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I. Introduction 

Countries experience marked differences in the development of their productive capacities and in 

the improvement of their standards of living. While some countries achieve rapid growth of 

income and high standards of living, others remain mired at a level of development that does not 

assure the subsistence needs of the population. Several theoretical models explain the growth 

rate of a country’s real GDP per capita. Dispute still exists, however, concerning the most 

important determinants of economic growth. While some think that physical capital 

accumulation plays the dominant role, others argue that growth in total factor productivity (TFP) 

provides the dominant source of output growth. 

Building on the original work of the fixed-factor proportions model of Harrod (1939) and 

Domar (1946) and the dual-sector model of Lewis (1954), Solow (1956) presents a simplified 

model of economic growth that serves as the point of departure for most later growth theories. 

The model specifies a neoclassical production function, where physical capital, labor, and an 

exogenous technology influence the level of output. Estimates show for a sample of developed 

countries that the model leaves a large unexplained residual, suggesting that capital and labor 

explain only a fraction of per capita output growth. Growth accounting analysis generally 

assumes that the Solow residual captures total factor productivity (TFP) growth. 

A major criticism of the neoclassical growth model comes from its failure to explain 

cross-country differences in per capita growth rates. Even after accounting for human capital 

accumulation, a growing body of research suggests that something other than capital, labor, and 

human capital accounts for the bulk of the observed differences between countries in the level 

and growth rate of real gross domestic product. The failure of the neoclassical model adequately 

to explain output growth opens the door for models that focus on analyzing the sources of TFP 
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growth, so called endogenous growth models (Romer, 1986; Lucas, 1988). 

Advocates of endogenous growth theory claim that physical capital growth alone cannot 

explain per capita output growth and that the neoclassical model fails to capture a number of 

crucial variables that explain economic growth. They argue that the large Solow residual 

responds to variables that are endogenous to the model (e.g., endogenous technology and human 

capital accumulation). Their main contributions consist of including not only human capital 

(Romer, 1986, 1990, 1994; Barro, 1991; Lucas, 1988), but also international trade in goods 

(Feenstra, 1996; Eaton and Kortum, 1995, 1996; Rivera Batiz and Romer, 1991a, 1991b; 

Pissarides, 1997; Grossman and Helpman, 1991). By incorporating technological change, those 

models consider the diffusion of technology between countries, and the ability of developing 

countries to adopt and implement foreign technology. 

This paper improves our understanding of cross-country patterns of economic growth by 

estimating a stochastic frontier production function for a sample of 80 developed and developing 

countries and decomposing output change into factor accumulation, total factor productivity 

growth, and production efficiency improvement.  

The analysis differs from previous studies in at least three respects. First, most studies 

consider factor accumulation and total factor productivity growth, implicitly assuming that the 

production process does not involve the inefficient use of factors of production. We add this 

third dimension, production efficiency improvement, to the existing explanations of economic 

growth.  

Second, because of data limitations in developing countries, most growth studies 

consider developed countries. Recent growth models look at the diffusion of technology and the 

capacity of developing countries to use and assimilate technology (Keller, 1996; Parente and 
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Prescot, 1994, Barro and Sala-i-Martin, 1995; Basu and Veil, 1998). Consequently, a study of 

output growth that incorporates developing countries necessarily captures the mechanisms of 

technology diffusion and assimilation. Specifically, this paper calculates a consistent capital 

stock series for 104 countries (among which 60 are developing countries) covering a thirty-year 

period from 1960 to 1989, using the techniques of King and Levine (1994).  

Third, this paper incorporates the quality of inputs in analyzing output growth. Ignoring 

the quality of inputs imposes the strong assumption that inputs are homogenous no matter the 

time of their construction or their level of education. To account for differences in the quality of 

capital and labor between countries, we assume that the productivity of capital depends on the 

average age of the capital stock, while the productivity of labor depends on the average level of 

education of the population. We calculate the average age of physical capital following Gapinski 

(1999) for 104 countries.1 

Our conclusions include the following. The decomposition of output growth 

demonstrates that factor growth generally proves much more important than either the improved 

quality of factors or total factor productivity growth in explaining output growth. The quality of 

capital positively and significantly affects output growth in all groups. The quality of labor, 

however, only possesses a positive and significant effect on output growth in Africa, East Asia, 

and the West. Labor quality owns a negative and significant effect in Latin America and South 

                                                           
1 Some empirical studies include the quality of human capital (education) as a separate factor of production (Barro, 
1991, Miller and Upadhyah, 2000), while others treat human capital as augmenting labor (Koop, Oscewalski, and 
Steel, 2000, Tallman and Wang, 1994) and obtain a new measure of labor that they call “effective labor”. Instead of 
building an “efficient labor” index, we assume that human capital directly affects the productivity of labor through 
the labor elasticity. While some studies correct for the quality of labor, fewer studies also correct for the quality of 
the capital stock, since measures for the quality of the capital stock do not exist. Koop, Oscewalski, and Steel, 
(2000) use the allocation of the labor force between sectors of the economy to augment capital. We use the average 
age of capital to account for the quality of the capital stock. Gapinski (1996a, 1996b) uses the average age of 
physical capital to analyze the contribution of physical capital to growth. Similar to labor quality, we assume that 
the quality of capital affects the productivity of capital directly through the capital elasticity. 
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Asia. Finally, fast economic growth associates with declining technical efficiency, and vice 

versa. 

II. Review of Relevant Literature 

The theory of economic growth considers how models offer different, but related, explanations 

of the process of growth. The major questions include the following: (i) Why do some countries 

grow faster than others and (ii) what are the most important components of output growth?  

Solow (1956) develops a production function with substitutability between factors of 

production, modeling output growth as a function of capital, labor, and knowledge. Knowledge 

or technology is Harrod neutral, since it only affects the productivity of labor. The model 

assumes an exogenous and homogenous technology across countries. As countries accumulate 

technology at the same rate, cross-country differences in output growth rates represent 

differences in capital accumulation. The model also implies that a country’s real GDP per capita 

growth negatively correlates with its initial level of income, that is, the convergence hypothesis. 

Economists use growth accounting analysis to test empirically the neoclassical growth 

theory, and to evaluate the effect of physical capital accumulation on output growth. The results 

of the early growth accounting exercises raise questions about the role of capital accumulation in 

output growth. The large unexplained residual in Solow-model calculations suggests that capital 

and labor accumulation do not fully explain output growth.  

Consequently, by emphasizing factor accumulation, the neoclassical model neglects 

differences in productivity growth and technological change captured by the large residual. In 

addition to its inability to explain cross-country real GDP per capita differences, and the failure 

of the convergence hypothesis, the neoclassical model also fails to explain the differences in real 

rates of returns on capital (Mankiw, 1995). By defining capital to include physical and human 
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capital, Mankiw finds that the results more closely resemble the theoretical prediction of the 

neoclassical model. The works of Barro and Sala-i-Martin (1992, 1995), Mankiw, Romer, and 

Weil (1992) argue from a similar perspective. 

Easterly and Levine (2001) identify four stylized facts, suggesting that growth 

economists should focus on TFP and its determinants rather than factor accumulation. First, 

much of the empirical evidence accumulated to date indicates that factor accumulation explains 

only a portion of the observed cross-country output growth.2 Second, Easterly and Levine (2001) 

argue that increasing divergence rather than convergence in per capita income levels occurs, 

which emphasizes TFP with increasing returns to technology. Third, time-series data show that 

physical capital accumulation persists over time and in most countries while per capita output 

growth does not persist. This fact suggests that models of steady-state growth (such as the Solow 

model) may fit the experience of the United States and other developed countries, but will not fit 

the experiences of many developing countries. Finally, a tendency exists for the factors of 

production to “fly” to the same places, which causes an increased concentration of economic 

activity. In such circumstances, it is more appropriate to use models with technological 

complementarities rather than the neoclassical model with homogenous technology. Renewed 

interest in productivity as a source of output growth leads to the development of new methods 

for the decomposition of output growth into input and productivity growth.  

Endogenous growth theory, initiated by Romer (1986) and Lucas (1988), departs from 

neoclassical theory and focuses on explaining the Solow residual. The theory considers the 

effects of variables such as trade, human capital, and endogenous technology on output growth, 

                                                           
2 When analyzing output growth in a group of developed countries, Solow (1956) himself finds that capital 
accumulation explains only between one-eighth and one-fourth of income growth while the rest is explained by 
productivity growth. 
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and the different mechanisms of technology diffusion. Technological change becomes 

endogenous to the model and output growth becomes the outcome of forces that belong to the 

model. The “technological leader” countries generate technology (or knowledge). Technology 

diffuses through the trade of goods to the “follower” countries. Developed countries devote 

natural resources and human capital to invent new technology, while developing countries invest 

in human capital and their political and economic institutions to foster the diffusion and 

absorption of foreign technology. 

As a result, the sources of TFP growth differ between developed and developing 

countries. Technological innovations provide the main source of TFP growth in advanced 

countries. Developing countries face the challenge of acquiring and absorbing foreign 

technology. In these countries, productivity growth depends on making the best use of the 

imported technology. These two components of TFP growth, innovation and absorption, 

determine cross-country differences in per capita income growth rates.3 

The evidence that countries catch-up in TFP, but not in per capita income, reflects the 

findings of several empirical studies. Benhabib and Spiegel (1994) construct capital stocks for 

133 countries, and assume a standard growth accounting decomposition with labor, physical 

capital, and human capital as inputs into production. They discover evidence of convergence in 

TFP. While labor and physical capital accumulation positively affect output growth, the 

coefficient on human capital is negative, but insignificant. The failure of human capital to 

explain output growth provides a surprise, since most governments dedicate tremendous effort 

                                                           
3 Several studies link the remarkable growth of the East Asian countries during the 1960-1985 period to their 
prolonged growth of exports. Young (1994) argues that the results reflect the measure of output growth used. If 
measures of output per worker instead of output per capita measure output growth, the growth of East Asian 
countries is less spectacular and less differentiated from the rest of the sample. 
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and resources to educate their citizens. 

Those results lead Benhabib and Spiegel (1994) to suspect that simply including human 

capital as an additional input leads to model misspecification. Rather, they suggest that human 

capital affects TFP growth through the adoption and implementation of new technologies. They 

present a model where they decompose TFP growth into two separate components: a catch-up 

term and a technological change component. Instead of including human capital as an input in 

production, however, the authors suggest that human capital affects income indirectly through its 

effect on TFP.  

Fare et al. (1994) use Data Envelopment Analysis (DEA) to decompose total output 

growth into technical change and efficiency change in developed countries. The sample covers 

17 OECD countries from 1978 to 1988. The authors construct a deterministic frontier for the 

sample, and compare each country’s distance from the frontier in the constant returns to scale 

framework. The authors use distance functions to calculate the Malmquist index as an alternative 

measure of TFP. The Malmquist index isolates the changes in efficiency, interpreted as 

“catching-up” from technological change that is measured by shifts in the frontier. The 

efficiency factor further decomposes into pure technical efficiency change and changes in scale 

efficiency. 

Henderson and Russell (2001) employ deterministic production frontiers to analyze 

macroeconomic convergence. Inspired by the recent work on endogenous growth theory, the 

authors include human capital in the analysis, and augment labor using the rate of return on 

education. The authors decompose labor productivity growth, and compare efficiency 

measurement in the models with and without human capital. With human capital, productivity 

growth decomposes into efficiency change, technological change, physical capital accumulation, 

 8



and human capital accumulation. Henderson and Russel (2001) show that the increase in mean 

productivity reflects human capital accumulation. Finally, the study shows that technological 

change is non-neutral when changes take place in countries with high capital intensity. 

Koop, Osiewalski, and Steel (1999) use a stochastic frontier model with Bayesian 

analysis to decompose output growth into input change, technological change, and efficiency 

change for a group of OECD countries. They assume that technological change differs across 

countries, and affects the marginal product of capital and labor. This specification of 

technological change represents a deviation from the cross-country and panel-data growth 

regression literature, where technological change is usually disembodied and the same for all 

countries. The authors extend Fare et al. (1994) and relax the assumption of completely 

independent frontiers over time.  

A more recent paper by Koop et al (2000) extends the stochastic frontier analysis to a 

sample of developed and developing countries. Because of the heterogeneity of the countries in 

the sample, however, the authors assume that input quality does not compare across the set of 

countries, and they correct for variables using efficiency units of capital and labor. Labor in 

different countries has different levels of skills. Consequently, to correct for labor, the authors 

use the years of schooling embodied in the work force. The authors use two variables to correct 

physical capital, the percentage of the labor force in agriculture, and the percentage of the labor 

force in industry. The study decomposes TFP growth, and considers the effect of economic and 

institutional variables on technical efficiency. Regarding the factors correcting for labor, the 

education variable positively affects the productivity of labor. For capital, more industrialized 

countries exhibit higher productivity of capital. The growth decomposition analysis shows that in 

all groups, input growth contributes the most to output growth. Technological progress proves 
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important in East Asia, however, where it accounts for about half of output growth over time. In 

Africa and the West, technological progress accounts respectively for 17 and 30 percent of total 

output growth. Latin America, however, experiences technological regress over the period. 

 

III. Calculation of the Capital Stock and Its Average Age 

This section estimates capital stocks for developed and developing countries from 1960 

to 1989. Availability of information on human capital ultimately restricts our analysis to 80 

countries, but we, nevertheless, calculate physical capital stock series for 104 countries. By 

covering a larger number of developing countries, such series allows the study of the relationship 

between physical capital accumulation and output growth for countries at different levels of 

development. Whenever possible, we compare our estimated capital stock series to those 

calculated by Benhabib and Spiegel (1994), King and Levine (1994), and to the Penn World 

Tables (PWT 5.6, and PWT 5). Calculating capital stocks for 104 countries facilitates such 

comparisons. Finally, this section also calculates the average age of physical capital.  

We adopt the perpetual inventory method with the steady-state initial capital stock (King 

and Levine, 1994) to determine the capital stocks for 104 countries and over the thirty-year 

period 1960-89. First, we estimate the initial capital stock (1960) for each country. Then, based 

on that starting value, we use investment series with the perpetual inventory method to derive the 

capital stocks for the entire period.  

To calculate an initial capital-stock value, we use the steady-state method (King and 

Levine, 1994). The method assumes that the capital-output ratio is constant in the steady state. 

That is, physical capital and real output grow at the same rate , where 

 is the steady-state growth of country j, K

tttt
*
t Y/dYK/dK ==γ

*
tγ t  is the capital stock, and Yt is real gross domestic 
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product (GDP). Since ttt KIdK δ−= , then δ−= )K/I()K/dK tttt

*
ji

( , where It is gross 

investment, and δ is the depreciation rate of physical capital.  

)*
jγδ +

w)1( γλ−+

60,jjY

Following King and Levine (1994), we assume that δ is constant across countries and 

time at 7-percent per year. Even though this choice is basically subjective, it allows the 

comparison of our capital stocks with those of King and Levine (1994) and Benhabib and 

Spiegel (1994). Consequently, the steady-state capital-output ratio for country j is derived as 

follows: 

/(i*j
*
jκ = ,        (1) 

where  is the steady-state capital-output ratio, and  is the steady-state investment rate for 

country j. The steady-state investment rate is the average investment rate for the entire period. 

The steady-state growth rate is the weighted average of the country’s growth rate and the world 

growth rate. Specifically, the steady-state growth rate of country j is  

*
jκ

j
*
j λγγ = .       (2) 

where λ = 0.25 is a measure of mean reversion in the growth rates (Easterly et al.,1993), γj is the 

country growth rate over the entire period, and γw = 0.04 is the world growth rate over the 30 

year period. 

The calculation of the steady-state capital-output ratio assumes that the capital-output 

ratio is fixed. We use the steady-state capital-output ratio to calculate each country’s initial 

capital stock. As the steady-state capital-output ratio applies to the initial year, the following 

holds:  

60,jK κ=         (3) 

where Yj,60, and Kj,60 are country j’s initial GDP and initial capital stock, respectively. The initial 
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capital stock is determined for every country. The calculation of the capital stock for the 

remaining years uses the perpetual inventory method first developed by Harberger (1978) as 

follows: 

t,jt,j1t,j K)1(IK δ−+=+ ,       (4) 

where Kj,t is the capital stock and Ij,t is gross investment for country j at time t. After 

substitutions, equation (4) generates a function of the initial capital stock and investment flows 

as follows: 

0,j
t

it,j
1t

0i

i
t,j K)1(I)1(K δδ −+∑ −= −

−

=
     (5) 

Equation (5) produces a time-series capital stock for all countries and for every year from 

1960 to 1989. The sample of countries depends on the availability of the Penn World Tables data 

on real GDP per capita, investment as a share of GDP, population, and real GDP per worker. 

Investment comes from real GDP per capita, population, and the investment as a share of GDP, 

while total real GDP emerges from real GDP per capita and total population. Finally, labor 

emanates from real GDP and real GDP per worker. The PWT (5.6) gives total population in 

thousands and real GDP per capita in 1985 international prices. Therefore, the derived capital 

stock emerges from equation (5) in thousands of 1985 international prices. 

Table 1 reports the average output, capital, and labor for each decade and each region, as 

well as the minimum and maximum averages for countries over the 1980s for the following 

regions: Africa (23 countries), Latin America (18 countries), West (23 countries), East Asia (9 

countries), South Asia (7 countries). Table 1 shows that all three variables increase continuously 

across the three decades and in all regions. The West possesses the highest averages of real 

output and physical capital in all three decades, while Africa owns the lowest averages. The 
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labor force, however, emerges as the highest in East Asia and the lowest in Africa.  

Table 2 reports the average capital-output and capital-labor ratios, for each decade and 

each region, as well as the minimum and maximum averages for countries over the 1980’s. Table 

2 shows that the capital-output ratio increases across the three decades only for Africa, Latin 

America, and the West. For East and South Asia, the capital-output ratio falls from the 1960s to 

the 1970s, and then rises into the 1980s. The capital-labor ratio rises across the decades for all 

regions. The West possesses the highest capital-output and capital-labor ratios, while Africa 

owns the lowest. 

The literature contains only a limited number of studies that estimate panel-data series of 

capital stocks (Benhabib and Spiegel, 1994, 1997; King and Levine, 1994; and Nehru and 

Dahreshwar, 1993).4 To test the accuracy of the calculated capital stocks, we compare our 

estimated capital stocks with Benhabib and Spiegel, King and Levine, and the Penn World 

Tables series. In order to make the comparison possible, the countries used and the groupings of 

the countries were made to be coherent with those two studies. 

Benhabib and Spiegel (1994) use the PWT (5) to calculate the initial capital stock. They 

use the 29-country sample for which PWT (5) provides capital stock data for 1980 and 1985 to 

estimate a production function between real output, physical capital, labor, and human capital. 

The estimated coefficients are then used to estimate the initial capital stocks for the remaining 

countries in the Summers and Heston data set. Capital stocks for subsequent years are calculated 

from the investment rates.5 The authors compute the capital stocks using different depreciation 

rates, 4, 7, and 10 percent. They report actual data for the capital stocks obtained with a 7-

                                                           
4 Nehru and Dhareshwar (1995) present an excellent review of the different methods to estimate the capital stock.  
5 This procedure introduces a downward bias in the level of the capital stock. That is, the reported capital stock 
series in PWT reflect the private sector while the investment series include both the private and public sectors. 
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percent depreciation rate in 1965 and 1985.  

Table 3 provides the ratio of our capital stock to the capital stocks reported in the PWT 

(5), PWT (5.6), and Benhabib and Spiegel (BS). For the purpose of comparison, we only list the 

capital stocks for the 30 countries in common in the three data sets and for one year, 1985. Table 

3 shows that our estimated capital stocks more closely match to those estimated in Benhabib and 

Spiegel than the PWT (5) and PWT (5.6). In fact, the ratio between our capital stocks and 

Benhabib and Spiegel’s for the 30 countries varies between 0.76 in the Philippines and 1.88 in 

Argentina, with an average of 1.08. 

We also compute correlation coefficients between the four capital stock series. Our 

estimated capital stock series possesses the highest correlation (0.99) with Benhabib and Spiegel 

estimates, next highest (0.97) with PWT (5.6), and the lowest (0.71) with the PWT (5). A similar 

pattern emerges for the correlation of the Benhabib and Spiegel’s estimates and the PWT (5.6) 

and PWT (5) estimates (0.97 and 0.72). Finally, PWT (5.6) and PWT (5) possess a correlation of 

0.73. Those results suggest that differences exist in the definitions of capital stocks calculated by 

Summers and Heston and those calculated by Benhabib and Spiegel and us.6 

Gapinski (1999) develops a vintage capital model assuming a constant return to scale 

Cobb-Douglas production function. We adopt a slight modification of Gapinski’s method, where 

                                                           
6 We also compare our capital stocks with Benhabib and Spiegel’s for 1965 and 1985, and for the countries that are 
in common in the two series. We estimate those relationships for the 99 countries in common with Benhabib and 
Spiegel, giving the following: 

65)BS(65 K813.0000,000,11K += , 

and 
85)BS(85 K864.0000,500,34K += , 

with adjusted R-squares of 0.98 and 0.96, respectively. Even though these results show a strong correlation between 
the two series for 1965 and 1985, a simple t-test rejects the hypothesis that 0.813 and 0.864 equal one. The 
coefficient of K(BS) is closer to 1 in the second equation, because the effect of the initial capital stock diminishes over 
time. 
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we exclude consideration of the rate of embodiement, to estimate the average age of capital 

using a discrete-time model as follows: 

t0
t1it

i
t

1i
ttt K/]K)1(A)1(I)1it([K/HA δδ −+−∑ +−== +−

=
,  (6) 

where A is the age of the capital stock, A  is the average age of the initial capital stock, and H is 

the aggregate age of the capital stock weighted by investment.7 Consequently, the average age of 

capital depends only upon the investment growth rate and the depreciation rate. We calculate the 

average age of capital for the countries for which we estimate the capital stock and provide 

information for each of the 5 groups that constitute the final analysis. 

Table 4 reports the average age of capital for each decade and for the 30-year period for 

each group. Over the thirty-year period, Africa exhibits the highest age of capital (13.4 years) 

and East Asia the lowest (7.7 years). The average age of capital in the West, Latin America, and 

South Asia match each other closely at 8.6, 8.5, and 8.5 years, respectively. On a decade-by-

decade basis, the average age of capital is the highest in the first decade in all groups except for 

Africa, where it is the highest in the second decade. East Asia experiences the fastest decline in 

the average age of its capital stock. This outcome is expected since East Asian countries have 

largely focused on industrialization and modernization of their economies since the 1960’s. The 

policy shift of Hong Kong and Singapore from import substitution to export promotion strategies 

and their high investment rates during the 1960’s helps explain the fact that they exhibit the 

lowest average age of capital. The average age of the U.S capital stock is 8.7 years over the 

period. This number compares to Gapinski (1996) where the average age for the U.S is 8.8 years, 

and the U.S Department of Commerce (1993) estimate of the average age of 8.1 years. 
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Similarly, Table 5 provides information on the mean years of education by decade and by 

region. The table shows that the West has the highest mean years of education over the 30-year 

period followed by East Asia, Latin America, South Asia, and Africa. 

IV. The Model 

Aigner, Lovell, and Schmidt (1977) and Meeusen and Van den Broeck (1977) first introduce the 

stochastic frontier model, where a stochastic frontier bounds actual production from above. The 

basic model includes a composite error term that sums a two-sided error term measuring all 

effects outside the control of the firm and a one-sided non-negative error term measuring 

technical inefficiency. A firm can lie on or within the frontier, and the distance between actual 

output and the frontier output represents technical inefficiency. The early articles on stochastic 

frontiers used cross-section data. With panel data, however, later models (Cornwell, Schmidt, 

and Sickles, 1990; Kumbhakar, 1990; Battese and Coelli, 1992) include time-varying 

inefficiency. 

This section uses a stochastic frontier analysis to analyze output growth in 80 countries. 

The technique assumes that given inputs, a maximum attainable output exists. The country’s 

production lies on the frontier, if it uses the inputs efficiently, or within the frontier, if it uses the 

inputs inefficiently. The distance between the frontier and the actual production point measures 

technical inefficiency. Over time, a country’s performance relative to the frontier includes two 

factors. First, a country can become more efficient, and get closer to the frontier. Second, the 

frontier itself can shift over time. Frontier shifts reflect purely technological factors. In addition, 

a country can move along the frontier by changing inputs. Hence, output growth can be thought 

                                                                                                                                                                                           
7 The initial average age assumes a steady state situation in 1960. Thus, the 7-percent depreciation rate implies an 
average age of 14.28 years. 
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of in terms of three components; efficiency change, technological change, and input change.8 

To account for differences in the quality of capital and labor between countries, we 

assume that the productivity of capital and labor directly depends on other qualitative variables. 

Consequently, we construct a stochastic frontier production function where the productivity of 

capital and labor depends on the average age of physical capital and the level of human capital, 

respectively. The older the physical capital, the less new technology embedded in the capital 

stocks, and the less productive the capital. Similarly, the level of education increases the 

productivity of labor. That is, the more educated the labor force is, the higher the labor 

productivity. 

We assume a standard Cobb-Douglas production function, where aggregate output is 

produced using the aggregate physical capital stock and labor: 

it2it1 itittit LKAY ββ= ,        (7) 

where Yit, Kit, and Lit represent country i’s real GDP, physical capital stock, and labor at time t, 

and At equals Aeξt, where ξ measures the rate of technical progress. The parameters β1it and β2it 

measure the elasticities of output with respect to capital and labor, respectively. To allow 

differences in the quality of inputs between countries, we assume that the productivity of capital 

and labor directly depends on the average age of capital and the level of human capital, 

respectively. Consequently, we assume that the coefficients β1it and β2it are linear functions of 

age and education, respectively. Thus,  

                                                           
8 A simple growth accounting analysis that only looks at input quantity and an exogenous technology does not take 
into account the country’s efficiency in using its inputs and the available technology. This is especially true for 
developing countries where serious institutional obstacles can impede the production process and cause a misuse not 
only of capital and labor, but also of the imported technology. A stochastic frontier analysis evaluates these effects 
as technical inefficiency. By separating technical inefficiency from other variables, a stochastic frontier analysis 
decomposes TFP into factors that are external to the country (technological change) and factors that are internal to 
the country (its ability to absorb and use the available inputs). 

 17



ti21it1 Vααβ +=         (8) 

and 

it21it2 Hδδβ += ,        (9) 

where Vit represents country i’s average age of physical capital (or vintage) at time t, and Hit 

represents country i’s mean years of secondary education (or human capital) at time t. Because 

older capital incorporates less new technology, one expects that the higher the average age, the 

less productive the capital stock. Similarly, the more educated workers are, the higher the 

productivity of labor. Consequently, the sign of α2 is negative, and the sign of δ2 is positive. 

After substituting equations (8) and (9) into equation (7) and after taking natural logarithms, 

equation (7) becomes after adding the one- and two-sided error terms: 

itititit2it1itit2it1it uvtLlnHLlnKlnVKlnAlnYln −++++++= ξδδαα  (10) 

where vit equals the standard two-sided random error and uit represents technical inefficiency 

(Battese and Coelli, 1992). Further, 

iiitit u)]Tt(exp[uu −−== ηη  (t =1, …T; i = 1,2, …, N)  (11) 

where η captures the rate of decline in technical inefficiency. Finally, the technical efficiency 

measures for every country and every year are calculated as follows: 

)uexp(ÊT itit −= .        (12) 

We estimate equations (10) and (11) for a sample of 80 countries and over the period 

1960-89.9 We first estimate a single world frontier for all countries. The construction of a world 

frontier assumes that countries share or have access to the same technology. Then grouping 

countries into five subgroups, largely by geographical location, the following subgroups are 

                                                           
9 We  use the “FRONTIER” program developed by Coelli (1996). 
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represented: Africa (23 countries), Latin America (18 countries), East Asia (9 countries), South 

Asia (7 countries) and the West (23 countries). The appendix gives a complete list of the 

countries used in this study. 

Most data come from the Penn World Tables 5.6 (PWT5.6) and our own calculations. 

Total output equals real GDP per capita times total population. We use the total number of 

workers to approximate total labor. The total number of workers equals total GDP divided by 

GDP per worker. The data on capital stocks is derived in Section III. To approximate the level of 

human capital, we use the mean years of secondary education as calculated in Nehru and 

Dhareshwar (1993). The data set, however, only provides information from 1960 to 1987. We 

use the given data to predict the values for 1988 and 1989. In addition, Nehru and Dhareshwar 

do not provide data for Taiwan and Hong Kong as these countries do not enter in the World 

Bank country listing. Therefore, for Taiwan and Hong Kong, We use the means years of 

secondary education from Barro and Lee (1994). 

Before reporting the results, we perform several hypotheses tests to reduce the extent of 

findings reported. First, we test the assumption that regional frontiers are a better specification 

than one global frontier. Second, for each region, we test whether a stochastic frontier 

specification is better than an OLS model. Third, and for each group, we test for the statistical 

distribution of the one-sided error term; half-normal or a truncated-normal. Finally, for each 

group, we test whether technical efficiency is time varying or time invariant. We find that 

regional frontiers exhibit different technologies and dominate aggregation into a world frontier; 

the stochastic frontier dominates the ordinary least squares model; the half normal distribution 

dominates the truncated normal; and technical efficiency varies over time. 

The neoclassical model often receives criticism because it does not explain international 
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differences in output growth. In an influential paper, Mankiw (1995) argues that the magnitude 

of the capital share is the key reason behind problems of the neoclassical model. By broadening 

capital stock to include human capital, Mankiw finds a coefficient on capital that better fits the 

model. Based on these results, we expect that the inclusion of human capital and the average age 

of physical capital affect the respective elasticities of capital and labor. To calculate the output 

elasticity of capital, we differentiate equation (10) with respect to the natural logarithm of capital 

to derive the output elasticity of capital as follows: 

it21
it

it V
Kln
Yln

αα +=
∂
∂

.       (13) 

Similarly, the output elasticity of labor is: 

it21
it

it H
Lln
Yln

δδ +=
∂
∂

.       (14) 

With different values of V and H over countries and over time, equations (13) and (14) do not 

allow the calculation of a single value for capital and labor elasticity for each group. 

Consequently, we calculate a range of output elasticities using the minimum and the maximum 

values of V and H in each group. 

The results from estimating equation (10) show that the coefficients on capital and labor 

are positive and significant in all groups (See Table 6). The coefficients on the average age of 

capital interaction term are strongly negative in all groups. The coefficients, however, do not 

produce sizeable effects, as we shall see latter. The coefficients on the human capital interaction 

term are positive and significant in Africa, East Asia, and West, but negative and significant in 

Latin America, and South Asia. Once again, those coefficients do not produce sizable effects. 

Technical efficiency significantly improves in Africa, Latin America, and the West, but 

significantly falls in East Asia and South Asia. Finally, the coefficients on the time trend are 
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positive and significant in East Asia and South Asia, but negative an significant in Africa, Latin 

America, and the West. 

The estimated coefficient for γ for Africa, East Asia, Latin America, South Asia, and 

West are, respectively, 0.99, 0.98, 0.91, 0.99, and 0.93. These results indicate that technical 

efficiency explains most of the error variations in the five groups, with the smallest share in 

Latin America and the West. 

Table 7 reports the results for the technical efficiency estimates – means, statndard 

deveiations, and minimum and maximum values. The two regions with the lowest average 

efficiency – Africa and South Asia – also exhibit the highest variability of efficiencies. The West 

possesses the highest average efficiency (85.5%) and the lowest variability (8.5). East Asia and 

then Latin America exhibit the second (79.9%) and third (77.7%) highest average efficiencies 

and second (11.4) and third (14.9) lowest variabilities. 

We next decompose output growth into input growth, input quality change, efficiency 

change, and technological change. The role of physical capital in economic growth is a 

controversial topic and is often linked to the level of development. The stochastic frontier 

framework that we adopt allows a better look at the components of output growth because it 

accounts for changes in efficiency. In addition, the model permits the distinction between the 

quantity and the quality of the inputs. The growth of output equals the total derivative of 

equation (1) with respect to time. Consequently, equation (10) in growth rates becomes: 

ξδδδααα +++++++=
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ET
H
HLlnH
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&&&&&&

, (15) 

where dots over variables represent time derivatives. The time derivative of variable X is 

approximated by the difference between the natural logarithm of X between the year t and t-1. 
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That is, 

1itit XlnXln
X
X

−−=
&

; where X=Y, K, L, V, H, and TE. 

Equation (15) illustrates that the percentage change in output includes: 1) The change in the 

effective units of capital; 2) the change in the average age of capital; 3) the change in the 

effective units of labor; 4) the change in the mean years of education; 5) the efficiency change, 

and 6) the technological change ( the residual).  

The second and fourth terms on the right hand side of equation (15) capture the part of 

output growth explained by changes in the quality of inputs. The model permits output to change 

even if no change in the quantity of capital and labor occurs. For example, higher output growth 

can occur without higher labor growth, if the human capital embodied in labor increases. 

Similarly, higher output growth can occur without higher capital growth, if the capital gets 

younger. We calculate the different components of output growth for the five regional groups. 

Table 8 reports the results of the output growth decomposition by decade, over the entire 

sample, and by country groups. The results indicate that physical capital, labor, and 

technological change all contribute importantly to output growth. Their strengths, however, vary 

across groups. The cpontribution to output growth of physical capital is the largest in Africa and 

the West where it accounts for 78.5 and 79.7 percent of total output growth, and the lowest in 

South Asia where physical capital explains only 3.4 percent of output growth. Meanwhile, the 

cpontribution to output growth of labor is the highest in Africa where it accounts for 40.8 percent 

of total output growth, and the lowest in South Asia where it explains -5.3 percent of total output 

growth.  

In all groups, the findings show that physical capital’s cpontribution to output growth far 
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exceeds labor's contribution. According to Gapinski (1999) "…labor quantity appears to be a 

weak foundation on which to build strong growth" (p. 125). Technological change possesses the 

highest share in total output growth in South Asia at 84.7 percent followed by East Asia at 30.6 

percent, and the lowest in Africa at –44.6 percent.  

Narrowing our focus within the output growth determinants to include the change in 

input quality reveals that quantity dominates quality by a wide margin for both capital and labor. 

To illustrate, in East Asia, the total output growth is 6.89 percent over the period. This rate 

includes an increase in physical capital of 3.55 percent, which constitutes 51.5 percent of total 

output growth, and the quality of capital contributes only 0.58 percent to output growth, or only 

4.8 percent of total output growth. Moreover, in East Asia, labor explains 14.4 percent of total 

output growth, while the quality of labor explains only 3.3 percent.  

To better isolate the input effect from the quality effect, we calculate the total input and 

the total quality share in output growth for each group. By summing the capital and labor share 

in output growth, total inputs explain 119.3 percent of output growth in Africa while they 

explain 65.9, 101.4, 38.1, and 87.5 percent of total output growth in East Asia, Latin America, 

South Asia, and the West. By summing the contributions of the quality of capital and labor, the 

results show that qualitative variables contribute 1.9, 8.1, 2.3, -11.2, and 3.4 percent of total 

output growth in the five regions, respectively.  

Table 8 shows that the quality of capital has a positive effect on output growth in East 

Asia, South Asia, Latin America, and West. South Asia has the highest contribution of the 

quality of capital to total output growth (5.5 percent) followed by Latin America (5.3 percent), 

East Asia (4.8 percent), and the West (2.1 percent). Those results imply that East Asia, the West, 

South Asia, and Latin America acquired new capital more quickly than the existing capital aged 
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during the period. In Africa, the quality of capital contributes negatively to output growth (–1.9 

percent). 

Shifting to labor quality, Table 8 shows that labor quality exerts the highest effect on 

output growth in Africa (3.8 percent) and East Asia (3.3 percent), followed by the West (1.3 

percent). In Latin America and South Asia, the cpontribution to output growth of human capital 

is negative. The negative contribution of labor to output growth in Latin America and South Asia 

relates to the returns of education in developing countries. In some developing countries, large 

efforts to increase education with no corresponding increase in output leads to erroneous results 

about human capital.  

In sum, output growth decomposition shows that physical capital, or factor, accumulation 

provides the most important component of output growth in nearly all groups, except in South 

Asia where technical change possesses the largest effect. Technological change generates the 

second largest component of output growth in East Asia while in the Africa, Latin America, and 

the West, labor growth is second most important. In all groups, the quality of capital and labor 

explain small components of output growth. 

These results correlate well with Gapinski (1999), who determines the contribution of 

different output components to economic growth. After distinguishing between quantity and 

quality, Gapinski (1999) finds that with the exception of the Latin Rim group, all country groups 

rank international trade, capital quantity, and labor quantity as the top three determinants of 

output growth while capital quality and labor quality are the bottom two forces.  

Whether factor accumulation or TFP growth contributes more to output growth remains 

perhaps the most controversial question in the mainstream growth theory. Solow (1956) argues 

that the residual and not factor accumulation accounts for the bulk of output growth in the US. 
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Easterly and Levine (2001) and King and Levine (1994) also find that the residual accounts for 

most of the income and output growth differences across countries. On the other hand, Kim and 

Lau (1996) and Koop et. al (1999) argue in favor of factor accumulation. To evaluate the role of 

TFP in output growth, we also calculate the share of TFP growth in total output growth for each 

group. 

Jorgensen and Griliches (1967) calculate the rate of growth of TFP as the difference 

between the rate of change of real product and the rate of growth of inputs. Applying this 

definition to equation (10), the change in TFP can be calculated as follows: 
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The last column of Table 8 shows the growth in TFP and its contribution to output growth. 

Results show that in all groups input growth exceeds by far TFP growth. The share of TFP 

growth is the highest in East Asia and South Asia where TFP growth contributes, relatively to 

34.1 and 61.9 percent of total output growth. In the West, TFP growth explains 12.5 percent of 

total output growth, while in Latin America (-1.4 percent) and Africa (-19.3), the contributions 

of TFP to total output growth are negative.  

The result that factor accumulation accounts for a large share of output growth is shared 

by most frontier studies. Koop et. al (1999) estimate country technical efficiency for the OECD 

countries, and decompose output growth into input, efficiency, and technological change 

components. On a general level, they find that factor accumulation explains most of the output 

growth. In their analysis, technological change comes second, while the share of efficiency 

growth is minimal. 

Koop et al (2000) also use a stochastic frontier analysis with factor correction and use 
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country grouping to do their analysis. They use levels of education to correct for labor, and the 

percentage of the labor force in agriculture and in industry to correct for physical capital. Similar 

to our results, Koop et al find that factor accumulation and not TFP accounts for most of the 

change in output in all groups. In addition, they find that technological change plays the most 

important role in East Asia, where it accounts for about half of output growth, while Africa and 

the West experience much less technological progress. 

Many growth accounting and cross-country studies do not share the view that physical 

capital (factor) accumulation is the main source of output growth, though. In their classic papers, 

Solow (1956) and Denison (1962) conducted growth accounting exercises on a number of 

developed countries to determine the effect of capital accumulation on output growth. They find 

that the rate of capital accumulation per capita accounts for between 1/8 and 1/4 of total output 

growth in the U.S, while TFP accounts for more than half of output growth in most countries. 

Easterly and Levine (2001) conduct a similar analysis using the Penn World Tables capital stock 

data. They find that on average, TFP accounts for about 60 percent of output per worker growth. 

In addition, they find that the share of capital growth accounts for less than the share of output 

growth. 

Elias (1990) also conducts a growth accounting study for several Latin America 

countries. He finds a larger variation in the share of TFP growth, the average hovers around 30 

percent. Perhaps the most mixed results come from East Asia. Most studies seem to agree on the 

unprecedented growth in total factor productivity experienced by the East Asian countries during 

the 1970’s and 1980’s (Christensen and Cummings, 1981, Dollar and Sokoloff, 1990; Kim and 

Lau, 1996). Young (1994), however, criticizes those studies, and argues that the productivity 

growth in the East Asian countries is largely overestimated. Young argues that factor 
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accumulation played a fundamental role in the extraordinary postwar output growth of the East 

Asian countries. Several factors lead to this conclusion, mainly increased participation rates of 

the labor force and a skyrocketing investment rate especially in machinery. 

King and Levine (1994) conduct a growth accounting analysis for the 100 countries for 

which they calculate the capital stock. Their findings are that growth in capital per person 

accounts for only 40 percent of the growth of output per person. The authors conclude that 

expanding Denison’s data to 100 countries does not change the results of growth accounting, 

capital accumulation accounts for only a small share of output per capita growth.  

V. Conclusion 

This paper analyzes output and productivity growth for a pooled cross-section, time-series 

sample of developed and developing countries. It contributes to the existing growth literature in 

three major aspects. First, we estimate the capital stock series and the average age of capital for a 

sample developed and developing countries and for a period of thirty years. Second, we use the 

stochastic frontier methodology to calculate each country’s technical efficiency, and examine the 

potential sources of output and productivity growth. Finally, we present a model of output 

growth where the productivity of capital and labor changes according to qualitative variables. 

The lack of information on capital stocks especially for developing countries limits most 

studies of growth to developed countries. We estimate the capital stocks for 104 countries from 

1960 to 1989, following  a slight modification of King and Levine (1994).. Following King and 

Levine, we use the steady state capital-output value to calculate the initial capital stock for each 

country. Then, we apply the perpetual inventory method to calculate the capital stock for 

subsequent years. We compare our capital stocks to those in the Penn World Tables (5) and 

(5.6), Benhabib and Spiegel (1994), and King and Levine (1994). The correlation coefficient 
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between our capital stocks and those in Benhabib and Spiegel, the PWT (5), and the PWT (5.6) 

in 1985 generates a correlation of 0.99, 0.71, and 0.97, respectively.  

We employ stochastic frontier analysis (Battese and Coelli, 1992), grouping countries 

into five regions and testing the hypothesis of a single world frontier versus regional group 

frontiers. The following regions are represented: Africa, East Asia, Latin America, South Asia, 

and the West. We reject the null-hypothesis that production technology represents a global 

frontier in favor of the alternative hypothesis that country groups exhibit different technologies. 

Consequently, we estimate a frontier for each region and calculate each country’s distance from 

the frontier as technical inefficiency.  

We use a Cobb-Douglas specification that includes the capital stock and the labor force, 

as well as the average age of physical capital and the mean years of education to account for the 

quality of capital and labor, respectively. The coefficients on capital and labor prove significant 

in all models and for all groups. Moreover, the average age of physical capital possesses a 

negative and significant effect in all models and for all groups. The negative effect of the average 

age of capital indicates that older capital exhibits lower productivity. Human capital possesses a 

positive and significant effect on output in Africa, East Asia, and the West, but a negative and 

significant effect on output in Latin America and South Asia. The mixed findings for human 

capital probably reflect the tremendous spending of some developing countries on education 

programs that by in large, do not produce higher economic activity or higher output. 

The decomposition of output growth demonstrates that factor growth generally proves 

much more important than either the improved quality of factors or total factor productivity 

growth in explaining output growth. The exception, South Asia, shows that total factor 

productivity growth explains a larger share of output growth than factor accumulation.  
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A negative correlation exists between technical efficiency improvement and technical 

change. For example, the low growth country groups of Africa and Latin America explain over 

100 percent of their average output growth rate with factor accumulation. Technical regress 

accounts for the largest negative factor in economic growth. But in both country groups, 

technical efficiency improvement contributes positively to economic growth, reducing but not 

eliminating the negative effect of technical regress on total factor productivity. On the other 

hand, the high-growth country groups of East and South Asia each exhibit significant technical 

progress, helping to explain output growth. At the same time, these two country groups also 

experience technical efficiency regress, suggesting that technical efficiency trades-off grossly 

with rapid economic growth.10 In sum, fast economic growth associates with declining technical 

efficiency, and vice versa.  

                                                           
10 In fact, the worsening of technical efficiency is the only negative contributor to output growth in East Asia. That 
is, the East Asian growth miracle does depend on factor accumulation and total factor productivity growth. And 
total factor productivity growth significantly responds to technical progress. The only cost is a worsening technical 
efficiency. 
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Finally, important policy implications emerge from the analysis. Since factor 

accumulation proves the most important component of output growth, economic policies 

designed to increase factor supplies can spur economic growth. Labor’s cpontribution to output 

growth is the most important in Africa. The slow economic growth of the African countries 

suggests that economic policies based on labor do not lead to successful output growth.11 The 

mixed results on education, especially in developing countries, suggest that increasing education 

is not enough, and that educational policies must be followed by the right economic and social 

policies. More precisely, developing countries must reduce inefficient government enterprise and 

unproductive bureaucracies that represent a major obstacle to their development. 

                                                           
11 Growth of the labor force, however, associates with lower labor productivity and a lower standard of living, 
assuming that the labor force participation rate does not change drastically. 
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APPENDIX: 

Africa (23 countries): Algeria, Angola, Cameroon, Egypt, Ghana, Ivory Coast, Kenya, 
Madagascar, Malawi, Mali, Mauritius, Morocco, Mozambique, Nigeria, Rwanda, Senegal, Sierra 
Leone, Tanzania, Tunisia, Uganda, Zaire, Zambia, Zimbabwe. 
 
Latin America (18 countries): Argentina, Bolivia, Brazil, Chile, Colombia, Costa, Rica, 
Ecuador, El Salvador, Guatemala, Haiti, Honduras, Jamaica, Mexico, Panama, Paraguay, Peru, 
Uruguay, Venezuela. 
 
South Asia (6 countries): Bangladesh, India, Indonesia, Iran, Pakistan, Sri Lanka. 
 
East Asia (9 countries): China, Hong Kong, Japan, Korea, Malaysia, Philippines, Singapore, 
Taiwan, Thailand. 
 
West (23 countries): Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, 
Greece, Iceland, Ireland, Israel, Italy, Netherlands, New Zealand, Norway, Portugal, Spain, 
Sweden, Switzerland, Turkey, United Kingdom, United States.  
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Table1: Average Values of Output, Capital, and Labor for Alternative 
Regions (80 countries). 

 
   

Group  60s 70s 80s 60-89 Minimum 
(Av. 80-89) 

Maximum 
(Av. 80-89) 

  
Real Output (in billions)  

   
Africa  7.89 13.56 19.25 13.57 1.21 

(Botswana) 
           66.89 

(Nigeria) 
East Asia 111.30 218.63 362.69 146.28 0.48 

(China) 
930.49 
(Japan) 

Latin America 34.69 62.51 86.15 61.12 4.26 
(Honduras) 

359.09 
(Brazil) 

South Asia 91.16 138.83 215.20 148.40 14.16 
(Myanmar) 

551.71 
(India) 

West 203.43 296.55 375.93 291.97 2.01 
(Iceland) 

3054.96 
(USA) 

    
Physical Capital Stock (in billions)   

    
Africa 6.62 12.19 21.23 13.34 0.53 

(Zaire) 
86.08 

(Nigeria) 
East Asia 226.46 472.34 840.00 363.03 0.60 

(China) 
2645.48 
(Japan) 

Latin America 52.82 95.29 151.25 99.79 2.46 
(Haiti) 

602.15 
(Brazil) 

South Asia 104.39 157.84 278.02 180.09 11.30 
(Myanmar) 

719.72 
(India) 

West 442.91 686.05 906.62 678.53 5.17 
(Iceland) 

6531.81 
(USA) 

    
Labor (in millions)   

    
Africa 3.90 4.65 5.98 4.84 0.29 

(Botswana) 
27.52 

(Nigeria) 
East Asia 53.32 67.89 84.60 68.60 0.87 

(Singapore) 
485.48 
(China) 

Latin America 4.14 5.40 7.05 5.53 0.59 
(Panama) 

37.66 
(Brazil) 

South Asia 42.85 51.44 63.80 52.70 4.82 
(Sri Lanka) 

245.45 
(India) 

West 10.93 12.30 13.98 12.40 0.10 
(Iceland) 

97.73 
(USA) 
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Table 2: Average Capital-Output and Capital-Labor Ratios by Decade and by 
Region (80 countries). 

 
   

Region 60s 70s 80s 60-89 Minimum 
(Av. 80-89) 

Maximum 
(Av. 80-89) 

       
Capital-Output Ratio      

       
Africa 0.82 0.84 0.93 0.86 0.18 

(Madagascar) 
2.33 

(Zambia) 
East Asia 1.69 1.66 1.97 1.77 1.39 

(Thailand) 
3.04 

(Japan) 
Latin America 1.40 1.46 1.69 1.52 0.71 

(Haiti) 
2.44 

(Jamaica) 
South Asia 0.94 0.91 1.12 0.99 0.37 

(Bangladesh) 
2.00 

(Iran) 
West 2.34 2.46 2.57 2.46 1.95 

(U.K) 
3.34 

(Finland) 
       

Capital-Labor Ratio      
       

Africa 2330 3196 3918 3148 309 
(Madagascar) 

27793 
(Algeria) 

East Asia 7506 13631 23748 14962 3530 
(China) 

56528 
(Japan) 

Latin America 11044 14656 16699 14133 1509 
(Haiti) 

42370 
(Venezuela) 

South Asia 3566 4671 6535 4924 1032 
(Myanmar) 

24673 
(Iran) 

West 37718 53375 63225 51439 14829 
(Turkey) 

96288 
(Switzerland) 
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Table 3: Capital Stock Ratios with PWT(5), PWT(5.6) and BS for 1985 
 

 
Country PWT(5.6) PWT(5) BS  

 
Argentina 2.57 3.03 1.88 
Australia 2.36 2.73 1.11 
Austria 2.17 2.37 1.03 
Belgium 2.05 1.61 1.07 
Botswana 2.11 3.50 0.83 
Canada 2.04 1.76 1.02 
Chile 2.80 2.56 1.30 
Colombia 1.10 1.58 0.87 
Denmark 2.12 2.11 1.08 
Dominican Republic 2.17 2.22 0.98 
Finland 2.06 1.80 1.13 
France 2.42 2.09 1.13 
Germany, West 2.23 2.08 1.15 
Greece 1.78 2.60 1.08 
Guatemala 1.91 2.32 1.05 
India 2.02 2.30 1.11 
Ireland 2.42 2.09 1.04 
Israel 2.18 2.41 0.93 
Italy 2.58 2.24 1.05 
Japan 2.01 1.58 1.18 
Kenya 2.45 2.12 0.95 
Korea, Republic of 1.69 1.39 0.96 
Norway 1.84 1.72 0.99 
Philippines 1.97 2.75 0.76 
Spain 2.51 2.19 1.13 
Sweden 2.07 2.65 1.19 
Thailand 1.70 2.47 1.14 
United Kingdom. 2.52 2.07 1.04 
United States 2.50 2.43 1.22 
Zimbabwe 0.84 2.22 0.89 
    
Average 2.11 2.23 1.08 
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Table 4: Average Age of Capital by Decade and by Region. 
 

    
Region 60s 70s 80s 80-89 Minimum Maximum 
    
Africa 10.82 19.55 9.95 13.44 5.2 

(Morocco) 
 

25.16 
(Rwanda) 

East Asia 10.13 6.76 6.31 7.73 5.14 
(Singapore) 

 

14.28 

Latin America 10.11 8.3 7.12 8.51 5.32 
(Panama) 

 

14.28 

South Asia 10.24 7.59 7.56 8.46 5.3 
(India) 

 

14.28 

West 9.83 8.62 7.22 8.56 5.18 
(Israel) 

 

14.28 

 
 
 
 
 
 
Table 5: Mean Years of Education by Decade and by Region. 
 

   
Region 60s 70s 80s 60-89 Minimum Maximum 

       
Africa 1.51 2.20 3.04 2.25 0.08 

(Angola) 
 

6.83 
(Mauritius) 

East Asia 4.30 5.38 6.79 5.49 1.64 
(Hong Kong) 

 

11.19 
(Japan) 

Latin America 3.80 4.59 5.65 4.68 1.48 
(Honduras) 

 

8.29 
(Mexico) 

South Asia 1.95 2.63 3.44 2.67 0.80 
(Iran) 

 

6.47 
(Sri Lanka) 

West 7.45 7.83 8.41 7.90 1.89 
(Turkey) 

 

16.08 
(Ireland) 
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Table 6 Frontier Results, Adjusting for Capital and Labor Efficiency 
Variables Africa East Asia Latin 

America 
South Asia West 

Intercept 2.4935* 
(5.34) 

4.9954* 
(15.93) 

2.9258* 
(22.74) 

9.3409* 
(6.88) 

1.8972* 
(6.51) 

Capital 0.6521* 
(28.98) 

0.5116* 
(16.77) 

0.6305* 
(40.27) 

0.5733* 
(10.73) 

0.7639* 
(32.37) 

Labor 0.5827* 
(10.47) 

0.3688* 
(15.50) 

0.4847* 
(20.13) 

-0.0488 
(-0.48) 

0.2165* 
(8.77) 

Age -0.00017* 
(-4.74) 

-0.0016* 
(-9.25) 

-0.0015* 
(-11.46) 

-0.0014* 
(-4.44) 

-0.0005* 

(-7.90) 
Education 0.0041** 

(2.21) 
0.0045* 
(6.75) 

-0.0032* 
(-3.19) 

-0.0206* 
(-6.53) 

0.0028* 
(5.44) 

T -0.0144* 
(-7.25) 

0.0211* 
(9.50) 

-0.0091* 
(-8.49) 

0.0371* 
(8.05) 

-0.0014** 

(-2.24) 
LLF 356.38 307.31 604.24 131.95 1129.16 

σ2 = σv
2 + σu

2 1.5814* 
(3.18) 

0.2128† 
(2.10) 

0.0561* 
(3.33) 

1.3190† 
(1.43) 

0.0269* 
(3.05) 

γ = σu
2/σ2 0.9895* 

(284.16) 
0.9760* 
(83.68) 

0.9063* 
(30.59) 

0.9898* 
(132.46) 

0.9313* 
(40.95) 

η 0.0053* 
(3.83) 

-0.0428* 
(-7.85) 

0.0247* 
(12.33) 

-0.0071* 
(-3.38) 

0.0123* 
(5.44) 

* means significant at the 1% level. 
** means significant at the 5% level 
† means significant at the 10% level 

LLF = Log Likelihood Function 
The numbers in parentheses represent the standard deviation. 

 
Table 7: Descriptive Statistics of Technical Efficiency 

    
Region Mean Std. Dev. Minimum Maximum Count  
Africa 33.18 19.26 11.70 

(Nigeria) 
97.22 

(Sierra Leone)
23  

East Asia 79.90 11.44 66.38 
(China) 

 

98.82 
(Hong Kong) 

9  

Latin America 77.68 14.85 54.17 
(Brazil) 

 

98.35 
(El Salvador) 

18  

South Asia 47.13 24.82 16.92 
(Myanmar) 

 

96.58 
(India) 

7  

West 85.54 8.49 65.75 
(France) 

 

99.27 
(U.K) 

23  
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Table 8: Output Growth Decomposition by Decade and Region (% in Parentheses) 
Year Output 

Growth 
Capital 
Effect 

Labor 
Effect 

Age  
Effect 

Education 
Effect 

Tech. Eff. 
Change 

Tech. 
Change 

TFP 
Growth 

Africa           
60-69 4.20 2.36 1.21 0.04 0.08 0.70 -1.41 0.63 
 (100.0) (56.2) (28.8) (1.0) (1.9) (16.7) (-33.6) (15.0) 
70-79 4.08 3.49 1.36 -0.03 0.13 0.67 -1.41 -0.77 
 (100.0) (85.5) (33.3) (-0.7) (3.2) (16.4) (-34.6) (-18.9) 
80-89 1.30 1.58 1.29 -0.17 0.14 0.63 -1.41 -1.57 
 (100.0) (121.5) (99.2) (-13.1) (10.8) (48.5) (-108.5) (-120.8) 
60-89 3.16 2.48 1.29 -0.06 0.12 0.67 -1.41 -0.61 
 (100.0) (78.5) (40.8) (-1.9) (3.8) (21.2) (-44.6) (-19.3) 
East Asia           
60-69 7.26 2.38 1.02 1.06 0.12 -0.62 2.11 3.86 
 (100.0) (32.8) (14.0) (14.6) (1.7) (-8.5) (29.1) (53.2) 
70-79 7.75 4.53 1.09 0.16 0.29 -0.93 2.11 2.13 
 (100.0) (58.5) (14.1) (2.1) (3.7) (-12.0) (27.2) (27.5) 
80-89 5.71 3.61 0.86 -0.17 0.29 -1.42 2.11 1.24 
 (100.0) (63.2) (15.1) (-3.0) (5.1) (-24.9) (37.0) (21.7) 
60-89 6.89 3.55 0.99 0.33 0.23 -1.00 2.11 2.35 
 (100.0) (51.5) (14.4) (4.8) (3.3) (-14.5) (30.6) (34.1) 
Latin America          
60-69 4.97 2.53 1.05 0.86 -0.08 0.83 -0.91 1.39 
 (100.0) (50.9) (21.1) (17.3) (-1.6) (16.7) (-18.3) (28.0) 
70-79 4.76 3.74 1.18 0.09 -0.12 0.67 -0.91 -0.16 
 (100.0) (78.6) (24.8) (1.9) (-2.5) (14.1) (-19.1) (-3.4) 
80-89 1.24 1.35 1.12 -0.32 -0.13 0.52 -0.91 -1.23 
 (100.0) (108.9) (90.3) (-25.8) (-10.5) (41.9) (-73.4) (-99.2) 
60-89 3.61 2.54 1.12 0.19 -0.11 0.67 -0.91 -0.05 
 (100.0) (70.4) (31.0) (5.3) (-3.0) (18.6) (-25.2) (-1.4) 
South Asia           
60-69 4.55 1.500 -0.18 0.82 -0.56 -0.59 3.71 3.23 
 (100.0) (33.0) (-4.0) (18.0) (-12.3) (-13.0) (81.5) (71.0) 
70-79 4.11 1.95 -0.23 0.08 -0.79 -0.63 3.71 2.39 
 (100.0) (47.4) (-5.6) (1.9) (-19.2) (-15.3) (90.3) (58.2) 
80-89 4.49 2.22 -0.29 -0.10 -0.81 -0.68 3.71 2.56 
 (100.0) (49.4) (-6.5) (-2.2) (-18.0) (-15.1) (82.6) (57.0) 
60-89 4.38 1.90 -0.23 0.24 -0.73 -0.63 3.71 2.71 
 (100.0) (43.4) (-5.3) (5.5) (-16.7) (-14.4) (84.7) (61.9) 
West           
60-69 5.08 3.76 0.28 0.34 0.02 0.14 -0.14 1.04 
 (100.0) (74.0) (5.5) (6.7) (0.4) (2.8) (-2.8) (20.5) 
70-79 3.76 3.46 0.32 -0.01 0.05 0.12 -0.14 -0.02 
 (100.0) (92.0) (8.5) (-0.3) (1.3) (3.2) (-3.7) (-0.5) 
80-89 2.55 1.82 0.26 -0.08 0.06 0.11 -0.14 0.47 
 (100.0) (71.4) (10.2) (-3.1) (2.4) (4.3) (-5.5) (18.5) 
60-89 3.75 2.99 0.29 0.08 0.05 0.20 -0.14 0.47 
 (100.0) (79.7) (7.7) (2.1) (1.3) (5.3) (-3.7) (12.5) 
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