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A New Database on Human Capital Stock in Develoning and Industrial Countries:
A Brief Commentary on the Methodology. Sources, and Results

Introduction

1. Increasing importance is being given to human capital in economic theory as reflected .n the literature on
the contribution of human capital to economic growth that hs appeared in recent years. 1 This literature
emphasizes the importance of human capital formation in the long term growth of output, especially in developing
countries. In addition, it highlights the influence of national economic policies on long term economic growth, a
feature absent in neoclassical models. According to this vicw, changes in the rate of human capital investment
lead to changes in the long term rate of output growth rather than simply to changes in the level of output. The
allocation of expenditures between human and physical investments, including government expenditures, therefore
has critical ramifications for future growth and development.

2. The quest for a better understanding of the determinants of growth has stimulated fresh interest in
improving estimates of human capital stock. Strictly speaking, the measurement of human capital should cover the
range of investmcnts that human beings make in themselves and in others, including formal and informal
education, on-the-job-training, health, nutrition, and social services. So far, no researchers have put together such
a composite measure, although efforts are underway. 2 Instead, proxies for human capital used in gSiowth research
include such variables as enrollment rates, adult literacy rates, and health indicators. Each of these faces several
conceptual and empirical drawbacks. To overcome them, the trend has been to develop education stock estimates
based on the mean school years of education per working person in an economy. 3 While this measure is also one-
dimensional in nature and subject to other weaknesses, it has the advantages of being a stock measure and of
requiring for its construction data sets that are relatively more complete and extensive

3. These advantages have prompted several research efforts aimed at estimating the education stock of
coun'Aies using different data sets and techniques. 4 This paper presents the results of one such effort. It describes
the techniques and the data adopted for the constnction of a new series of education stock estimates covering 85
countries for 28 years. The research is part of a project to calculate total factor productivity growth for a large
number of industrial and developing countries. The education stock estimates produced in this study will be used
together with physical capital stock estimates (forthcoming) to estimate production functions that can be used to
derive total factor productivity growth for these countries. It is intended to put in place systems that will update
these estimates as and when additional data become available.

4. The basic approach to measuring human capital investment in this paper is similar to that of Lau,
Jairison, and Louat (1991), Psacharopolous and Arriagada (1986, 1992), and others who take years of schooling as
a proxy measure of human capital. The series are built from enrollment data using the perpetual inventory method

I See bibliography.

2 For example, Lavy, Victor (1991) proposes an aggregate measure of human capital investments based on total
national expenditures on education, health, nutrition, and family planning.

3 Education may be the most important component of human capital partly because it also increases the ability of
people to live healthier lives and learn more rapidly on-the-job once they entet the labor force.

4 The parallel research efforts are by Kyriacou (1992), Barro and Lee (1992), Psacharopoulos and Arriagada
(1992), and Lau, Jamison, and Louat (1991).
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adjusted for mortality. Lau, BhaUia, and Loust (1991) made similar calculations as background for the WDR 1991,
but we correct for estimated rates of grade repetition among school-goers and employ country-specific drop-cut
rates at the primary and secondary levels. Accounting for grade repetition is particularly important in developing
countries where enrollments may otherwise be overstated by as much as 25 percent. In addition we have located
new sources of historical school enrollments - as far bsck as 1930 for many countries and even earlier for others.
This reduces the need for backward extrapolation of enrollments to provide the initial estimates of the investment
"inventory."

S. The following section describes the perpetual inventory method and its application to the estimation of
education stock. A complete, computational "model' is presented in order to show clearly where primary data have
been used and where, because of lack of data, estimates, averages, and simplifying assumptions havc been
employed.

6. The section after that describes the principal sources of data used to construct the education stock series.
The results presented in the final section include estimates of the average years of schooling by region. The
detailed estimates for primary, secondary, and tertiary stages, by country, covering the period 1960 through 1987
will be published in electronic forrnat.

Measuring Education Stocks

8. We follow Lau, Jamison, and Louat (1990), Psacharopolous and Arriagada (1986), and others in
associating human capital with the accumulated years of schooling present in the working age population. The
stock of human capital is, therefore, built up from past "investments" in schooling. Unlike physical capital,
educational investment is not placed immediately into service. It enters the capital stock when its bearer enters the
labor force and is withdrawn when he or she retires. Because we have no evidence on the rate of obsolescence of
human capital - it is generally assumed to be very long-lived compared to physical capital - we discount
investment, prior to its planned retirement, only by the rate of morality. 5

9. Psacharopoulos and Arriagada provide estimates of the mean years of schooling in the labor force for 99
countries using census data. For a given country, the generic form of their measure of education stock is given as

n

L= ,L S, (1)
i=)

where, 1i is the share of persons in the labor force with the ith level of schooling; Si is the average number of years
of education received in the ith level of schooling; i designates the classifications of illiterates (or no education),
primary incomplete, primary complete, secondary incomplete, secondary complete, and tertiary education. In this
analysis, all levels of schooling are weighted equally.

5 This assumption bears a striking resemblance to the "one-hoss shay" assumption often assumed in the
calculation of the gross physical capital stock. But such an assumption appears to ignore two important factors
affecting human capital formation and decay. First, "learning-by-doing" can be an important source of human
capital acquisition. And second, the quality of education tends to improve with time, thereby leading to a
productivity differential between young and old workers. It is assumed in this analysis that these two factors are
offsetting.
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10. The advantage of their method is that in 66 countries they are able to obtain information directly on the
educational characteristics of the current labor force. In the remaining 33 they use information on the educational
attainment of the population by age and sex to estimate the schooling profile of the labor force. Furthermore,
because they are measuring educational attainment and labor force participadon contemporaneously, no correction
for expected mortality is required.

11. One problem with census-based measures is that the true value of Si is not known for those who
completed only part of each schooling stage; consequently, analysts are forced to make arbitrary estimates
(Psacharopoulos and Arriagada (1986, 1992), Barro and Lee, (1993)). 6 Because repeater rates and drop-out rates
tend to vary considerably across countries, education stock estimates based on census survey data are subject to
measurement error. Another problem with census-based measures is that they are available only at discrete
intervals. In only 34 countries do Psacharapoulos and Arriagada obtain more than one year of data. Barro and
Lee (1993) have estimated time series for 129 countries using similar census data, but in their case 77 countries
have three or more observations. Perhaps the most serious concern with the Barro and Lee e.timates is that they
refer to the population aged 25 and over. This can lead to a serious downward bias in the estimates of the
education stock because in most developing countries the segment of the population between the age, of 15 and 25
is usually large and growing over time.

12. It was noted earlier (para. 3) that the ultimate objective of estimating education stocks in developing
countries was to derive total factor productivity growth estimates for these countries. And measuring the
productivity of investment in education over long periods of time requires an unbroken time series of estimates of
the education stock. Given sufficiently long series on enrollments, the perpetual inventory method can be used to
accumulate a continuous series of estimates of the stock of education. In this paper, the stock of education is
defined as the sum of person-school years. Let Sgt be the addition to our education stock as a result of 1 year of
education in grade g in year t, then the cumuladve investment in education that takes place in grades G = [g1, g21
between the years T = [tl, t2 ] is

HGT =EZSgI (2)
G T

where the summation operators act over the range of index sets G and T.

13. Note that SO is not necessarily a count of enrollments but could instead measure the "quality" of
education or human capital investment. For example, one might specify that

Sg, = qg,, Eg, (3)

where Egt are the enrollments in grade g in year t and q is a measure of the "quality' of the additional year of
education received in grade g in year t. Lacking plausiBle, a priori measures of quality (either between grades and
years in a given countzy, or between countries), we measure Sgt as the total of net enrollments:

S, =E; (4)

6 Barro and Lee (1993) have recently produced quinquennial estimates of average years of schooling based on
census data supplemented by the perpetual inventoRy method. Their estimates, however, like those of
Psacharopoulos and Arriagada (1986), depend upon an arbitrary assumption concerning Si - that census
respondents who say they have attended a particular stage of school have completed it. In some censuses,
respondents answer that they have partially completed a particular stage of schooling. In such cases, Barro and
Lee assume that half the number of years of schooling have been completed in that stage. Since Si tends not only
to fluctuate over timne but also differs considerably between countries, these assumptions can lead to an
overestimation or underestimation of the level of the education stock.
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14. The differeAlce between "gross" enrollments and "net" enrollments is the number of repeaters and dropouts
in each grade 7:

E* =E8r-Rgi-D.t (S)

where Rgt and Dgt are measures of the number of repeaters and dropouts respectively by grade and year. If we
have repetition and drop- Jut rates, equation (5) can be rewritten as

E,Eg (I -r, -dg,) (6)
where rgt is the ratio of repeaters to total (gross) enrollments in grade g in year t and dgt is the drop-out rate from
grade g in ear t.

1S. We assume that repeaters acquire the equivalent of one fulI year of schooling no matter how long they
spend in a grade. For simplicity in accounting, we attribute all of the "credit" for completing the grade to the first
year of enrollment and deduct all subsequent re-enrollments in the same grade.

16. The proper accounting of dropouts is somewhat problematic. A student who attends part of a year should
presumably be credited with a partial enrollment, in which case dgt might measure the average portion of a school
year attended by dropouts. But it is open to question whether a dropout has acquired any nseful education during
the year in which he or she leaves school (Hartley and Swanson (1988)), in which case dropouts should be treated
like repeaters and be fully netted out of enrollments in the year in which they dropout. In many school systems,
however, dropouts are not reported until the beginning of the following year, at which point they are no longer
counted as enrolled. Because practices are so uneven and reporting so imprecise, our procedure is to treat dropouts
as if they had completed the year in which they were last enrolled in cases where enrollment data are available by
grade. In such instances, no adjustment for dropouts is required in equations (5) or (6) to obtain nat enrollments -
dropouts are simply non-enrollments.8 This may result in a slight overestimate of total years of schooling,
especially in school systems characterized by very high rates of dropping out. 9

17. To determine when human capital is put into service and therefore relevant to determining aggregate
output, we need to know when an individual enters or becomes eligible to enter the labor force. In developed
countries there are well established statutory limits on the age of entry into the labor force and, in many, the
retrement age is also defined either by statute or custom. Praw;ces differ widely in developing countries
(Ps2charapoulos and Arriagada, 1991). In all countries, there are systematic differences with respect to the sex,
education, and social class of the individual. To simplify matters, we count all persons between the ages of 15 and
64 inclusive as constituting the labor force. Foi this purpose, we ignore cyclical contractions and expansions of the
"economically active" population as well as differences in the participation rates of different sub populations.

7 In many estimates, only repeaters are netted out of gross enroliments. However, given our treatment of dropouts
in the following analysis, it is convenient to exclude them also from net enrllments.

8 Given data on enollments and repetition by jrade and assuming that transfers into and out of the system
are negligible, the number of dropouts in each year can be estimated using the "grade transition" or "reconstructed
cohort" method.

9 However, for several countries and over different periods, enrollment data by grade are not available. In suc.i
cases, we use the drop-out rate in the calculation of net enrollments (see equation 10).



18. To calculate the total stock of education created in a particular stage of schooling aad embodied in the
labor force in a given year T we must begin with the first year in which the oldest cohort enrolled in the first grade
and continue summing E*gt by cohort through to the last year in which the youngest cohort entered the final grade
of the stage. For the moment, let us consider only the stage of primary education. In most school systems, the
primaty stage includes the first six grades and typically children enter school at age six. In year T, the oldest
cohort in the labor force began school in the year T-64+6, while the youngest cohort began in T-1S+6. The total
net enrollments of the 50 cohorts who entered the primary stage between T-58 and Tr9 are calcutated by

T-9 6

SPT = £2ZEE.T-g-J (7)
T-SCg")

19. Equation (7) gives the total number of years of schooling (after correcting for dropiuts and repeaters) that
were acquired by the population who lived and enrolled in school between the years T-S8 and T-9. But we need to
"depreciate" the stock of education by the expected losses in each year due to mortality. Assuming that we know
the age-specific mortality rates for population in each of the years T-58 4trough T-9, we can calculate the
probability of each enrollee surviving unt.l the year T. Because age in school is closely related to grade, we can
assciate a probability of survival to the year T with each enrollee in grade g in the year t. Let this probability be

then the expected number of surviving enrollments embodied in the work force in the year T is given by

.= T9 Z 6 (8)
T-S8g=1

which provides the measure of primary education stock in year T.

20. Expanding net enrollments E, which is a function of the gross enrollment level, the retention rate, and
the drop-out rate (see equation 6), equation (8) can be now rewritten as

T-9 6
SPr = 2 Ees,.T-g-(I -rg.r-g-d)Eg.T-..-S( -dg.T--g.J) (9)

T-58g=J

21. Assuming rt=r for all t and dg, t=d for all gt, equation (9) can be simplified to
d T-9 6

FT = .-9YZTS,-(I-r)Eg.r-gS( -d) (10)
T-58g-I

This is the equation used to estimate primary education stock. The same approach is used to
calculate secondary and tertiary education stock. These results were subsequently normalized by the
wordcng age population to obtain the mean school years of educadon

Data Sources

22. The education stock estimates discussed in this paper are based on enrollment data acquired from
UNESCO sources. Education systems vary from country to cowuntry, but UNESCO has drawn up a standard
classification - the International Standard Classification of Education (ISCED) - and recommendations
concerning statistical presentation to ensure that international statistics are as comparable as possible. Primary (or
first level) education - ISCED level 1 - is defined as having its main function as providing the basic elements of
education. Secondary education - ISCED levels 2 and 3 - is based upon primary education of at least four years,
and can be general or specialized. Therefore, in addition to middle and high schools, secondary education can also
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cover vocational and technical courses and teacher training of non-university level. Tertiary education - ISCED
levels 5, 6, and 7 -- is defined as requiring a minimum condition of admission, successful completion of secondary
education, or proof of equivalent qualif:cations (for example, from a university, teachers' college, or higher
proissional school).

23. If education stock estimates based on the perpetual inventory method are to start in 1960, and it is
assumed that the labor force comprises all those between the ages of 15 and 64, then enrollmenit data series need to
begin in 1902. The only previous systema' effort to develop education stock estimates for developing countries
based on the perpetual inventory method was by Lau, Jamison, and Louat (1991). They used enrollment data fron.
UNESCO sources, kept 1960 as their first year for most countries, and created the series betwcen 1902 and 1960
using statistical methods.

24. One of the key departures of this study was to try and use actual data on enrollment for the years before
1960, to the extent that this was feasible. Fortunately, data sources were found for primary and secondary
education that allowed the construction of a gross enrollment series from 1902 onward for 50 countries and from
1930 onward for 26 more countries. 10 Interpolation techniques were used to fill gaps in the data, but the use of
this approach was kept to a minimum. Data from 1950 onward were used for 6 countries, and from 1960 onward
for 4 countries - most of these being in Sub-Saharan Africa.

25. In putting together the longer series, due care was taken to account for national boundary changes. For
example, data on pre-independent India had to be divided into components for Bangladesh and Pakistan, and pre-
1971 data for Pakistan had to be split into West and East Pakistan, with the latter being added to the Bangladesh
series. Data on East Africa, where boundary changes occurred following the Second World War, already
incorporated these adjustments in the original data sources, and therefore no further adjustments were made to
these series.

26. Where gaps existed between 1902 and the starting year of the series, country-specffic growth rates were
used to extrapolate the series. The reference periods for the calculation of these growth rates usually covered more
than a decade, and were chosen carefully to avoid the inclusion of unusual conditions (such as wars, sudden policy
changes, etc.). In no case did the series reach zero when extrapolated backward. 11

27. The tertiary enrollment series were more difficult to put together and required considerably greater use of
interpolated and extrapolated estimates as well as spliced data series from different data sources. Tht anchoring
series was obtained from UNESCO data sources housed in the Bank's Economic and Social Database (BESD).
These were supplemented by various UNESCO yearbooks, Mitchell (1982), UNESCO (1958), UNESCO (1961),

10 For primary and secondary enrollment data, the principal data sources were:

* UNESCO Educational Statistics available in the World Bank Economic and Social Database (BESD);
* UNESCO. 1958. World Survev of Education Volume III (New York: United Nations);
• UNESCO. 1961. World Survey of Education Volume IV (New York: United Nations);
* M;tchell, B.R 1980. European Historical Statistics. 1750-1970. Second Edition (New York: Facts on
File);
* Mitchell, B.R. 1982. International Historical Statistics. Africa and Asia. Second Edition (New York:
New York University Press);
* Mitchell, B.R 1983. International Historical Statistics. The Americas and Australasia. (Detroit: Gale
Research Cmpany);

In the paper by Lau, Jamison and Louat (1991), the enrollment series reached zero in a number of cases.
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and a variety of national sources. 12 In cases where the iiational sources and UNESCO series did not match
(urtally for definitional reasons), the two were spliced by applying the annual growth rate implicit in thc national
series. Again, due account was taken of changes to national boundaries.

28. The greater use of "statistically manufactured" gross enrollmnent data in creating the tertiary education
stock seriec gives these data .ower information content and makes them less reliable in regression estimates.
Although the data appear to behave in line with a pr. rI reasoning, as subsequent sections of this paper will show,
they should be used with some caution.

29. Data on repeater rates by grade were available in five-yearly intervals between 1960 and 1985 for most
countries and were restricted to primary and secondary education. Using these data as benchmarks, annual data
series were constructed by simple interpolation for the years between 1965 ai.d 1985. It was assumed that for the
years before 1965, the repeater rate remained at the 1965 rate, and for the years &fler 1985 at the 1985 rate.
Finally, owing to the dearth of data on enrollments by grade, it was necessary to construct a weighted average
repeater rate (the weights being the enrollments by grade in the few years when such data were available). It
should be noted that education stock estimates are particularly sensitive to repeater rate levels - if repeater rates
wcre to have doubled throughout the period from 1902 to 1985, the education stock estimate would have halved,
giving an elasticity of -0.5. Obtaining a longer and more accurate series of observations on repeater rates is,
therefore, of some importance in future research work on human capital stock estimation.13

30. Data on the other two variables used in the construction of the net enrollment series - age-specific
mortality rates and drop-out rates - were even more difficult to acquire. Data on age-specific mortality fates are
sparse, so series were developed for a representative country in each region and then applied to all the countries of
that region. 14 When compared to errors in the repeater rate estimates, errors in the mortality rate estimates are of
less consequence to the final education stock estimates - a doubling of the mortality rate, for instance, tends to
reduce the education stock by between 2 and 3 percent, an elasticity of -0.02 to -0.03. In the absence of data on
drop-out levels, drop-out rates were calculated using available information on gross enrollments, mortality rates,
and repeater rates.

31. Apart from shortcomings in the methodology and the dearth of data on enrollments, mortality rates,
repeater rates, and drop-obt rates (discussed above), the data are subject to three important, but well known,
weaknesses that need to be kept in mind. First, the data do not measure the quality of education, and this makes
inter temporl as well as cross-country comparisons difficult to interpret. Unfortunately, no good indicator of the
quality of education is available easily for developing countries. Oino popular measure ofRen used for this purpose,
the teacher-student ratio, does not appear to be strongly related to the value added of the schooling system (see
Barro, 1991; Behrman and Rosenzweig, 1992). 1 Second, enrollment data suffer from the same problem as other
developing country data - their reporting tends to get more accurate with development, making inter temporal

12 Details can be provided upon request.

13 It should be noted that the paper by Jamison, Lau, and Louat (1991) did not use repeater rate rate data to derive
net enrollment levels from the gross enrollment series. Given the large differences in repeater rates across
countries this obviously leads to some differences between their data series and ours.

14 The representative countries are the same as the ones used by Lau, Louat, and Bhalla (1991) - Egypt for the
Middle East and North Africa, the Philippines for East Asia, Sri Lanka for South Asia, and Brazil for most Latin
American economies. The data source for mortality rates was various issues of the United Nations Demographic
Yearbook between 1945 and 1987.

Is We would like to explore further the use of drop-out rates as a proxy for education quality.
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comparisons subject to error. In the case of the education stock series, with its database on enrollments stretchlr.g
back to 1902, this problem could be potentially serious. And third, years of schooling as a proxy for education is
subject to orror in cross-country analysis because the number of days and hours of schooling per year can vary
substantially across countries. Although the ISCED system developed by UNESCO attempts to take into account
such differences in its data compilation, some differences in national definitions inevitably remain.

32. This study is not alone in having to deal with data and methodological problems, however. Other studies
using alternativa databases and methodological approaches to estimating education stock also confront major,
perhaps prohibitive, shortcomings. For example, studies that estimate education stock on the basis of UNESCO
data on the distribution of the population 25 years of age and older by levels of educational attainment (see, for
example, Barro and Lee (1992); and Psacharopoulos and Arriagada (1986)) have several weaknesses. These
problems are documented in Behrman and Rosenzweig (1992), who note that such studies are based on a limited
number of national surveys and censuses conducted over a wide variance of years and using a wide variety of
definitions. These problems are catalogued in detailed notes to the data presented by UNESCO. For example, in
14 countries the age ranges differ from the standard definitions, in 5 countries the answer "not stated" is combined
with "no schooling", and in 9 countries illiteracy i6 interpreted to be "no schooling". A wumber of smaller
definitional differences also render comparisons difficult. Moreover, this data set suffers from the standard
problems of ignoring quality differences across countries, variations in length of school days and school years, and
the importance of non-schooling education. And finally, census surveys do not report the numbe of years of
schooling of individuals, merely whether they attended primary/secondary/tertiary educational institutions. The
high incidence of repeaters and dropouts apparent in enrollment data but not captured in census surveys suggests
that education stock figures based on census survey data alone would tend to be overestimated.

33. Since education stock estimates tend to be based on sparse data of uneven quality, testing the final results
would provide some indicatioi. of their quality anc eliability. In the section that follows, the database on
education stock presented in this paper is analyzed :riefly and compared to measures of education stock prepared
by other researchers.

A Brief Description of the Results

34. The education stock series presented in this paper are available for 85 countries for the years 1960-87.
TkJe average education stock measures the mean school years of education of the working age population (defined
as the population between the ages 1S and 64), and is the sum of primary, secondary, and post-secondany average
education stock. All the important countries in each developing region are covered except for the republics of the
former Soviet Union. The data are particularly weak for Sub-Saharan Africa, especially in the case of post-
seconday education, but also for primary and secondary education. For the most part, data for the other
developing regions are based on longer ti ne series on enrollment rates and tend to have stronger background
documentation.

35. A comparison of the average education stock between industrial and developing countries, and between
different developing regions, provides some interesting insights l'able 1). As one would expect, the mean school
years of education in developing countries is less than half that orindustrial coumtries. But the overall growth of
average education stock in industrial countries appears to have slowed, owing largely to the fact that the primary
education stock has declined marginally. The most rapidly expanding component of the education capital stock in
industrial countries has been in post-secondary educat on. But, despite such growth, the mean school years of
education in post-secondary educational institutions stands at less than I.0. Similarly, the mean school years of
education in secondary schools is below 3.0 (compared to a potential maximum of 6.0), indicating significant room
for further expansion.
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36. In the developing regions, the bulk of the average education stock derives from primary school education;
the mean school years of education in secondary and tertiary schools, when taken together, are less than 1.0. At

Table 1: Level and growth of average education stock In Industrial and developing countries
(school years of education per person between the ages of 15 and 64)

{ -: ~ .: . . : . Stock in 1987 Growth 1960-.81(% per year) [al
"::;______ Primary 'Secondary Tertiary Total Primary SecondarY TeTtiary Total
Industrial:..". - -6.53 .. 2.60 0.88 .10.0 *0.5 2.2 4.9 0.3

.Developing 3.70' 0.72' 0.06 4.48 3.2 6.0 5.3 4.0
East Asia' 4.38 0.72 . 0.03 5.13 3.9 9.2 3.4 4.2
South Asia 2.39 .0.88 0.12 3.39 2.9 4.3 6.4 3.3
Latin America '4.65 ' 0.S6 ' 0.31 S.S2 1.5 5.3 6.7 2.0
'Sub-aliaran 2.33 0.19 0.02 2.54 3.9 9.7 12.6 4.2

' 'De@. Euope :4.39. ' .0.88', 0.23 5.50 1.6 4.0 6.0 2.0
-' MENA'.'=':';''i-.' 3j.24.", ''''51.,13;-' ,,0.41 4.79' 2.2 1.9 - 6.3 2.3

Wo02d'd: 9 .38'. 1.17. 0.29 585 1.0 2.9 4.4 1;4
(a] .OLS growti rates.- ... -..

the same time, the most rapidly expanding components of the average education stock are the tertiary and
secondary components. Developing Europe, Latin America, _nd East Asia have the highest average education
stock among the developing regions, Sub-Saharan Africa and South Asia the lowest. In general, the regions where

the average education stock is high, such
as Latin America and Developing
Europe, the growth of the stock has been

Table 2: Correlation coefficients of average education stock using low; and in regions where the average
alternative estimation procedures stock is low, sucth as in Sub-Saharan
;___;________:___:__________..____:_ Africa, growth has been rapid. Asia,

.' '';R: EC ; : - : PA . . . .B-L K however, presents an exception. In
JEC . 1.0 .. . South Asia, growth in the average
PA : 0. 0.84 1.0 ' '' ' * ' education stock has been relatively low
'-L : :- .0.81 .... 0.92. 1.0 .. despite its level also being low, in East
K 0.89 ... 86. 0.89 1.0 Asia, both the level and the growth rate

'Source: IEC International Economics Department, The World are high.

' K .Psacharapoulos and Arriagada (1991)
f5 ' A"'BL: Barro'nd Liee(1993) : -................. .. . 37. The EEC data were compared to

WK:i Kyriacou (1991) other daabases on education stbcks that
have been prepared using different
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techniques. The correlation coefficients between IEC data and the databases of Psacharapoulos and Arriagada
(1991), Barro and Lee (1992), and Kyriacou (1992) all exceed 0.8 (Table 2). 16 The correlation coefficient
between the data prepared by Barro and Lee and that prepared by Psacharopoulos and Arriagada have a correlation
coefficient of 0.92, reflecting the use of similar data (census surveys) and methodologies. Both the EEC and the
Barro-Lee data are correlated to a similar degree with the Kyriacou database; this is significant, since the three use
altogether different techniques for estimating education stocl..

38. It was noted earlier that the education stock data presented in this paper were based on an annual
enrollment series that went as far back as 1930 and in several cases to 1902. The series that stopped in 1930 had
to be extrapolated backward to 1902, and this could have introduced a measurement bias. Prima facie, the
countries with incomplete series tended to be low and middle income countries and the countries with complete
series tended to be high income. The measurement bias, if any, could therefore be expected to be correlated with
per capita GNP.

39. The IEC data were, therefore, compared to the data series generated by Psacharopoulos and Arriagada,
and the difference was regressed against per capita GNP as well as against time; this was done for the entire
sample of countries and for the low and middle income group only. In no case did the coefficient of the GNP per
capita variable exceed 0.0003, indicating virtually no association between the differences between the alternative
data sets and per capita income (Table 3). A similar exercise was conducted by comparing the TEC and the Barro-
Lee data set, and the findings were identical.

Table 3: Regressions estimates relating differences between average education stock data from
alternative sources and per capita income

D -ldependentarInbe variable Constant GNP per capita Time Adj. R7 Prob>F
IDependent variable

Difference between IEC data

Barro-Lee data
All countries 0.327** .0.0001*0 0.033 0.000
All countuies' -11.516 .0.0001*- 0.0060 0.036: - 0.002
Only LMICs 0.051 0.0002** 0.019 0.Q17
Only LMICs 30.230 0.0003+* -0.1530 0.022' 0.024

Psacharopoulos data
All countries: -0.083 -0.0(101** 0.047 0.055
All countries 113.371 *0.0 01 -0.0574 0.073 0.007.
Only .MICs .0.411 0.0102 0.004 0.038
Oni; LMICs' 109.635 0.0',03* *0.0557 0.038 0.085

* Significant at the 95 percent confidence level.
* Significant at the 90 percent confidence level.
Source: Psacharopoulos and Arriagada (1986); Psacwaropoulos and Arriagada (1992); Barro and Lee
(1992); authors' estimates.

16 The cofrelation between the Kyriaou and Psacharopoulos databases could not be calculated because of an
insufficient number of overlapping years.
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40. Simple tests were also conducted on the IEC education stock data to check if thtere was any association
with a wide range of social, especially health, indicators. The results appear encouraging. The correlation
coefficient between average education stock and a variety of social indicators of development, including such
indicators as the fertility rate, birth rate, adult literacy rate, and infant mortality rate seem to have the right signs
and orders of magnitude that one would expect (see Table 4 and Appendix Table 1). 17 For example, the overall
correlations across countries are high - all above 0.8 - but there is considerable differentiation once countries are
divided into different income groups. 18 For low income countries, the correlation coefficients are often not as
high as in the case of middle income countries, suggesting one of three possibilities: education standards are not as
high in low income countries; other factors associated with low income levels tend to prevent education from
raising social indicators; or the data on average education stock (as well as the social indicators with which they
are being compared) are inferior in quality in low income countries. In the case of high income countries, the
correlation coefficients are small and, in some cases, of the wrong sign. This is not altogether surprising; a clear
and strong relationship between education and health would not be expected to prevail in economies at the higher
end of the per capita income spectrum.

Table 4: Correlation coefricients of average education stock and selected social indicators of
development

Fertility rate Birth rate Adult Uteracy Infant mortality
rate rate

Low. income . .-0.4 0.61 -0.68
MiddlYe '.income': :-.0.63' :-0.65 0.81 -0.65
Highu.com ::-0.07 -. -- 0.15 0.17 -0.16

Alli::'' ' '.' -" .' .......... ' 0.80 : ' ..... . .. -0.82 0.84 -0.82

.:Source:' EC'and BESD.'. -:

Table 5: Correlation coefficients of fertility rates and average education stock by level of
education
Iounr. Primary: Secondary Tertiary Total
group
Low income 0.:' 431 '-0.73 -0.33 *0.48
' Middleincio'm'e .-0.63: -034 -0.33 -0.63

' High"' inc'o'me''' ' ' '" 0.10 " '' '' '-0.28 0.06 -0.07

: All ':-: : . : :: .:: .- 0.2 -O.40.72 .0.65 -0.80 .

Source: TEC and BESD

17 The correlation coefficients were calculated using cross section data for one particular year. For education
stock, this year was 1987; for the other social indicators, the latest available data was used from the World Bank's
BESD database.
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Fipre 1: Partial scater of Figure 2: Partial scatter of
total education stock and adult total education stock and
literacy rate after correcting fertility rates after correcting

for per capita GNP for per capita GNP

40- 4

tlota edclnstc

*e -50 5

.50 -

total education stock education stock

41. When average education stock is broken down into primary, secondary, and tertiary (i.e. post-secondary),
the correlation coefficients reinforce these initial impressions. For example, the association between average
education stock and fertility rates appears to be relatively strong at the secondary level stage for low income
countries; but in the case of middle income countries, the association appears strongest at the primary education
stage (see Table 5). This tends to support the view that owing to the poor quality of education in low income
countries, an additional number of years of education are required to make a significant dent in fertility rates.
Among high income countries, as noted earlier, the relationship between average education stock and fertility rates
appears weak.

42. Since both average education stock and other social indicators would be expected to be associated strongly
with income levels (at least among low and middle income economies), the relatively high correlation coeficients
described above should come as little surprise. To eliminate the effect of per capita income, both average education
stock as well as adult literacy rates and fertility rates were regressed against per capita income. 19 The orthogonal
components from these regressions were then plotted against each other (see Figures 1 and 2). The data shows that
the relationship between average education stock and the adult literacy rate, and between average education stock
and fertility rates, is extremely strong even after correcting for the influence of per capita income. Similar results
were achieved when other social indicators were used.

Is The income groups used here - low, middle, and high - use standard Bank definitions as they appear in World
bank (1992b) and World Bank (1992a).

19 The per capita income measure used was the latest per capita GNP calculated according to the World Bank's
Atlas method.
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43. In assessing the comparisons described above, it is important to recognize that the meaures of social
development that were used to test the average education stock estimates are themselves subject to considerable
error. For example, the infant mortality rate estimates are generally of poor quality (especially for low income
countries): they are often based on observations from old censuses; the sample used in the surveys are often not
representative of the entire population; and so-called Indirect estimation techniques often make assumptions about
past trends that may not be accurate. 20 Given concerns about the accuracy of the education stock data as well as
the social indicators data, the relatively strong association between them found in this paper provides some source
of comfort. Of course, any ull fledged analysis of the interrelationships between education and other social
indicators of development would require more detailed econometric work which is outside the scope of this paper.

Conclusion

44. This paper presents a description of the data and methodology used in deriving annual education stocks
for 85 industrial and developing econonies over the period 1965-87. The data compare favorably with other data
series measuring the same variable prepared by other authors using different methods and data sources. The paper
also finds a striking association between average education stock and other indicators of social development,
especially once the effects of per capita income are corrected for. The weak points of the data lie in the estimates
of repeater and drop-out rates, as well as mortality rates, which can be improved considerably if more original data
were available. Nevertheless, the inclusion of such variables in estimating net enrollment levels was itself an
advance over previous efforts at calculating education stocks. In addition, the estimates of education stock are
particularly uncertain for ten countries for which the enrollment series begin after the Second World War. Here,
again, the availability of additional data would significandy improve these estimates.

45. The education stock data presented in this paper were prepared as part of a larger research effort to
estimate total factor productivity growth for a wide range of countries. It was intended that they (the education
stock data) would be used as proxies for human capital stock. The high correlation between average education
stock and other indicators of human capital - especially a variety of health indicators - suggest that the use of
such a proxy would be a reasonable step. A similar effort has been launched to estimate stocks of physical capital
in industrial and developing countries. The results of this effort will be described in a forthcoming paper.

20 See Bos, E., M. Vu, and P. Stephens (1992).



Appendix Table 1: Coriglation Coefficients Between Avera2e Education Stock Estimats and Social Develonment Indicators

Fertility Birth Death rate Low birth Health Daily calone Urban Adult Scientists and Infantrate rate 1988 weight expend. as supply population literacy technician per mrtality ra1988 1988 babies percent of % of ('%, 1988) rate O ofpopulation per '0%, 1988 GDP requirements (%, 1985) live birthAll countries
Primary -0.72 -0.73 -0.59 -0.56 0.59 0.60 0.68 0.83 0.50 -0.77Secondary -0.72 -0.77 -0.30 -0.53 0.74 0.71 0.61 0.64 0.73 -0.69Post-secondary -0.65 -0.67 -0.42 -0.50 0.59 0.63 0.68 0.66 0.55 -0.65Total -0.80 -0.82 -0.54 -0.61 0.71 0.71 0.73 0.84 0.66 -0.82

Low income
countries
Primary -0.31 -0.35 -0.56 -0.19 0.33 0.24 0.22 0.65 0.16 -0.59Secondary 40.73 -0.75 -0.68 0.19 -4.15 0.49 0.16 0.19 0.35 4.60Post-secondary -0.33 -0.34 -0.43 -0.12 0.00 0.68 0.40 -0.06 0.86 -0.28Total -0.48 -0.51 -0.68 -0.12 0.25 0.37 0.26 0.61 0.33 -0.68
Middle income
countries
Prinmary -0..:i -. -0.50 -0.10 0.33 0.11 0.46 0.79 0.47 -0.61Secondary 40.34 -0.43 .0.30 40.40 0.24 0.48 0.24 0.41 0.52 -. 49Post-secondary -0.33 -0.35 -0.31 0.03 0.15 0.03 0.49 0.61 0.41 -0.34Total -0.63 -0.65 -0.51 -0.17 0.34 0.21 0.48 0.81 0.59 -0.65
High income
countries
Prnmary 0.10 0.07 0.13 -0.13 0.19 0.49 -0.27 0.01 -0.03 0.00Secondary -0.28 40.42 0.33 0.09 0.23 0.08 -0.28 0.31 0.32 -0.36Post-seaonday 0.06 0.12 -0.15 0.34 -0.03 0.30 -0.15 0.06 -0.08 0.16Total -0.07 415 0.23 0.01 0.24 0.40 -0.34 0.17 0.13 -0.16Source: IEC; BESD



ApRendix Table 2: Distribution of Countries by Their Rankings

Ranking No. of Countries Number of years for which
enrollment data extrapolated

I S0 None
2 26 28 (1902-1929)
3 6 48 (1902-1949)
4 4 58 (1902-1960)

The following is the list of countries by region for which the educational stock series has been constructed.
The numbers indicate the ranking of the countries.

AFRICA RANK LATIN AMERICA RANK

Angola 2 Argentina I
Cameroon 2 Bolivia I
Cote d'lvoire 1 Brazil 1
Ethiopia 3 Chile 1
Ghana I Colombia I
Kenya 2 Costa Rica 1
Liberia 4 Ecuador 1
Madagascar 3 El Salvador 1
Malawi 2 Guatemala 1
Mali 4 Honduras 1
Mauritius 1 Haiti 1
Mozainbique 2 Jamaica 2
Nigeria I Mexico I
Rwanda 4 Panama 2
Senegal 4 Peru 1
Sierra Leone 2 Paraguay I
Sudan 2 Uruguay 1
Tanzania 2 Venezuela 1
Uganda 3
Zaire 2
Zambia 2
Zimbabwe I

EAST ASIA
SOUTH ASIA

China
Hong Kong 3 Bangladesh 1
Indonesia 1 India 1
Japan 1 Myanmar 1
Korea, Republic of 2 Pakistan 1
Malaysia I Sri Lanka I
Philippines I
Singapore 1
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Taiwan 1
Thailand 2

EUROPE, MIDDLE RANK HIGH INCOME RANK
EAST, NORTH AFRICA COUNTRIES

Algeria 1 Australia I
Egypt 1 Austria 2
Groeoe 1 Belgium 1
Iran 2 Canada 1
Iraq 2 Cyprus I
Israel 2 Denmark I
Jordan 3 Finland 1
morow" 2 France I
Portugal 1 Germany I
Spain 2 Ireland 2
Syrian, Afab Republic 2 Italy 1
Tunisia 1 Netherlands I

New Zealand 1
Norway I
Sweden 2
Switzerland 2
United Kingdom 2
United States I
Turkey 2
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Appendix Table 3: Reference Period Used for Estimation of Growth Rates of
Enrollments

COUNTRY PRIMARY SECONDARY

Angola 1929-1950 1930-1950
Austria 1917-1950 1918-1950
Cameroon 1910-1950 1910-1950
China 1930-1950 1949-1960
Ethiopia 1930-1950 1948-1970
Hong Kong 1930-1950 1950-1960
Iran 1920-1950 1920-1950
Iraq 1927-1950 1927-1950
Ireland 1924-1950 1924-1950
Israel 1920-1950 1920-1950
Ivory coast 1936-1950 Not needed
Jamaica 1932-1950 1950-1960
Jordan 1930-1950 1952-1970
Kenya 1926-1950 1926-1950
Korea 1910-1950 1912-1950
Liberia 1950-1970 1950-1970
Madagascar 1930-1950 1945-1950
Malawi Not needed 19451960
Mali 1948-1970 1948-1970
Morocco 1913-1950 1914-1950
Mozambique 1926-1950 1920-1950
Panama 1930-1950 1934-1950
Rwanda 1950-1970 1950-1970
Senegal 1948-1970 1950-1970
Sierra Leone 1936-1950 Not necded
Spain 1920-1950 1920-1950
Sudan 1930-1950 1930-1950
Sweden 1920-1950 1920-1950
Switzerland 1920-1950 1920-1950
Syria 1927-1950 1927-1950
Tanzania 1921-1950 1920-1950
Thailand 1913-1950 1913-1950
Turkey 1923-1950 1923-1950
Uganda 1950-1970 1930-1950
United Kingdom 1920-1950 1930-1950
Zaire 1930-1950 1930-1950
Zambia 1927-1950 1926-1950
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