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Since the late 1980s, much of the attention of macroeconomists
has focused on long-term issues, notably the effects of govern-
ment policies on the long-run rate of economic growth. This
emphasis reflects the recognition that the difference between
prosperity and poverty for a country depends on how fast it
grows over the long term. Although standard macroeconomic
policies are important for growth, other aspects of “policy”—
broadly interpreted to encompass all government activities that
matter for economic performance—are even more significant. 

This paper focuses on human capital as a determinant of
economic growth. Although human capital includes education,
health, and aspects of “social capital,” the focus of the present
study is on education. The analysis stresses the distinction be-
tween the quantity of education—measured by years of attain-
ment at various levels—and the quality, gauged by scores on
internationally comparable examinations.  

The recognition that the determination of long-term eco-
nomic growth was the central macroeconomic problem was
fortunately accompanied in the late 1980s by important ad-
vances in the theory of economic growth. This period featured
the development of models in which purposeful research and
application led over time to new and better products and



10 Robert J. Barro

methods of production. Also central to the analysis was the
manner in which technological advances in leading countries
were imitated and adapted in less developed countries. The
key feature of these frameworks was that the long-term rate
of economic growth was explained within the model. For that
reason, the line of research became known by the perhaps in-
elegant term endogenous growth theory. (In fact, the phrase
received sufficient popular attention in the mid 1990s that it
was inadvertently referred to as “indigenous growth theory”
in the British press by the then Chancellor of the Exchequer,
Kenneth Clarke.)  

Shortly thereafter, in the early 1990s, there was a good deal
of empirical estimation of growth models using cross-country
and cross-regional data. This empirical work was, in some
sense, inspired by the excitement of the new growth theories.
However, the framework for the applied work owed more to
an older type of growth theory, called the neoclassical growth
model, which economists developed in the 1950s and 1960s.
A central element of this analysis is the diminishing returns to
the accumulation of physical capital. This property produces
a convergence force whereby poor economies tend to catch
up to rich ones. The main reason for convergence is the ten-
dency for countries to experience diminishing returns as they
get richer. However, this tendency is affected by various di-
mensions of government policy and by the accumulation of
human capital. Therefore, the framework used in recent em-
pirical studies has incorporated these additional factors.

The recent endogenous-growth models are useful for un-
derstanding why advanced economies—and the world as a
whole—can continue to grow in the long run despite the ten-
dency for diminishing returns in the accumulation of physi-
cal and human capital. In contrast, the older, neoclassical
growth model does well for understanding relative growth
rates across countries, for example, for assessing why South
Korea grew much faster than the United States or Zaire over
the last thirty years. Thus, overall, the new and old theories
are more complementary than they are competing.



EMPIRICAL FINDINGS ON GROWTH AND 
INVESTMENT ACROSS COUNTRIES

Empirical Framework

My empirical findings on economic growth, described in an
earlier form in Barro,1 provide estimates for the effects of a
number of government policies and other variables. The
analysis applies to roughly one hundred countries observed
from 1960 to 1995.

The framework includes countries at vastly different levels
of economic development, and places are excluded only be-
cause of missing data. The attractive feature of this broad
sample is that it encompasses great variation in the policies
and other variables that are to be evaluated. In fact, my view
is that it is impossible to use the experience of one or a few
countries to accurately assess the long-term growth effects
from legal and educational institutions, size of government,
monetary and fiscal policies, and other variables. 

One challenge in the broad cross-country study is to meas-
ure variables in a consistent and accurate way across coun-
tries and over time. Less developed countries tend, in
particular, to have a lot of measurement error in national ac-
counts and other data. Given this problem, the use of the
broad panel relies on the idea that the strong signal from the
diversity of the experience dominates the noise.

The empirical work considers average growth rates of per
capita gross domestic product (GDP) over three ten-year pe-
riods, 1965–75, 1975–85, and 1985–95. In one respect, this
long-term context is forced by the data, because many of the
variables considered, including school attainment, are meas-
ured at best over five-year intervals. Data on internationally
comparable test scores are available for even fewer years.
The low-frequency context accords, in any event, with the
underlying theories of growth, which attempt to explain
long-term growth, not short-run business fluctuations.

The empirical results relate the rate of economic growth to
the initial standard of living, measured by the level of GDP,
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and to a set of other explanatory variables. The other variables
include an array of policy measures: the ratio of government
consumption outlays to GDP, a subjective indicator of the
maintenance of the rule of law, a measure of international
openness (the ratio of exports plus imports to GDP), and the
inflation rate (based on consumer price indexes). Also included
are the total fertility rate (a prime determinant of population
growth), the ratio of investment to GDP, and the growth rate
of the terms of trade (export prices relative to import prices).

Education Data

The main education variable is one that I found previously had
significant explanatory power for economic growth. This vari-
able is the value at the start of each period of the average years
of school attainment at the upper (secondary and tertiary) lev-
els for males aged 25 and over. The analysis also considers sev-
eral alternative measures of the quantity and quality of
education:  primary school attainment, attainment by females,
and results on internationally comparable examinations.

The construction of the school-attainment data is dis-
cussed in Barro and Lee.2a, 2b The basic procedure was to
begin with census figures on educational attainment. These
data were compiled primarily by the United Nations, based
on information from individual countries. Missing observa-
tions were filled in by using school-enrollment data. Effec-
tively, enrollment is the investment flow that connects the
stock of attainment to subsequent stocks. The resulting data
set includes information for most countries on school attain-
ment at various levels over five-year intervals from 1960 to
1990. The data set has recently been revised and updated;
see Barro and Lee3 for details. The new information includes
actual figures for 1995 and projections to 2000.

Basic Empirical Results

Before focusing on the results for education, it is worthwhile
to provide a quick summary of the results for the other ex-
planatory variables.
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The level of per-capita GDP. As is now well known, the
simple relation across countries between growth rates and
initial levels of per capita GDP is virtually zero. However,
this relation is misleading, because richer countries tend to
have more favorable values of the other explanatory vari-
ables, such as rule of law and educational attainment. It is
possible statistically to hold these other effects constant, that
is, to assess the effect on economic growth from a change in
the starting level of per capita GDP for given values of the
other explanatory variables. When we do this, we isolate a
strong, inverse relation between growth rate and level. 

The estimates imply the relation between the growth rate
and initial level of per capita GDP as shown in Figure 1.4 This
relation is negative overall but is not linear. For the poorest
countries in the sample, the marginal effect of the starting level
of per capita GDP on the growth rate is small and may even be
positive. The estimates imply a positive effect for a level of per
capita GDP less than $580 (in 1985 prices). This situation ap-
plies mainly to some countries in sub-Saharan Africa.

For the richest countries, the effect of the initial level of per
capita GDP on the growth rate is strongly negative. The largest
magnitude (corresponding to the highest value of per capita
GDP in 1995) is for Luxembourg—the GDP value of $19,794
implies an effect of –0.059 on the growth rate. The United
States has the next largest value of GDP in 1995 ($18,951), im-
plying an estimated effect on the growth rate of –0.058. These
values mean that an increase in per capita GDP of 10 percent
implies a decrease in the growth rate on impact by 0.6 percent
per year. However, an offsetting force, already noted, is that
higher levels of per capita GDP tend to be associated with
more favorable values of other explanatory variables, such as
more schooling, lower fertility, and better maintenance of the
rule of law. That is why richer countries perform reasonably
well in terms of observed rates of economic growth.

Overall, the cross-country evidence shows no pattern of ab-
solute convergence—whereby poor countries tend systemati-
cally to grow faster than rich ones—but does provide strong
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evidence of conditional convergence. That is, except possibly
at extremely low levels of per capita product, a poorer coun-
try tends to grow faster for given values of the policy and
other explanatory variables. The pattern of absolute conver-
gence does not appear because poor countries tend systemati-
cally to have less favorable values of the explanatory
variables.

Government consumption. The ratio of government con-
sumption to GDP is intended to measure a set of public out-
lays that do not directly enhance an economy’s productivity.
In interpreting the estimated effect on growth, it is important
to note that measures of taxation are not being held con-
stant. This omission reflects data problems in constructing
accurate representations for various tax rates, such as mar-
ginal rates on labor and capital income, and so on. Since the
tax side has not been held constant, the effect of a higher
government consumption ratio on growth involves partly a
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FIGURE 1.  Growth Rate versus GDP.



direct impact and partly an indirect effect involving the re-
quired increase in overall public revenues.

The results indicate that the effect of the government con-
sumption ratio on economic growth is significantly negative.
An increase in the ratio by 10 percentage points is estimated
to reduce the growth rate on impact by 1.6 percent per year. 

The rule of law. Many analysts believe that secure prop-
erty rights and a strong legal system are central for invest-
ment and other aspects of economic activity.5 The empirical
challenge has been to measure these concepts in a reliable
way across countries and over time. Probably the best indi-
cators available come from international consulting firms
that advise clients on the attractiveness of countries as
places for investments. These investors are concerned about
institutional matters such as the prevalence of law and
order, the capacity of the legal system to enforce contracts,
the efficiency of the bureaucracy, the likelihood of govern-
ment expropriation, and the extent of official corruption.
These kinds of factors have been assessed by a number of
consulting companies, including Political Risk Services in its
publication International Country Risk Guide.6 This source
is especially useful because it covers over one hundred coun-
tries since the early 1980s. Although the data are subjective,
they have the virtue of being prepared contemporaneously
by local experts.

Among the various indicators available, the index for over-
all maintenance of the rule of law (also referred to as “law and
order tradition”) turns out to have the most explanatory
power for economic growth. This index was initially meas-
ured by Political Risk Services in seven categories on a zero-
to-six scale, with six the most favorable. The index has been
converted here to a zero-to-one scale, with zero indicating the
poorest maintenance of the rule of law and one the best.

The results indicate that increased maintenance of the rule
of law has a positive and statistically significant effect on the
rate of economic growth. An improvement by one category
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among the seven used by Political Risk Services (that is, an
increase in the zero-to-one index by 0.17) is estimated to
raise the growth rate on impact by 0.2 percent per year.

International openness. Openness to international trade is
often thought to be conducive to economic growth. The basic
measure of openness used here is the ratio of exports plus im-
ports to GDP. The results show that the openness variable has
a significantly positive effect on growth. However, there is
some indication that the effect on growth diminishes as a
country gets richer. The estimates imply that the influence of
openness on growth would reach zero at a per capita GDP of
$11,700 (1985 U.S. dollars). This value is below the per
capita GDP of the richest countries, such as the United States.
Hence, it may well be true that the NAFTA treaty promoted
growth in Mexico but not in the United States and Canada.

The inflation rate. The results show a marginally signifi-
cant, negative effect of inflation on the rate of economic
growth. The estimates imply that an increase in the average
rate of inflation by 10  percent per year would lower the
growth rate on impact by 0.14 percent per year.

The fertility rate. The results indicate that economic growth
is significantly negatively related to the total fertility rate.
Thus, the choice to have more children per adult—and, hence,
in the long run, to have a higher rate of population growth—
comes at the expense of growth in output per person. 

The investment ratio. The estimates indicate that the
growth rate depends positively and marginally significantly
on the investment ratio. This effect applies for given values
of policy and other variables, as already discussed, which
also turn out to affect the investment ratio. For example, an
improvement in the rule of law raises investment and also
raises growth for a given amount of investment.
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The terms of trade. The results show that improvements in
the terms of trade (a higher growth rate of the ratio of ex-
port prices to import prices) enhance economic growth. 

Effects of Education

Governments typically have strong direct involvement in the fi-
nancing and provision of schooling at various levels. Hence,
public policies in these areas have major effects on a country’s
accumulation of human capital. One measure of this schooling
capital is the average years of attainment, as discussed before.
These data are classified by sex and age (for persons aged 15
and over and 25 and over) and by levels of education (no
school, partial and complete primary, partial and complete sec-
ondary, and partial and complete higher).

For a given level of initial per capita GDP, a higher initial
stock of human capital signifies a higher ratio of human to phys-
ical capital. This higher ratio tends to generate higher economic
growth through at least two channels. First, more human capi-
tal facilitates the absorption of superior technologies from lead-
ing countries. This channel is likely to be especially important
for schooling at the secondary and higher levels. Second, human
capital tends to be more difficult to adjust than physical capital.
Therefore, a country that starts with a high ratio of human to
physical capital—such as in the aftermath of a war that destroys
primarily physical capital—tends to grow rapidly by adjusting
upward the quantity of physical capital.

Years of schooling. The empirical results indicate that the av-
erage years of school attainment at the secondary and higher
levels for males aged 25 and over has a positive and significant
effect on the subsequent rate of economic growth.7 Figure 2
depicts this relationship. The estimates imply that an addi-
tional year of schooling (roughly a one-standard-deviation
change) raises the growth rate on impact by 0.44 percent per
year. As already mentioned, a possible interpretation of this ef-
fect is that a work force educated at the secondary and higher
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levels facilitates the absorption of technologies from more ad-
vanced foreign countries.

The implied social rate of return on schooling—that is, the
rate of return to the overall economy—is complicated. First,
the system already holds fixed the level of per capita GDP
and, therefore, does not pick up a contemporaneous effect of
schooling on output. Rather, the effect from an additional
year of average school attainment impacts on the growth
rate of GDP and thereby affects the level of GDP gradually
over time. Because of the convergence force—whereby
higher levels of GDP feed back negatively into the growth
rate—the ultimate effect of more schooling on the level of
output (relative to a fixed trend) is finite.

Suppose that the convergence rate—the negative effect of
higher per capita GDP on the growth rate—is 2.5 percent per
year, which is the average value estimated across countries. In
this case, the estimated effect of the schooling variable on
growth turns out to imply that an additional year of attain-
ment for the typical adult raises the level of output asymptot-
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ically by 19 percent. This figure would give the implied social
real rate of return to education (for males at the secondary
and higher levels) if the cost of an individual’s additional year
of schooling equaled one year of foregone per capita GDP, if
there were no depreciation in stocks of schooling capital (due,
for example, to aging and mortality), and if the adjustment to
the 19 percent higher level of output occurred with no lag.
The finiteness of the convergence rate and the presence of de-
preciation imply lower rates of return. However, an opposing
force is that the cost of an added year of schooling is proba-
bly less than one year’s per capita GDP, because the cost of
students’ time spent at school would be less than the econ-
omy’s average wage rate. We must, however, also consider the
costs of teachers’ time and other school inputs. In any event,
if we neglect depreciation and assume that the cost of an ad-
ditional year of schooling equals one year’s foregone per
capita GDP, then a convergence rate of 2.5 percent per year
turns out to imply a social rate of return to schooling of 7 per-
cent per year. This figure is within the range of typical micro-
economic estimates of returns to education.

The empirical analysis has also considered additional dimen-
sions of the years of schooling. Female attainment at the sec-
ondary and higher levels turns out not to have significant
explanatory power for economic growth. One possible expla-
nation for the weak role of female upper-level schooling as a
determinant of growth is that many countries follow discrimi-
natory practices that prevent the efficient exploitation of well-
educated females in the formal labor market. Given these
practices, it is not surprising that more resources devoted to
upper-level female education would not show up as enhanced
growth.

Male primary schooling turns out not to have significant
explanatory power for growth, whereas female primary
schooling has a positive, but statistically insignificant, ef-
fect. The particular importance of schooling at the second-
ary and higher levels (for males) supports the idea that
education affects growth by facilitating the absorption of
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new technologies—which are likely to be complementary
with labor educated to these higher levels. Primary schooling
is, however, critical as a prerequisite for secondary education.

Another role for primary schooling involves the well-known
negative effect of female primary education on fertility rates.
However, the female primary attainment variable would not be
credited with this growth effect, because the fertility variable is
included separately in the system that was estimated. If fertil-
ity is not included, then the estimated growth effect of female
primary schooling becomes significantly positive.

Quality of education. Many researchers argue that the quality
of schooling is more important than the quantity, measured, for
example, by years of attainment. Barro and Lee8 discuss the
available cross-country aggregate measures of the quality of ed-
ucation. Hanushek and Kim9 find that scores on international
examinations—indicators of the quality of schooling—matter
more than years of attainment for subsequent economic growth.
My findings turn out to accord with their results.

Information on student test scores—for science, mathemat-
ics, and reading—is available for forty-three countries in the
sample, that is, for about half of the countries. The available
data were used to construct a single cross section of test scores
on the science, reading, and mathematics examinations.10

These variables were then entered into the systems for eco-
nomic growth that I considered before.

The first result is that science scores have a significantly
positive effect on economic growth. With science scores in-
cluded, the estimated effect of male upper-level attainment is
still positive but only weakly statistically significant. The es-
timated effect implies that a one-standard-deviation increase
in science test scores—by 0.08—would raise the growth rate
on impact by 1.0 percent per year. In contrast, the estimated
effect of the school attainment variable now implies that a
one-standard-deviation rise in attainment would increase the
growth rate on impact by only 0.2 percent per year. Thus,
the results suggest that the quality and quantity of schooling
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both matter for growth but that quality is much more im-
portant. 

Given the findings, it would be of considerable interest for a
country to know how to improve the quality of education, as
reflected in test scores. The results presented in Barro and Lee
(1998) indicate that test scores are positively related to the av-
erage school attainment of adults (which would reflect parents’
education) and negatively related to pupil-teacher ratios. Thus,
the aggregate data indicate that smaller class sizes have benefi-
cial effects. This relationship is controversial in micro studies.
Another finding is that the length of the school term was un-
related to the test scores. In addition, pupils from Asian coun-
tries performed unusually well on the tests.

Many microeconomic studies have found that test scores may
just proxy for other characteristics of students, such as family in-
come and parents’ education. Therefore, it is difficult to tell
whether a positive relation between test scores and student out-
comes, such as future earnings, reflects the quality of education
or these other characteristics. In my cross-country analysis, the
effects of test scores (and years of school attainment) apply after
taking account of the other explanatory variables, including per
capita GDP. Therefore, the estimated effects of schooling qual-
ity—as gauged by the test scores—would apply for a given value
of per capita GDP and the other variables.

Mathematics scores turn out also to have a positive influ-
ence on growth. However, the results indicate that the science
scores are somewhat more predictive of economic growth, and
it is difficult from the available data to disentangle the effects
of these two types of test scores. 

There is also a weak indication that reading scores have a
positive effect on economic growth. However, it is again diffi-
cult with the available data to separate this effect from those of
science and mathematics scores.

Finally, as an attempt to increase the sample size, I con-
structed a single test-scores variable that was based on science
scores, where available, and then filled in some missing obser-
vations by using the reading scores.11 The results, now for 
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a somewhat larger sample, again indicate a significantly posi-
tive effect on growth. Figure 3 shows graphically the relation 
between economic growth and the overall test-scores variable.
The Figure makes clear that test scores have strong explana-
tory power for economic growth.

SUMMARY OF MAJOR RESULTS

The determinants of economic growth were analyzed for
around one hundred countries observed from 1960 to 1995.
The data reveal a pattern of conditional convergence in the
sense that the growth rate of per capita GDP is inversely re-
lated to the starting level of per capita GDP. Other variables
that influenced economic growth included measures of gov-
ernment policies and institutions, initial stocks of human
capital, and the character of the national population.

With respect to education, growth is positively related to
the starting level of average years of school attainment of
adult males at the secondary and higher levels. Since workers
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with this educational background would be complementary
with new technologies, the results suggest an important role
for the diffusion of technology in the development process.
Growth is insignificantly related to years of school attain-
ment of females at the secondary and higher levels. This re-
sult suggests that highly educated women are not well utilized
in the labor markets of many countries. Growth is insignifi-
cantly related to male schooling at the primary level. How-
ever, this level of schooling is a prerequisite for secondary
schooling and would therefore affect growth through this
channel. Education of women at the primary level stimulates
economic growth indirectly by inducing a lower fertility rate.

Data on students’ scores on internationally comparable
examinations in science, mathematics, and reading were
used to measure the quality of schooling. Scores on science
tests have a particularly strong positive relation with eco-
nomic growth. Given the quality of education, as repre-
sented by the test scores, the quantity of schooling—
measured by average years of attainment of adult males at
the secondary and higher levels—is still positively related to
subsequent growth. However, the effect of school quality is
quantitatively much more important.
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4. The variable plotted on the vertical axis is the growth rate net of
the estimated effect of all the explanatory variables aside from
the initial value of per capita GDP. The construction in the two
subsequent figures is analogous. The horizontal axis uses a pro-
portionate scale.

5. In previous analyses, I also looked for effects of democracy,
measured either by political rights or civil liberties. Results using
subjective data from Freedom House indicated that these meas-
ures had little explanatory power for economic growth, once the
rule-of-law indicator and the other explanatory variables were
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