No. 07-10

2007
o AR | zﬂ//é

Y LT
/ 7

SCHOOLING AND NATIONAL INCOME: HOW LARGE ARETHE EXTERNALITIES?

Theodore R. Breton

Documentos de trabajo

Economia y Finanzas O

Centro de Investigaciones Econémicas y Financieras (CIEF) o Zoreiaaimunis

A TSy B 4 A
- Fotd Juan Carlos Rerirez 17 = 1, W) 1
e ke g, s 2 BN A AL

e



Schooling and National Income: How Large Arethe Externalities?

Theodore R. Breton*

(ted.breton@gmail.com)

May 1, 2007

Abstract

This paper uses a new data set for cumulative national investment in formal schooling and a new
instrument for schooling to estimate the national return on investment in 61 countries. These estimates
are combined with data on the private rate of return on investment in schooling to estimate the external
rate of return. 1n 1990 the external rate of return ranged from 10 percent in high-income countries to
over 50 percent in the lowest-income countries. The external benefits of schooling are about equal to the
private benefits in high-income countries and three times the private benefits in the lowest-income

countries.
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Throughout the world formal schooling is fundednarily by the state, in part because
education is believed to have external benefitad yet the empirical support for this belief isatetely
meager. Lucas [1990] and Moretti [2004] hypothesimt a worker’s productivity on the job is enheshc
when other workers are more educated, but knowlésjgig-over” potentially could improve a nation’s
productivity and thereby its level of income in ngasther ways. The mechanisms could include a longe
working life for the labor force, better nationalligies, superior national institutions, or the mor
extensive use of new technology.

Moretti [2004] finds evidence for external benefitsm schooling in the United States by
examining the effect of a higher share of workeith wniversity education on the wages of workerthwi
less education. He estimated that a one percerg@ase in the share of U.S. college graduate<ity a
raised high school graduates’ wages by 1.6 perdafhile these effects are substantial, they inclonlg
the external effects that are limited to the citideere the more educated workers reside. Additiona
external benefits might accrue to the nation ashalev

Moretti’s evidence that schooling has external fienappears to be contradicted by the
empirical results from cross-country studies. dhett [2001] compared the direct return on investnie
schooling to workers with the (macro) return to tiagion for an array of countries and concluded tha
investment in schooling had negative externalitids. cited numerous other cross-country studigs tha
find little effect from changes in schooling onipatl income, which implicitly support his conclass.

Krueger and Lindahl [2001] argue that the low eates of the effect of changes in schooling on
national income are due to attenuation bias. Timelthat the measurement error in the cross-cguntr
schooling attainment data is so large that theteldave almost no signal over short periods of tivhe
a result, statistical estimates of the effect @rdes in schooling attainment fail to find any efffevhich
then leads to negative estimates of the exterfedtadf schooling. Cohen and Soto [2001] corrotmra
this measurement problem with schooling data. Tdoegpare two sets of cross-country educational
attainment data for the OECD and find that the lugirelation (0.9) between these data sets dedines

less than 0.1 when the data are compared in fifstehces. When they adjust these data to elitmina



measurement errors, they find that the estimatiedtedf schooling on national income becomes much
larger.

But these analyses focus on only one type of meawmt error. Greene [2000] observes that the
“years-of-schooling” variable suffers from two typef measurement error; the error from misreporting
the years of schooling completed, described atawe the error arising because “years-of-schoolisg’
poor proxy for the true variable, education. Thass-country educational attainment data suffelybad
from both types of error. Because a year of sehgalaries so substantially in terms of the quatity
education provided across levels of schooling, ¢ivee, and across countries, a year of schoolimgpis
an accurate proxy for educational achievement évers measured accurately. When used as a proxy
for cross-country levels of education, the measergrarror caused by differences in schooling quéait
likely to be even larger than the error due to epsrting.

Additional bias in the estimates of the effect dfieation on national income occurs because the
level of schooling is likely to be endogenous ia #tonomic growth process. Kim [1988], Bils and
Klenow [2000], and Glewwe and Jacoby [2004] pregsidence that the demand for schooling rises with
income. Many cross-country studies of the effé&ducation on income do not control for endogeneit
Caselli, Esquivel, and Lefort [1996] used laggedoational attainment as an instrument to contnol fo
endogeneity, but this instrument is invalid becdagged attainment is likely to affect income dilgc
Psacharopoulos and Layard [1979] find a positila&tianship between the level of formal educatiod an
the rate of increase in worker earnings, whictvidence of this lagged effect.

Clearly the problem of accurately estimating tHeefof schooling on national income is a
difficult one. Indeed, many researchers have becskaptical of any results from cross-country ssidi
since Levine and Renelt [1992] illustrated the &euity of cross-country model results to the
conditioning variables included in the model. Utdioately, the only way to estimate the external
benefits of a nation’s investment in schoolingoigdmpare estimates of the national and the private
benefits of schooling, and the national benefiesdifficult to quantify other than through crossiatry

studies.



This paper estimates the magnitude of the extémradfits of schooling, using a methodology
designed to reduce several sources of estimatamtbat have plagued earlier cross-country studies.
First, the schooling data measurement problemdsesded with a new data set for cumulative investme
in schooling that implicitly accounts for educatiguality across time and across countries. Second,
attenuation bias and endogeneity bias are addréysesing the Protestant share of the populaticanas
instrument for cumulative investment in schoolifihird, the potential bias due to the lag between
investment in schooling and the effect on natiamedme is minimized by estimating the long-run effe
of schooling across 61 countries, rather than tiogtsun effect measured in many other studiesurtfo
the external benefits of schooling are estimatedddgulating the national rate of return on schupknd
comparing them to the private rates of return w &nd high-income countries. This paper’s contrdyu
to the literature is the new cross-country datardevels of schooling, the analysis and use ®f th
Protestant share variable as an instrument forddicty the estimate of the (marginal) national rafte
return on schooling in 61 countries, and the egdroéthe external rate of return in 20 countries.

The results from this approach indicate that thtereal rate of return from investment in
schooling ranges from about 10 percent in the lEgimeome country to over 50 percent in the lowest-
income countries. These results provide evidemaethe external benefits from schooling are
particularly large in countries with low levelssdhooling. These results indicate that the exteata
return is about three times the private rate afrrein the lowest-income countries and about etutie
private rate of return in the high-income countries

The paper is organized into six sections. Sedtafrthe paper examines the education data
guality issue and presents the new data set. dddttexamines the suitability of the Protestararshof
the population as an instrument for schooling. ti8edll presents the national income model used to
estimate the effect of schooling. Section IV présehe estimates of the effect of schooling ofonat
income using the new cumulative investment datcti® V presents the estimates of the external

benefits of schooling. Section VI concludes.



|. Data on Investment in Schooling

Barro and Lee’s [2001] cross-country data on therage years of schooling of the population
over 15 and 25 years of age appear to be a stapelditime-series data set for educational attainmen
They are used in most cross-country studies theahae the effect of schooling on national incorBeit
the reality is that the data are only comparabtaiwicountries over short periods of time when
differences in the quality of schooling are minimake and Barro [2001] confirm that the average
attainment data do not properly account for thdigudifferences in a year of schooling. Schooling
guality varies across schooling levels within artoy across countries, and over time. And chaimges
schooling quality can be dramatic over any of thesameters.

The potential magnitude of the quality differenaesoss schooling levels is evident in the
available national data on public expendituresygar of schooling. Table 1 presents these dateidt

high-income countries for primary, secondary, angersity schooling. The average public expenditur

Tablel
High-1ncome Countries Public Education Expenditures Per Pupil
Expenditur es* Ratio of University Expenditures
Country Year | Primary |Secondary|University | Primary | Secondary | University
USA! 1954 327** 425** 1168 0.28 0.34 1.00
USA® 1985 4294** 5401** 8600 0.5Q 0.63 1.00
Canada 1985 4044 5391 13104 0.31] 0.41] 1.00
Australig 1985 3117 4376 14284 0.22 0.31 1.00
Denmark 1985 4305 6076 9917 0.43 0.61 1.00
Germany 1985 3358 3676 8085 0.42 0.45 1.00
Italy” 1989 3011 3870 5438 0.55 0.71 1.00
Spairt 1985 1509 2078 2160 0.7Q 0.94 1.00
UK® 1989 2698 3807 15045 0.18 0.25 1.00
Average 0.40 0.52 1.00
*Numbers are annual expenditures in each countysency.
**Average expenditures for elementary school dpditween primary and secondary based on the
relative unit cost ratio of 1.3 in the 1960s citedHines, Tweeten, and Redfern, [1970].
Sour ces:
Schultz [1960]
“OECD [2001]

per pupil for a year of university schooling in $Becountries is 2.5 times the expenditure per @iphe

primary level.



Table 2 presents similar data for 13 lower-incomentries. The rising level of public
expenditures per pupil is again evident by levedafooling, but in these countries the public

expenditures for a year of university schoolingeigit times the amount at the primary level. Treree

Table2
Annual Public Education Expenditures Per Pupil in L ower-Income Countries
Expenditur es* Ratio of University Expenditures

Country Year | Primary | Secondary | University | Primary | Secondary | University
Uruguay 1989 155 185 372 0.42 0.50 1.0Q
Chile” 1982 5.2 8.3 33.7 0.15 0.25 1.0Q
Chile’ 1960 5 10.2 49.4 0.10 0.21 1.0Q
Greecé 1961 1290 2504 7618 0.17 0.33 1.0Q
Ecuadof 19871 1650( 37200 11120( 0.15 0.33 1.0Q
Papua N.Guin€d 1986 316 1803 8622 0.04 0.21 1.0Q
Philippine$ 1985 630 952 7928 0.08 0.12 1.0Q
Venezuela 1984 2169 3909 27624 0.08 0.14 1.0Q
Paraguay 1983 12 27.4 146.4 0.08 0.19 1.0Q
Brazil’ 1980 811 1316 13847 0.06 0.10 1.0Q
Venezuel 1975 1239 3045 16562 0.07 0.18 1.0Q
India™ 1974 113 242 1550 0.07 0.16 1.0Q
Sri Lanka" 1978 15 21.7 45.2 0.33 0.48 1.00
Mexico™ 1963 414 2082 3720 0.11 0.56 1.00
Colombid® 1962 278 1489 11199 0.02 0.13 1.0Q
Average 0.13 0.26 1.00
*Numbers are annual expenditures in each country’sency.

Sour ces:

!Psacharopoulos and Velez [1994]

“Riveros [1990]

®psacharopoulos [1970]
*Gomez-Castellanos and Psacharopoulos [1990]
*McGavin [1991]

®Tan and Paqueo [1989]

"Psacharopoulos and Steier [1988]
®psacharopoulos, Velez, and Patrinos [1994]
°Dougherty and Jimenez [1991]

%Tilak [1988]

“Tilak [1984]

?Carnoy [1967]

135chultz [1968]

no issues related to purchasing power parity viiéfs¢ data because each comparison is made fajla sin

country in the same year. The clear implicat®that a year of primary school and a year of usitye



represent very different amounts (or qualitiesdafooling and the ratio between these amounts may b
very different in high and low-income countries: dddition, the quality of a year of schoolingts t
same level of schooling can change dramaticallgssccountries or in a particular country over 20-30
years. In countries that have not provided puidiacation for very long, the quality of teacherd an
schools is likely to improve greatly as the levieéducational attainment in the country risestiafly the
level of teacher training may be very low by neitgsbut standards for teachers can rise substhntia
over a relatively short period of time.

The amount expended on a year of schooling ceytaniot an exact indicator of the amount or
quality of the education provided, but many studnelicate that quality is positively related to
expenditures [Lee and Barro, 2001]. If total exgiemes are adjusted for purchasing power paritpse
countries and over time, cumulative national exjtengs on the formal education of the work forceyma
provide a valid measure of the relative level aieation of the work force across countries. Irotlet
should be a more accurate indicator than the cuivelgears of vastly different qualities of schowgif

This paper presents and makes use of a set ofatatamulative national investment in the
formal schooling of the work force for 61 countriesl 990, 1995, and 2000. The amount of this
investment is estimated under the assumption thasidents of a country complete formal schooling
and then contribute to national income for a pedbd0 years. The amount of this investment is
approximated using historic data on public expemdg, private expenditures and students’ foregone

earnings (FE) as follows:

8
D Hit = (FE+TotExp)/TotExp}(TotExp/PubExp)x 5 * Z [(PUBEXpP/Y):5) *Yit.5)]
=1

The key data driving these estimates are the rafipsiblic expenditures for schooling divided by

national income (PubExp/Y), which are availableirdNESCO for most countries for the years

! Hanushek and Kimko [2000] suggest that test sommestandard tests may be a more accurate indioftetative
levels of education than expenditures, but testescare not available for low-income countries aray not be

representative of all students in a country.



divisible by five over the 1950-1995 period. Thasio was multiplied by estimates of national income
adjusted for cross-country purchasing power diffees to provide comparable estimates of total natio
public expenditures on formal schooling in eachntou The sum of the eight years divisible by fivas
multiplied by five to account for the other yeafsnwvestment. This estimate of total public expanes
was multiplied by the estimated ratio of total dirublic + private) expenditures to public expémnes
(TotExp/PubExp) in each country and a single ratitotal investment to total expenditures
(FE+TotExp)/TotExp) that accounts for students®efne earnings.The four-year lag is included to
account for the average (weighted) delay betweemd#tion’s investment in formal schooling and the
entry of a student into the work force. Appendiddcuments the methodology used to estimate the
cumulative investment in more detail. Although mmpstudies have used this data set, Judson [1995]
and Breton [2004] used the UNESCO public expenditlata and the PWT income data for an earlier
part of this period as a component of their indimesross-country levels of human capital.

The 61 countries in the data set were chosen bedhay met several criteria. First, they had
relatively complete UNESCO public expenditures daatar the 1950-95 time period [UNESCO, 1969,
1980, 1998a]. Second, their national income wagpredominantly due to oil exports. Third, theyreve
not planned socialist economies during the 195@&td. These criteria were adopted to ensurettleat
income produced in each country was due primaoithé employment of capital, education, and labor
and that markets predominantly determined the atllon of resources, the return on investment, had t
production and value of goods and services.

These data on cumulative investment can be combiitedhe Barro and Lee [2001] data on the
average years of schooling in the population o%eydars of age to estimate each country’s cumaativ
investment per year of schooling. The resultssamvn in Figure 1 for 1990. Since the Barro ane Le
data are for the population over 15, while the clative investment is per adult of working age, thes

two sets of data are not strictly comparable. Méedess, they provide an indication of the pattern

“This ratio of 1.7 does not affect the coefficientszhooling in the log-linear national income moestimated in

section Ill, but it affects the national marginalurn on investment in schooling estimated in seciV.



national investment per year of schooling attainnaartotal schooling increases. The results inditteat
the cumulative investment per year of schoolingusted for purchasing power) is higher in countries
that provide more schooling and in countries witfhker income per adult. The data indicate that
countries with an average attainment of ten yeasshwooling invest more than twice as much per péar
schooling as countries with an average populatitairenent of only five years of schoolihgThese data
indicate that Barro and Lee’s data on average y&asshooling attainment systematically underestima

the relative level of education in higher-incomeiiies.
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Critics might argue that these estimates of curiudanvestment per year of schooling only
indicate that higher-income countries pay moreliersame amount of education. But the data in€Babl

1 and 2 show that public expenditures per yeaclbasling rise with the average level of schooling

*The data shown in Figure 1 exaggerate the upwarditin investment per year of schooling as a natievel of
schooling rises because the countries with highezl$ of schooling have older populations thatidelmore
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within countriesand that these expenditures rise much more inrlaveeme countries. In addition, since
these estimates are adjusted for purchasing pavferesces, a large share of the differences in
cumulative investment per year of schooling acomastries in Figure 1 is likely to represent diéfieces

in the quality of the education provided per ydasahooling.

An examination of the data in the figure also iatls that there may be substantial random
measurement error in the educational attainmentapdnditure data. It is surprising to observe tha
some of the OECD countries have average leveldudational attainment that are below the levels in
lower-income countries. It is also surprising ¢e she substantial range of estimated costs feaaof
schooling across countries at relatively similagss of development. These data patterns sudggst t
there could be serious problems with the purchasaovger adjustments, the attainment estimates, the
expenditures on education reported by UNESCO,laf &he above. It highlights the importance of
selecting statistical techniques for estimatingdfiect of schooling on national income that are no
dependent on highly accurate data to provide vakdlts.

I1. The Protestant Share Instrumental Variable

Given the evidence that education is endogenotigeieconomic growth process and that the
measurement error in the schooling data is vegelaa valid instrumental variable for education is
required to accurately estimate the effect of sthgmn national income. The problem is that most
variables are endogenous in the economic growttess) so it is difficult to find one that can seagean
appropriate instrument for a nation’s level of eatuan.

Measures of religious affiliation are potentiallyractive instruments for cross-country economic
variables because religious preference is measurddwide. The minimal variation over time
precludes the use of these measures in countrg-ékects models, but makes them potentially stetab
for analyzing economic differences across countries

Means [1966] reports that historically many sosizéntists hypothesized that the higher income

in Protestant countries during theé™iahd 19 centuries was due to the Protestants’ unusuatyngt

retired members with low average levels of schaplinThe data in the figure are not used in theigogh analysis.
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support for literacy and schooling. Prior to thetBstant Reformation in 1500 there was littleatiéince

in income between European countries [Maddison5[198nd at that time the European population was
largely illiterate everywhere. Johansson [1974 &ipolla [1969] document the increase in litertt
accompanied the Protestant Reformation due torbtesant’'s emphasis on personal study of the Bible
And when public schooling was promoted as partatiom-building in the 19 century, the Catholic
church actively and often successfully opposed d@duntries with a large Catholic population [Jams
1976]. As aresult, in 1940 primary school enrelitnratios were about 70 percent in northern Europe
and its settlements and 35 percent in Iberia anseittlements [Benavot and Riddle, 1988].

Research at the sub-national level also consigtehtiws that a higher share of Protestants is
correlated with higher levels of schooling. Goldmd Katz [1999] found that the amount of public
secondary schooling in Midwestern towns in theyepalrt of the 28 century was highly correlated with
the share of Protestants in the town.

Of course, social scientists have long debatedlvelnet nation’s level of Protestant affiliation
may have affected its level of economic activityotigh mechanisms other than its level of schooliimg.
1905 Weber [2000] suggested that nations with b kigare of Protestant affiliation may have had a
“Protestant Ethic” that caused economic leveldge through such mechanisms as a higher savings rat
or a greater work effort. If Weber’s thesis weoerect, then the Protestant share variable would be
correlated with the error term in a national incamzdel and could not be used as an instrument for
schooling. Critics of the use of the Protestaarslvariable as an instrument for schooling invdyiaite
the Protestant Ethic thesis to reject the validftthis instrument.

Implicitly addressing these critics, Innnacone [@89@ports that “...the most noteworthy feature
of the Protestant Ethic thesis is its absence girgral support.” He cites an array of studied theave
rejected “Weber's myth.” Nevertheless, many ofshelies he cites are dated and are not as salfistic
rigorous as more recent social science researoherhedy this situation Becker and Wossmann [2007]
have recently completed a comprehensive statigiodly of the determinants of Protestant economic

success in M™century Prussia using data from the 1871 Popula@iensus. They find that in 453
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counties in Prussia the Protestants had a higher & income than the Catholics, as postulated by
Weber, but that their higher level of literacy eglif explained these higher incomes. They state, “When
Protestantism and literacy are entered jointly incgise race’ to explain economic prosperity, the
association between Protestantism and economiomets vanishes, and the whole effect is absorbed by
a significant association between literacy and eooa outcomes.” They also find that the same patte
between religious denomination, education, andrimewas still prevalent in Germany in 1997. These
studies provide support for the validity of the testant share of the population as an instrument fo
schooling.
Conveniently, Christian groups have collected cahpnsive worldwide data on national
religious affiliation for over a century, as a paftheir effort to spread the Christian religioBarrett
[1982] provides estimates of the share of eachtcggrpopulation that professed to be Protestant in
1970, 1975, and 1980. These are ideal dates fimstmiment for the cumulative investment in scirapl
in this study, because these dates occur at thexipyate midpoint of the periods over which eactiam
invested in the schooling of the members that wet®e in its work force in 1990, 1995, and 2000.
Consistent with the results from earlier studiesitolling for income, the Protestant share of the
population over the 1970-80 period is a highlyistaglly-significant determinant (t = 8.4) of atiwan’s
cumulative national investment in schooling perlaghs a share of national income) over the 1990620

period:

(2)  In(H/YL)y = -0.63+ .045In(Y/L) + .85 Protestant share?R0.25
(0.29) (.032) (.10)

Of course, the concern that the Protestant shategiopulation may affect national income
indirectly or may be endogenous can never be gntdismissed. But as will be shown in section 1V,
there is no indication in the statistical resufisttProtestant affiliation affects national incoatker than
through its effect on a nation’s level of schoolirlg addition, the historic data on religious lédfion in
Barrett [1982] indicate that the Protestant shatee population is extremely stable and is no¢etid in

any consistent way by changes in national incones tine.
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Another concern with the use of this variable amatrument is that the Protestant share could be

a proxy for high-income countries with a Europealture. Figure 2 shows the share of Protestants in

1990 in the 61 countries used in this study. Almmg quarter (14) of the countries had a Protestzarie

above 20 percent in 1990, and about one half (8@)ahProtestant share above two percent. Impbytant

since there is considerable variation in the sb&Rrotestants residing in countries at differentls of

national income and in different regions, the Fstatet share in this data set is not just a prokifgh-

income or European countries. Nevertheless, thadicavian countries are outliers in their veryhhig

levels of Protestant affiliation. If there is somdtural element in Scandinavian countries thatea

economic success, the Protestant share IV couddtiaestimate of the effect of schooling on nation

income. In section IV the income model is estidatéth and without the four Scandinavian countt@s

examine whether the high level of Protestant affitin in these countries could bias the results.
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Several models have been used in the literatuestimate the effect of schooling on national
income. Many researchers have used a Solow gnowttel augmented with human capital, and some
have included other conditioning variables thagetftotal factor productivity (TFP). The Solow nebds
a conceptually desirable model because it incladésbb-Douglas production function that exhibits
constant returns to scale and diminishing retusrfadtor inputs. These assumptions are consigtémt
the observed characteristics of national econoareswith the observed private rate of return on
investment in schooling, which declines with in@esin schooling [Psacharopolous and Patrinos,]2004

One potentially confusing finding in the micro dealis that the return on incremengedrs of
schooling (the Mincerian return) is not subject to decregseturns [Psacharopolous and Patrinos, 2004].
The data in Tables 1 and 2 show why this is the.c&nce the annual investment per pupil increases
with years of schooling, the rising investment pear offsets the diminishing returns per unit of
investment. The assumption of diminishing returssd in this study is consistent with the findifrgen
micro studies for the measure of schooling usetigstudy (cumulative investment, not years of
schooling).

The income model used in this paper is an augmesuémv model that is similar to the model

used in Breton [2004]:
@B) YL = KL HIL? Gervy € SSAT (A &%

This model includes the most important known fagtdffecting national income across countries.

The level of income per worker in country i at titn@/Ljt) is a function of the physical capital per
worker (K/Lit), the formal education per worker (k). the government’s share of consumption (Gg/Y
a dummy variable for countries in sub-Saharan Afrand any trends due to omitted factors, such as
technological progress (& Ag egt).

The government’s share of national consumptiondiided to control for national productivity
differences due to differences in the market sb&ezonomic activity. Levine and Renelt [1992]

identify this variable as one of the few that ha®asistently negative sign in a growth model rdbgess
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of the other variables included in the model. BngR004] suggests that this variable may captuge t
effect of cross-country differences in the shar&bBP that is unreported, since GC/Y is larger if
underground private activity in not included inioiffil statistics and GC/Y is high in poor countries
known to have large underground economies.

The dummy variable for the sub-Saharan African toesis a proxy for the omitted variables
that would be required to fully characterize incgmneduction in the sub-Saharan region. As shown in
Appendix 1, life expectancy is much shorter thantelsewhere, which reduces the income obtained
from investment in schooling. High levels of maliby and civil unrest also reduce national TFP and
income in this region relative to other parts @ torld.

Since omitted variables bias is a particular com@ecross-country studies, are any theoretically-
important variables missing from the national ineomodel in (3)? One potential concern is that a
nation’s cumulative investment in formal schoolia@nly an approximate measure of a nation’s human
capital stock because it does not include any hurapital depreciation due to obsolescence nor any
appreciation due to learning on the job. Hopefthigse missing elements are proportional to each
nation’s level of cumulative investment in formaheoling and do not bias the estimated coefficiénts
the model is estimated in log form.

One variable that is not included in (3) is any swga of a nation’s institutional capacity, such as
its degree of adherence to the rule of law. Vhigable is purposely excluded from the model beedu
is endogenous, highly correlated with national megdifficult to measure accurately, and difficilt
instrument properly. But since numerous studie® macluded institutional variables in growth maglel
and found empirical support for them, the exclugibthis variable could be viewed as a serious
deficiency.

Glaeser, La Porta, Lopez-de-Silanes, and Shl&f#p4] performed a thorough evaluation of the
studies providing empirical evidence that instdos affect national income and concluded that these
studies are seriously flawed. They showed thattimemonly-used measures for a nation’s institutiona

characteristics, such as indices for the rulewfdad expropriation risk, are unstable and actually
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measure the effect of short-run government poli@#iser than the characteristics of a nation’s
institutions. When they used other more stablesmes of a nation’s institutions, they found no
evidence that institutions affect national inconidey also reexamined the Acemoglu, Johnson, and
Robinson [2001] analysis that used European mtytates as an instrument to show that institutions
affect national income. They show that when a stthg variable is added to Acemoglu et.al.’s nagion
income model and a valid proxy is used to repreisstitutions, the effect of schooling on national
income is statistically significant and the effetinstitutions is not. While the importance oiiutions
in the determination of national income has nohbatirely rejected by this study, it does indicutst
the exclusion of institutions from an income mohaly not constitute mis-specification.

Aside from the data on cumulative investment desctin section | and the Protestant share data
described in section Il, the data used in the maeeé obtained or derived from the Penn World Table
6.1 (PWT) data set [Heston, Summers, and Aten, 20D2e number of adults in each country is used to
represent the number of workers (L), and theseatataalculated from the PWT data on income per
capita and income per equivalent adult. The gawent share of consumption is the constant price
average share for the five years preceding thetysmad is also obtained from the PWT data. This
estimate does not include the year t to avoid fialeendogeneity bias due to cyclical changes doimne.

A data set on the national stock of physical capitss not available for the 1990-2000 period, so
a simplified approach was used to estimate thisbk. De Long and Summers [1991] present evidence
that the physical capital stock that generatesnecis predominantly the stock of equipment rathant
the stock of structures. Since Fraumeni [1997\shilnat equipment has a useful life of 10-15 y&ars
the U.S., each country’s capital stock K in yeals estimated as the sum of the fifteen years of
investment prior to t. No depreciation was appt@this sum since available depreciation ratessonmea
thefinancial depreciation of the capital (due primarily to trexline in the equipment’s remaining useful
life), not the decline in the productivity of thguepment. With a 15-year life and no physical
depreciation prior to retirement, the relevant tgtock in place across countries in year tis

approximately the sum of the expenditures on playsiapital made during the prior 15 years. The PWT
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constant price investment rate and national incdata are used to develop this estimate. Since the
income model is estimated in log form, the physazgdital stock measure is suitable as long as it
provides a data set that is proportional to the tevel of the physical capital stotk.

In the income model in (3), Y/L, K/L, and H/L arghly correlated because K/L and H/L rise
almost linearly with the level of income. In tlsdy the income model is estimated in a reduced o
which the physical and human capital stocks areesgmted as a share of national income to prediwde

estimates of statistical significance for thesealdes due to multicollinearity:
(4) In(Y/L)jt = o/(1-0-B) In(K/Y)jt + B/(1-0-B) In(H/Y)it + € IN(GC/Y)jt + 6 sSSAf; + g/(la-B) t +C

IV. The Effect of Schooling on National |ncome

Table 3 presents the empirical results from thienesion of the model in (4). The table also
presents the implied estimatesocdindp calculated from the reduced form model resultse T
determination that the implied estimates are stedity significant at the 1% level was made udiing
Delta method.

Column 1 presents the OLS results using the neavsit If the augmented Solow model is a
valid income model, the estimatew$hould be consistent with independent estimatghydical
capital’s share of national income. Caselli argirEr [2006] estimate the valuewffor reproducible
physical capital) for 40 of the 61 countries in tiaa set. The average valuexa$ 0.34, which is very
close to the 0.33 estimated in the model. Add#ilgnthe estimates af andp are highly statistically
significant. The estimate @f(.18) is plausible, but it may suffer from attetiola or endogeneity bias.

As discussed earlier, the Protestant share ofdpalation could be a valid instrument for
schooling if it does not affect national incomeastthan through the schooling variable. Columasg
the effect of including the Protestant share véeiabthe income model. The results indicate that
Protestant share variable does not raise the exqplignpower of the model, so it does not clearfgcif

income other than through the variables alreadiiérbase model. In addition, its inclusion hagffect

* Estimates of the income models using ten yeatsansof fifteen years of expenditures for the ptaistapital

variable provided similar empirical results.



18

on the estimate af, indicating that it is relatively independent nfiéstment in physical capital. The
principal effect of adding the Protestant shate ieduce the coefficient on the schooling variaiMeich
is expected given the high correlation (0.50) betwimvestment in schooling and the Protestant shfare

the population.

Table3
Effect of Cumulative I nvestment in Education on National Income
[Dependent Variableis Ln(lncome/Adult)]
1 2 3 4 5 6 7 8 9

Sample Size 183 183 87 183 188 171 153 183 183
Countries 61 61 29 61 61 57 51 61 6]
Technique OLS OLS OLS 1Y OLS \Y \Y \Y v
Ln(K/Y) 0.67* | 0.63* |0.65* |0.57* |0.57* |0.53* | 0.64* |0.57* |0.89*

(.08) (.08) (.11) (.09) (.09) (.11) (.10) (.09) (.11)
Ln(H/Y) 0.37* | 0.30* |0.33* |0.64* |0.30* |[0.77* | 0.59* 075*

(.07) (.07) (.10) (.14) (.07) (.23) (.13) (.17)
Est Ln(H/Y) 0.34

(.15)
Ln(Pub H/Y) 0.55*
(.12)

Ln (GC/Y) -0.62* | -0.61* | -0.54* | -0.64* | -0.64* | -0.68* | -0.64* | -063*

(.06) (.06) (.07) (.06) (.06) (.07) (.7) (.06)
Time 0.002 | 0.003 | 0.010 |-0.002 |-0.002 |-0.004 |-0.001 |-0.001 | 0.014

(.007) | (.007) | (.010) | (.008) | (.008) | (.009) | (.008) | (.008) | (.010)
Sub-Saharan -1.02* | -1.04* | -0.96* | -1.11* |-1.11* | -1.14* -1.14* | -1.16*
Africa (.10) (.10) (.15) (.11) (.11) (.13) (.12) (.14)
Protestant Share 0.28
20 years before (.14)
R’ .85 .85 .80 .83 .85 .80 72 .84 73
Implied o .33* .33* .33* .26* .26* 23* .29* 27* .34*
Implied .18* .16* A7* 29* .29* .33* .26* .26* .28*
Note: White-adjusted standard errors in parentheses
*Significant at one percent level

Column 3 presents the estimated model when coanwith a Protestant share of the population
greater than two percent are eliminated from tha dat. If the Protestant share were an important
omitted variable in the model, the coefficientsphtysical capital and investment in schooling in@sd
without the Protestant countries would be differeBut the estimated coefficients are the samees&h
results provide additional evidence that the Ptatéshare of the population does not affect nation

income other than through its effect on schooling.
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Column 4 presents the estimated coefficients ferbdise model when the Protestant share is used
as an instrument for the ratio of cumulative inwe=tt in schooling to national income. The estimate
value ofp (0.29) with the IV remains statistically signifitabut is about 50 percent larger than the OLS
estimate, indicating that the OLS estimate mayihsdad downward.

Column 5 presents the results of a Hausman tesinidogeneity, in which the estimated
schooling variable (Est Ln(H/Y)) from the first g&aof the two-stage IV regression process is iregduid
the model. In this model if the coefficient on #&imated schooling variable is zero, then thesihg
variable is not endogenous in this data set. IBeiestimated coefficient is statistically differémtm
zero, with statistical significance at the fourgeart level, indicating that the education variable
endogenous. Additionally, the high statisticah#igance of the coefficient on the Protestant shar
variable in the first stage regression indicates iths a valid instrument to control for endogigye

(5)  Est. Ln(H/Y) = .196 In(K/Y)+.087 In(GC)+.196 sSAr.017 t +.845 Protest - .152
(.087) (.065) (.102) (.007) (.097) (.213)

These empirical results provide strong evidencettieaOLS estimates of the effect of schooling on
national income in columns 1, 2, and 3 are biaseehevard and that the larger IV estimate in column 4
is a superior estimate.

Column 6 provides the IV results when the four $@@avian countries, with very high Protestant
shares of the population, are excluded from tha get. The estimated effect of schooling on incame
higher in this model, indicating that the effecisehooling in the base model results is not biageedard.

Column 7 tests whether the effect of investmemthipsical capital and schooling may be
different in the ten sub-Saharan African countties elsewhere, due either to the conditions isg¢ho
countries or to measurement error in the data eMthese countries are removed from the dataheet, t
effect of schooling on national income declineghtly, yielding an estimate ¢f= 0.26.

In all of these results, the estimated coefficmmtime is negative. If this variable is presuned
measure world technological progress, then eveugtinthe coefficient is statistically insignificaitt,
casts doubt on the validity of the model resuBsit the coefficient on time in this model is theof&wv

residual,” which is just the trend in income chandae to factors not explicitly modeled. The nigat
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coefficient in the empirical results could indic#tat technological progress over the 1990-200@ tim
period only benefited countries that were incregireir cumulative investment in schooling per vesrk
The larger negative coefficient when the sub-Sahafdacan countries were included in the data set
implies that income per adult was declining duado-modeled factors in those countries. Adverse
trends in morbidity (due, for example to the HIMd®mnic) or political violence over this period cdul
have this effect.

One critic of the results in these models arguatieirors in the estimates of private expenditures
may bias the results upward. Column 8 presentmtiael results when private expenditures on
schooling are excluded from total investment. T$texeated effect of public investment in schoolimg o
national income is slightly lowef & 0.26) but similar to the effect estimated witkat investment.

Another critic argued that the validity of the gavaent share of consumption variable in the
income model is not well-supported and that itéusion may be biasing the results. Column 9 prissen
the results when this variable is removed fromithge model. While the effect of schooling on ineam
essentially unchangef € 0.28), the coefficient on physical capital irstmodel is more consistent with
the independent estimates cited above and theicieetfon time becomes positive.

These model results provide substantial evideraectimulative investment in schooling has a
large effect on national income. The implied vabig is robust and highly statistically significantat
of the models using the Protestant share as amiinsht. These estimatesfbin the 0.26 to 0.29 range
are similar to the estimates obtained by Mankiwmnen and Weil [1992] and Breton [2004].

V. The External Benefits of Education

The magnitude of the external benefits from addélanvestment in schooling can be calculated
by subtracting the private rate of return estimateaticro studies from the national rate of retam
investment in schooling. As the national rateatfirn on investment in schooling is the marginabpict
of schooling (MPH) in the augmented Solow modgB3)) it can be calculated using the estimate$ of
obtained in section IV. First, however, it is easgary to examine the relationship between changhs

level of physical capital to changes in the nasdevel of schooling, since the national return on
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investment in schooling depends in part on thigéud effect. This relationship can be estimatgd b

examining the effect of changes in schooling omonat income in the model in (3):

(7) MPH; = dYij; /dHi; = B (Y/H)it + [a (Y/K)it * 8K/8H;; ]

In the augmented Solow model framework, the le¥ghysical capital rises when the level of schoglin
rises because an increase in the level of schoblsg positive effect on the rate of return orgtiment
in physical capital:

8  MPKy=aK* H’

In the augmented Solow model, the change in thsipalycapital stock associated with a change in the

level of schooling is fully determined by the caefints on physical and human capital and the sto€k

these two types of capital:
9 dK/8Hit = 6K/8Y it * 8Y/8Hit =B fo * (K/H) it

Substituting (9) into (7) reveals that the totaiomal return on the investment in schooling is ldeuhe

partial return on investment since the direct antiréct effects have the same magnitude.
(10)  MPHit = 28 (Y/H)it

The empirical results in section IV indicate thaéothe 1990-2000 time period a reasonable
estimate off is 0.27. The estimated marginal national ret@m@vestment in schooling in 1990 for the
61 countries in the data set using this valug afe shown in Figure 3. The rates of return rdrya 19
percent in Sweden to 126 percent in Pakistan. Tdrgimal return on investment in education is gdhera
lower for countries with a higher level of schoglidue to the diminishing return to factor inputattis

inherent in the Solow model structure.
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Figure3
National Return on Investment in Schooling in 1990

Due to the rapidly rising level of investment ifeoling worldwide over the 1950-95 period, the
average cumulative investment in schooling pertaafulorking age was much higher in all countries i
2000 than in 1990. Figure 4 shows the nationagmat return on investment in schooling in 200theT
estimated rates of return in 2000 are noticeablyetathan in 1990, ranging from 16 percent in Sweden
84 percent in Pakistan. The average national malrgite of return for the 61 countries declinedrfré2

percent in 1990 to 36 percent in 2000, as investinesthooling grew faster than national income.



23

S Pakistan
S
o 80 7| Dominica
=
3
% 70— Turkey )
%) Guatemal Hong Kofsing apor
= India
‘E 60 — Paraguay
o . Korea
1= Sri Lank.
= 50 — Thailand Greece
g Niger % .
> ia )
c M‘@alﬁ.h' Ypr)mar& M:i:l;aysm
5 40 — E0Ra "Waico Spain Ireland
Egypt
£ Seneg a?:}ipSal\gerfgrg Eg/rﬁ'ﬁ{ tugal
2 c Tunisia
& 30 — Zamg'ngo' . Chile Japan
_ '%ﬁﬁiﬁa’* Italy Austria
g UK=inlandswi ;
= 20 | Togo , Now SReifgHbruay USA
5 Cote ddamaica S%Q,%Sﬂ%]mark
=
© 10
c
=i
=
©
Z 0
I I I I I I
0 20000 40000 60000 80000 100000

Average Investment in Schooling per Adult (19963%)

Figure4
National Return on Investment in Schooling in 2000

These rates of return are quite large even inadlatcies with the lowest return on investment.
They raise the question as to why such high retdichgsot attract more investment, particularlyhe t
lowest-income countries where the estimated rédtestarn are enormous. The answer appears todbe th
a very large share of these returns on investneamntiad as external benefits to the nations makiag t
investment in schooling, as Lucas [1990] hypotrezhizSince these external benefits accrued rehative
steadily over time, they were attributed to tecbgaal progress, rather than to the rising levéls o

schooling that were occurring in all countries oties period.
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Psacharopoulos and Patrinos [2004] summarize theatsed privatgrates of return on
investment in schooling at the primary, secondang university levels for a large number of cow@sri
Many of their estimates are quite dated or do ngecall levels of schooling, but they provide esties
for all levels of schooling during the late 1980sl @&arly 1990s for 20 of the 61 countries incluitethe
cross-country data set. The average private retuinvestment in these countries can be estiniated
weighting the rates of return at each level of stihg by the share of national investment at eaghbll
Given the vintage of the private rate of returnnestes, they are most comparable to the estimated
national rates of return on investment in schoolm#990.

As shown in Appendix I, for the 20 countries foniah private returns were available, the
average private return on national investment oeting in 1990 was 13 percent, the average ndtiona
return was 43 percent, and the average extermabfakturn (national return — private return) \28s
percent. In 1990 the external rate of return rdrfgem a low of about 10 percent in the nationdhwiite
most educated workers to over 50 percent in thematvith the least educated workers. Appendix Il
describes the methodology used to estimate thegeaqirivate rates of return and shows the private,
national, and external rates of return for eacmtgu Although the sample size is small, theda dan
be used to estimate the return on investment asaidn of a nation’s cumulative investment in
schooling per adult. Figure 5 shows these relahigs for the private rate of return on investraard
the external rate of return.

These relationships reveal why the rate of privatestment in schooling is limited in a market
economy. At low levels of schooling, the natioretlrn on investment in schooling is extremely high
but only a small part of this return accrues dlsettt the educated worker in the form of wagesertsat
very low levels of schooling, the private rate efurn is only 15 percent. While a rate of returi®

percent appears attractive for an investment in@aty, this return accrues over a 45-year periutiia

®Psacharpoulos and Patrinos denote the return twdHheer from the worker’s own investment the “ptivaeturn”
and the return to the worker from the nation’sltotaestment in their education the “social retlrithe rates of

return designated the private rate of return ia #rticle are their social returns.
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not collateralized. So the risk associated witkigte investment in a poor child’s education is lage
relative to the potential return to interest a @tévinvestor. The net effect is that absent chialat
assistance from individuals with financial meansher state, only those families with their own finel

assets can provide a private education for théldrem [Mincer, 1984].
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Figure5
Private and External Rates of Return on Investment in Schooling in 1990

The estimates of the external rate of return orsitment in schooling indicate that formal
schooling is in large part a public good, a goodseéhbenefits accrue to the nation as a whole réther
to the individual obtaining the schooling. This&pecially the case for the poorest countriee Th
external rate of return on investment in schoolimthe poorest countries is over 50 percent, wthiée
total return is over 65 percent. The empiricaultssindicate that the external rate of return ished with
the level of schooling of the adult population, gjsing to 10 percent when the national investment in
formal schooling exceeds $70,000 (1996%$) per adute share of the total benefits of schooling that

external also falls as the level of schooling rises
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In 1990 the national rate of return on investmargdhooling (private + external) in the countries
with the most educated workers appears to have deaml5 percent. Caselli and Freyer [2006] edeéma
that the average return on reproducible physigait@iavas below 9 percent across 53 countriesth&e
is no indication that countries with the most ededavork forces have over-invested in formal scimapl
Quite the contrary, these empirical results indichat the countries with high incomes today are
prosperous precisely because they have providédahygulations with very large public subsidies for
schooling for a very long period of time.

V1. Conclusions

Supporters of public education have argued forurerd that investment in education has large
external benefits for society, but the empiricgart for this belief is relatively meager. Mosbss-
country studies have found that the effect of sihgmn national income is small and that thererare
positive externalities. But recent studies indedhiat the failure to find external benefits frochigoling
may be due to downward bias in the statisticairestes.

This paper presents two innovations that addressdbrces of downward estimation bias in the
existing studies. The first innovation is a newadset for the cumulative investment in the formal
schooling of the work force in 61 countries in 199995, and 2000. By implicitly accounting for
differences in the quality of education across stihg levels, across countries, and over time,dltzsa
may have less measurement error than the datdrusadier studies. The second innovation is the u
of the Protestant share of the population as @rumental variable for a nation’s cumulative invesht
in formal schooling. The use of this instrumenttcols for the endogeneity of the level of schoglin
the economic growth process and also may reducattiéeuation bias caused by data measurement error
in OLS estimation.

Empirical estimation of an augmented Solow moddhwhiese innovations yields estimates of the
effect of schooling on national income that argéaithan in many earlier studies and highly siat#ly

significant. These estimates indicate that theonat rate of return on investment in schoolingnisch
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larger than the private return in low-income coigstiand that it is similar in magnitude to the ptéev
return in high-income countries.

These empirical results provide evidence that datgds in large part a public good. At the
level of schooling that characterizes low-incomartdes, there appear to be substantial extermadftie
from investment in formal schooling, and these mkbenefits far exceed the private benefits.isAs
normal with public goods, these external benefitsroare not realized unless private charitieherstate
provide a subsidy for schooling. Although investin@ schooling does provide a substantial private
return to the educated individual through incredsegages, this return accrues over a 45-year gerio
Given the lack of collateral for schooling loarts financing of schooling for children is not attree to
private investors. The net result is that withexternal assistance the children of the poor remain
unschooled.

The total rate of return on investment in schoolimthe lowest-income countries in 1990 is
estimated to have been over 65 percent. It ikelylthat any other public investment could provéde
higher return. Even in high-income countries wheeestate provides enormous subsidies for schmolin
the national rate of return on investment in fors@iooling appears to be higher than the marketrret
on investment in physical capital. These resuldéciate that from a cost-benefit standpoint, inseela
government subsidies for schooling are justifiedllrcountries, but particularly in the lowest-imee

countries.
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Appendix |
Data on National Investment in Schooling for 61 Countries

A nation’s cumulative investment in formal schoglis the sum of three components; public
expenditures, private expenditures, and studeatsgbne earnings. This appendix documents the
methodology used to estimate the cumulative natiorastment in adults likely to be contributing to
national income in 1990, 1995, and 2000 in 61 acdemtThe 61 countries in the data set were chosen
because they met several criteria. First, theyrakdively complete UNESCO public expenditures
(percent of GDP) data over the 1950-95 time peri®dcond, their national income was not
predominantly due to oil exports. Third, they waat planned socialist economies during the 1950-95
period®

Cumulative investment in schooling is estimatetina¢ t as the total public expenditures on
formal schooling over the 40-year period ending fgears earlier multiplied by national factors that

account for private expenditures and foregone rgsnfFE):

8
D Hit = (FE+TotExp)/TotExp}(TotExp/PubExp)x 5 * Z [(PUBEXpP/Y):s5) *Yit.5)]
j=1

The four-year lag is included because when nafiorest in schooling, the effect on national income
does not occur until the student enters the wartefo The average delay depends on a nation’s
enrollment pattern, the pattern of expenditurespoil across levels of schooling, and the delayben
when the investment is made and when the studeonies an effective worker. Since the cost ofa ye
of schooling rises with the level of schooling, theighted average time lag between the investnment i
schooling and the entry of an educated studentli@avork force is less than half the average nurabe
years that students spend in school. In develdgpilsgdata set, this lag is assumed to be foursyelar

countries that provide relatively little schoolirige lag between the investment in schooling aed th

® Israel was not included because the unusually leigiis of immigration and emigration over the 18&0period

made the cumulative investment in education unsgprative of the educational level of the work éorc
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completion of schooling is likely to be shortert the students entering the work force are stildeén,
so some additional time lag is likely before thegseng workers are effective on the job.

Although the length of a working life varies acrassintries, 40 years appears to be a reasonable
estimate for most countries. The life expectarfaye population at age five is an indicator of the
potential length of a working life for those redaty schooling. Figure A-1 shows the life expectiaat
age five in 1960 for the 61 countries used in th@det. This life expectancy was calculated fdata
on life expectancy at birth and infant and childrtality rates in World Bank [1983]. Excluding teab-
Saharan African countries, life expectancy at ageih 1960 varied from 52 years in Guatemala to 74
years in Norway. Workers live longer in the higher-income courgrikeut they also enter the work force
later and have longer periods of retirenfer. the sub-Saharan African countries, in 1960average
life expectancy at age five was only 46 years, Windicates that a working life was less than 4é&rge
and that work force productivity likely sufferedi high rates of morbidity.

A. Public Expenditures

With the assumed four-year lag and 40-year workfegthe cumulative investment in formal
schooling over the 1946-95 period determines anatihuman capital stock over the 1990-2000 period.
UNESCO [1969, 1980, 1998a] has collected and puddisiata on public expenditures on schooling
since 1960 for most countries and since 1950 farge subset of these countries. These data tiypica
are available for years divisible by five. Thersaf the eight years divisible by five within eatbryear

period (multiplied by five) is used to estimate thenulative investment.

" The members of the population with the lowestdifpectancy are likely to have the least schoadimg start

working at an early age, so even in Guatemala thr&ing life of an educated worker is likely to b@ viears.

8 The average retirement age in the U.S. over t86-P®00 period was 62.5 years [Murray, 2001].
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Figure A-1
Expectancy at Age 5in 1960

Some sub-Saharan African countries without datd$&0 or 1955 were included in the data set

to make the countries in the sample more representaf the world's distribution of national income

Missing data on public expenditures for 1950 aisd feequently for 1955 were estimated from trends i

UNESCO enrollment data over the 1950-60 periodfeard trends in the rate of public expenditures for

the next available years. These expenditures giyarere very small in these countries in thosarge

Data on income per capita (constant price: Laspeypré996 $) and population were obtained

from version 6.1 of the Penn World Tables (PWT)4tda, Summers, and Aten, 2002)]. Missing data on

population for 1950 and 1955 were obtained fromtéthNations [2001]. Missing income per capita data

for 1950 and 1955 were estimated using income g@itacgrowth rates from the next available fiveryea

period.
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The UNESCO rates of public expenditures in schgadire the share of GDP, not adjusted for
cross-country differences in purchasing power (PRjese rates were multiplied times income adjusted
for PP to estimate a nation’s relative investmargdhooling. A key assumption is that the nomaheire
of GDP expended on schooling and the PP-adjust@ stie similar. While schooling is likely to be
somewhat more labor-intensive than a nation’s @esegonomic activity, labor income accounts for
about 2/3 of national income, so any differencds/ben the nominal and PP-adjusted shares of nationa
expenditures should be small.

The income model estimated in this paper is spgtiis income per adult. The number of adults
in each year was estimated from the PWT 6.1 datacmme per capita and income per equivalent adult.

The resulting data on cumulative public expendgyrer adult are shown in Table A-1.

Table A-1
Cumulative Public Expendituresin Formal Schooling of the Work Force

Country Public Expenditures (% of GDP) Cumulative/Adult (1996%)

195019551960 1965 1970 1975 1980 1985 1990 1995 1990 1995 200d
Argentina 1.4 3.2 2| 3.3 33 25 27 2| 3.4 3.6 9489 9769 10665
Australia 1.8 28 3.6 35 43 6.5 59 59 54 55 2542 297271 34103
Austria 3 4 3.7 3.7 4.6 5.7 5.6 59 54 56 24122 28449 3374%
Bolivia 0.7 0.8 1.7 4.3 3.3 3| 3.5 3.7 4 4.9 2769 3387 3904
Brazil 28 2.2 2.3 1.4 2.7 3| 3.5 3.7 4.6 5.1 4884 6564 8238
Canada 31 3.9 6.1 85 85 76 7.3 7 6.8 6.9 43200 44146 4847¢
Chile 294 2.7 35 44 51 41 46 44 2.7 3.1 7020 7353 8201
Colombia 1.4 1.4 3 26 16 22 19 28 28 4 2906 4357 5639
Congo 1 1 1.2 2.4 6/ 81 7.1 51 59 6.1 2383 2954 3281
Costa Rica 17 2 4 47 52 6.8 7.8 45 4.5 4.6 8027 9487 9887
Cote d'lvoire 1.2 1. 47 5.9 6.7 6.6 7.2 74 7.7 5.3 4872 5478 5187
Denmark 3.1 3.8 39 57 68 7.8 6.9 6.3 7.5 7.7 38828 46880 55174

DominicanRep 0.6 1.6 1.6 2.8 29 19 21 18 18 1.9 1770 1899 2144

Ecuador 14 16 2| 3.5 43 3.1 56 3.7 2.6 3.4 4309 4273 4538

I=

Egypt 23 23 52 48 48 5.1 57 63 49 4.8 4039 4477 4971

El Salvador 1p 27 27 32 29 34 3.9 3 2| 2.2 5504 5525 5334
Ethiopia 0.4 0.6 1 1.2 28 33 33 43 49 4 603 803 873
Finland 48 6.6 6.6 6 6.2 6.3 55 58 57 7.5 29514 34500 39967
France 24 24 320 4 4.7 52 5 58 54 6.1 23180 28719 3486§
Ghana 1b 25 45 46 43 53 3.1 2.6 3.1 4.8 1629 1694 1880
Greece 17 17 1.8 2.3 2 2l 220 29 3.1 2.9 730§ 9164 10888
Guatemala 1815 15 23 2 16 19 1.8 1.4 1.7 2403 2000 2068
Hong Kong 183 15 24 24 29 27 25 28 2.8 2.9 7268 9763 12387
India 08 2| 25 26 28 2.7 28 3.3 3.9 3.3 1082 1495 1768
Iran 29 26 26 32 29 46 7.2 3.6 4.1 4 5663 5922 6342
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Ireland 27 3.4 4 42 49 6.1 6.6 6.7 57 6] 19378 22426 2613(
Italy 24 2.7 46 52 43 41 44 5 51 4.7 20135 24653 28905
Jamaica 24 295 29 31 36 59 6.9 57 55 6.4 6609 7732 8745
Japan 48 6.1 51 44 39 55 58 51 3.6 3.6 2113 24266 27568
Jordan 48 1.7 3.5 3 39 51 6.5 6.9 6.4 8.7 5925 5028 6415
Korea 5 56 56 2| 3.7 24 37 45 3.5 3.7 5299 6700 9021
Malawi 1.5 22 29 51 41 24 33 35 34 54 700 847 1113
Malaysia 1 2 48 42 44 6 6] 6.6 55 4.7 6833 8351 9815
Mali 0.9 1 1.5 45 4 47 3.7 3.7 3 2.2 1300 1299 1278
Mexico 08 09 1.4 2.1 26 3.6 42 3.9 4 49 7144 8043 9691
Morocco 1% 3 44 42 3.7 51 6.1 7.4 5.5 5.8 4847 5246 5867
Netherlands 3546 59 63 7.7 82 79 6.8 6] 52 34860 39747 43601
New Zealand 24 35 38 38 49 6.1 6.1 48 6.5 7.5 26059 31146 36746
Niger 12 1.2 1] 16 2 24 31 3 3| 2.9 1070 108§ 1066
Norway 32 4 54 53 59 71 7.2 65 7.3 8.1 31557 39117 48539
Pakistan 04 05 1 1.7 17 22 2| 2.7 2.6 2.8 763 849 1077
Panama 36 3.9 420 48 54 57 5 52 54 5.2 7493 8327 9184
Paraguay 1213 15 19 22 16 15 1.5 15 3.4 1998 2265 3202
Peru 2 21 31 4 38 33 31 2.7 3.3 29 518§ 5250 5353
Philippines 24 25 3 25 26 19 17 14 29 3 1902 2382 2742
Portugal 14 18 22 1.7 16 4 44 5 5.1 5.3 9370 1244Q 15908
Senegal 00 1.2 22 28 3.8 35 37 3.8 4 4 1947 2465 2585
Singapore 05 1.5 3 4 3.1 29 28 44 31 3 7761 9800 13848
Spain 09 1.3 15 16 2.1 1.8 2.6 3.3 4.4 49 7889 11074 14995
Sri Lanka 3 31 49 45 43 28 31 3 27 3 2759 3006 3270
Sweden 3p 48 53 6.2 7.7 7.3 9 7.7 7.7 8.1 41194 49043 56723
Switzerland 2 27 37 42 42 51 5 48 5 5.4 328371 37894 43213
Syria 23 23 52 41 4 39 4.6 6.1 4.3 3.3 4200 4271 4385
Thailand 06 29 28 3 35 35 34 39 36 4.1 2544 3372 4963
Togo 1.9 19 19 2 22 35 56 5 56 4.5 1681 1923 2020
Tunisia 3 58 58 83 7/ 52 54 59 6.2 6.8 7249 8323 9610
Turkey 23 15 29 38 29 28 26 2.3 2.8 22 3649 4180 4520
UK 3] 41 53 51 52 6.6 56 49 49 53 2783 31674 35414
Uruguay 3 3 3| 42 36 29 2.2 26 3.1 2.8 8749 9090 9415
USA 31 4 48 6.5 64 6.2 54 49 53 54 36222 41803 47196
Zambia 08 1 2 5/ 45 6.7 45 4.7 2.7 2.2 1990 1940 1851
B. Private Expenditures

Data on private expenditures for schooling arelalbd for most countries but only for a few

years, so private expenditures for schooling mastdiimated using their ratio to public expendiune

these years. A single, non-varying ratio of tetgbenditures/public expenditures was created foh ea

country by first estimating the share of privateoiment at each level of schooling and then weight

these shares by the relative cost of schoolingelt éevel using the data in Tables 1 and 2. Téxiisg



33

point was UNESCO [1980] data on gross enrollmeitdi0 by level of schooling. 1970 was selected as
a representative date for the 1945-95 period afstment. For primary and secondary school thessbfar
private schooling was estimated using UNESCO [1p#lata on each country’s private enroliment as a
share of total enrollment in 1985. As UNESCO dit provide this data for university schooling, seve
other sources were used to estimate this shar€DQ#Z001] and OECD [2005] data on the shares of
public and private expenditures at the universtel during the 1990-2002 period were used for OECD
countries and for seven other countries for whiatadvere provided. A 50 percent private share was
used for the Latin American countries for which @E@id not have data, as this was the average privat
share in the Latin American countries for whichedaere provided. A 15 percent private share wad us
for Islamic countries based on information in Se#j2004]. For the few remaining countries, sisare
were assumed based on shares in culturally sigolantries or set equal to the share at the secpndar
level. The overall private share was not very geesto these assumptions because these couhaies
very little enrollment at the university level. @data used to develop these ratios are preseniable
A-2. On average public expenditures were 84 pérktotal expenditures on schooling. The ratibs o
total to public expenditures are not correlatedhwicome/adult (r = -0.03), so no clear bias isaitzd if
cumulative public expenditures rather than cumudatdtal expenditures are used to estimate theteife

schooling on income.

Table A-2
Private National Investment in Formal Schooling

Country Private % of Enroliment Weighted Share ®Rati

Primary Secondaryniversity  Primary SecondaryJniversity Total/publig
Argentina 19 30 35 0.28 0.11 0.09 1.33
Australia 23 29 35 0.21 0.20 0.09 1.38
Austria 4 7 4 0.22 0.20 0.06 1.06
Bolivia 8 8 50 0.09 0.06 0.09 1.31
Brazil 12 12 50 0.10 0.04 0.03 1.23
Canada B 7 43 0.20 0.17 0.17 1.2
Chile 34 39 76 0.09 0.07 0.06 1.89
Colombia 13 42 50 0.10 0.05 0.04 1.39
Congo ( 0 0 0.11 0.03 0.01 1.00
Costa Rica B 9 50 0.10 0.04 0.07 1.24
Cote d'lvoire 11 29 29 0.11 0.03 0.01 1.19
Denmark 9 14 1 0.18 0.23 0.09 1.1
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Dominican Republi¢ 24 30 50 0.10Q 0.04 0.05 1.47
Ecuador 16 34 50 0.10 0.05 0.06 1.43
Egypt g 8 15 0.08 0.08 0.07 1.10
El Salvador B 51 50 0.10 0.05 0.03 1.36
Ethiopia 11 6 10 0.10 0.05 0.00 1.10
Finland @ 5 4 0.21] 0.22 0.07 1.03
France 15 22 16 0.22 0.18 0.09 1.22
Ghana 6 5 10 0.11] 0.05 0.0 1.06
Greece 3] 3 7 0.08 0.09 0.08 1.05
Guatemala 14 38 50 0.11] 0.04 0.04 1.37
Hong Kong 10 12 50 0.10 0.06 0.04 1.24
India 5 5 22 0.09 0.06 0.07 1.12
Iran 2 3 15 0.09 0.07 0.03 1.05
Ireland @ 0 14 0.21] 0.21] 0.07 1.02
Italy 7 6 17| 0.23 0.17 0.09 1.09
Jamaica 3 4 60 0.09 0.07 0.03 1.14
Japan D 13 58 0.20 0.22 0.08 1.18
Jordan 3 19 19 0.09 0.08 0.02 1.16
Korea 1 39 85 0.27 0.14 0.05 1.28
Malawi 6 14 14 0.12 0.01] 0.00 1.07
Malaysia § 5 16 0.09 0.07 0.02 1.08
Mali 4 9 9 0.11] 0.04 0.00 1.06
Mexico 3 4 23 0.10 0.04 0.05 1.09
Morocco 3 6 15 0.10 0.05 0.03 1.06
Netherlands D 0 19 0.21] 0.20 0.10 1.04
New Zealand D 5 38 0.21] 0.20 0.09 1.11
Niger 3 11 11 0.12 0.02 0.00 1.04
Norway 0 3 6 0.19 0.23 0.09 1.02
Pakistan D 0 6 0.09 0.06 0.05 1.01
Panama 7 14 50 0.09 0.07 0.05 1.24
Paraguay 1 23 54 0.11 0.03 0.03 1.30
Peru 14 15 64 0.09 0.05 0.08 1.46
Philippines © 41 50 0.08 0.07 0.11 1.51
Portugal T 9 4 0.24 0.18 0.05 1.08
Senegal 0 29 29 0.10 0.05 0.02 1.21
Singapore 24 28 50 0.09 0.08 0.04 1.45
Spain 34 35 26 0.26 0.15 0.05 1.50
Sri Lanka 1 2 22 0.09 0.08 0.0 1.02
Sweden D 0 10 0.20 0.20 0.11 1.02
Switzerland y4 6 6 0.23 0.18 0.07 1.04
Syria 4 6 15 0.08 0.08 0.07 1.09
Thailand 9 12 50 0.11] 0.04 0.02 1.17
Togo 23 13 13 0.12 0.02 0.0 1.26
Tunisia @ 9 15 0.10 0.05 0.02 1.05
Turkey 0 3 3 0.10 0.05 0.04 1.01
UK 4 8 20 0.22 0.20 0.07 1.09
Uruguay 15 15 50 0.08 0.08 0.06 1.31
USA 12 12 55 0.16 0.21] 0.20 1.37
Zambia ( 20 20 0.11] 0.03 0.00 1.05
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C. Foregone Earnings

Students’ foregone earnings must be imputed, aggkthnalyses are only available for a few
countries. Estimates of the magnitude of foregear@ings relative to total expenditures are avhilédr
India and the United States from different studaescertain years during the period 1960 to 1929.
comparison of these estimates in these two cogriieseful since arguably they represent both efids
the national income scale. Table A-3 presenteMpenditures data, as a percent of GDP and as ftio
each component to total investment. While thevestés from the different studies vary substantially
foregone earnings appear to be approximately 7€epeof total direct expenditures on schoolingathb
countries. Since most of the expenditures on doturcare labor costs, as are the foregone earnings,
plausible that foregone student earnings are dagimgitio of the direct costs of education across
countries. At a minimum the results for India a@nd U.S. provide no indication that this ratio earby
national income level in any systematic way thajhthimake differences in total expenditures a biased
indicator of differences in the total investmentonmal education. Foregone earnings are estintated

70 percent of total expenditures on schooling lic@lintries.
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Annual Investment in Education in I ndia and the United States

Table A-3

Per cent of GDP

Ratio to Total Direct Costs

India U.S. India u.S.

Y ear 1960 1978-79 | 1960 1969 1960 1978-79 | 1960 1969
Institutional | 2.5 3.9 4.8 6.4 0.6 0.5-0.7| 0.7 0.8
Costs-Public
Institutional | - 0.2 1.3 - - 0.1 0.2 -
Costs-Private
Other Private| 1.7 - 0.3 = 0.4 0.2-04 | 0.1 -
Costs
Total Private | 1.7 1.9-3.5 1.6 1.7 0.4 0.3-0.5 0.3 0.2
Costs
Total Direct | 4.2 5.8-7.4 6.4 8.1 1.0 1.0 1.0 1.0
Costs
Foregone 2.2-3.6 4.2 2.0-4.9 7.3 0.5-0.p 0.6-0.y 0.3-08 0.9
Earnings
Total Annual | 6.4-7.8 10.0- 8.4-11.3 | 154 15-1.9 1.6-1.7 1.3-1.8 1.9
Costs 11.6
Sources 'Gounden | Tilak ’Schultz | Kendrick

[1967] & | [1988] [1960] & | [1976]

Kothari in Solmon

Tilak [1971]

[1988]
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Appendix 11
Private vs. National Returns on Investment in Schooling in 1990

The average private return on investment (in peyden20 countries by level of schooling reportsd
Psacharopoulos and Patrinos [2004] in certain yisagisown in Table A-4. The countries were selicte
because they had estimates for all levels of sampébr years close to 1990. These returns aimatid
from the increase in worker earnings and the totastment in the schooling (private and publicyref
worker. The overall private rate of return for le@ountry was estimated as the weighted averagesof
private returns at each level of education, weiglig the share of the adult population whose edrtat
terminated at that level of education in 1970 drrelative public expenditures per pupil for teatl of
schooling in Tables 1 and 2. The external ratetfrn was calculated by subtracting the private o&
return from the national marginal rate of returnimrestment in 1990 estimated from the cross-cquntr

national income model.

TableA-4
Rate of Return on Investment in Schooling in 1990
Private Rate of Return (%) | Share of Adult Popalaji Rate of Return (%)
Country YealPrim | SeconfHigher | PrimanjSecondTertiary | Private | National| External
Argentina 1989 8.4 7.1 7.6 0.42 0.44 0.14 7.7 26.9 19.2
Bolivia 1990 13 6 13 0.6 0.24 0.10 11.3 30.4 19.1
Brazil 1989 35.6 51 214 0.69 0.26 0.05 26.9 49.5 22.6
Chile 1993 8.1 11.1 14 052 0.39 0.09 9.8 20.4 10.6
Colombia 1989 20 114 14 0.7 0.25 0.05 17.9 61 43.4
Costa Rica 1989 11.2 14.4 9 0.61 0.28 0.11 11.9 24.8 12.9
Ecuador 1989 14.7 12.7 9.9 0.70 0.22 0.08 13.9 32.7 18.8
El Salvador | 1990 16.4 13.1 8 0.79 0.22 0.03 15.4 26.5 11.1
Ethiopia 1996 149 144 119 0.9 0.04 0.00 14.9 62.6 47.7
Jamaica 1989 17.7 7.9 7.9 0.49 0.46 0.06 12.7 26.4 13.7
Malawi 1982 14.7 152 11§ 0.97 0.03 0.00 14.7 59.7 45
Mexico 1992 11.§ 144 111 0.72 0.22 0.06 12.4 49.3 36.9
New Zealand| 1991 124 12.4 9.5 0.05 0.77 0.18 11.9 23 11.1
Paraguay 199020.3 12.7 10.8§ 0.79 0.17 0.04 18.4 103 84.4
Philippines 1988 13.3 89 105 0.34 0.44 0.20 10.7 54.2 43.5
Singapore 1998 16.7 10.1 13.9 0.47 0.46 0.07, 13.5 65.5 52
Spain 1991 7.4 85 135 0.3§ 0.54 0.09 8.6 63.2 54.6
UK 1984 8.6 7.5 6.5 0.13 0.73 0.14 7.5 23.7 16.2
Uruguay 1989 21.6 8.1 10.3 0.30 0.59 0.11 12.4 27.2 14.8
USA 1987 10 10 120 0.00 0.51 0.49 11 21.6 10.4
Average 13.2 42.9 29.4
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