Human Capital and Economic Growth

Robert J. Barro

Many theoretical models of economic growth, such as those of
Nelson and Phelps (1966); Lucas (1988); Becker, Murphy, and
Tamura (1990); Rebelo (1992); and Mulligan and Sala-i-Martin
(1992), have emphasized the role of human capital in the form of
educational attainment. Empirical studies of growth for abroad cross-
section of countries, such as those by Romer (1990a), Barro (1991),
Kyriacou(1991), and Benhabiband Spiegel (1992), have used proxies
for human capital. These studies have, however, been hampered by
the limited educational data that were available on a consistent basis
for alarge number of countries.

Recent research by Barro and Lee (1992) through the World Bank
has provided better estimates of educational attainment for a large
number of countries over the period 1960 to 1985. Hence, these data
make it possible to use a broad sample of experience acrosscountries
and over time to assess the interplay between human capital and
economic growth. This paper summarizes preliminary empirical
resultsthat use these data. Theseresults provideempirical support for
economic theories that emphasize the role of human capita in the
growth process.

A new data set on educational attainment
Barro and Lee (1992) have used the census-survey datafrom the

United Nations and other sources for more than 100 countries. These
figures were combined with information about school-enrollment
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ratios to construct a panel data set on educational attainment at
five-year intervals from 1960 to 1985. Roughly 40 percent of thecells
in this data set correspond to direct census-survey observations. The
remaining 60 percent of the cells are estimates constructed by a
perpetual-inventory method that uses the census-survey values as
benchmark stocks and the school-enrollment ratios as investment
flows.

The numbers in the data set indicate educational attainment at four
levels—no formal schooling, some elementary school, some secon-
dary school, and some higher education— for the population aged 25
and over. This population group, rather than the labor force or the
population aged 15 and over, was dictated by the availability of data.
The figures have been used to estimate the average years of school
attainment at the primary, secondary, and higher levels. This estima-
tion takes account of the varying duration of primary and secondary
schools across the countries and uses rough estimates of completion
percentages at these schools. It should be stressed that the estimates
do not consider variations across countriesor over timein thequality
orintensity of education. Therough quality measuresthat areavailable
for alarge group of countries— like measures of public spending on
education and pupil-teacher ratios— have turned out not to contribute
to the explanatory value of the human-capital variable for economic
growth or other variables.

Table 1 summarizes some major features of the data set on educa-
tional attainment. The table separates the OECD countries (22 with
data) from the developing countries, which are classed into five
regions: MiddleEast/North Africa(14 countries), Sub-Saharan Africa
(27 countries), Latin America/Caribbean (23 countries), Pacific Area
(20 countries), and Other Asia (7 countries). The population figures
shown are for the overall population of the region, athough the
schooling data apply to those 25 and over. Thefigureson educational
attainment show theaverage yearsof schooling at the primary, secon-
dary, and higher levels, and the total of these three categories. The
regional averageswereformed as unweighted meansof theindividual
country observations.
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Tablel
Trendsof Educational Attainment by Region
Total
Population ~ Averageyearsof schooling in
Region/Group Year  (millions)  primary  secondary  higher total
OECD 1960 636 4.83 1.14 17 6.15
(22 countries) 1965 676 4.89 1.25 20 6.34
1970 710 4.97 1.56 27 6.80
1975 745 5.07 1.83 35 7.25
1980 775 5.20 2.27 43 7.90
1985 803 5.35 2.45 49 8.29
-Middle East/ 1960 82 1.49 .38 09 1.96
North Africa  ,1965 94 1.62 .44 .10 2.15
-(14) 1970 108 1.83 .58 13 253
1975 124 . . :2:24 .90 18 332
1980 144 .2.45 .99 23 3.67
1985 166 ...2.82 1.21 27 4.30
Sub-Saharan 1960 124 1.10 .10 01 1.22
Africa 1965 141 1.13 11 01 1.25
27) 1970 162 1.25 .16 .02 1.44
1975 186 1.45 .20 .02 1.68
1980 214 1.71 .26 .03 2.00
1985 250 1.88 29 03 2.21
Latin America/ 1960 207 2.65 .50 .05 3.20
Caribbean 1965 238 2,71 51 07 3.29
(23) 1970 272 2.87 .70 .09 3.66
1975 309 3.08 .83 .13 4.04
1980 348 3.30 .94 19 4.44
1985 388 3.49 1.12 26 4.88
Pacific 1960 201 2,53 71 .09 3.33
Area 1965 229 2.68 74 11 353
(10) 1970 260 2.95 .85 13 394
1975 293 3.31 95 17 4.42
1980 327 3.44 1.14 22 4.79
1985 362 3.72 1.33 26 5.31
Other 1960 596 .89 .28 .03 1.20
Asia 1965 668 .98 31 03 1.32
) 1970 752 1.10 45 05 1.61
1975 844 1.23 48 .06 1.77
1980 942 1.39 .57 .07 2.03
1985 1059 1.92 71 .08 2.71

Note: Attainment applies to the population aged 25 and older, but the population
figures shown are for total population. The regional values are unweighted means
of the average number of yearsof schooling in each country.
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The table shows that the OECD group had the highest school
attainment, beginning with 6.2 total years in 1960 and reaching 8.3
yearsin 1985. Thedevel oping regions have, however, all grown faster
in proportionate termsand have therefore been catching upin average
years of schooling to the OECD countries. The lowest attainment is
in Sub-Saharan Africa, with a range from 1960 to 1985 of 1.2 to 2.2
years, whereasthe highest isin the Pacific area, with arange of 3.3 to
5.3 years.! (Some of the countries in this group—Hong Kong, Sin-
gapore, Korea, and Taiwan—now have sufficiently high per capita
income so that they no longer warrant the designation of developing
country.)

Human capital in theoriesof economicgrowth

Various theoretical models include human capital as a factor of
production and assess theaccumulation of human capital asanelement
of the growth process. | consider first the role of human capital in the
familiar neoclassical growth model, then examine the implications of
theories that allow for imbalances between human and physical capi-
tal. Human capital isaso important in models that alow for interna-
tiona capital mobility and in theories of the diffusion of technology.
Finally, | assess the interplay between human capital and choices of
fertility rates.

The convergence rate in the neoclassical growth model

The standard framework that often guides economists thinking
about economic growth is the neoclassical growth model of aclosed
economy, due to Ramsey (1928), Solow (1956), Cass (1965), and
Koopmans (1965). The long-run per capitagrowth ratein this model
depends entirely on the exogenous rate of technological progress. In
theshort run—that is, in the transition to the steady state—the growth
rate depends inversely on the gap between economy i's per capita
product or income, denoted by y;, and its long-run or steady-state
position, denoted by y}.2 Thisresult isoften referred to as conditional
convergence: economy i grows faster the lower itsinitial income, y;,
conditional on its long-run target, yf. In the standard model,y}
depends positively on the economy's willingness to save and level of
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productivity and negatively on the population growthrate. In extended
versions of the model, the effective level of productivity can be
interpreted to include not only the access to technology, but also
government policies in regard to taxation, maintenance of property
rights, provision of infrastructure services, and so on.

Thetransitional dynamicscan besummarized by therate of conver-
gence: how much of the gap between y; and y{ is eliminated in one
year? Empirical evidencediscussed by Barroand Sala-i-Martin (1991,
1992a) for the U.S. states (from 1880 to 1988), regions of seven
Western European countries (from 1950to 1985), and across-section
of about 100 countries (from 1960 to 1985) indicates that the rate of
convergence is on the order of 2 percent per year. That is, if the
differences across economies in y; are held constant, then about 2
percent of the gap between the typical poor and rich economy is
eliminated in one year. This slow rate of convergence means that it
takes 35 and 115 years, respectively, for 50 percent and 90 percent of
theinitial gap to vanish.

For the regions of the United States and Western Europe, the
steady-state values, y;, appear to be similar, and hence, conditional
convergence corresponds to the poor economies catching up to the
rich ones. For the broad group of countries, however, thevariationsin
the yfappear to besubstantial, partly becauseof persisting differences
in government policies. In thiscontext, therefore, conditional conver-
gencedoes not imply that the poor countrieswould tend to grow faster
per capita than the rich countries.

In the neoclassical growth model, the convergence rate depends
mainly on the speed with which diminishing returnsto capital set in.
If y; iswell below yf—so that the ratio of capital to labor, &;, is well
below its steady-state value, kf —then the rate of return on capital is
high and the economy tends to grow rapidly. As the economy
develops, y; and k; rise, therate of return on capital falls, and thegrowth
rate tends to decrease.

If capital is viewed narrowly —say to include machines and build-
ings but to exclude human capital —thenthe shareof capital inincome
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would below, diminishing returnsto capital would set in quickly, and
the convergence rate would be high.? It therefore turns out to be
infeasible (if we assume plausible values for the various parameters
inthemodel) toreconciletheneoclassical growth model with anarrow
concept of capital. The model fits much better with the empirical
estimates of convergence speeds if we take the appropriately broad
view of capital toincludehuinan components. A capital shareof about
three-quarters—a reasonable figure if human capital is included—
gives a low enough onset of diminishing returns so that the theory
can generate aconvergencerate of about 2 percent per year. Thus, the
slow observed rates of convergence provideindirect evidence for the
importance of human capital accumulation in the process of develop-
ment.

I mbalances between physical and human capital

Extensionsof the neoclassical growth model havedistinguished the
sector that producesgoods—consumables and physical capital —from
an education sector that produces new human capital (see, for example,
Lucas [1988] and Mulligan and Saa-i-Martin [1992]). The assumption
in these models is that the education sector is relatively intensive in
human capital: it takes human capital embodied in teachers to produce
human capital in students.

Onefinding stressed by Mulligan and Sala-i-Martin (1992) concerns
imbal ances between human and physical capital, that is, departures of
the ratio of human to physical capital from the ratio that prevails in
thelong run. The key result isthat a higher ratio of human to physical
capital and hence, a higher ratio of human capital to output raisesthe
growth rate. A country with an abundanceof human capital tends also
tofocusitsinvestmenton physical capital; that is, ahigh ratioof human
tophysical capital resultsinahighratioof physical investmenttogross
domestic product.

The conclusions about imbalances between human and physical
capital are reinforced if the accumulation of human capital involves
adjustment coststhat are much higher than those applicableto physical
capital. (Machinesand buildings can beassembled quickly, but people
cannot beeducated rapidly without encountering asharp falloff inthe
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rate of return toinvestment.) An economy with a high ratio of human
to physical capital is then like an economy that is described by the
transitional dynamics of the usual neoclassical growth model. The
economy effectively starts with a quantity of physical capital per
worker that issubstantially below its steady-state position, that is, far
below the amount that matches the large quantity of human capital.
The usual convergence effect implies that the growth rate of output
exceeds its steady-state value in this situation.

A high ratio of human to physical capital applies, as an example,
after a war that destroyslarge amounts of physical capital, but which
leaveshuman capital relatively intact. Japan and Germany after World
War II are illustrative cases. The theory accords with the empirical
observation that countriesin this situation tend to recover rapidly.*

Capital mobility

The discussion thus far assumes a closed economy: goods do not
move acrossborders, and the residents or government of oneeconomy
cannot borrow from or lend to thosein another economy. Thisassump-
tion is unrealistic for countries, but is especialy troubling for the
analysis of regions of the United States or the Western European
countries.

It is possible to extend the neoclassical growth model to allow for
international trade in goods and assets (see, for example, Barro and
Sada-i-Martin [1992b, Ch.2}). One result from this extension is that
the opening up of the economy to world credit markets speeds up the
predicted rate of convergence to the steady state. This speeding up
applies especialy to forms of physical capital that are not subject to
adjustment costs and that can be financed by international borrowing
(or are amenable to direct foreign investment). If all capital were of
thisform and if international credit markets were perfect, then asmall
country's capital stock and production would converge essentially
instantaneoudly to the steady state.

Human capital provides little collateral for lenders and therefore
typically cannot be financed by borrowing (or direct foreign invest-
ment). Hence, even in an open economy, the accumulation of human
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capital must befinanced primarily withdomesticsavings. Thislinkage
between domestic investment and domestic saving restores the key
assumption of the standard neoclassical growth model for a closed
economy: capital is subject to diminishing returns and at least part of
the capital stock must be financed by domestic savings. The bottom
line turns out accordingly to be that the open-economy model with
human capital generates rates of convergence that are only slightly
higher than those of the standard neoclassical model. If the share of
broad capital — physical plus human—is around three-quarters, then
the predicted rates of convergence can still match the observed values
of about 2 percent per year.

The diffusion of technology

The most interesting aspect of the recent literature on endogenous
economic growth, represented by Romer (1990b) and Grossman and
Helpman (1991, Chs. 3,4), concern theories of technological progress
in the leading economies. In these models, a technological advance
shows up either asthediscovery of anew type of product (anew kind
of productive input or a new variety of final good) or as an improve-
ment in the quality or productivity of an existing product. These
advances require purposive research effort, although the output from
the research sector may involve random elements.

Theincentiveto commit resourcesto research requiresareward for
success. |nthe models, therewards take theform of monopoly rentals
on product innovation. That is, a successful innovator's monopoly
position lasts for awhile because of first-mover advantages, secrecy,
and possibly formal patent protection.®

Growth can be sustained in these models if diminishing returns do
not apply, that is, if the returns from new discoveries do not decline
in relation to the costs of making the discoveries. One reason that
diminishing returns may not apply isthat the potential supply of new
ideas and products iseffectively unlimited.

For a single economy, the endogenous technological progress
generated in recent theoretical models substitutes for the exogenous
technological progress that is assumed in the standard neoclassical
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growth model. For studying convergence acrosseconomies, theinter-
esting application of the new theories is to the pirocess of adaptation
or imitation by followersof theinnovationsthat were madeby |eaders.
The cost of imitation for afollower can be modeled as similar to the
cost of discovery for aleader, except that the cost of imitationislikely
to be smaller and subject to less uncertainty. These considerations
suggest that a follower would grow faster than aleader and thereby
tend to catch up to theleader. Thisconclusion may not hold, however,
if the follower country's environment is hostile to investment (in the
form here of expensesfor technological adaptation) becauseof poorly
defined property rights, high rates of taxation, and so on.

Although innovation in the world economy may not be subject to
diminishing returns, the process of imitation by asinglecountry would
encounter diminishing returns as it exhausts the pool of innovations
from abroad that are readily adaptable to the domestic context. This
consideration leads to the usual convergence property: a follower
country tendsto grow faster thelarger the stock of potential imitations
and hence, thefurther its per capitaincomeisfrom that of the leaders.
Theconvergenceresult isagain conditional on aspectsof thedomestic
economy — such as government policies, attitudes about saving, and
intrinsic levels of productivity —that affect the returns from tech-
nological adaptation.

Nelson and Phelps (1966) pointed out that a country with more
human capital would be more adept at the adaptation of technologies
that were discovered elsewhere. Thus, the higher the stock of human
capital for afollower country, the higher the rate of absorption of the
leading technology and hence, the higher the follower country's
growth rate.® This conclusion resembles the one that we got from
imbalances between the stocks of human and physical capital; each
model predicts a positive relationship between the initial stock of
human capital per person and the subsequent per capita growth rate.

Human capital and fertility

In the standard neoclassical growth model, a higher rate of popula-
tion growth reduces the steady-state value of capital per worker and
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thereby lowers the steady-state value of per capita income, yf. The
decreasein y; implies that the economy grows in the transition (for a
given value of y;) at a slower rate. The rate of population growth is
exogenous in this model, and the effect on the steady-state level of
capital per worker involves the flow of new capital that has to be
provided to accompany theflow of new workers.

Richer theories, such as the one by Becker, Murphy, and Tamura
(1990), include the resources expended on children and allow fertility
to be achoice variable of families. A key result isthat alarger stock
of human capital per person raisesthewagerateand thereforethetime
cost of raising children. (The assumption isthat the productivity inthe
sector that rai seschildren does not riseasfast asthat in the sectorsthat
produce goods and new human capital.) A higher stock of human
capital motivatesfamiliesto choose alower fertility rate and to raise
the investment in human capital for each child (that is, to substitute
quality for quantity inchildren). Theseresponses of population growth
and human capital investment tend to raise the growth rate of output.
Thismodel therefore provides another channel through which alarger
stock of human capital resultsin ahigher subsequent rate of economic
growth.

Empirical evidence on human capital and growth
acrosscountries

Table2containsasampleof empirical resultsfrom ongoing research
on the effects of a number of variables on the growth rate of real per
capita GDP. (The data on GDP are the purchasing-power-parity
adjusted values constructed by Summers and Heston [1988].) The
estimates apply to a panel data set for 73 countries— those with afull
set of data— over five-year periods from 1960 to 1985. There are 365
observations in total, five time observations for 73 countries. The
estimation is by the seemingly unrelated (SUR) technique, which
alowsthe error term for each country to be correlated over time.

The independent variables include the logarithm of real per capita
GDP a the start of each period, log(yi;), a number of variables
including government policies that can beinterpreted as determinants
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of acountry's steady-stateposition, y;, and theeducati onal -attainment
variable. See the notesto Table 2 for details.

Table2
Pand Regressonsfor Growth Rateof Real Per CapitaGDP,
5-Year Intervalsfrom 1960 to 1985

Independent ) o
Variable Estimated Coefficients & Standard Errors
log (Initial GDP) -.0167 -.0196 -.0202 -.0217
.0027) (.0024) (.0026) (.0023)
log (School) 0232 .0109 .0193 .0092
(.0041) .0041) (.0039) (.0038)
(G/Y) -.140 -.159 -074 -.091
(.031) .027) (.031) 027
Openness*log (1+Tarriff
Rate) -.201 -.050 -.239 -.145
(.101) (.085) (.091) (.078)
log (1+Black-Market
Premium) -.0226 -.0208 -.0246 -.0235

(.0054) (.0049) (.0051) (.0047)

Freg. of Revols. and Coups -0147 -.0107 -.0127 -.0092
(.0074)  (.0062)  (.0066)  (.0055)

VY - .120 - 121
(.021) (.019)

FERT —~  -.0037 —~  -.0019
(.0012) (.0011)

Sub-Saharan Africa - . -0310  -.0265
(.0055)  (.0047)

Latin America - - -.0124 -.0066
(.0039)  (.0033)

R?, indiv. periods 05, 38, .07, .52, .19, 33, 24, 45,

22, .31, .26, .44, 28, 43, 33, 52
.08 22 21 25
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Notesto Table2

The dependent variableis the annua growth rate of rea per capita GDP
over each period (1960-65, 1965-70, 19/0-75, 1975-80, 1980-85). These
data are from Summers and Heston (1988). Standard errors are shown in
parentheses. There are 365 observations (73 countriesand 5 time periods).
Coefficientsareestimated by seemingly unrelated (SUR) technique, which
allowsacountry's error term to be correlated over time. Separate constants
are estimated for each time period. Other coefficientsare constrained to be
thesamefor all periods.

Initial GDP isreal per capitaGDP at the start of each 5-year interval.

School is 1 plusthe average number of years of educational attainment
for the populationaged 25 and over at the start of each 5-year period.

G/Y isthe period averageof theratio of real government consumption,
exclusive of education and defense, to real GDP.

Openness is an estimate of " natural"" openness, based on areaand
distance measures. This variableis a constant for each country.

_ Tariff rate is an average of official tariff rateson capital importsand
intermediates, weighted by sharesin imports. Only one observation per
country was avail ablefor the tariff rate.

Black-market premium is the period average of the black-market
premium on foreign exchange.

Freguency of revolutions and coups is the number of revolutionsand
coups per year, averaged over thefull sample, 1960-85.

I7Y istheratio of real grossdomestic investment to real GDP, averaged
over each period.

FERT isthetotd fertility rate, averaged over each period.
Sub-Saharan Africa isadummy for countries in sub-Saharan Africa.
Latin America isadummy for countriesin Latin America.

For given values of theother variables, the estimated coefficient on
log(yir), in the first regression is -.0167, s.e. = .0027. Thus, this
coefficient differs significantly from zero (t-value = 6.2), and the
magnitude indicates arate of convergence to the steady-state position
of 1.7 percent per year.’

The determinants of yfcontained in the first regression of Table 2
are G/Y, the ratio of government consumption exclusive of education
and defense to GDP, a measure of distortions due to tariffs,8 the
black-market premium on foreign exchange— intended as a proxy for
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distortions in foreign trade,” and the frequency of revolutions and
coups—intended as a proxy for political stability. These variables
affect growth in the expected manner in the first regression: all have
negative effects on the growth rate. Since these variables are not the
major concern of the present paper, | will not provide a detailed
assessment of these results.

The schooling variable is entered as log(l+total years of school
attainment), where the years of attainment apply to the start of each
period. The parameter 1 in the above expression can be viewed asthe
effective number of years obtained without formal schooling.!? The
estimated coefficient on the schooling variable in thefirst regression,
10232, s.e. = .0041, is positive and highly significant (t-value=5.7).
Thus, for a given value of log(yir), and for given values of the
determinants of y}, countries grew faster if they began each period
with a greater amount of educational attainment. As a quantitative
example, if average educational attainment begins at two years—the
average value prevailing in Sub-Saharan Africa in 1980—theri an
increase by 0.3 years would raise thequantity, 1t years of attainment,
by 10 percent and thereby increase the predicted growth rate by 0.2
percentage points per year. (Theeffect diminishesgradually over time
because log(yir) then follows a higher path than it would have other-
wise.)

The second regression shown in Table 2 adds //Y, the ratio of redl
gross domestic investment to real GDP, and the total fertility rate.
(These variables are measured as averages over each period.) In the
Solow version of the neoclassical growth model, the investment ratio
(or the saving rate) and the fertility rate (or the growth rate of
population) areexogenous variables. These variables do not influence
the long-run growth rate, but do affect the steady-state level of per
capitaoutput, yf. Anincreasein I/Y raises yf, whereasariseinfertility
lowers yf. Therefore, for agiven value of log(yir), an increasein I/Y
would raise the growth rate, whereas an increase in the fertility rate
would lower the growth rate.

From an econometric standpoint, the exogeneity of #¥ and the
fertility rate with respect to the growth rate arequestionable.!! In any
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event, the second regression in Table 2 shows that the estimated
coefficient of /Y is positive and highly significant (.120, s.e. =.021),
whereas that for fertility is negative and significant (-.0037, s.e. =
.0012). Theseresults areconsi stent with theSolow model of economic
growth.

For present purposes, the most interesting finding from the second
regression isthat theinclusion of theinvestment ratio and thefertility
rateroughly halvestheestimated coefficient on theschooling variable:
theestimated valueisnow .0109, s.e. =.0041. Thisresult suggeststhat
agood deal of the effect of initial human capital on the growth rate
worksthrough its effects on investment and fertility. These channels
of effect are examined below.

The third and fourth regressions shown in Table 2 include dummy
variables for Sub-Saharan Africaand Latin America. Both continent
dummies are significantly negative, substantially sofor Sub-Saharan
Africa. The main inference from these results is that the variables
considered thus far—including the estimate of educational attain-
ment—are insufficient to explain asignificant part of the poor growth
performances in theseregions. One possibility is that the measures of
educational attainment in Sub-Saharan Africa, although low (see
Table 1), do not fully capture the low levels of human capital in this
region.

Table 3 shows regressions in the same form as Table 2 for the
investment ratio, | ., and the total fertility rate. These variables are
measured as averages over the periods considered. For present pur-
poses, the important findings are that the schooling variable has a
significantly positive effect on /Y in the first two regressions and a
significantly negative on thefertility ratein thelast two regressions.
Thus, these results confirm theideathat part of theinfluenceof initial
human capital onthegrowth rateinvolvesthe positiveinteraction with
investment in physical capital and the negative interaction with the
fertility rate. The interaction with physical investment would occur,
for example, in themodel of imbal ances between human and physical
capital that was worked out by Mulligan and Sala-i-Martin (1992).
Theinterplay withfertility arisesinthetheory of Becker, Murphy, and
Tamura (1990).
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Theresults shown in the second regression of Table 2 showed that
the effect of the school-attainment variable on the growth rate
remained significantly positiveeven after holding constant theinvest-
ment ratio and the fertility rate. A possible interpretation, along the
linesof Nelson and Phelps (1966), isthat this effect of human capital
reflects the enhanced ability to adapt new technologies.

Concludingobservations

Economictheory suggests that human capital would bean important
determinant of growth, and empirical evidence for a broad group of
countriesconfirmsthislinkage. Countriesthat start with ahigher level
of educational attainment grow faster for a given level of initial per
capita GDP and for given values of policy-related variables. The
channels of effect involve the positive effect of human capital on
physical investment, the negativeeffect of human capital on fertility,
and an additional positive effect on growth for given values of invest-
ment and fertility.

Ongoing research is considering the possibilitiesfor improving the
measures of educational attainment, especially by using better dataon
enrollment ratios and more information about school dropouts. The
possibilities for measuring the quality of school input, in addition to
the quantity, are also being considered.

School attainmentis, inany event, only oneaspect of human capital.
Another dimension is health status. Measures of life expectancy —a
proxy for health status— turn out to have substantial explanatory value
for economic growth and fertility; life expectancy at birth entersin a
way similar to educational attainment in the regressions reported in
Tables 2 and 3. Theinterplay between health capital and educational
capital iscurrently being investigated.
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Table3

Panel Regessionsfor Ratio of Real Investment to Real
GDP and Total Fertility Rate, 5-Year Intervals

Indevendent Variable

from 1960 to 1985

IN Fertility Rate

Estimated Coefficientsand Standard Errors

log (initial GDP)
log (School)
(G/Y)

Openness*log
(I+Tariff Rate)

log (1+Black-Market
Premium)

Freg. of Revols. and
Coups

Sub-Saharan Africa

Latin America

R, indiv. periods.

0256 0177 -.386 0.280
(0067)  (.0070) (.080) (.083)
0303 0259 -331 .283
(0109)  (.0106) (118) (.116)

049 071 -55 -57

(.061) (061) (47) (.46)
036 .106 27.0 20.7

(.296) (277) (7.2) (6.4)
-.0095 -0127 022 037
(.0074) (.0071) (.048) (.046)
-.0033 .0088 1.32 1.58
(.0210) (.0196) (.56) (.50)
-0511 2.15

(.0163) (.36)

-.0430 43

(0119) (31)

34, 35, 30, .32, 47, .53, .39, .51,

30, .39, .27, 43,  .55,.56, .59, .66,

36 41 57 70

Note: The dependent vanable for thefirst two regressions is the average over each period of
theratio of real gross domestic investment to real GDP (data from Summersand Heston
[1988]). For the last two regressions, the dependent variable s the average over each period
of the U.N. estimateof the total fertility rate (average number of live births per woman over
her lifetime). See also the notes to Table 2.
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Endnotes

"Table 1 does not cover the formerly centrally-planned economies. These countries had
average years of schooling that were similar to the OECD countries.

*The quantities y; and yi haveto be Interpreted as valuesfiltered for the effects of exogenous
technological progress. The usua procedure is to compute output per unit of effective labor.
whereeffectivelabor is theaggregate amount of work effort multiplied by the cumulative effect
from labor-augmenting technological change.

*The convergence rate depends also on whether the saving rate falls or rises as an economy
develops. If a poor economy saves a lot and then lowers its saving as it grows, then the
convergence rate would behigher, and vice versa. Solow (1956) assumed aconstant saving rate,
and theoptimizing models (of Cass[1965] and Koopmans[1965]) that allow for avarying saving
rate make no clear predictions about whether the rate will fall or rise as an economy develops.
(The falling rate of return suggests that the saving rate would decline, but the rise in income
toward its permanent level suggests the opposite.)

“An Imbalance in the other direction"a high ratio of physical to human capital, perhapsasa
consequence of an epidemic”can also lead to agrowth rate that exceeds the steady-state growth
rate. Theeffect of thiskind of imbalance on thegrowth rate would be relatively weak, however,
if the accumulation of human capital were subject to large adjustment costs.

>This paper focuses on therole of these models as positive theories of economic growth and
abstracts from the Inferences that have been drawn for desirable governmental policies. The
policy implications derive from positive or negative gaps between socia and private rates of
return. Positive gaps can reflect uncompensated spillover benefits in research and production,
the consequences of monopoly pricing of the existing goods, and the disincentive effectsfrom
taxation. Negativegapscan comefrom theseeking of existing monopoly rentals by new entrants
or from congestion effects (negauve spillovers from economic activity).

®The stock of human capital would also tend to reduce the cost of innovation in leading
economies. Hence, more human capital can speed up the rate of innovation, an effect that raises
the growth ratein leading and following economies.

'More precisely, because the estimation 1s carried out at five-year intervals, the coefficient,
.0167, has to be adjusted stightly to compute the instantaneous rate of convergence (see Barro
and Sala-i-Martin [1992a]). The implied convergence coefficient turnsout in thiscaseto be 1.8
percent per year.

8The tariff rate enters as an interaction with an estimate of natural openness, the country's
ratio of imports to GDP that would have occurred in the absence of trade distortions. This
opennesswas estimated to be a negative function of thecountry's areaand its weighted-average
distance from major markets The idea 1s that distortions due to tariffs have a larger adverse
influence on growth for countries that are naturally more open (small countriesand countries
that are close to major potential trading partners). See Lee (1992) for adiscussion

®The black-market premium may a so proxy more broadly for otherdistortionary policiesand
for macroeconomic instability.

0The value 1.01s close to the non-linear, maximum-likelthood estimate of this parameter in



216 Robert J. Barro

the form of the first regression shown :n Table 2. The value was then restricted to 1.0 and was
not reestimated for the vanous regressions shown. The logarithmic form used in the regressions
turned out to fit shightly better than alinear form in attainment.

"The empincal results are similar, however, if lagged values of /¥ and FERT are used as
instruments. The exogeneity of other vanables in the regressions, such asrevolutions and coups
and the black-market premium, can also be questioned.
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