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In this paper, | develop a new measure of human capital stock that has two advantages over
previous measures. First, it allows for the fact that the cost of education varies across time, countries,
and levels. Second, the unit of measurement is dollars, which allows comparison of human capital
stocks with other macroeconomic variables, including national income (GDP) and physical capital
stocks. Using cross-country panel regression analysis, | find that human capital accumulation
accounts for a relatively small (about ten percent) of per-capita GDP growth. | further find that,
unlike physical capital, the stock of human capital as a share of GDP increases with GDP.

on the puzzle of why the human capital coefficient is often lower than theory would predict, and
whether such estimates are believable. In order to do this, | develop a new measure of human capital
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education varies across time, countries, and levels. Second, the unit of measurement is dollars, which
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human capital accumulation accounts for a relatively small (about ten percent) of per-capita GDP
growth. | further find that, unlike physical capital, the stock of human capital as a share of GDP
increases with GDP.



Do Low Human Capital Coefficients Make Sense?

A Puzzle and Some Answers

Individuals and governments invest vast quantities of resources in education, and there is
substantial evidence that it is a worthwhile investment: individuals who are more educated earn higher
wages, richer countries have higher levels of literacy and educational attainment, and the countries
that experience rapid economic growth are often the ones that have invested heavily in education.
Education, or the human capital it creates, is a key input in new macroeconomic models, including
those of Lucas (1988), Romer (1990), Jovanovic, Lach, and Lavy (1992), and Azariadis and Drazen
(1990).

In the past five years, new cross-country macroeconomic datasets have been assembled by Heston
and Summers (1992), the World Bank, the International Monetary Fund, and others. These datasets
include measurements of key macroeconomic variables for as many as 138 countries and 41 years.
They allow economists to analyze economic growth and development with data from a wide sample
of countries, circumstances, and stages of development.

Since education is supposed to be important, we might expect measures of education to enter
significantly and with large coefficients in regressions that analyze growth. There are three basic
types of growth regression that researchers estimate; only one yields any significant role for human
capital. The first type of regression is a reduced form regression. In these regressions, average GDP
growth rates are regressed on initial conditions and other level and change variables that are expected
to influence growth. The second type of regression is based on the growth decomposition of the
Cobb-Douglas production function. In these regressions, GDP growth is regressed on growth rates

of factor inputs. Estimation of these two types of regressions has typically yielded implausibly low,



statistically insignificant, or negative coefficients on human capital variables. The last type of
regression is based on an extension of the Solow (1957) model's predictions about steady-state
growth. It is this type of estimation that yields the one exception: a high, positive, and statistically
significant coefficient for human capital. Mankiw, Romer, and Weil (1992) add human capital to the
Cobb-Douglas production function used by Solow and find that estimation of the steady-state equation
yields a coefficient around 0.3 for human capital, implying a share in production and an elasticity
with respect to growth of nearly one third.

Table 1 displays the results of estimation of the human capital coefficient from various
studies. The first column identifies the study; the second through fourth columns identify the
estimation method, model, and measure of human capital (HK) used. The coefficient estimates are
not directly comparable with each other because the human capital variable is not always a growth
rate. Mankiw, Romer, and Weil (1992) use secondary school enrollment as a proxy for human capital
accumulation; they claim that secondary enrollment is collinear with human capital accumulation,

which is all they need in their model.



Table 1: Summary of Cross-Country Regression Results

World Development Repoitl991) and Benhabib and Spiegel (1992) also use absolute changes in

Author Model Human Capital Technique Coefficient T
(HK)
Variable
Mankiw, Augmented Solow, Secondary Cross-section | 0.28 9.3
Romer & Steady state enroliment OoLS
Weil 1992
Barro and Reduced form Log of Barro- | Cross-section | 0.057 3.0
Lee 1992 Lee HK oLS
Barro and Reduced form Log of Barro- | Pooled panel 0.021 5.2
Lee 1992 Lee HK
Romer 1990 | Reduced form Literacy rate, | Cross-section | 0.204 2.3
change instrumental
variables
WDR 1991 Augmented Solow, | WDR HK, Pooled panel, | Ed<3 yrs: 0.09 2.6
production function change annual data Ed>3 yrs: 0.04 2.0
Benhabib- Augmented Solow, Kyriacou HK, Cross-section -0.021 1.4
Spiegel, production function change
1992
Lau et al., Augmented Solow, WDR HK, log Pooled panel, | 0.016 1.6
1991 production function difference annual
Judson 1993| Augmented Solow, | Judson HK, Panel GLS 0.098 4.3
production function growth rate

average years of education of the labor force rather than percentage changes. Romer (1990) considers
literacy a proxy for human capital stock and uses the change in the literacy rate. Barro and Lee
(1992) use the log level of their measure of average education of the labor force. Finally, Lau,

Jamison and Louat (1991) use the log difference of the World Development'®REffi81) measure

of average years of education of the labor force, which is approximately equal to the percentage

growth rate. This is the only measure that is comparable to the growth rate that | use; | obtain a



coefficient of 0.098, more than five times that obtained by Lau, Jamison, and Louat (1991) but only
a third as large as that obtained by Mankiw, Romer, and Weil (1992).

Three questions emerge: first, which estimate of the parameter for human capital in a Cobb-
Douglas production function is correct econometrically? Second, does the coefficient make sense in
the context of both micro evidence about returns to education and the Cobb-Douglas production
function? Third, what are the implications for human capital investment and our understanding of
economic growth if the lower coefficient is right?

In this chapter, | first outline the extended Solow model proposed by Mankiw, Romer, and
Weil (1992). | use the same production function as they do to link the relative returns to human and
physical capital, the relative stocks of human and physical capital in the economy, and their relative
coefficients in the regression equation derived from the same model. | then review the evidence on
returns to physical and human capital investment across countries and time. Next, | develop a new
human capital series that measures the stock of human capital in value rather than in person-years.
This measure of human capital eases comparison of the stock of human capital with that of physical
capital over time and across countries. Finally, | review and test the specifications of the extended
Solow model that have produced the macroeconomic parameter estimates.

Using the new measure of human capital stock and the production function specification, |
find a robustly positive human capital coefficient that is two to three times larger than comparable
figures found in earlier studies but still well below the estimate of 0.3 of Mankiw, Romer, and Weil
(1992). Further, | find that a low value for the share of human capital in the growth decomposition
is plausible both econometrically and in the context of the Cobb-Douglas form of the production
function, and that the relationship between human and physical capital stocks and returns and their

regression coefficients predicted by the production function in Mankiw, Romer, and Weil's (1992)



extended Solow model holds approximately. Human capital thus belongs in the production function
and is still a high-return input, but its role is not as large as that of physical capital.

However, | also find that the path of human capital accumulation as wealth increases is
distinctly different from that of physical capital: the human capital to output ratio is increasing in
output but the physical capital to output ratio shows no trend. This is not explained or predicted by
any of the new growth models that | am aware of. However, the Solow model does not predict these
patterns either. Measuring human capital as | do also allows me to examine some of the predictions
about human capital accumulation and growth that are implied by newer models of growth. | find
that none of the predictions of the new growth theory about the relationships between levels and
growth rates of income and human capital hold. In sum, while the Cobb-Douglas form of production
in the augmented Solow model provides a reasonable description of growth, it must be considered
a starting point rather than an endpoint in our thinking about the role of human capital in growth and
development.

In Section 1 | derive the relationship between human and physical capital levels, returns, and
regression coefficients that is implied by the extended Solow growth model with a Cobb-Douglas
production function. In Sections 2, 3, and 4 | discuss the data available for the three ratios that form
this relation. First, in Section 2, | review the evidence on returns to human and physical capital.
Second, in Section 3, | develop a new human capital series that measures the value of education
embodied in the labor force at a particular time. Third, in Section 4 | estimate the parameters of the
Cobb-Douglas production function with a cross-country panel regression. | also calculate productivity
residuals and review other regression estimates of the production function parameters. In Section 5,
I conclude and discuss the implications for human capital accumulation. In Section 6 | return to the

properties of the data and compare them to the predictions of several new growth models.



I. The Extended Solow Model and the Human Capital Coefficient

A. The Solow Growth Decomposition
In the original Solow (1957) growth decomposition, technical progress is neutral so that

production takes the form:

Y = AF(K,L) (1)
If the production function is Cobb-Douglas in physical capital and labor, then

Y = AK“L"" )

Taking time derivatives of the production function and dividing through by Y vyields:
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In order to measure the productivity residual, Sobalculated the input share for physical capital
for each year. He assumed constant returns to scale and complete classification of inputs as either
physical capital or labor so that the shares would sum to one. He then calculated productivity
residuals using this equation and data on output per man-hour and physical capital per man-hour.
Solow estimated a separate physical capital share variable for each year. He found that physical
capital's share in income varied from a low of 0.312 to a high of 0.397.

New cross-country datasets permit similar analysis across a large sample of countries.

However, the data available in these datasets are not nearly as rich as those available for the U.S.



In particular, factor shares are not available, but growth rates of inputs are. Dropping the constant-
returns-to scale assumption, imposing constancy of factor shares, and adding an error term yields the

regression form of the Solow growth decomposition:
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Cross-country regressions with panel and cross-section data yield coefficient estimates close to those

calculated by Solow; these will be discussed in Section IV.

B. The Extended Solow Model with Human Capital
Mankiw, Romer and Weil (1992) propose an extension of the Solow model in which

production is Cobb-Douglas in three inputs: labor (L), physical capital (K), and human capital (H):
Y-AK‘H'L (6)

As with the original Solow model, taking time derivatives, imposing constant returns to scale, and
adding an error term yields an equation for the growth of output in terms of growth of labor, physical
capital, and human capital:

K

Y A H L
=+t a— +B— +(A-a-B)— + € 7
Y A K BH ( B)L 0

Assuming that inputs are paid their marginal products, this model allows us to write an

eqguation relating rates of return, levels, and coefficients for pairs of inputs. First, note that if returns

! Constant returns are imposed by setfingqual to le-p.



are equal to marginal products, then
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which is the relationship | will examine. | calculate the three ratios in this equation and show that,
on average, they satisfy this equation. The ratio of returns is discussed in Section 2, the ratio of the
stock of human capital to physical capital is calculated in Section 3, and the ratio of the coefficients

of the production function is estimated in Section 4.

II. Returns to Human and Physical Capital

A. Returns to Human Capital in the Form of Education

Proponents of investment in education argue that education is a good investment because it
yields a high return, usually much higher than that of physical capital. Indeed, the rates of return
calculated and compiled by Psacharopoulos (1993, 1985) are impressively high. Table 2 displays
rates of return to education calculated and assembled by Psacharopoulos (1993). For each region, the
average includes the most recent observation for each country for which data are available. Private

rates of return are higher than social rates of return because private returns exclude the public



Table 2: Rates of Return to Education, Various Levels, By Region

Region Social Private

Primary | Secon- Higher | Primary | Secon- |Higher

dary dary

Sub-Saharan Africa 24.3 18.2 11.4 41.8 26. 2]
Asia (non-OECD) 19.9 13.3 11.7 39.0 18.9 19
Europe/M.East/N.Africa 15.5 11.2 10.6 17.4 159 21
Latin America/Caribbean 17.9 12.8 12.3 26.2 16. 19.
OECD 14.4 10.2 8.7 21.7 12.4 12.
World 18.4 13.1 10.9 29.1 18.1 20.]

Source: Psacharopoulos (1993), p. 7.

N N 9

component of the costs of educatfon.

averages of the return to education data, which are available quite sporadically. Figure 1, Figure 2,
and Figure 3 display private rates of return to primary, secondary, and higher education against GDP.
Rates of return to all levels of education fall as GDP rises.

These rates of return were calculated either by the earnings function method due to Mincer
(1974) or by what Psacharopoulos (1993) calls the full method. In the full method, the return is the
discount rate that equates the costs of education, including foregone wages and other costs, and the
benefits of education in the form of increased wages. Social rates of return include in the costs of

education both foregone income and the full cost of education, including that borne by the

2All returns to education are assumed to be captured by the individual's wage; social
benefits to adding to the stock of educated people are not measured in the calculation of

As with physical capital returns, | construct five-year

either private or social rates of return.



government; private returns include only foregone income and private educational expenses in the cost
of education. Since the private costs of education are often lower than the social costs, private rates
of return to education are usually higher than social rates of return.

The full method is a compromise between the earnings function method due to Mincer (1974),
which requires less data but is less flexible, and the net present value method, which is better but
requires comprehensive earnings and education data on many individuals. The full method has two
prominent drawbacks. First, it is very difficult to measure the ability of the students, which is clearly
an important input (See, e.g., Griliches (1977)). Second, it is difficult to calculate foregone earnings
for children in general and for the very uneducated in countries where primary education is close to
universal. In fact, it is nearly impossible to obtain the relevant wage data for children from cross-
country sources because countries are unwilling to admit that they have child labor, which they would
implicitly do by providing such data. These problems are common, however, to many measures of
returns to education. In the full method, researchers can adjust for the fact that foregone income for
children might be less than that for adults by assuming that children only forego income for part of
their time in school. However, Psacharopoulos (1993) notes that relatively few studies do this.

The full method is the method preferred by Psacharopoulos (1993). However, for some
countries, only rate of return data calculated by the earnings function method are available; in this
case, Psacharopoulos reports them. In the earnings function method, the log of wages is regressed
on a constant, years of schooling, years of experience, years of experience squared, and other relevant
variables. In such a regression, the private rate of return to a year of education comes from the
coefficient on years of education. This method has the same drawbacks as the full method; in
addition, as Psacharopoulos and Layard (1979) and Psacharopoulos and Ng (1992) have pointed out,

it requires the assumption that earnings are the same at all times for a given level of education.
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Finally, both methods of estimating rates of return to education could be modified to allow for
different rates of return to different types of education or different specializations, but data at this

level of disaggregation are not available across many countries.

B. Returns to Physical Capital

Data on returns to physical capital that are comparable across a broad sample of countries are
scarce, but they do exist. Some data are available on rates of return to public investment projects
funded by the World Bank, but these data are confidential, spotty, and refer only to particular
projects. In addition, the World Bank is not a typical investor. An alternative source of data is the
rates of return for United States direct investment abroad, which are compiled by the Bureau of
Economic Analysis. Although these data also focus on a small subsample of investment in each
country, the measurements are consistent with each other and offer a means of comparing returns to
physical capital across a broad sample of countries and time periods. In addition, they represent the
returns to physical capital that can be obtained by private investors who have many investment
options. | calculate returns to physical capital from the BEA data. For a given country and time
period, returns are calculated as earnings divided by total investment outstanding. The BEA data are
provided on an annual basis. In order to make them comparable to the rest of my data, | construct

five-year averages of the returns.

3| am grateful to Elaine Buckberg for providing these data.
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Table 3: GDP Quintile, Region, and Time Averages of Returns to Capital and Human Capital

I. Quintile averages sorted by GDPC, per-capita GDP.
Quintile GDPC KRET PPRET SPRET HPRET
1 593 13.3 25.4 18.6 24.1
2 1189 114 30.9 20.8 25.5
3 2149 12.6 32.9 20.1 17.8
4 4179 12.9 19.7 141 185
5 9831 12.8 21.6 12.3 12.8
I1.Quintile averages sorted by KRET, returns to physical capital.
Quintile GDPC KRET PPRET SPRET] HPRET
1 5925 55 20.2 12.7 151
2 6447 9.3 25.2 17.4 17.4
3 6660 12.4 29.4 12.2 11.9
4 7049 15.5 12.5 10.9 15.8
5 7070 22.3 185 25.2
lll. Sorting by region
Region GDPC KRET PPRET SPRET HPRE]
OECD 8615 12.2 20.5 12.3 12.3
LACAR 3529 11.6 23.8 15.6 20.0
MENA 4198 19.5 12.7 17.8 21.8
ASIA 2438 15.9 26.8 15.8 16.7
AFRICA 1287 14.0 36.1 25.7 25.6
IV. Sorting by period
Period GDPC KRET PPRET SPRET HPRE]
61-65 2436 10.7 21.2 15.2 135
66-70 2858 9.3 26.9 17.5 17.0
71-75 3468 115 25.2 134 17.6
76-80 3948 14.5 19.7 14.4 17.8
81-85 4151 13.0 44.1 24.3 25.2
86-90 4642 16.7 23.6 16.2 17.4
GDPC: Per-capita GDP, in 1985 PPP dollars from Heston-Summers 1992. K
Rate of return to capital on U.S. Foreign Direct Investment, from BEA. PPRE
SPRET, HPRET: Private return to primary, secondary, and higher education,
Psacharopoulos (1993).

RET:

rom
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Table 3 provides descriptive statistics about returns to physical capital. In the first panel, the
data are grouped into quintiles according to per-capita GDP. Thus, the first row displays group
averages for the poorest twenty percent of the sample and the fifth row displays group averages for
the richest quintile of the sample. We see that rates of return to physical capital do not vary
systematically with GDP. However, returns to human capital decline as GDP increases. In the

second panel, with quintile averages sorted by returns to physical capital (KRET), we see that per-
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capita GDP increases moderately with returns to physical capital but the other variables do not move
with KRET in a systematic way. In the third and fourth panels, averages over regions and time
periods, the same general patterns and correlations are discernible: GDP increases over time and is
negatively correlated with returns to human capital; returns to physical capital increase weakly over

time.

C. Stocks of Physical Capital
| use a physical capital stock dataset that was originally created for the_1991 World

Development Reporind subsequently updated by Nehru (1992). This series measures total capital

stock using the perpetual inventory method and an initial capital stock value of zero. The
measurements are in 1987 national currency units. In order to compare physical capital stock to GDP
and human capital stocks, | use the IMF's real GDP figures. Since the IMF reports real GDP in 1985
units, | inflate the GDP series using either the IMF's GDP deflator where available and the consumer
price index from the IMF otherwise.

Figure 4 to Figure 7 illustrate the relationships between returns to physical capital and the
capital-labor ratio, capital per head, the ratio of human capital to physical capital, and GDP. There
is little pattern to returns to physical capital: they are weakly positively correlated with the capital-
output ratio and capital per capita; they are not correlated with GDP. Returns to physical capital are
weakly negatively correlated with the ratio of human to physical capital. On average, rates of return
to physical capital are lower than those for human capital. Across available observations, the mean
ratio of physical capital returns to private human capital returns is 0.52 for primary education, 0.65

for secondary education, 0.68 for higher education, and 0.47 overall.
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[ll. A New Human Capital Series

| develop a new human capital series that estimates the value, in 1985 PPP dollars, of a
country's human capital stock. Such a series has two advantages over existing measures and proxies
for human capital stock. Many studies do not use direct measures of human capital; rather, they use
proxies such as literacy (e.g., Benhabib and Spiegel (1993), Romer (1990)) or enrollment rates (e.g.,
Mankiw, Romer, and Weil (1992)). The proxies give an idea of how much human capital a country
has, but any power they have depends on the assumption that the proxy is collinear with the country's
whole human capital stock. More recent studies use series that measure human capital stock as

average years of education of the labor force, as by World Development B899t and Barro and

Lee (1992). These series do not account for the fact that the relative cost of a year of primary

education compared to that of higher education is not one and is not constant across countries. Nor
do they account for the fact that the resources devoted to a year of primary, secondary, or higher
education vary considerably across countries and time. In addition, person-years of education are
difficult to compare to capital stocks, GDP, or other macroeconomic variables. This series corrects

both problems.

My human capital series builds on those of Barro and Lee (1992) and &leal(1993),

which measure the average educational attainment of the labor force in years of education. My

innovation is to calculate the cost of education and to then weight primary, secondary, and higher

education stocks according to their costs. This improvement is analogous to measuring physical

capital by the cost of types of buildings and machines rather than just the number of them. It allows

comparison of human capital stocks with physical capital stocks and GDP. In addition, growth rates

of my series incorporate the changes as countries shift from expanding primary education, which is

relatively inexpensive, into secondary and higher education, which tends to be more expensive.
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After discussing the construction of the series and presenting some descriptive statistics, |
demonstrate that human capital accumulation behaves rather differently from that of physical capital.
Finally, | use the series to form the ratio of physical to human capital, which gives the second ratio

in Equation (9).

A. Overview

My human capital series combines data from three sources. | begin with Barro and Lee
(1992) and Nehret al. (1993) data on the average educational attainment of the labor force by level.
Second, | use UNESCO data on school enroliments by level and education spending by level to
obtain weights for the education stock at each level. | calculate per-pupil spending at each level of
education for each country in each of the six five-year periods between 1960 and 1990. | use these
spending figures to weight primary, secondary, and higher educational attainment as given by Barro
and Lee (1992) and Nehat al. (1993). This gives me a value for a country's total educational stock
in nominal national currency units. Third, | convert these figures to 1985 prices using the UNESCO
series on educational spending as a share of GDP and Heston-Summers GDP data. | use five-year
intervals because most of the underlying data series are only available at five-year intervals anyway.
Where more than one observation is available for a particular period, | use the average over available

observations.

B. Sources of Data
| base my calculations on estimates of the average educational attainment of the labor force
developed by Barro and Lee (1992) and Nedtral. (1993). Both series consist of measurements

of average primary, secondary, higher, and total educational attainment for a panel of about 80
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countries and the six five-year periods between 1960 and 1990. The two series differ in coverage,
but are closely correlate@£0.75). They arrive aheir estimates rather differently, however. Barro

and Lee (1992) use census data as their starting point and augment it with other information about
school enroliment and completion. Nelatual. (1993), in a refinement of Jamison, Lau, and Louat
(1991), use enroliment data as a base. Both methods require substantial simplifying assumptions and
extrapolation. Barro and Lee measure the educational attainment of the labor force aged 25-64;
Nehruet al. (1993) include all members of the labor force aged 15-64. Thus, Kehtis (1993)

figures are more likely to capture more recent expansion of education in less developed countries.
In addition, Nehruet al's (1993) dataset provides more observations. Thus, | use Hehiis

(1993) series for the results reported here. However, the results do not change much when Barro and
Lee's (1992) series is used.

To estimate the relative value of a year of education at each level, | use data from UNESCO
and Heston-Summers (1992). UNESCO reports data on total, current, and capital spending on
education by level in national currency units; it also reports total current spending as a share of GDP.
| use current spending as the measure of spending for three reasons. First, it is available for a much
larger sample of countries and periods than are capital and total spending. Second, it is a smoother
measure of educational inputs. Third, it measures the most important educational inputs at least as
accurately as total spendihg. UNESCO reports enroliment by sex, age, and level. | use total
enrollment at each level for both sexes. | choose this measure for two reasons. First, it is more
widely available. Second, it does not make sense to ignore older students since they too are

accumulating human capital and using educational inputs.

* Research on educational inputs in the United States indicates that current
expenditures are much more highly correlated with school quality than capital or total
expenditures. See, e.g. Schmidt (1993).
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The key series provided by UNESCO is current spending as a share of GDP. This ratio

allows us to link spending, which is measured in nominal units, with real GDP. For real GDP, | use

real GDP in 1985 purchasing power parity (PPP) dollars from Heston and Summers (1992)

Yie =

ysit =

The formulas and notation | use are:

Per-capita GDP, in local currency, as reported by the IMF.
Summers-Heston per-capita GDP, in 1985 PPP dollars
Spending on levegl education in local currency

Total spending on education, in local currency

Average spending on education per pupil, local currency, all levels
Average spending per pupil at leyel

Spending per pupil as a percentage of per-capita GQP =e /y
Spending on education as a percentage of total GDP = E /Y
Population

Labor force

Average educational attainment of the labor force.

Indices:i indexes the country,indexes time, angindexes the level of education.

UNESCO provides the ratio,S = E /Y . This ratio is an average across all levels of

education. It is appealing to use because the units are the same, namely nominal local currency units.

The ratio § , education spending per pupil atj'thelevel as a percentage of per-capita GDP, can be

obtained as follows:

e e P

it it y it S e
. -1 - E it it (10)
o6 CE,my  2E,
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To translate this cost into dollars, | multiply the ratio of spending per pupil to per-capita GDP times

Heston-Summers real per-capita GDP in 1985 prices:

d =ey_ y_ (11)

ijt ijt 7 sit

| then use the;d as weights for the measures of human capital present in an economy. My measure

of average human capital per worker is:
h=2d,a, (12)
The measure of capital in the whole economy is then

H=hL (13)

C. Assumptions and Data Problems

The key assumption | use is that government expenditure on education is a good measure of
its quality, or at least of the value of the education provided. Card and Krueger (1992) have found
that measures of the quality of education are correlated with future earnings. The quality measures
they use are term length, pupil-teacher ratio, and teacher pay, all of which can only be improved by
spending more. Ideally, we would also have some measure of the quality of the students being
trained; | have considered this topic in Chapter Two and concluded that growth in countries that
allocate their educational resources poorly may not be correlated with human capital accumulation.
In addition, | have to interpolate some sporadically-measured variables. In all cases, | use geometric
interpolation, which forces a constant growth rate rather than constant level change between missing
observations. | use the following order of operations:

1. Interpolate input series, including those for enroliments, spending, and education spending

as a share of GDP.
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2. Create human capital series.

3. Interpolate results.

4. Create annual growth rates of all series.

5. Create five-year average growth rates of all series.

There are two major shortcomings of this series. First, it measures the ppicelating
human capital at a given time, which is not exactly the same as its replacement value. Since human
capital in the form of education lasts for a very long time, the current production cost might not be
an accurate indicator of the value of older human capital, especially if a country upgrades the quality
of its schools over time. To make the series analogous to capital series, the weights would vary
according to the vintage of the human capital and, perhaps, the amount of labor force experience
individuals have. This would be possible only with very long series in which the vintage of the
human capital is known. Second, we might want to include the cost of foregone labor income as a
cost of human capital. But this is nearly impossible with current data sources, especially for
childhood, when most students are in school. In the absence of accurate data on foregone income,
| could simply scale all human capital stocks by some constant to account for the foregone income
component of human capital. | do not do this for two reasons. First, it would not change the
regression results at all since scaling the stocks does not affect growth rates. Accurate accounting
for foregone income would probably change growth rates, but is impossible. Second, for public
policy purposes, the direct costs of education, which are usually borne by the state, are much more

of an issue than foregone income, which is usually borne by individuals.

D. The Dataset: Descriptive Statistics

Table 4 provides an overview of the data, including growth rates for human capital (ZINHK),
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physical capital-output ratios (KY), human capital-output ratios (HY), and physical capital to human

capital ratios (KH). The striking result is the high ratios of physical to human capital stock. For less-
developed countries, the ratio can be higher than 20; for more-developed countries, the ratio is still
around 2. The physical capital to human capital ratios decline over time and with per capita GDP.

However, physical capital-output ratios are fairly stable across time, GDP, and continents.

21



Table 4: Descriptive Statistics for Levels and Growth Rates of New Human Capital Series

Sorting by per-capita GDP

Q ZGDPC ZINHK KH KY HY GDPC

1 0.80 2.64 10.80 1.46 0.14 593
2 1.28 3.96 12.80 1.73 0.19 1189
3 2.32 4.08 14.25 2.03 0.14 2149
4 2.52 4.68 9.00 1.85 0.2§ 4179
5 2.48 491 3.51 1.97 0.74 9831

Sorting by region

Region ZGDPC ZINHK KH KY HY GDPC
OECD 2.88 4.45 3.92 1.94 0.72 8615
LACAR 1.55 2.32 11.25 1.95 0.18 3529
MENA 2.08 6.26 10.55 1.71 0.15 4198
ASIA 2.95 6.34 11.81 1.47 0.24 2438
AFRICA 0.76 3.54 12.22 1.95 0.1§ 1287

Sorting by period

Period ZGDPC ZINHK KH KY HY GDPC

61-65 2.63 2.77 6.51 1.34 0.28 2436
66-70 3.33 4.60 8.83 1.53 0.27 2858
71-75 2.37 4.85 9.64 1.72 0.27 3468
76-80 2.20 5.22 9.91 1.95 0.32 3948
81-85 -0.15 3.38 10.36 2.19 0.40 4151
86-90 0.53 2.97 9.76 2.20 0.46 4642

ZGDPC: Growth rate of per-capita GDP, in 1985 PPP dollars, from Heston-Summers.
ZJINHK: Growth rate of the stock of human capital.

KH: Ratio of physical capital to human capital.

KY: Ratio of physical capital to GDP.

HY: Ratio of human capital to GDP.




General patterns in the data are summarized in Figure 8 to Figure 11. Figure 8 is a plot of
the log of the physical capital-output ratio against per capita GDP. Although there appears to be
some convergence in the capital-output ratio as countries become wealthier, there is no particular
trend. In contrast, Figure 9, which displays the log of the human capital-output ratio against per-
capita GDP, has a clear upward trénd. This is new; it is no surprise that wealthy countries have
absolutely more human capital than poorer countries, but this plot shows that richer countries also
have relatively more human capital than poorer ones. Figure 10 presents this information in a slightly
different way: the log of the ratio of human capital to physical capital is plotted against per-capita
GDP. Again, the relative stock of human capital increases with GDP. These facts are not anticipated
or explained by any of the new growth theory, as | will discuss later. Finally, Figure 11 plots of
current education spending as a share of GDP against GDP growth. Note that no pattern is
discernible here, which emphasizes the fact that current educational investment flows alone are a poor

proxy for human capital accumulation, with its long time-to-build and slow depreciation.

®An ordinary least squares regression of the log of the ratio of per capita human
capital to per-capita GDP on a constant and per-capita GDP in thousand dollars yields a
slope coefficient of 0.18 and a T-statistic of 21.8.
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E. Combining Data on Physical and Human Capital Stocks and Returns

We now have data for the second ratio for the expression in Equation (9). We can now use
the stock and return data to estimate the ratio of the Cobb-Douglas production function coefficients
and check to see how closely they coincide with the coefficients from the growth decomposition. The
average physical-human capital ratio across all available observations is 8.42. More importantly, the
ratio of returns to physical and human capital is inversely related to the ratio of their stocks, which
is what we would need for the ratio of the coefficients in the production function to be constant. The
intersection of available data for all of these quantities is quite limited, but the relation is reasonably
robust. A regression implied by Equation (9) yields positive and significant coefficients.

Recall Equation (9):

’
o H
Fo 22 (14)
r. B K
The regression form of this equation would be:
r
H
L. b +b — + ¢ (15)
r 0 1 K

h

Returns to education are reported for primary, secondary, and higher education. | construct a
weighted average of the returns to all three levels of education by using their relative stocks as
weights. | use the social returns to education since they include all costs of providing education. The
regression from Equation (15) yields the parameter estimates displayed in Table 5. The slope
coefficient is arestimate of the ratio af to B. The coefficient estimate is about 3, which implies
that the ratio ofx to B should be about 3; mogenerally, the return and stock data for physical and

human capital used in this regression equation suggest that the growth decomposition regression
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Table 5: Regressions of R /R on H/K and a constant

Level of education Estimated be / T-Statistic
Primary 3.11 2.7
Secondary 2.36 2.5
Higher 3.40 4.2
Average 3.24 2.5

coefficient on physical capital should be substantially larger than that on human capital.

IV. Cross-Country Growth Regressions: Econometric Issues

The relatively recent arrival of macro datasets covering a hundred or more countries and thirty
to forty years has provided a rich source for empirical evidence on growth. However, many papers
have ignored the time-series aspect of these new datasets to focus on time averages for each country.
Although this approach has a certain appeal for the study of long-term growth, it wastes a great deal
of the information that these datasets have to offer. Regression estimates obtained with time averages
can be at best consistent and never efficient. In addition, neglect of the panel aspect of the data can

conceal specification problems.

A. Panel Estimation
Hausman (1978) describes a simple, efficient estimator for panel data with individual effects.

This estimator is consistent and efficient under the null hypothesis that the country-specific error

® These include, among many others, Mankiw, Romer, and Weil (1992) and Levine
and Renelt (1991).

25



component is not correlated with the right-hand side variables. Hausman and Taylor (1981) describe
a simple test for the null hypothesis and propose an instrumental variables estimator for the
parameters on the time-invariant variables if the null is rejected.

Following Hausman and Taylor (1981), we begin with a model for a dataset with T
observations each from N countries where the error term consists of a random error term and a

country-specific error term:
Yit - XitB * ZiY * OCi * nit (16)

The Z variables are time-invariant and the X variables vary with time. Under the null hypothesis that
the country-specific errors are not correlated with the right-hand side variables, we can use a "random
effects" specification. For this specification, a pooled regression is consistent but not efficient
because it fails to take account of the serial correlation of the errors.
The "between" estimator is:
Yi.= Xi.B " Zi.Y " ai " nzx’
T T 17)
Yi.E ; Yit ’ Xi.E ;Xit ’ Zi.EZi

This is the group averages estimator most commonly used for cross-country regressions. Under the
null hypothesis, this estimator will be unbiased but not efficient.

The data for the "within" estimator are constructed as deviations from group means:
(Yit_Yi.) B (Xit_Xi.)B o, (18)

This is identical to OLS with a dummy variable for each country. Here the country-specific error

term disappears so that the estimator is consistent whether or not the null hypothesis holds. For time-
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varying variables, it is also efficient under the null. However ytheefficients on time-invariant
variables cannot be estimated.

Under the null hypothesis of random effects, the residuals from the between and within
estimators can be used to construct an estimate of the variance matrix of the errors. This matrix can
then be used in a generalized least squares (GLS) transformation, which turns out to be a linear
transformation of the data. Thukg efficient GLS estimator is obtained by calculating a weight,

and performing ordinary least squares on
Y—GYi = (X—BXi)B + € (19)

The null hypothesis of random effects can be tested by comparing the "between" and "within"
estimates. Under the null, both the between and the within estimates are consistent, but under the
alternative, the within estimate is consistent but the between is not. Since the estimators are
orthogonal, the variance-covariance matrix of the difference between the between and the within is
the difference of the variance-covariance matrices for the time-varying variables. Below, | report
results of estimation of three major growth regression specifications using this framework. In general,
| find that the pooled (OLS) estimates are quite close to the GLS estimates and that the null

hypothesis of random effects cannot be rejected.

A. The Reduced Form
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The reduced form is widely used. It relies on a model of the following form:

Y K L H

_=B+B—+B—+B—+€

Y 0 1K 2L 3H

K

7{=XKY1+€k

i (20)
ZzXLY2+€l

H—X

T AL

If the X variables do not include output, capital, labor, or human capital, then the reduced form of

the system is simply

=XY

KV FXY, XYt E (21)

|~

This is the reduced form often used. The coefficients measure the net effect of the variables on
growth; the variables implicitly act by affecting the accumulation of labor, physical capital, and

human capital. Reduced form estimation also yields low coefficient values for human capital; see
Rows 3 to 5 of Table 1. However, since the coefficients from such regressions do not have a clear

interpretation in the context of the extended Solow model, | do not do any further tests.

B. Mankiw, Romer, and Weil's Specification
MRW propose an extension of the Solow model in which the production function is Cobb-
Douglas in physical capital, labor, and human capital. They conjecture that the coefficient on human

capital growth is around 0.3. To estimate the human capital parameter using only investment rates,
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they derive an approximation for steady-state income as a function of investment rates:

= + ot - o+p +o+9d) + % + B
ln(yt) = ln(AO) gt mln(n g+9) mln(sk) ﬁEZBXsh)

where y is per capita GDP, t is time, n is population growtlis depreciation, and, s angl s are
savings rates for physical and human capifdley assume that §+=0.05. Using this equation and
secondary school enrollment as a proxy for human capital accumulation, they estimate the equation
using the group-averages "between" estimator. Their estimation implies a human capital coefficient
of approximately 0.3, as expected.

However, this specification has four major problems. First, it does not exploit the panel
aspect of the data. Second, the assumption that all economies were in steady state in 1985 is dubious
at best, especially for less-developed countries. Third, the assumption &.@5 is clearly too
restrictive: population growth varies systematically across countries by stage of development, and
there is no evidence that the depreciation rate varies inversely with g. Fourth, the assumption that
secondary enrollment ratios are collinear with human capital accumulation is hazardous: in steady
state it might be an acceptable approximation, but in countries where enrollments and human capital
stocks are changing (which are nearly all of the countries in the sample), secondary enroliment is
probably a bad approximation for two reasons. First, more secondary enrollment becomes more
human capital only with a lag of several years. Second, without other information about the existing
stock of human capital in an economy, the level of secondary enrollment says little about the rate at
which human capital is accumulating. Countries with large human capital stocks and high secondary
enroliment could be providing only a small increment to their capital stocks whereas countries with
low human capital stocks and moderate secondary enrollment could be augmenting their capital stocks

by large amounts. Thus