseis that TFP growth
is low in all of the developing countries. We would have expected that
the ability to borrow existing technology and managementexpertise
from the advancedindustrialnationswould make the process easier for
those who came after. That does not appearto be true.
Second, the contributionof educationaladvances, if adequatelymeasuredby wage differentials, is largerin East Asia thanin otherregions,
but is still a relatively minor part of the story. Their contributionis
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Figure 2. Output per Workerand Its Components,by Region, 1960-94a
Index, 1960= 1
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Source: See table 6.
a. The level of capital per worker is an indexed sum of the two components of capital: physical capital per worker and
educationper worker.These componentsare weighted by the productionshares of physical capital and labor,respectively.
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largest for Korea and Taiwan, but the intraregionalvariationis small.
If there are large spillover effects, taking account of education raises
additionalquestions aboutthe modest growthof TFP because the spillovers would be reflected in larger TFP gains for countries with major
improvementsin education, such as those in East Asia.
Furthermore,EastAsia standsout in the extentto which the countries
of the region have avoided the large reversalsof TFP growththat have
been common elsewhere, such as in Latin Americain the 1980s and in
the Middle East since the mid-1970s. This is particularlyevident for
the late 1970s and early 1980s, when the global oil andfinancialshocks
and war proved so costly to other regions. In contrast, figure 2 shows
thatthe majorEast Asian countriesrightedtheireconomies andresumed
growth more quickly than those in other regions.
In addition, there does seem to be some basis for questioning the
magnitudeof growth reportedfor China in the 1980s because the gain
in TFP is so large and is out of line with that experiencedby the other
East Asian economies at similar stages of their development. Only in
China does the contributionof TFP growth exceed that of capital per
worker. In their latest update of the Penn-WorldTables, RobertSummers and Alan Heston arguethat the official estimatesof China's GDP
understatethe level of output and overstate its growth.49Their basic
point, that inflation is underestimatedand thus growth overestimated,
is supportedby a recent study concluding that output growth in the
industrialsector has been overstated.50In addition, it is consistent with
the puzzling depreciationin the reportedChinese real exchange rate,
which today is at about one-thirdof its 1980 level. Real depreciation
might be expected as partof the process of economic liberalization,but
the magnitudeand sustainednatureof the decline is unexpected. Generally, real exchange rates rise with development. In China's case, the
decline in the exchange rate has been large enough to eliminate any
evidence of real growth in the dollar-denominatedmeasure of GDP.
Oneexplanationfor sucha resultis thatthe officialstatisticsunderestimate
the inflationrate, overstatingreal growth.The growthof the Chinesereal
GDP in the PWTis aboutthe same as thatreportedin the officialdatafor
the period 1960-80, but for 1980-92 the PWT growthrateis 5 percent,
as comparedwith the 9 percentofficial ratethatwe use.
49. Summersand Heston (1994).
50. Jefferson,Rawski, and Zheng (1995).
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Of the otherregions, SouthAsia seems to have enjoyed considerably
improvedproductivityperformancein the 1980s, aftera decade of very
weak performance.A largerportionof the growth of these economies
has been the result of improvementsin TFP than is true for East Asia.
Africa stands out for very poor performance:output per worker has
increasedby an annualaverage of only 0.3 percentover the past three
decades, and TFP growth has been highly negative. Finally, the 1980s
may have been a lost decade for Latin Americafrom the perspectiveof
growth in outputper worker, but there is an even longer history of low
ratesof growthin the TFP component.In fact, it is interestingthatafter
the 1973 oil crisis, all of the regions of the world except Asia experienced a sharpslowing of growth from which they have yet to recover.
We recomputethe accounts using alternativevalues of 0.3 and 0.4
for the capital share. Those results, underboththe base case assumption
of a 7 percentreturnto educationand the alternative12 percentreturn,
are summarizedin table 8. As a region, East Asia exhibits the greatest
sensitivity to the choice of the parametervalues because it accumulates
both physical capital and education faster than do other regions. An
increase in the weight attached to physical capital accumulationincreases capital's contributionand reduces the residual contributionof
TFP by 0.6 percentage points per year over the period 1960-94. An
increase in the assumedreturnto educationfrom 7 to 12 percentwould
furtherreducethe contributionof TFPby 0.4 percentagepoint. Overall,
the contributionof TFP could range from a high of 1.4 percentage
points per year to a low of 0.4. We interpretthis result to imply that it
would take even moreextremevaluesto changethe fundamentalconclusion thatgrowthin East Asia is dominatedby factoraccumulation.

Productivity Growth versus Capital Accumulation
It is clear that the Asian economies are different in terms of their
overall output growth, but there is considerablyless agreementabout
why this is so. Although their success has generateda vast empirical
literaturedirected toward explaining the source of their growth, that
research has not eliminated the controversy. In part, the continued
debate results from the difficulties of using cross-nationalanalysis to
identify key correlationsbetween aggregateoutputgrowthand various
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Table 8. Sources of Growth under Alternative Assumptions of Capital Share and
Returns to Education, by Region, 1960-94a
Percentage points, except as indicated
Region and assumption
Region and
return to
educationb
China
7 percent
12 percent
East Asia
7 percent
12 percent
South Asia
7 percent
12 percent
Africa
7 percent
12 percent
Middle East
7 percent
12 percent
Latin America
7 percent
12 percent
Industrial countries
7 percent
12 percent

Contribution by component
Capital's Growth of
production output per Physical capital Education Total factor
per workerd per workere productivity'
sharec
worker
0.3
0.4
0.3
0.4

4.5
4.5
4.5
4.5

1.3
1.8
1.3
1.8

0.4
0.4
0.9
0.7

2.7
2.4
2.3
2.0

0.3
0.4
0.3
0.4

4.2
4.2
4.2
4.2

2.1
2.8
2.1
2.8

0.6
0.5
1.0
0.9

1.4
0.8
1.0
0.4

0.3
0.4
0.3
0.4

2.3
2.3
2.3
2.3

1.0
1.3
1.0
1.3

0.3
0.3
0.7
0.6

1.0
0.7
0.6
0.4

0.3
0.4
0.3
0.4

0.3
0.3
0.3
0.3

0.7
0.9
0.7
0.9

0.2
0.2
0.5
0.4

- 0.6
- 0.7
-0.8
-0.9

0.3
0.4
0.3
0.4

1.6
1.6
1.6
1.6

1.2
1.7
1.2
1.7

0.5
0.4
1.0
0.8

-0.1
- 0.5
-0.6
- 0.9

0.3
0.4
0.3
0.4

1.5
1.5
1.5
1.5

0.8
1.0
0.8
1.0

0.4
0.3
0.7
0.6

0.3
0.1
0.0
- 0.1

0.3
0.4
0.3
0.4

2.3
2.3
2.3
2.3

1.0
1.3
1.0
1.3

0.4
0.3
0.6
0.5

1.0
0.7
0.7
0.5

Source: See table 6.
a. Computed using the eighty-eight country sample. Regional averages are calculated by weighting each country by its
average GDP over 1960-94, as measured in 1985 dollars.
b. The return to each additional year of schooling; see text for details.
c. Presented as a decimal.
d. The contribution of physical capital per worker is its growth rate multiplied by capital's production share (cr).
e. The contribution of education per worker is the growth rate of the labor quality index (H) multiplied by labor's
production share (I - o).
f. The contribution of TFP is the difference between the growth rate of output per worker and the summed contributions
of physical capital per worker and education per worker.
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policy measures. The regression analysis, in particular,has been frustratedby the instabilityof resultsin the face of seeminglyminorchanges
in specification.51In addition, growth and its proximatedeterminants
are all endogenous elements, making it hardto infer causality.
Similarquestionscould be raisedaboutour decompositionof growth
in outputper workerinto capital accumulationand TFP growth. Distinguishing between the two could be difficult for at least two reasons.
First, technical advances might be embodied in new capital. Second,
by raising the returnsto capital, increased TFP might induce greater
capital accumulation.Thus, as a point of departure,it is worth asking
whether the growth accounting exercise actually yields a meaningful
decompositionand whetherit allows one to say anythingmore definite
about the ways in which the East Asian countriesdiffer from others.
As one approachto these issues, we use regressionanalysis to relate
economic growth to some basic measuresof initial conditions and the
external environment. We then attempt to determine the extent to
which, conditionalon these basic determinants,the East Asian growth
experience differs from that of other economic regions. The same exercise is then performedon the two components, factor accumulation
and TFP growth.
In developing the indicators of initial and external conditions, we
have borrowed heavily from prior work by Barro and Lee.52We are
able to replicatethe essential featuresof their statisticalresults for our
differentsampleof countriesand somewhatdifferentmeasureof output
per worker. Our basic indicators are presented in table 9. The initial
level of income percapita(in internationalprices) is includedto capture
the phenomenonof catchup, and life expectancyand years of schooling
are included as measuresof health and education, respectively. Variations in the external environment are representedby the mean and
standarddeviationof the annualchange in each country'stermsof trade
51. Levine and Renelt (1992).
52. Barro and Lee (1994b). Since we do not find any role in our data set for the
Barro-Leemeasureof revolutionsand political instability, it is excluded from the following analysis. Nor do we attemptto differentiatebetweenthe roles of male andfemale
education levels. The most importantdifference in our analysis is that we adjust for
changes in laborforce participationby using GDP per workeras the dependentvariable;
Barroand Lee used per capitaGDP. In addition,the initial income level is measuredas
a percentof per capita income of the United States.
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Table 9. Initial Conditions and External Shocks, by Region and Countrya
Units as indicated
Standard
Region and
country
China
East Asia
Indonesia
Korea
Malaysia
Philippines
Singapore
Thailand
Taiwan
South Asia
Africa
Middle East
Latin America
Industrial countries
Total

Change deviation
Income
Years of in terms of terms Investment
Life
per capitab expectancyc schoolingd of tradee of tradeI
shareg
5.4
11.4
5.8
8.7
15.0
11.5
16.6
9.6
12.3
7.8
9.2
15.7
22.1
55.6
25.3

36.3
55.0
41.5
54.2
54.3
53.1
63.7
52.7
65.4
47.7
42.1
54.5
55.4
69.3
55.1

2.1
3.3
1.6
4.4
2.8
4.2
3.2
3.2
3.8
1.7
1.2
2.6
3.2
6.4
3.4

-0.4
-0.0
5.4
-1.5
-1.2
-1.7
1.6
-2.5
0.0
-1.2
-1.3
1.7
-0.9
-1.2
-0.7

5.0
11.2
25.6
5.9
9.9
10.5
5.7
8.1
12.8
10.4
16.4
14.3
15.4
8.0
12.9

20.5
21.6
17.1
23.7
23.5
15.3
31.2
18.1
22.0
9.3
8.8
17.2
15.6
25.9
17.0

Source: Per capita income and investment share are authors' calculations based on internationalprice data from the PennWorld Tables, mark 5.6. Data on life expectancy are from the data set constructed by Barro and Lee ( 1994b); and for years
of schooling, from the data sets constructed by Barro and Lee (1994a) and Nehru. Swanson, and Dubey (1995). Terms of
trade are the authors' calculations based on data from World Data 1995.
a. Computed for the eighty-eight country sample. Regional averages are simple averages.
b. Percent of U.S. level, 1960.
c. Years, 1960.
d. Average for the adult population, 1965.
e. Mean of annual log changes ( x 100), 1965-92.
f. Standard deviation of annual log changes ( x 100), 1965-92.
g. Average percent of GDP, 1960-94.

(defined as the ratio of the price index of exports to the price index of
imports, both measuredin dollars).
The results of our regression analysis are presentedin table 10. As
shown in column 1, these conditioningvariablesaccountfor nearlyhalf
of the cross-nationalvariationin per capita GDP growthfor the period
1960-94. Except for the catchup measure (initial income), they do
relatively little to explain why the East Asian economies have grown
fasterthanthe average:the means of the conditioningvariablesfor East
Asia, shown in table 9, do not differ significantly from those of the
total sample. They do, however, highlight some importantdifferences
between East Asia and other individual regions. Comparisonof East
Asia and Latin America shows that about one-fourth of the gap in
growthratescan be attributedto differingmagnitudesof terms-of-trade
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shocks. By contrast, differing externalconditions explain little of East
Asia's rapid growth relative to South Asia. The higher education and
life expectancyin East Asia, however, are worthabout0.75 percentage
point per year of higher growth.
The results of adding fixed regional effects are reportedin column
2. Relative to the base region, East Asia, the others have considerably
lower growthrates. The difference is small for the industrialcountries,
but it is large (over 2 percentagepoints per year) for LatinAmericaand
sub-SaharanAfrica. The regional effects also reduce the significance
of education and the terms of trade, while raising the overall adjusted
R2 to 0.62.
The contributionof capital accumulationis includedas a right-handside variable in column 3. Recognizing that it is likely to be highly
endogenous, we interpret the regression as indicating whether the
growth accountinghas resulted in a meaningfulmeasureof the contribution of capital accumulation.It is reassuringto note that the coefficient on the capital accumulationtermis not significantlydifferentfrom
unity and that it raises the adjustedR2 to 0.70.53 Column4 reportsthe
result of substitutingthe investment rate for the capital accumulation
term. The use of the investment share as a proxy for capital accumulation results in a much lower overall adjustedR2, 0.46, leaving a much
larger residual estimate of the contributionof productivity gains to
economic growth.54
The remainingcolumns of table 10 reportthe results from parallel
regressions for the contributions of capital accumulation and TFP
growth. Here it is interestingto note that while the set of conditioning
variables explains a significantportion of the variationin both capital
accumulationand TFP growth, the regional effects are very large and
significantfor capital accumulationbut marginalfor TFP growth. The
additionof the regional dummyvariablesraises the adjustedR2by 0.28
for capital accumulationbut by only 0.07 for TFP growth. Because the
regional effects are measuredrelative to East Asia, the implication is
that East Asia stands out from the otherregions in the magnitudeof its
53. Combiningthe capital accumulationtermwith fixed regionaleffects resultsin a
coefficient of 0.95, and only the regional measurefor Latin Americaretainsstatistical
significance.

54. This regressionis based on the investmentshareas given in internationalprices.
The nationalprice measureresults in an even lower R2, 0.42.
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capital accumulation,but not for TFP growth. Furthermore,as shown
in regression equation9, the measureof capital accumulationis essentially orthogonalto the estimate of TFP growth.
These same issues of the relative importanceof TFP and capital
formation appear in a slightly different context as part of the new
endogenous growth theory literature.In many such models, TFP and
capital per worker are expected to be highly correlated, both across
countriesand over time. Thus the conclusion from our regressionanalysis-that, controlling for differences in initial conditions and the external environment, growth in TFP is largely orthogonal to that of
capital per worker-is surprising.
It is importantto note that the correlationbetween TFP growth and
factor accumulationis sensitive to the choice of the capital elasticity.
Assuming a higher capital share tends to reduce the residual measure
of TFP growth and, consequently, to lower the correlation between
productivityand accumulation.Our assumptionof 0.35 is a relatively
low estimate for the nonindustrialeconomies, however. Thus, if anything, we would expect the correlationto be overstatedin our data.
The issue of correlationis explored more fully in figure 3. Looking
first at the industrialcountries, the upper panels distinguish between
the experience of 1960-73, when many of these countries had high
rates of investment and were actively engaged in catching up with the
technological leader (the United States), and the period of a common
slowdown in growthafter 1973. We expect to find a positive correlation
between TFP growth and capital accumulation;previous studies have
reportedhigh correlations, both over long periods and in recent decades.55Indeed, that is exactly what emerges in our data for the period
before 1973. However, the correlation is modest: an adjustedR2 of
0.38. In contrast, the upper right-handpanel shows no evidence of a
relationship after 1973. Some reduction of the correlation might be
expected as marginalreturnson investmentsare equalized and the gap
between the leaderand its followers is reduced. Those projectswith the
largest advances in technology presumablyhave high relative returns
and would be among the first to be undertakenin all cases. Thus TFP
growthwould not be reflectedin variationsof investmentat the margin.
Still, the disappearanceof the relationshipis quite surprising.
55. See, for example, Baumol, Nelson, andWolff (1994), andGrossmanand Helpman (1994).
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The story for the nonindustrialeconomies is essentially the opposite
of that for the industrialeconomies. Before 1973, there appearsto be
no correlation between TFP growth and capital accumulation(lower
left-hand panel). Again, it is evident that while the East Asian economies exhibit relativelyrapidcapitalaccumulation,they arenot unusual
in terms of productivity.After 1973 a modest correlationemerges, but
largely as the result of developmentsoutside of East Asia: capital accumulation declines and TFP collapses. Meanwhile, the East Asian
countries continue to accumulatecapital rapidly and to maintainmoderate rates of productivitygrowth.
These results offer strikingsupportto Young's argument,discussed
in the introduction.The East Asian economies are unusualprimarilyin
regardto capital accumulation,not TFP growth. The regional coefficients are highly negative and significantfor overall growthand capital
accumulation, but they are small and largely insignificant for TFP
growth. This outcome is not very encouragingeither for the argument
that the East Asian experience reflects the benefits of open, liberalized
markets, or for the view that it illustrates the efficiency gains of an
activist governmentalindustrialpolicy. Most of these policies are expected to operateby affecting the level and growthof TFP, but there is
little about the behaviorof TFP in East Asia to be explained. Instead,
it appears that the East Asian economies do well because they are
willing to make the sacrifices necessary to accumulatecapital at very
high rates.

The Role of Government
The role of governmenthas emergedas the most controversialaspect
of the East Asian growth experience. The debate is not about whether
policy mattered, but over which measures paid off and their relative
importance.Although we cannot hope to resolve these issues, we believe that inadequateattentionhas been devoted to assessing the channels through which policy operated and that the growth accounts
providea basis for distinguishingthe effect of policies on factor accumulationfrom improvementsin the efficiency with which the factors
were used. Indeed, the above analysis suggests that any claims that
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such policies "worked" by generating large gains in productivity
should be viewed with suspicion.
Governmentis often cited as a majoractorin the turnaroundof East
Asia-a region whose economic prospects seemed dismal in the early
1960s. Growthwas slow. Most countrieshad very low rates of saving
and investment; some were heavily dependenton foreign aid. At the
time, externalassessmentsof East Asia's prospectswere typically very
pessimistic, relativeto those for LatinAmericaandAfrica. Indeed, one
WorldBank study consideredthe Philippinesthe countrymost likely to
succeed.56Since the early 1960s, each of the currentlyhigh-performing
East Asian countrieshas initiatedsignificantpolicy changes, although
there has been considerable variationboth in the timing and in many
featuresof the policies implemented,as discussed furtherbelow. While
manyof these economiesexperienceddifficultiesalong the way, the rapidity and persistenceof theirsubsequentgrowthhas been phenomenal.
The policy measuresthathave been suggestedas contributingto East
Asia's success can be divided into two groups. The first comprises
policies that are now generally agreedto have played a positive role in
both capital accumulationand productivitygains. These include stable
macroeconomicpolicy (albeit definedin somewhatdifferentways) and
the promotionof education. The policies in the second grouphave been
more controversial. Trade policy (more specifically, openness or outward orientation) is often cited as a central element of the region's
success; however, definitionsof openness vary widely, as do the views
on its importance.Most controversialarethe differenttypes of selective
interventionthat have been pursuedto varying degrees over the years
by governmentsin the region. Since export promotionwas often one
of the objectives of intervention,thereis some overlapbetweenpolicies
of interventionand outwardorientation.57
56. WorldBank (1993b, p. 14).
57. There is a very large literatureassessing the role of policy in rapidEast Asian
growth.Recentstudiesthatemphasizethe importanceof marketfriendlypolicies include
World Bank (1993a) and Krueger(1995). Studies that stress the effects of selective
interventioninclude Amsden (1994) and Fishlow and others (1994). Views about the
importanceof outwardorientationrangefrom Sachs and Warner(1995), who arguethat
it is the most importantelement of governmentpolicy, to Rodrik (1994, 1995), who
argues that export orientationcould not have played a significantrole. Easterly(1995)
andEasterlyandothers(1993) arguethatgood luck may have been moreimportantthan
good policy. All of these studies, in turn,provideadditionalreferencesto the literature.
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It is strikingthat the controversyfocuses on the role of policies that
are presumedto operateby promotinggrowth in TFP. As one analyst
remarks, "Central to the debate . . . is industrial policy, defined as

governmentefforts to alterindustrialstructuresto promoteproductivitybased growth."58Ourdecompositionclearly implies that this debate is
misplaced. The searchfor lessons from high Asian growthshouldfocus
on the magnitudeand persistenceof capital accumulation,not on productivity gains. Indeed, if outwardorientationand selective intervention do work, it may well be throughtheireffects on ratesof investment
and saving.
It is also striking that the same group of successful economies has
been used to illustratethe purportedbenefits of extremely differentandconflicting-policy strategies.Those Westerneconomistswho tend
to stress the benefits of free marketsfrequentlycite East Asia as evidence that a relatively laissez-faire approachpays off. According to
this view, these economies prospereddue to the establishmentof relatively open tradingregimes and other marketfriendly policy reforms.
By contrast, Asian economists and policymakers are more likely to
describetheir underlyingpolicy strategyas sequentialindustrialtargeting, based on the Japanesemodel initiated in the 1950s.9 Yet neither
they nor most Westerneconomists would classify Japanesepolicy during 1950-70 as an example of a marketfriendly approach.
For a variety of reasons, it is difficult to drawdefinitiveconclusions
aboutwhich policies worked and why. Policies are often implemented
togetheras a group, confoundingefforts to tease out the separateeffects
of the individualmeasures. Cross-country(or panel) regressionstudies
requiresimple indicatorsof policy that typically captureactual differences poorly and suffer from measurementerror. Arguably, the available measures of trade regime and industrialtargeting-the areas of
most controversy-are even more problematicthan measuresof fiscal,
monetary,andexchange ratepolicy. The fact thatmost policy variables
shouldbe consideredendogenousmakes causal interpretationsof these
regressions suspect. On the other hand, while case study approaches
can yield muchclearerpicturesof whathappenedin individual(or small
groups of) countries, they typically do not have adequatechecks on
58. Kwon (1994, p. 635).
59. See, for example, Ito (1992, 1994) and Singh (1994).
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their conclusions, since they provide limited comparisonwith performance in other countriesthat have pursuedsimilar policies. However,
it is interesting to note that the detailed studies highlight disparities
amongpolicies followed by the high-growthEast Asian countries. We
focus below on the roles of macroeconomicpolicies andtradepolicies.60
The remainderof this section provides some backgroundinformation
about the initial situation, policy, and performancein East Asia, and
then turns to an empirical analysis of the links between policy and
economic growth.
East Asian Policy: An Overview

As a starting point, it is importantto recognize that East Asia is
composedof very diverse countries;only a Westernerwould lump them
together!The populationdata in table 1 show the considerablerange in
size from a tiny city state (Singapore)to small countries(Malaysiaand
Taiwan), moderate sized countries (Korea, Thailand, and the Philippines), and the relatively populous Indonesia. While some countries,
such as Korea, are relatively poor in resources, others, such as Indonesia, are richly endowed and face the special problemsof commodity
booms andbusts. The fact thatIndonesiacomprisesthousandsof islands
raises another set of unique issues. Furthermore,Korea is ethnically
quite homogeneous, but the same cannot be said of Malaysia.
Before the onset of rapid growth, there was considerable intraregional variationin economic and social conditions. The seven countries were at very different developmentalstages. Indonesiaand Thailand began their growthperiodswith very high percentagesof the labor
force in agriculture(62 percentand 75 percent, respectively). In 1965,
Korea and Taiwan had relatively high initial levels of education, but
average years of schooling were only 1.6 in Indonesiaand 2.8 in Malaysia (see table 9). Percapitaincomes in SingaporeandMalaysiawere
substantiallyhigher than those in Korea, Thailand, and especially Indonesia (see table 1). The region's income distributionis typically
characterizedas relatively equitable.6' But, on average, income ine60. Analysts have considered a variety of additionalpolicies, including financial
marketpolicy, infrastructuredevelopment,and the exchangerate regime.
61. Deiningerand Squire(1996) reportdatafor the income sharesof the top relative
to the bottom quintile in a variety of countries in various years. According to this
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quality in East Asia is similar to that in South Asia and in the Middle
East. Malaysia, like the Philippines, has quite high income inequality,
comparableto that in Latin America. Only Korea and Taiwan began
with highly equitable income distributions;the others enjoyed rising
equality along with rapidgrowth.
The seven countries are now frequently cited for high rates of investment and saving. However, most began with low to moderateinvestment and saving rates. Dramaticincreases in saving rates, in particular, are a hallmark of their successful development. Similarly,
exports initially representeda modest share of GDP, and very rapid
export growth is anotherstriking feature that these countries have in
common.
There are also both similarities and differences in the policies pursued in the region.62Overall, the East Asian countrieshave tended to
follow prudentmacroeconomicpolicies, as discussed furtherbelow.
Average fiscal deficits have been low, thus limiting the need for inflationaryfinance. Public saving rateshave been relatively high. Inflation
rateshave tendedto be moderate(althoughnot exceptionallylow); real
interest rates have been quite stable; and black marketexchange rate
premiumshave been very small.
The broad averages mask considerable cross-country diversity.
Budget deficits have not always been small, nor have inflation rates
consistently been in single digits. In Thailand,the centralgovernment
deficit ranged from 3.5 to 6.5 percent of GDP during the nine years
from 1978 to 1986. Malaysia's budget deficit reached 15.5 percentof
GDP during 1981-82, and averaged 6.9 percent over 1960-92. Consumerprice index inflationaveraged20 percentper year during 197481 in Korea, and reached as high as 40 percent per year in Indonesia
in 1974. However, a key feature in all of these cases is that surges in
budget deficits or inflation were reversed relatively quickly-governindicator,the most equitableEast Asian countriesare Taiwan, China, and Indonesia,
with ratiosbetween4.5 and 5.5. KoreaandSingaporeare somewhatless equitable,with
ratios of 6.3 and 6.7. Least equitableare Thailand(11.7), the Philippines(12.0), and
Malaysia(14.2). The regional averages are 7.2 for East Asia, 5.5 for South Asia, 7.1
for the MiddleEast, 11.6 for Africa, 16.0 for LatinAmerica, and 6.6 among industrial
economies.

62. For summariesof the rangeof policies pursuedin each of the high-growthAsian
countries,see WorldBank (1993a) and its extensive references.

176

BrookingsPapers on EconomicActivity, 2:1996

ments adjustedpolicies promptlywhen indicatorsgot far out of line.63
Consequently,economic crises in the high-performingEastAsian countries appearto have been shorter and less severe than many of those
experiencedelsewhere. These countriesdo not show that moderatebut
persistentinflationor budgetdeficits are inconsistentwith long periods
of rapid growth, nor that there is any need to be preoccupied with
doctrinairetargets, such as zero inflation, or budget surpluses;but, for
the most part, they have avoided the extremes. In this regard, our
readingof the East Asian experiencein termsof macroeconomicpolicy
and performanceis similar to that of Stanley Fischer.64
The governments in the region promoted broad-basededucational
increases throughthe allocation, if not the level, of public spending.65
Government expenditures tended to be concentrated on the lower
grades, particularlywhile literacyrateswere low. Spendingat the postsecondary level was limited and focused on strengtheningtechnical
skills. As shown above, the East Asian countriesdid achieve impressive
increasesin the educationalattainmentof theirpopulations.At the same
time, our accounting decomposition implies that the direct effect of
increasedschooling for growthwas modestin EastAsia, addingperhaps
0.2 and0.4 percentagepoint relativeto annualgrowthin LatinAmerica
and Africa, respectively (see table 7). However, these figures do not
take into account the potentially significant positive implications for
per capita growth rates as increased education contributes to lower
populationgrowth rates.
In the early 1960s tradepolicies in all of the East Asian economies
(except Hong Kong) could be characterizedas promotingimport substitution, with strong biases against exports. Following Japan'sexample, each shifted away from this inward-lookingdevelopmentstrategy
toward an outward-orientedstrategy based on promotingexports, especially manufacturedgoods. Korea, Singapore, and Taiwanmade the
switch duringthe mid- to late 1960s. Like Japan,however, Korea and
Taiwaninitially maintainedsignificantprotectionof theirdomesticmarkets andpromotedexportsthrougha varietyof selective measures, such
as export credits and tax incentives; the move away from extensive
63. See, for example, Collins (1989).
64. See Fischer (1993).
65. Comparedwith other countries, governmentspending on education has been
moderatein Taiwan, Singapore,and Korea.
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usage of selective measures is quite recent. Korea's "big push" to
develop heavy and chemical industriesduringthe 1970s stands out as
an example of very intensive intervention.While Koreandevelopment
has been associated with very large conglomerates,Taiwanese exporters are primarilysmall and medium-sizedfirms. Indonesia, Malaysia,
and Thailandshifted to export promotionstrategiesin the early 1980s.
Their approachesplaced less emphasis on targetedintervention,but in
all cases some selective measures were used to promote designated
industries. Finally, all of the countries encouragedcapital goods imports, licensing arrangements,and trainingabroadas means to transfer
moreefficient technologies fromthe industrialcountries.Foreigndirect
investment, however, was welcomed in Malaysia and Singapore, and
more recently in Indonesia and Thailand, but was heavily restrictedin
Taiwan and especially Korea.
Regression Analysis

The association between policies and growth is explored more formally throughregression analysis. A new featureof our analysis is to
use the components of growth-capital accumulationand changes in
TFP-as dependentvariables, which enables us to study the channels
throughwhich the various policies operate. Following the existing literature, we concentrate on macroeconomic policy and on outwardorientedtradepolicy.
Our choice of indicatorsof macroeconomicpolicy is heavily influenced by the prior studies of Barro, Lee, and Fischer.66In particular,
we focus on the average budget balance as a share of GDP over the
period 1960-92 as a broad measure of fiscal discipline and on the
variabilityof the real exchange rate during 1960-92 as a measure of
the stability of macroeconomicpolicy.67While fiscal data are available
for all but one countryin our sample (Sudan), they come from different
sources, raising issues of comparabilityand quality. The measures of
fiscal balancefor industrialcountriescome from OECD statisticalfiles
and tend to be close to the standardnational accounts concept of the
66. Barro(1991), Barroand Lee (1994b), and Fischer(1993).
67. In Bosworth,Collins, andChen(1996) we considerothermacroeconomicpolicy
indicators,such as the averagelevel and change in the real exchange rate, the average
level and standarddeviation of inflation, and the share of governmentconsumptionin
GDP.
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general government sector. In most cases, data for developing economies come from the IMF's International Financial Statistics or World

Bank studies and are based on the concept of the consolidatedgeneral
government budget. In a few cases, data are based on the broader
concept of the public sector budget.
The real exchange rate measureis based on the internationalprice of
consumptiongoods from the PWT;as such, it provides an indicatorof
under- or overvaluationof the currency, relative to purchasingpower
parity. There is, however, a general tendency for a country's relative
price level to increase with income. Thus we follow the procedure
developedby David Dollarto adjustourseries for this systematicbias.68
The internationalprice of consumption,convertedto U.S. dollarsusing
the standardexchange rate, is regressedon the ratio of per capita GDP
for each country relative to that of the United States. Residuals from
this regressionareused as adjustedprices. Eachcountry'sreal exchange
rate is then its adjustedprice level, relative to a sample averagethat is
constructedusing trade weights. We also include various measuresof
the level and stability of inflation. However, these are consistently
insignificantin the regressions.
Alternativetradepolicy measurescan be divided into three types.69
First, thereare directmeasuresof tariffandnontariffbarriers(NTBs).70
Second, there are those based on trade flows. Actual importsand exportswill differ across countriesbecause of countrysize, factorendowments, and other features that have nothing to do with policy stance.
Thus it has become common to estimate a "gravity," or a structural,
model of tradeflows and to assume that the regressionresidualsreflect
the underlyingpolicy stance.7' Finally, a numberof authorshave constructedqualitative indexes of trade policy, based on a variety of un68. Dollar (1992).
69. See Bosworth, Collins, and Chen (1996) and the referencesthereinfor further
discussion of this issue.
70. NTBs, arguablymore importantthantariffbarriersin termsof industrialtargeting, are notoriouslydifficult to measure. Furthermore,the comparablecomprehensive
figures (from the United Nations Conferenceon Trade and Development [UNCTAD])
are for the mid-1980s, not the early years of East Asia's economic take-off.
71. This procedurecan be appliedto total importsor to categories, such as imports
of consumerversus capital goods. However, adjustedtradeflow measurestend to have
low correlationswith direct tradepolicy measuresand are likely to be endogenous. In
any case, the association between adjustedtrade shares and output growth does not
appearto be robust.
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derlying indicators. These tend to enter growth regressions with large
and very significant coefficients, comparedwith direct and trade flow
measures. However, they may providerelativelypoor proxies for trade
policy, as discussed furtherbelow. Jeffrey Sachs and AndrewWarner
have recently developed one such measure. They define a country as
closed if any of the following five conditions appliedduring 1970-89,
and open otherwise:(1) NTBs covering at least 40 percentof trade, (2)
average tariff rates of at least 40 percent, (3) an average black market
premiumof at least 20 percent during the 1970s or the 1980s, (4) a
socialist economic system, and (5) a state monopolyon majorexports.72
While ourpreviousworkhas employed all threetypes of tradepolicy
measure, the present discussion focuses on the results based on the
Sachs and Warnermeasure of openness, for two reasons.73First, we
wish to explore furtherthe significanceof measuresthatprevious analyses have found to show the importanceof outward-orientedtradepolicy as a determinantof growth. The arguablypreferabledirectandtrade
flow measuresdo not seem to be significantlyrelatedto growthperformance. Our previous analysis finds that neitherthe tariff nor the NTB
measureswere significantlyassociated with growth or its components.
We have found some evidence thatan adjustedmeasureof capitalgoods
imports as a share of GDP is associated with more rapidcapital accumulation, but no evidence of any link with productivitygrowth.74Second, the Sachs-Warnerindex is available for eighty-threeof the countries in our sample, whereas alternativeindicatorswould have reduced
our sample size much further.75
Table 11 provides a summaryof the macroeconomicandtradepolicy
indicators for individual East Asian countries and for the regional
groupings. As shown, real exchange rates have been relatively stable
in East Asia. The region is characterizedby low averagebudgetdeficits,
comparableto those among industrialcountries, and less than half of
72. Sachs and Warner(1995).
73. Bosworth,Collins, andChen(1996). In the presentpaper,ourempiricalanalysis
uses revised dataobtaineddirectlyfrom Sachs and Warner.
74. Bosworth,Collins, and Chen (1996).
75. The eighty-three-countrysample excludes Iceland, Malta, Panama,South Africa, and Sudan. An alternativequalitativeindicatorconstructedby the World Bank
(1987) produces results similar to those using the Sachs and Warnerindicator. The
results for direct and trade flow measuresand the World Bank indicatorare based on
subsamplesof our data.
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the level in Latin America, for example. Finally, East Asia stands out
as extremely open, based on the openness indicator borrowed from
Sachs and Warner.From the percentageof countryyears classified as
open during 1960-92, East Asia (75 percent) is second only to the
industrialeconomies (91 percent), andconsiderablymoreopen thanthe
Middle East (31 percent), the third most open region. In the other
regions, few, if any, countries are classified as open over the entire
period. This indicatoris very successful in singling out the East Asian
economies.

Regression results are reportedin table 12.76 The role of macroeconomic policy is considered first. As shown, countries with smaller
budget deficits and more stable real exchange rates tend to grow more
rapidly. However, the two elements of policy work throughvery different channels. Budget surpluses are strongly associated with more
rapid accumulation of capital per worker, while real exchange rate
stability is associated with improved(or higher) productivitygrowth.
We find the Sachs-Warnerindex of years open to be strongly associated with growth. Sachs and Warner'sinterpretationis that an open
tradepolicy is the most importantelement of overall economic policy:
if and only if poorer countries are open will they tend to grow more
rapidly than richer countries and to catch up. Further,they argue that
the main reason to expect the convergence of open economies is that
poorer countries can import capital and modern technology from
wealthier ones, therebyreaping "the advantagesof backwardness."77
Our results create some difficulty for this interpretationbecause the
variable adds nothing to the explanationof differences in productivity
growth (see column 8). All of its influence comes througha positive
effect on accumulationof capital per worker (see column 5). To the
extent that the indicatoris assumedto captureoutwardorientation,the
lack of evidence that this policy stance is linked to the transferof more
efficient productiontechniquesis striking.
However, the Sachs-Warnerindex, like othercategoricalindicators,
may have little to say about the underlyingtrade policies. It places a
heavy weight on the premium(discount)in the black marketfor foreign
76. These regressionsareall basedon a samplesize of eighty-three.Forcomparative
purposes, the regressions with initial and external conditions were run again for the
eighty-three-countrysubsample,yielding only minorchanges in the results.
77. Sachs and Warner(1995, p. 3).
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exchange. The black marketpremiumis not a measureof tradepolicy,
per se, but rather is likely to strongly reflect the general economic
condition of a country. The reliance on the black marketpremiumis
also likely to make problems of endogeneity especially acute. More
generally, the Sachs and Warneropenness indicatoris as strongly correlated with our macroeconomicpolicy indicators(budget surplusand
real exchange rate stability) as with the direct trade policy measures
(tariff and nontariffbarriers).Finally, categoricalmeasuresforce stark
distinctions among countries, but it is unclear whether these really
reflect underlying differences in trade policy. Such indicators do not
capture underlying differences in the nature and extent of selective
governmentinterventionsat the industrylevel.
We conclude thatcategoricalindicatorslike the Sachs-Warnerindex
do appearto be signficantlycorrelatedwith growth. But the channelof
effectiveness is increasing capital accumulation, not productivity
growth. Furthermore,problemswith this measureimply thatwe cannot
draw conclusions about the role of tradepolicies or selective intervention from these results. To do so would require measures that more
accuratelycapturedifferences in tradepolicy.
Overall, the policy measuresaccountfor aboutone-thirdof the otherwise unexplaineddifference between growthperformancein East Asia
and other developing regions. That is, the size of the regional coefficients in column 3 of table 12 are about one-third smaller than the
regionaleffects in column2 of table 10. Further,the reductionis evenly
divided between capital accumulationand TFP growth.

Concluding Thoughts
Our examination of the data for East Asia produces several major
questions. Two of these follow from the finding that East Asia is distinguished by the magnitudeof capital accumulation,but that gains in
productivityhave been quite ordinary.First, why has TFP growthbeen
so moderate, given the obvious opportunitiesto simply copy the technologies of the industrialeconomies? And second, what enabled the
East Asian economies to achieve andmaintainsuch high ratesof capital
accumulation?The third questions Krugman'sprovocativeconclusion
that if past growth was due to rapid capital accumulation,the law of
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diminishingreturnswould imply that East Asia's days of rapidgrowth
are numbered.78Is this assessment correct? Finally, the finding that
TFP growthhas played only a limited role casts doubton the relevance
of much of the new growth theory, which suggests that the transferof
ideas provides a less costly means of economic catchup than capital
accumulation.
Why Was TFP Growth So Modest?

Previous growth accounting studies have found large contributions
from TFP for industrialcountriesthat enjoyed periods of rapid output
growth.79We find similarTFP contributionsfor industrialcountriesin
the earliest period of our sample. Table 7 shows that the average contributionof TFP to growth of output per worker during 1960-73 was
2.1 percentagepoints among all non-U.S. industrialcountries-more
thantwice its contribution(0.9 percentagepoints) in the United States.
Six of the seven industrialcountrieswith the highest growthhad annual
contributions of TFP to output growth of at least 2.6 percentage
points.80A common explanationfor these large TFP contributionshas
been that other industrialcountrieswere catching up with the technical
expertise of the United States. Why did East Asia not have a similar
experience?Much of the East Asian growthoccurredafter 1973, when
TFP gains were smallerthroughoutthe industrialeconomies; but given
the magnitudeof the technology gap, it is difficult to see why developments at the frontier were of relevance to East Asia. To varying
degrees, the East Asian economies followed Japanin pursuinga development strategy that involved sequenced promotion of low, middle,
78. Krugman(1994).
79. For example, Denison and Chung(1976) find thatTFP growthcontributedfrom
1.9 to 4.9 percentagepoints per year to growthfor nine industrialcountries(those with
at least 3 percentannualaveragegrowth)over variousperiodsbetween 1948 and 1971.
Christenson, Cummings, and Jorgenson (1980) find that the contributionof TFP to
growthfor eight industrialcountriesover selected periodswithin 1947-73 rangedfrom
1.4 to 4.1 percentagepoints per year. For a varietyof reasons, these TFP estimatesare
not strictly comparableto ours, which helps to explain their magnitudes.In particular,
Denison's estimatesapply to net, not gross, output.
80. These countries (with annualpercentagepoint contributionsfrom productivity
growthduring 1960-73 in parentheses)are Greece (3.6), Italy (2.6), Japan(3.3), Portugal (3.8), Spain (3.3), and Turkey(2.6). The contributionof TFP growth in Austria
was 1.9 percentagepoints per year. In all of these countries, the annualgrowthrate of
outputper workerwas at least 4.8 percent.
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and high technology industries. But unlike Japan in the 1960s, their
increases in TFP have been modest.
It is possible that the potential to adopt knowledge and technology
from abroaddependson a country's stage of development.81Growthin
the early stages may be primarilyassociated with physical and human
capital accumulation, and significant potential for growth through
catchup may only emerge once a country has crossed some developmentalthreshold.Gene GrossmanandElhananHelpmanmay be correct
in arguingthat even if "technological progressprovides the engine of
long-run growth, accumulationwill play an independentrole duringa
(perhapsprolonged)transitionalphase. 82
To explore this hypothesis of stages of growth, we comparedevelopment indicatorsfor the East Asian countriesin 1975 with indicators
in 1965 for the six industrialcountries with the highest TFP growth
rates during 1960-73. The Asian countrieswere indeed less developed
than their high-growthindustrialcounterparts.On average, the industrial countries had more than a year of additional schooling, as well
more than three times the amount of capital per worker. Less than a
thirdof their labor force was employed in agriculture,comparedwith
nearly half for the Asian countries. While these comparisons do not
provide a formal test, they are consistent with the view that the low
TFP growth in East Asia during 1960-94 (or 1973-94) relative to that
in high-growthindustrialeconomies duringthe 1960s is due in part to
the Asian economies' being at an earlier stage of development. Also
consistentwith the stages of developmenthypothesisis thatTFP growth
acceleratedsharplyafter 1984 in many of these countries.
'

High Capital Accumulation

The East Asian economies are most remarkablefor the magnitudeof
their capital accumulation. An importantimplication of the analysis
81. The idea that countriespass throughdifferentstages of development,and that
to embarkon a stage in which growth is characterizedby significant technological
improvementsmight requirecertain preconditions,was widely discussed in the early
economicdevelopmentliterature;see, for example, Rostow (1960). Recentstudieshave
used modernanalytictools to revisit the potentialimportanceof developmentalstages.
For example, Azariadis and Drazen (1990) develop a model of economic growth in
which returnsto scale rise rapidlyonce economic characteristicssuch as labor quality
reacha criticalrange.
82. Grossmanand Helpman(1994, p. 26).
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above is that this impressive achievementshould be the focus of future
work that seeks to drawlessons from the region's rapidgrowth. In this
context, it is useful to highlight the key featuresof the experience.
Figure 4 shows the historical patternof saving and investment as a
percentageof GDP for the six high performingcountries. While there
are obvious differences among them, there are also some common
features. First, rates of national saving rose throughoutthe period of
acceleratinggrowth, providing a strikingexample of a virtuous circle
in which rising ratesof capitalformationandgrowthfed on one another.
Indonesia, Korea, and Singapore began with relatively low rates of
saving (as did Taiwan, in the 1950s). The datacertainlydo not support
the hypothesis that high saving in East Asia is due to some cultural
predisposition. The great expansion of saving in Singapore was the
result of a programof mandatedsaving, and the surge in saving in
Thailandin the late 1980s was concentratedin the public sector. But
for the othercountries, it is difficultto relatethe patternof rising saving
directlyto any specific governmentpolicies. Most of these governments
have followed very conservativefinancialmarketpolicies, emphasizing
the avoidance of crises and generally maintainingpositive real interest
rates. Furthermore,open bond and equity marketshave played a relatively minorrole in the financingof investment,relativeto institutional
lending.
In addition, several of the countries depended heavily on foreign
capitalinflows to financethe initial surgeof investment.For Korea, the
capital inflow averaged 6 percent of GDP throughoutthe 1960s and
1970s. Singapore relied even more on capital inflows, until the mid1980s. More recently, both Singaporeand Taiwan have experienceda
significantfalloff in domestic investment, and they are now generating
large capital outflows.
The Outlook for Future Growth

Krugman,amongothers, has suggestedthatEast Asia's growthmust
slow in the future because of what he characterizesas an excessive
reliance on capital formation. Over time, a rapidrate of growth in the
capital stock-a rate well in excess of growth in output-should push
down the returnto capital and ultimately divert investment to other
regions. And it is true that figure4 shows the investmentrate slowing

Figure 4. Saving-InvestmentBalance, Selected East Asian Countries
Percentof GDP
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Table 13. Output and Capital per Worker, Selected Countries, 1970 and 1994
Index, United States 1970 = 100, except as indicated
Physical
Outputper
worker

capital per
worker

Education per
workera

Capital-tooutput ratiob

Country

1970

1994

1970

1994

1970

1994

1970

1994

China
Indonesia
Korea
Malaysia
Philippines
Singapore
Thailand
Taiwan
Japan
United States

3.2
6.8
13.2
18.9
10.9
30.0
8.4
18.5
44.0
100.0

10.4
15.1
52.9
46.8
13.4
77.3
26.7
67.7
85.5
118.5

1.5
2.5
5.0
8.1
4.1
13.0
3.0
7.2
30.9
100.0

6.6
16.2
49.4
37.8
8.5
72.5
15.2
47.6
124.9
122.5

56.4
58.0
74.3
63.1
73.3
65.2
61.4
68.9
79.8
100.0

65.3
69.0
95.3
77.2
88.3
74.9
76.4
87.9
92.7
110.2

1.5
1.2
1.2
1.3
1.2
1.4
1.1
1.2
2.2
3.1

1.7
2.8
2.9
2.5
2.0
2.9
1.8
2.2
4.6
3.2

Source: Authors' calculations using data sources for table 6. Numbers are converted to U.S. dollars by using purchasing
power parity exchange rates for 1970 from the Penn-World Tables, mark 5.6.
a. Indexed level of the labor quality measure, H.
b. Actual ratio.

in Singaporeand Taiwan. Yet the othercountriescontinueto be highly
populardestinationsfor foreign capital, andrecentexperiencedoes not
seem to supportany notion of a majorslowing of growth.
To examine the outlook for East Asia, we construct measures of
income and capital per worker, using internationalprice data.83Key
aspects are summarizedin table 13. These figuresshow that despite the
rapidityof the past growth, most of these countriesstill have a considerable distance to go before they reach levels of output per worker
comparableto those in the United States. Furthermore,their stocks of
physical capital per workerare still quite low-generally less thanhalf
of those of the United States and Japan.
Krugmanis certainlyrightto say thatthese countriescannotcontinue
to assume that capital per workerwill expand in excess of the growth
in labor-augmentingtechnicalchange, withoutsignificantreductionsin
the returnto capital. However, it is importantto incorporatetwo offsetting factors, each of which providesgroundsfor optimism. First, the
quality-weightedlabor force will continueto expand as a consequence
83. The use of international price data, drawn from the latest version of the PWT,
makes comparison possible across countries. However, even the estimates from comparable international prices are subject to substantial uncertainty.
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of improvementsin average education levels. Even though the levels
of educationof young age cohorts in these countriesare comparableto
their counterpartsin the United States and Japan, the passage of time
alone will raise the average educational level as older, less educated
workersleave the labor force. On the basis of our simple index, labor
quality in these countries is still 20 to 30 percent below that of the
United States. A second factor is the apparentimprovementin TFP
growth over the past decade, particularlyin Korea, Singapore, Thailand, and Taiwan (see table 7). Our data suggest that these countries
have hardly exhaustedthe potential for catching up.
As table 13 shows, all of these countries have experienced a major
rise in the capital-to-outputratio, which would be expected to have
driven down the returnto capital. Korea and Singapore, for example,
now have capital-to-outputratios comparable to that of the United
States, suggesting thatthey may face significantlimits on futurecapital
accumulation without commensurateincreases in TFP; but for both
countries, the ratios are still well short of Japan's. Most of the other
countries, however, have capital-to-outputratios that imply considerable capacity for furthercapital deepening. In sum, there appearsto be
room for high growth to continue in East Asia before the countries of
this region converge to the performancelevels that characterizethe
industrialeconomies.
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A

CountrySample
THE EIGHTY-EIGHT countries

in our sample, in their regional groupings

are as follows:
China
East Asia

MiddleEast
(withNorthAfrica)

Industrialcountries
Australia

Indonesia

Algeria

Austria

Korea
Malaysia
.Iran
Philippins
Pilappies
Singapore

Cyprus
Egypt
Israel
Jordan

Belgium
Canada
Denmark
Finland
France

Thailand

Malta
Morocco
Tunisia
LatinAmerica

Germany
Greece
Iceland
Ireland

SouthAsia
Bangladesh
India

Myanmar
Pakistan
Sri Lanka

Argentina

Africa(sub-Saharan)
Cameroon
Cote d'Ivoire
Ethiopia
Ghana
Kenya

Bolivia
Brazil
Bhile
Columbia
CostaRica
DominicanRepublic
Ecuador
El Salvador
Guatemala

Madagascar

Guyana

Malawi
Mali
Mauritius
Mozambique
Nigeria
Rwanda
Senegal
SierraLeone
SouthAfrica
Sudan
Tanzania
Uganda
Zaire
Zambia
Zimbabwe

Haiti
Honduras
Jamaica
Mexico
Nicaragua
Panama
Paraguay
Peru
TrinidadandTobago
Uruguay
Venezuela

Italy

Japan
Netherlands
New Zealand
Norway
Portugal
Spain
Sweden
Switzerland
Turkey
United Kingdom

UnitedStates

Comments

Dani Rodrik: It is a raretreatto read a serious paperon East Asia that
does not have an axe to grind. The present study deserves credit on
these grounds alone. Collins and Bosworth have done a nice job of
amassing new evidence on the sources of growth for a broad crosssection of countries.And theirinterpretationof the evidence is balanced
and judicious. My main disappointmentis that they do not take the
logic of their findings far enough, and thereforeleave the readerwith
something less than a complete story.
I make three broadpoints here. The first concerns the shortcomings
of the authors' TFP growth calculations; the second is about how to
squeeze additionalinformationout of the cross-countryregressions;and
the thirdconcerns the role of governmentpolicy in stimulatingprivate
investment.
What Do the TFP Growth Calculations Really Show? Along with all

the other researchers who have undertakencareful analyses of the
sources of growth, Collins and Bosworthfind that East Asia presentsa
miracle of accumulation(of physical capital, in particular)ratherthan
of productivity. However, the evidence on this issue is less clear-cut
than would seem at first sight. While the evidence on investmentrates
is direct and speaks for itself, the evidence on TFP is indirectand has
to be intrepretedwith care. A general theorem derived by Peter Diamond, Daniel McFadden,and Miguel Rodriguezsays that it is impossible to disentangle factor-augmentingtechnological change from the
shape of the productionfunction (and, in particular,from its elasticity
of substitution).1In the present context, this implies that researchers
1. Diamond, McFadden,and Rodriguez(1978).
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Table Bi. Total Factor Productivity Growth Rates and Capital Shares Implied by
Alternative Assumptions about Factor Substitution, East Asiaa
Units as indicated
Implied total factor productivity
growthb
Elasticity of
substitution
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Implied capital sharec

After 10
years

After 20
years

After 30
years

After 10
years

After 20
years

After 30
years

1.03
1.14
1.28
1.44
1.66
1.93
2.27
2.68
3.09
3.29

1.03
1.25
1.51
1.81
2.16
2.53
2.89
3.17
3.29
3.30

1.03
1.36
1.73
2.13
2.53
2.89
3.15
3.27
3.30
3.30

0.35
0.33
0.31
0.29
0.25
0.21
0.16
0.10
0.03
0.00

0.35
0.32
0.28
0.23
0.18
0.12
0.06
0.02
0.00
0.00

0.35
0.30
0.24
0.18
0.12
0.06
0.02
0.00
0.00
0.00

Source: Author's calculations based on output and factor accumulation data provided by Collins and Bosworth.
a. Calculated for the sample of countries compiled by Collins and Bosworth (see appendix A to their paper in this volume),
using input and output growth rates for the period 1960-94. Calculations assume an initial capital share of 0.35.
b. Annual percentage rate as calculated after given number of years and assuming given elasticity of substitution.
c. Calculated using equation B 1.

may be misattributinglabor-augmentingtechnical change in East Asia
to an assumed elasticity of substitutionthat is too high, with the consequence that TFP growth is underestimated.
To see how this might happen, andhow serious the implicationsare,
here is a small exercise based on the Collins-Bosworthcalculationsfor
rates of factor accumulation.The authorsassume that the production
functions are of the Cobb-Douglas form, with a capital share (a) of
0.35. This imposes an elasticity of substitutionbetween capital and
labor(including skills) of unity. Suppose, instead, thatthe true elasticity of substitutionis below unity. Then capital deepening would cause
the factor share of capital to fall over time (but see below). For given
ratesof capitaldeepeningandoutputgrowth,the residualoutputgrowth
attributedto TFP growth would increase correspondingly.This effect
would be particularlystrong in the East Asian countries, as they have
experiencedthe greatestcapital deepening.
Table B1 shows the magnitudes involved. Collins and Bosworth
calculate an annualTFP growthrate of slightly over 1 percentper year
for East Asia, over the period 1960-94. This is shown in the first row
of table B 1. The remainingrows display the implied TFP growthrates
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under different assumptions about the elasticity of substitution. For
example, with an elasticity of substitutionof 0.5, the implied TFP
growth rate would rise to 1.93 percent in ten years, 2.53 percent in
twenty years, and 2.89 percentin thirtyyears. Clearly, the lower one's
priorsaboutthe elasticity of substitution,the higherone must presume
TFP growth rates to have been in East Asia.
One defense of the unitary elasticity of substitutionmight be that
one does not actually observe the reductions in the capital share that
would be implied by low elasticities of substitution(as displayed in
table B 1).2 But this is misleading because of the indeterminacynoted
above. This indeterminacyhas to do with the fact that a reduction in
the marginalproductivityof capital can be cushioned either by a high
elasticity of substitutionor by labor-augmentingtechnical change. My
calculations have assumed that TFP growth is unbiased. Suppose, instead, that it was labor-augmenting;that is, that it favoredthe marginal
productivityof capital. In that case, one would not have observed any
significantdecline in the capital share.
Formally, the rate of change of the capital sharecan be expressed as
(B1)
(Bi)~~~~~~~~(

a

r(

at) [a',- k],

where a is the elasticity of substitution,aL is the labor-augmentation
factor, k is the capital-to-labor ratio, and hats denote percentage
changes. As the equationshows, there is an observationalequivalence
between labor-augmentingtechnicalchange (aL) and a a close to unity.
The capital share (a) can remain constant for either reason, and one
cannot distinguish empirically which one is the cause.3 Thereforeone
would have to place very strongpriorson the likelihood that a is equal
to one, or on the neutralityof technical change, in orderto be able to
rule out a significantamountof labor-augmentingtechnical change.
Cross-Country Regressions. Collins and Bosworth are right to stress

the importanceof macroeconomics-conservative fiscal policies and
2. The evidence on this point is not so clear cut either. It appears that profit rates
and profit shares in Korean manufacturing have fallen substantially since the 1970s.
Singh (1996, table 15) reports that the gross profit share in Korean manufacturing fell
from 46 percent in 1975 to 33 percent in 1990.
3. See also Nelson and Pack (1995), who argue, in the East Asian context, that the
strong diminishing returns to capital that would otherwise have followed were offset by
technical advance.
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TableB2. RegressingGrowth on AlternativeIndicatorsof GovernmentPolicy,
East Asiaa
Independent variable

Per capitaincomeb
Life expectancyc
Yearsof schoolingd
Changein termsof tradec
Standarddeviationof termsof trade'
Budgetbalanceg
Standarddeviationof realexchange

(1)

(2)

(3)

-0.05*
0.03
0.11
0.01
-0.03
0.07t
- 0.03t

-0.06*
0.02
0.04
-0.09
0.02
0.05
0.00

-0.05*
0.02
-0.07
0.01
0.06t
0.00

rateh

Sachs-Warner
dummyi

0.58t

Black market premium
Institutional qualityi
Schooling/initial income

. . .

0.12

...

. . .

0.66*
0.41*
. . .

- 0.72*
0.41 *
1.85t

0.68

0.79

0.80

. . .

-

Summary statistic
2
R?

Source: Author's regressions, as described in text. Data on institutional quality are from Knack and Keefer (1995). Data
on openness are from Sachs and Warner(1995), but differ slightly from those used by Collins and Bosworth in this volume.
Data on all other variables were provided by Collins and Bosworth; for sources, see table 11 of their paper in this volume.
a. The dependent variable is the growth rate of output per worker. The country sample differs slightly from that used by
Collins and Bosworth in their tables 11 and 12. The sample period is 1960-94. All regressions include regional dummies.
* indicates significance at the 5 percent level; t indicates significance at the I percent level.
b. Percent of U.S. level, 1960.
c. Years, 1960.
d. Average for the adult population, 1965.
e. Mean of annual log changes ( x 100), 1965-92.
f. Standard deviation of annual log changes ( x 100), 1965-92.
g. Average percent of GDP, 1960-92 (period covered begins after 1960 for many countries).
h. Standard deviation of annual log changes ( x 100), 1960-92.
i. Sachs and Warner assessment: one indicates open during 1970-89, zero indicates closed.
j. Knack and Keefer index: I indicates worst, 10 indicates best.

equilibriumexchange rates, in particular-in East Asia's success. This
is probably the only noncontroversiallesson from the region. But I
think that they could have teased more out of the regressions.
The regressionsin table B2 maketwo points. First, institutionsmatter. One respect in which East Asia has stood out among developing
regions is the quality of its bureaucracy.An index of the quality of
governmentalinstitutions (encompassing measures of the security of
propertyand contractualrights and of bureaucraticquality) enters very
significantly in the regressions (columns 2 and 3).4 Since the index
ranges from 1 to 10, the estimatedcoefficient indicates quite a strong
effect from institutionalquality: a difference of almost 4 percentage
points in growthper workerbetween the worst institutionand the best.
4. Knackand Keefer (1995). The index is constructedusing originaldata from the
InternationalCountryRisk Guide.
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Second, East Asia is special for having had a skilled work force
relative to its capital stock in the early stages of development. This
raised the returnto capital and would account for the faster rates of
capital accumulation.I use the ratioof initial schooling to initial income
as a proxy for the gap between labor quality and physical capital. The
value of this measure for East Asia is twice that for the rest of the
world. Even thoughschooling does not entersignificantlyin the regressions on its own, it does become significantwhen normalizedby income
(column 3).
Hence these regressionsprovide a fuller pictureof the cross-country
evidence, emphasizingthe importanceof fiscal and exchange rate policies, bureaucraticinstitutions, and labor skills (relative to income).
Government Policy and Investment. The regressions in table B2 leave

unexplained a 1 to 1.5 percentage point differential of growth per
workerin East Asia relative to Latin America and Africa. Thereforeit
is necessary to complement the statistical work with a more detailed
look at the individual experiences of these countries. Since capital
accumulationis such an importantpart of the picture (even if laboraugmentingtechnical progresshas been underestimated),one must ask
what could have triggeredthe rise in the privatereturnto capital that,
in turn, induced a rise in the investment-to-GDPratioof 20 percentage
points in Korea, Taiwan, and Malaysia between the early 1960s and
early 1980s, and of 15 percentage points in Thailand in less than a
decade since the mid-1980s.
Answering this question requiresmore of a case study (or perhaps
event study) approach.My conjecture,based at least on the Koreanand
Taiwaneseexperiences, is that governmentswere heavily implicatedin
many of these leaps to high-investmentequilibria. In both Korea and
Taiwan, it is clear that the governmentssingle-mindedly pursuedinvestment and growth (from 1960 in Taiwan and from the early 1960s
in Korea). In supportof these goals, they deployed a wide range of
policies, includingadministrativeguidance, creditsubsidies, tax incentives, public enterprises(to producethe intermediatesneededby private
industrydownstream),tariff protection,andthe socializationof investmentrisk. Any story aboutthe transformationof these economies would
be seriously incomplete without these elements.
At the other extreme, it is worth ponderingwhy Hong Kong is the
only countryin the region that has not experienceda rise in its ratio of
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investmentto GDP. As a reasonablefirst guess, this might be because
Hong Kong's governmenthas pursueda laissez-faire approachto economic policy and, unlike the others, has never developed an investment
srategy. This is furtherevidence that activist governmentpolicies had
a partin the othercountries' leaps from low-investmentto high-investment equilibria.
Barry P. Bosworth: Rodricksuggests that a constantcapital share, in
the face of substantialcapital deepening, could result from either an
elasticity of factor substitutionequal to unity or, alternatively,an elasticity of substitutionwell below unity but offset by a high rateof laboraugmentingtechnical change. While these two situations imply quite
different productionfunctions, our results are little different in either
case. Our decomposition of output growth between capital accumulation and TFP depends on the stability of capital's share, not on the
elasticity of substitution.If the constancy is the result of a low degree
of substitutionandlabor-augmentingtechnicalchange, the contribution
of capital is not missed by our methodology:in the context of a Divisia
index, capital's share of income is still the correctmeasureof its role,
and the technology gains still show up as an increase in TFP. Rodrick
is right, however, thatthe importanceof technicalchange in preventing
what would otherwise be a major erosion of capital's contributionis
not sufficiently highlighted. Furthermore,the intepretationof the technical change term would be different if it were labor augmenting,because it would equal the residual divided by labor's share.
Is it possible that labor-augmentedtechnical change could have
maintainedbalance between the growth in the stock of capital and the
effective labor supply? Over the period 1960-94, the increase in the
capital-to-laborratio rangedfrom seven-fold in Indonesiato more than
twenty-fold in Korea, Singapore, and Taiwan. A rate of labor-augmentingtechnicalchange of equivalentmagnitude,even when reduced
by labor's share, would have implied increases in the computedTFP
growth rates far in excess of those that we find. The assumptionof a
constantcapital share is obviously importantto our conclusions; but it
is consistentwith the findingof stable sharesfor the industrialcountries
in the presenceof similarvariationsin the rateof capital accumulation;
and Young finds little or no evidence of a decline in capital's sharefor
Koreaor Taiwan.
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