OECD Economics Department Working Papers No. 262

Human Capital in Growth
Regressions: How much Angel de la Fuente,
Difference Does Data Rafael Donénech
Quality Make?

https://dx.doi.org/10.1787/750033432084

&) OECD


https://dx.doi.org/10.1787/750033432084

o
m
0
o

OCDE

PARIS

paljssepun

Ge(0002)d X/M/OD3

Ajuo @1 ysi1|bug

Unclassified ECO/WKP(2000)35

Organisation de Coopération et de Dével oppement Economiques OLIS : 12-Oct-2000
Organisation for Economic Co-operation and Devel opment Dist. : 20-Oct-2000

English text only
ECONOMICSDEPARTMENT

HUMAN CAPITAL IN GROWTH REGRESSIONS: HOW MUCH DIFFERENCE
DOESDATA QUALITY MAKE?

ECONOMICSDEPARTMENT WORKING PAPERS NO. 262

by
Angel dela Fuente and Rafael Donénech

Most Economics Department Working Papers beginning with No. 144 are now available
through OECD’s Internet Web site at http://ww.oecd.org/eco/eco.

96614

Document complet disponible sur OL 1S dans son format d’origine
Complete document availableon OLISin itsoriginal format



ECO/WK P(2000)35

ABSTRACT/RESUME

We construct a revised version of the Barro and Lee (1996) data set for a sample of OECD
countries using previously unexploited sources and following a heuristic approach to obtain plausible time
profiles for attainment levels by removing sharp breaks in the data that seem to reflect changes in
classification criteria. It is then shown that these revised data perform much better than the Barro and Lee
(1996) or Nehru et al. (1995) seriesin a number of growth specifications. We interpret these results as an
indication that poor data quality may be behind counterintuitive findings in the recent literature on the
(lack of) relationship between educational investment and growth. Using our preferred empirical
specification, we also show that the contribution of TFP to cross-country productivity differentials is
substantial and that its importance relative to differences in factor stocksincreases over time.

JEL Classification: O40, 120, O30

Keywords. human capital, growth

* k * * %

Nous avons révisé I’ ensemble des données de Barro et Lee (1996) pour un échantillon de pays de
I’OCDE, en utilisant des sources auparavant inexploitées, en suivant une approche heuristique afin
d’ obtenir des profils temporels plausibles en ce qui concerne les niveaux d éducation en supprimant les
ruptures importantes dans les séries qui semblent refléter des changements dans les critéres de
classification. On démontre ensuite que la performance des données révisées est meilleure que celle
obtenue en utilisant les séries de Barro et Lee (1996) et de Nehru et al. (1995) dans plusieurs spécifications
de croissance. Nous interprétons ces résultats comme une indication du fait que la mauvaise qualité des
données pourrait étre a I’ origine des résultats contraires a I’intuition dans la littérature récente sur le lien
non-significatif entre I'investissement éducatif et la croissance. En utilisant notre spécification empirique
préférée, nous démontrons également que la contribution de la productivité multifactorielle aux différences
internationales en matiére de productivité est considérable et que son importance relative par rapport aux
différences en termes de stocks de facteurs augmente avec le temps.
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HUMAN CAPITAL IN GROWTH REGRESSIONS:
HOW MUCH DIFFERENCE DOESDATA QUALITY MAKE?

by

Angel dela Fuente and Rafael Donénech’

1. Introduction

1 Recent empirical investigations of the contribution of human capital accumulation to economic
growth have often produced discouraging results. Educational variables frequently turn out to be
insignificant or to have the “wrong” sign in growth regressions, particularly when these are estimated using
first-differenced or panel specifications. The accumulation of such negative results in the recent literature
has fuelled a growing scepticism on the role of schooling in the growth process, and has even led some
researchers (notably Pritchett, 1995) to seriousy consider possible reasons why the contribution of
educational investment to productivity growth may actually be negative.

2. In this paper we argue that counterintuitive results on human capital and growth may be due, at
least in part, to deficiencies in the data or inadequacies of the econometric specification. When we compare
the different studies in the recent empirical literature on human capital and growth, perhaps the clearest
regularity we find is that results are typically much better when we focus on cross-section or pooled data
estimates, and get considerably worse when we consider the results of first-differenced, fixed effects or
within specifications -- which rely more heavily on the time-series variation of the data’® To put it in a
dightly different way, the data seem to be telling us that, controlling for other things, more educated
countries do tend to be more productive than others, but that it is not true that productivity rises over time
with human capital in the manner suggested by the cross-section profile.

3. This pattern of results, which is not unusual in panel data estimation,” may reflect a number of
(not mutualy exclusive) problems that have nothing to do with the ineffectiveness of educational
investment. One possibility is measurement error. If human capital stocks have been measured with error

1 Angel de laFuente is from the Instituto de Andlisis Econdmico (CSIC) and the CEPR, Rafael Doménech is
from the Universidad de Vaencia. This paper is part of a research project co-financed by the European
Fund for Regional Development and Fundacién Caixa Galicia. The authors gratefully acknowledge
additional support from the Spanish Ministry of Education through CICYT grants SEC99-1189 and
SEC99-0820 and the European TNR “Specialisation vs. diversification: the microeconomics of regiona
development and the propagation of macroeconomic shocks in Europe’. We thank José Emilio Bosca,
Anna Borkowsky (Swiss Federal Statistical Office) and Gunilla Dahlen (Statistics Sweden) for their
helpful comments and suggestions, and Maria Jesls Freire and Juan Antonio Duro for their helpful
research assi stance.

2. See among others Mankiw, Romer and Weil (1992), Knight, Loayza and Villanueva (1993), Benhabib and
Spiegel (1994), Barro and Lee (1994), Islam (1995), Caselli et al. (1996) and Hamilton and Monteagudo
(1998). De la Fuente (2000) surveysthis literature.

3. See for example Griliches and Hausman (1986).
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(and, as we will argue below, we have every reason to believe this is the case), their first differences will
be even less accurate than their levels, a fact that could explain their lack of significance in some of the
relevant studies. A second possibility has to do with the trends of the human capital variables and the
growth rate of output. Since productivity growth has declined over time while both enrolment rates and
schooling levels rose sharply in the last decades (especially in developing countries), a negative sign on the
human capital variable is not really surprising when we eliminate the cross-section variation of the data,
but it may simply reflect the omission of some other factors that may account for the growth slowdown.

4, We provide some evidence that data deficiencies are at least partialy responsible for the poor
empirical performance of human capital indicators in growth equations. On the other hand, correcting in a
simple way for a potential “trends problem” does not significantly affect the results in the OECD sample
we consider when a production function specification is used, although we suspect this may change in a
broader sample or with a convergence equation specification.

5. The paper is organised as follows. In Section 2 we briefly review the available data on
educational attainment levels and document some of the problems they display. In Section 3 we describe
the construction of new schooling series for a sample of 21 OECD countries. These series are essentially a
revised version of (a subset of) Barro and Lee's (1996) data set that incorporates a greater amount of
national information than the original series and tries to avoid implausible breaks in the data by correcting
for what appear to be changes in classification criteria. We focus on the OECD in part for reasons of data
availability and in part because this is the sample for which Mankiw, Romer and Weil (MRW 1992) find
weakest support for their human capital-augmented Solow model.* In Section 4 we show that our revised
data perform much better than Barro and Lee’s (1996) or Nehru et al.’s (1995) series in a number of fairly
standard growth accounting specifications. Our best results are obtained with a specification in first
differences that allows for a technological catch-up effect following de la Fuente (1996). We use this
model to explore the relative importance of total factor productivity (TFP) and factor stocks as sources of
cross-country productivity differences and find that the contribution of the first factor is substantial and
increasing over time. Section 5 concludes.

2. International data on educational attainment: a brief survey and some worrisome features

6. The basic source of schooling datais a diverse set of indicators provided by national agencies on
the basis of population censuses and educational and labour force surveys. Various internationa
organisations collect this information and compile comparative statistics that provide easily accessible and
(supposedly) homogeneous information for a large number of countries. Perhaps the most comprehensive
regular source of international educational statistics is UNESCO's Statistical Yearbook. This publication
provides reasonably complete yearly time series on school enrolment rates by level of education for most
countries in the world and contains some data on the educational attainment of the adult population,
government expenditures on education, teacher/pupil ratios and other variables of interest. Other UNESCO
publications contain additional information on educational stocks and flows and some convenient
compilations. Other useful sources include the UN’'s Demographic Yearbook, which also reports
educational attainment levels by age group and the IMF' s Government Finance Satistics, which provides
data on public expenditures on education. Finaly, the OECD aso compiles educational statistics both for
its member states (e.g. OECD (1995)) and occasionally for larger groups of countries.

7. The UNESCO enrolment series have been used in alarge number of empirical studies of the link
between education and productivity. In many cases this choice reflects the easy availability and broad
coverage of these data rather than their theoretical suitability for the purpose of the study. Enrolment rates

4, MRW's schooling variable is not significant at the usual 5per cent level in this sub-sample, but does
become significant in broader samples.
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can probably be considered an acceptable, athough imperfect, proxy for the flow of educational
investment. On the other hand, these variables are not necessarily a good indicator of the existing stock of
human capital since average educational attainment (which is often the more interesting variable from a
theoretical point of view) responds to investment flows only gradually and with avery considerable lag.

8. In an attempt to remedy these shortcomings, a number of researchers have constructed data sets
that attempt to measure directly the educational stock embodied in the population or labour force of large
samples of countries. One of the earliest attempts in this direction is due to Psacharopoulos and Arriagada
(PA, 1986) who, drawing on earlier work by Kaneko (1986), report data on the educational composition of
the labour force in 99 countries and provide estimates of the average years of schooling. In most cases,
however, PA provide only one observation per country.

9. More recently, there have been various attempts to construct more complete data sets on
educational attainment that provide broader temporal coverage and can therefore be used in growth
accounting and other empirical exercises. This requires panel data for as many countries and years as
possible.

2.1. Educational data bases: coverage and construction

10. The existing data sets on educational attainment have been constructed by combining the
available data on attainment levels with the UNESCO enrolment figures to obtain series of average years
of schooling and the educational composition of the population or labour force. Enrolment data are
transformed into attainment figures through a perpetual inventory method or some short-cut procedure that
attempts to approximate it. We are aware of the following studies:

— Kyriacou (1991) provides estimates of the average years of schooling of the labour force (h)
for asample of 111 countries. His data cover the period 1965-1985 at five-year intervas. He
uses UNESCO data and PA's attainment figures to estimate an equation linking h to lagged
enrolment rates. This equation is then used to construct an estimate of h for other years and
countries.

— Lau, Jamison and Louat (1991) and Lau, Bhalla and Louat (1991). These studies use a
perpetua inventory method and annual data on enrolment rates to construct estimates of
attainment levels for the working-age population. Their perpetua inventory method uses age-
specific survival rates constructed for representative countries in each region but does not
seem to correct enrolment rates for dropouts or repeaters. “Early” school enrolment rates are
estimates constructed through backward extrapolation of post-1960 figures. They do not use
or benchmark against available census figures.

— Barro and Lee (B&L 1993) construct education indicators combining census data and
enrolment rates. To edimate attainment levels in years for which census data are not
available, they use a combination of interpolation between available census observations
(where possible) and a perpetual inventory method that can be used to estimate changes from
nearby (either forward or backward) benchmark observations. Their version of the perpetual
inventory method makes use of data on gross enrolments’ and the age composition of the

5. The gross enrolment rate is defined as the ratio between the total number of students enrolled in a given
educational level and the size of the population which, according to its age, “should” be enrolled in the
course. The net enrolment rate is defined in an analogous manner but counting only those students who
belong to the relevant age group. Hence, older students (typically repeaters) are excluded in this second
case.
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population (to estimate survival rates). The data set contains observations for 129 countries
and covers the period 1960-85 at five-year intervals. Besides the average years of education
of the population over 25, Barro and Lee report information on the fraction of the (male and
female) population that has reached and completed each educational level. In a more recent
paper (B&L, 1996), the same authors present an update of their previous work. The revised
database, which is constructed following the same procedure as the previous one (except for
the use of net rather than gross enrolment rates), extends the attainment series up to 1990,
provides data for the population over 15 years of age and incorporates some new information
on quality indicators such as the pupil/teacher ratio, public educational expenditures per
student and the length of the school year.

— Nehru, Swanson and Dubey (NSD 1995) follow roughly the same procedure as Lau,
Jamison and Louat (1991) but introduce several improvements. The first one is that Nehru
et al. collect a fair amount of enrolment data prior to 1960 and do not therefore need to rely
as much on the backward extrapolation of enrolment rates. Secondly, they make some
adjustment for grade repetition and dropouts using the limited information available on these
variables.

11. We can divide these studies into two groups according to whether they make use of both census
attainment data and enrolment series or only the latter. The first set of papers (Kyriacou and Barro and
Lee) relies on census figures where available and then uses enrolment data to fill in the missing values.
Kyriacou'sis the least sophisticated of the two studies. This author uses a simple regression of educational
stocks on lagged flows to estimate the unavailable levels of schooling. This procedure is valid only when
the relationship between these two variablesis stable over time and across countries, which seems unlikely
athough it may not be a bad rough approximation, particularly within groups of countries with similar
population age structures. In principle, Barro and Lee's procedure should be superior to Kyriacou's
because it makes use of more information and does not rely on such strong implicit assumptions. In
addition, these authors also choose their method for filling in missing observations on the basis of an
accuracy test based on a sample of 30 countries for which relatively complete census data are available.

12. The second group of papers (Louat et al. and Nehru et al.) uses only enrolment data to construct
time series of educationa attainment. The version of the perpetual inventory method used in these studies
is a bit more sophisticated than the one in Barro and Lee, particularly in the case of Nehru et al. Both
Nehru et al. and Louat et al. use estimates of age-specific survival probabilities constructed for a
representative country in each region. This procedure should be more accurate than Barro and Lee’s rough
estimate of survival probabilities (which is not realy age-specific and therefore can bias the results if
attainment levels differ significantly across age groups, as seems likely). Unlike Barro and Lee (1993),
Nehru et al. also make a potentially important correction for repeaters and dropouts using (limited)
country-specific information on these variables.” On the other hand, these studies completely ignore census
data on attainment levels. To judtify this decision, Nehru et al. observe that census publications typically
do not report the actual years of schooling of individuas (only whether or not they have completed a
certain level of education and/or whether they have started it) and often provide information only for the
population aged 25 and over. As a result, there will be some arbitrariness in estimates of average years of
schooling based on this data and the omission of the younger segments of the population may bias the
results, particularly in LDCs, where this age group is typically very large and much more educated than
older cohorts. While this is certainly true and may call for some adjustment of the census figures on the
basis of other sources, in our opinion it hardly justifies discarding the only direct information available on
the variables of interest.

6. Barro and Lee's (1996) estimates, however, partially account for these factors by using estimates of net
enrolment rates. The paper, however, gives no details on how net enrolment rates are estimated.
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2.2. A closer ook at the OECD data

13. Methodological differences across different studies would be of relatively little concern if they all
gave us a consistent and reasonable picture of educationa attainment levels across countries and their
evolution over time. As we will see presently, thisis not the case. Different sources show very significant
variations in terms of the relative positions of different countries. Although the various studies generally
coincide when comparisons are made across broad regions (e.g.the OECD vs. LDCs in various
geographica areas), the discrepancies are very important when we focus on the group of industrialised
countries. Another cause for concern is that practically al available data on educationa stocks and flows,
including UNESCO's enrolment series, present anomalies which, to some extent, raise doubts about their
accuracy and consistency. In particular, the schooling levels reported for some countries do not seem very
plausible, while others display extremely large changes in attainment levels over periods as short as five
years (particularly at the secondary and tertiary levels) or extremely suspicious trends.’

14. To illustrate these problems and to get some feeling for the overall reasonableness of the existing
data, in this section we will take a closer look at the most sophisticated data sets within each of the groups
of studies identified in the previous section -- i.e. the Barro and Lee (B&L 1996) and Nehru et al. (NSD
1995) data sets. As in the empirical section of the paper, we will concentrate on a sample of OECD
countries. One of the main reasons for this choice is that educational statistics for this set of advanced
industrial nations are presumably of decent quality. Any deficiencies we find in them are likely to be
compounded in the case of poorer countries.

15. The degree of consistency between the various sources varies a lot depending on the level of
aggregation we consider. Table 1, taken from NSD (1995), shows that the overal correation (computed
over common observations) of the different estimates is reasonably high. The correlation between the B& L
and NSD figures over the whole sample, for example, stands at a respectable 0.81. An examination of
average figures over different geographic regions and over time aso reveds a fairly consistent and
reasonable pattern. Industrialised countries and socialist economies display much higher attainment rates
than less developed countries. Within this last group, Africalies a the bottom, while Latin America does
fairly well and Southeast Asia presents the largest improvement over the period.

16. This high overal correlation, however, hides significant discrepancies between the two data sets,
both over time and across countries. Figure 1 shows B&L’s (1996) and NSD’s estimates of the average
years of total schooling of the population over 15 for OECD countries in 1985. The correlation for the
23 countries (there are no data for L uxembourg) is now 0.574, but when we exclude the four countries with
the lowest levels of schooling in the sample, the correlation drops to zero (0.063). When we disaggregate,
the correlation is fairly high at the university leved (0.767) and much lower for primary (0.362) and
secondary (0.397) attainment.

17. Figure 2 shows the evolution of the average years of total schooling (h) in the average OECD
country and their breakdown by levels (hl, h2 and h3) according to the same two sources (B&L vs. NSD).
If we focus on average years of total schooling, both data sets display an increasing trend, although it is
much more marked in the case of B&L. In terms of their levels, NSD’s figures on average attainment are
significantly higher, although the difference between the two sets of estimates diminishes over time and
becomes minor towards the end of the period. In principle, this discrepancy may be due at least in part to
the difference between the age groups considered in the two studies. While B& L focus on the population
aged 15 and over, NSD attempt to measure the educational attainment of the 15 to 64 age group. Since the
older cohorts included in the B& L sample and excluded by NSD are typically less educated than the rest of
the population, we would expect Barro and Lee's attainment estimates to be somewhat lower than those in
Nehru et. al.

7. Behrman and Rosenzweig (1994) discuss some of the shortcomings of UNESCO'’ s educational data.
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18. Significant differences between the two sources emerge when we disaggregate by educationa
leve. In terms of secondary schooling the trend is quite similar in both cases but NSD's estimates are,
unexpectedly, lower on average than B&L's. At the primary level, NSD's attainment figures are
implausibly high, exceeding the duration of this school cycle (which is around six years on average), and
display a downward trend. This “finding” that primary schooling levels have decreased over time in
industrial countries is extremely suspicious, for it implies that new entrants into the labour force have less
primary schooling than the older generations -- in spite of the rapid increase of enrolment rates over the
period.

19. For OECD countries we have some alternative sources that can be used to assess the likely
accuracy of the B&L and NSD series. In particular, the OECD has published some reasonably complete
educational statistics for most of its member countries. Although these data refer only to the last few years,
and are not therefore an alternative to the other sources for the statistical analysis of the impact of
education on growth, a comparison of the three sets of figures may perhaps give us some clues as to the
possible shortcomings of the B& L and NSD data sets.

20. Table 2 summarises the most relevant data. Notice that athough both the year and the age groups
differ somewhat across the three sources (see the notes to the table), the figures should be roughly
comparable. The breakdown by educational level is also comparable with the one used by Barro and Lee
(1996), athough the OECD provides more detail. In particular, they disaggregate secondary attainment
into two levels and, for most countries, report figures on advanced vocational programmes (ISCED5 level)

separately.

21. The differences across the various sources are quite significant. On the whole, the picture which
emerges from the OECD figures seems to be the more plausible one -- at least in the sense of conforming
better to common perceptions as to the relative educational levels of different countries. As for the other
two sources, both contain rather implausible features and it is difficult to choose between them. Starting
with the relative positions of different countries in terms of average total schooling (reported in the last
three columns of the table),” we find a number of large discrepancies. Barro and Lee's estimates for
Austria, France, Norway and Portuga are much lower than those given in the other sources, while their
figure for New Zealand is much higher. On the other hand, NSD give very low figures for Australia,
Switzerland and Germany, an extremely high estimate for Ireland (which is probably an error) and an
implausibly high number for Greece.’ The overall correlation with the OECD estimates is higher for Barro
and Lee (0.807) than for NSD (0.531) but thisis due to alarge extent to the Irish outlier.

22. In the case of Barro and Leeit is possible to make a detailed comparison by levels of schooling
with the OECD data that may give us some clues as to the likely sources of some of their more implausible
results. We observe that OECD estimates of secondary attainment are generally higher than Barro and

8. To estimate the average years of schooling on the basis of the OECD data we have used the following
durations. Primary, six years, Secondary |, nine years, Secondaryll, 12years, ISCED 5, 14years;
ISCED 6 and 7, 16 years. Since the computation assumes that everybody who started a certain level has
completed it, the resulting figures should overstate the true years of schooling but, hopefully, not so much
the relative positions of the different countries, which is what we are trying to get at. Our comparisons are
based on the standardised attainment figures shown in Table 2, which are constructed by normalising each
estimate of the average years of schooling by the unweighted average of the available contemporaneous
observationsin each data set.

9. According to NSD the average years of primary schooling in Ireland ranged between 15 in 1960 and just
over 11 in 1985. Both figures are much higher than those for any other country and of the order of twice
the duration of this level of schooling. Greece does not appear in Table 2 because the OECD reports no
data for this country. Greece is ranked by NSD ahead of Switzerland, Australia, Belgium, the Netherlands
and France.

10
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Lee's.” The difference exceeds forty points in Austria, Germany, Finland, Denmark, Norway and the UK,
and is quite important for a number of other European countries and for Japan. We think the main reason
for the difference has to do with the treatment of apprenticeships and other vocationa training
programmes, which are included in the OECD data but probably not counted by Barro and Lee.
Differences in tertiary attainment are significant as well and also seem to be related to the treatment of
(higher-level) vocational programmes. In particular, Barro and Lee seem to report I SCEDS5 studies as part
of university schooling but, even accounting for this, significant differences remain in some cases.

23. Turning from the cross-section to the time-series dimension of the data, another disturbing
feature of the human capital series is the existence of sharp breaks and implausible changes in attainment
levels over very short periods. This problem affects the B& L data set much more than the NSD series,
which are much smoother essentially by construction. Figures 3 and 4 below show the evolution of Barro
and Lee's (1996) secondary and university attainment rates for the population over 25 in a number of
countries that display extremely suspicious patterns. In all cases, the sharp break in the series signalsin all
probability a change of criterion in the elaboration of educationa statistics. Similar inconsistencies are
present in other countries aswell.

24, The preceding discussion is far from providing an exhaustive list of the suspect features of
different educational data sets. On the other hand, it is probably enough to conclude that --despite the fact
that recent contributions represent a significant advance in this area-- the available data on human capital
stocks are still of dubious quality. Remaining problems are probably due in part to the fact that the primary
statistics used in these studies are not consistent, across countries or over time, in their treatment of
vocational and technical training and other courses of study," and reflect at times the number of people
who have started a certain level of education and, at others, those who have completed it. Additional
problems may be traced to the procedure used in the construction of the data and even to computational
mistakes. Thus, NSDs neglect of census data probably accounts for their unreasonable results in terms of
the overdl level and trend of primary and secondary schooling while Barro and Lee’s approximation to a
perpetua inventory method is probably far from satisfactory. Hence, a fair amount of detailed work
remains to be done before we can say with some confidence that we have a reliable and detailed picture of
worldwide educational achievement levels or their evolution over time.

25. To some extent, doubts about the accuracy of existing data sets must raise concerns about the
validity of the findings of empirical studies based on them. Concerns about data quality, however, also
admit an optimistic interpretation of these results. Since there are no reasons to suspect that the available
data contain systematic biases that may lead us to overestimate the contribution of human capital to
productivity, the fact that the empirical results are quite favourable in some cases in spite of the dubious
quality of the data suggest that improvements in this regard should lead to clearer and more conclusive
results about education’ s contribution to economic growth. We will provide some evidencein this direction
below.

10. Original OECD figures add up to 100 per cent when we sum primary, secondary and tertiary attainment
rates. Since this implies that everybody has received some schooling, we have corrected the figures using
Barro and Lee's estimate of the fraction of the population with no schooling. The table reports the original
primary attainment figure minus the no schooling fraction from Barro and Lee (1996).

11. Steedman (1996) documents the existence of important inconsistencies in the way educational data are
collected in different countries and argues that this problem can significantly distort the measurement of
educational levels. She notes, for example, that countries differ in the extent to which they report
qualifications not issued directly (or at least recognised) by the state and that practices differ as to the
classification of courses which may be considered borderline between different ISCED levels. The
stringency of the requirements for the granting of various completion degrees also seems to vary
significantly across countries.

11
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3. Educational attainment in the OECD: A revised set of estimates for 1960-90

26. On the basis of our discussion so far we would tentatively conclude that the Barro and Lee (1996)
series are probably the best available source on human capital stocks. As we have seen, however, even
these data contain a large amount of noise that can be traced largely to inconsistencies of the underlying
primary statistics. Trying to reduce this noise, we have constructed a revised version of the Barro and Lee
data set for a sample of 21 OECD countries for the period 1960-90.”

27. We aim to provide estimates of the fraction of the population aged 25 and over that has started
(but not necessarily completed) each of the levels of education shown in the upper block of Table 3
(illiterates (LO), primary schooling (L1), lower and upper secondary schooling (L2.1 and L2.2) and two
levels of higher education (L3.1 and L3.2)). For some countries, however, the available data may refer to a
different age group or to the fraction of the population that has completed each schooling level, and it is
not always possible to detect when thisisthe case.

28. We have tried to include upper-level vocational courses (ISCED 5 studies according to the
international standard classification of educationa attainment levels, L3.1(5) in our notation) in the first
level of higher attainment. For some countries the data is detailed enough to alow us to identify this
category separately and to recover a narrower, strictly university attainment category (UNIV).” We report
LO only for the four countries where illiteracy rates are significant during the sample period (Portugal,
Greece, Spain and Italy). For the rest of the sample, the lowest reported category is L1, and it includes all
those who have not reached secondary school.

29. Our approach has been to collect al the information we could find on educational attainment in
each country, both from international publications and from national sources (census and survey results
and national statistical yearbooks), and use it to try to reconstruct a plausible pattern, reinterpreting some
of the data if necessary.” For those countries for which reasonably complete series are available, we have
relied primarily on national sources. For many of the rest, we start from the most plausible set of
attainment estimates available around 1990 (taken generally from OECD sources) and proceed backwards
using all the assembled information and trying to avoid unreasonable jumps in the series by choosing the
most plausible figure when several are available for the same year, and by reinterpreting some of the data
(as referring to broader or narrower schooling categories than the reported one) when it seems sensible to
do so. Missing observations are then filled in a variety of ways. Where possible, we interpolate between
available observations. Otherwise, we use information on educational attainment by age group in order to
make backward projections, or rely on miscellaneous information from a variety of sources in order to
construct plausible estimates of attainment levels. We have avoided the use of flow estimates based on
enrolment data because they seem to produce implausible time profiles.

30. Clearly, the construction of our series involves a fair amount of guesswork. Our “methodol ogy”
looks decidedly less scientific than the apparently more systematic estimation procedures used by other
authors starting from supposedly homogeneous data. As discussed in the previous section, however, even a
cursory examination of the data shows that there is no such homogeneity. Hence, we have found it
preferable to rely on judgement to try to piece together the available information in a coherent manner than

12. The revised series and a detailed description of the estimation procedure are contained in the Appendix.
Iceland, Luxembourg, Turkey and recent OECD members are left out because of the scarcity of
information

13. We do not report this finer data except in the case of Canada, where our figures for L3 incorporate a

tentative estimate of ISCED 5 courses that the user may want to change.

14. We would greatly welcome any additional information that may help us improve the quality of our
estimates, particularly in the case of the more problematic countries cited in Section 3.2.

12
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to take for granted the accuracy of the primary data. The results do, as we will see, look more plausible
than the existing series, at least in terms of their time profile.

3.1. An example: the case of higher education in Canada

3L To give the reader a flavour for the way our series have been constructed, we will discuss in
detail the case of higher education in Canada. Thisis a country for which there is a considerable amount of
information that displays, if taken literally, arather implausible pattern. It is aso one case in which we can
partially check the reasonableness of our corrections for part of the sample period against an apparently
homogeneous national source for an age group dightly different from our target.

32. The essence of our approach is captured by Figure 5. The thicker line in the figure describes
Barro and Lee's (1996) higher educational attainment series for the population aged 25 and over, which is
based on UNESCO and UN data. The implausible hump-shaped pattern of the series strongly suggests that
the 1975 and 1980 observations refer to a broader concept of higher attainment than the rest of the data.
Our guess is that, unlike the rest, these two atypical observations include upper-level vocational training
courses. If we homogenise the series by consistently including or excluding an estimate of this category,
we get the more plausible profile described by the two thinner lines shown in the figure. The higher of
these lines refers to higher education in a broad sense, and the lower one to grictly university attainment.
The dots lying on these two lines represent actual data taken from various sources and attributed to the
exact year to which they correspond (and not to the closest multiple of five). For the rest of the years, we
complete the series through linear interpolation.

33. The details of the reconstruction are unavoidably messy. Table 4 contains the available primary
data and our reconstructed series, with bold characters used to highlight the information we have selected
to construct our estimates. The upper half of the table summarises the university attainment data we have
found for Canada. The sources are various OECD publications (generadly for the age group 25-64),
UNESCO's Satistical Yearbook and the UN’s Demographic Yearbook (for the population over 25),
national census reports and the web site of Statistics Canada (for the population over 15). UNESCO and
the Demographic Yearbook (DY B) report university attainment as a whole (L3), while national sources
distinguish between shorter and longer college-level courses (L3.1 and L3.2). The longer available series,
provided by UNESCO and the UN, show considerable discrepancies in some years and (especialy in the
case of UNESCO) display a rather implausible pattern that strongly suggests changes in classification
criteria.

34. Using these data, we have constructed the estimates shown in the lower part of the table. Since
we suspect changes in the classification of upper level vocational courses are behind the jumps in the data,
we distinguish between short university courses (L3.1(6)) and advanced vocational training (L3.1(5)) and
consider various combinations of the three possible categories that comprise higher education: L3 includes
al three of them, while UNIV = L3.1(6) + L3.2 includes only strictly university courses, excluding
vocational training.

35. Using this finer breakdown, we construct our estimates essentially by trying to guess to which of
the possible attainment categories the available data refer. We interpret UNESCO'’s 1960, 1986 and 1991
observations, and the DY B observation for 1975 as referring to university attainment in the narrow sense
(i.e. excluding ISCED 5 courses). We complete the series for this attainment level by interpolating between
available observations. Next, we would like to break down university attainment into its upper (L3.2) and
lower [L3.1(6)] cycles. For this, we interpret the 1960 DY B figure asreferring to L3.2 and estimate L3.2 in
1986 and 1991 by applying the ratio L3.2/UNIV computed using the census data (which refers to the
population over 15) to our previous estimate of UNIV. To complete the L3.2 and L3.1(6) series we then
interpol ate between these three observations.

13
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36. Finaly, we need to estimate the level of attainment in advanced vocational programmes and add
it to UNIV to obtain total higher attainment (L3). We observe that UNESCO gives extremely high figures
for university attainment in 1976 and 1981 that we interpret as estimates of L3 [i.e. assume that they
include L3.1(5)]. For 1992, OECD (1995) gives a L3 figure that seems compatible with the previous ones.
We interpolate L3 between 1981 and 1992 and estimate L3.1(5) as L3 - UNIV, using our previous
estimates of these two levelsfor 1976 onward. To take L3 and L3.1(5) back from 1976, we assume that the
ratio UNIV/L3 remains constant at its 1976 value. The estimates constructed in this way seem to fit fairly
well with the figures reported in the Statistics Canada web site (for 1976 onward and for the population
15+) if we assume that the L3.1 reported in this source includes ISCED 5 courses). These data correspond
to the unconnected round dots lying close to the upper linein Figure 5.

3.2. Some comments on the estimation procedure and data quality

37. A similar approach has been followed for the remainder of the sample, as discussed in the
detailed country notes contained in the Appendix. Data availability varies widely across countries. Table 5
shows the fraction of the reported data points that are taken from direct observations and the earliest and
latest such observations available for secondary and higher attainment levels. The number of possible
observationsistypically 21 for each level of schooling (two sublevels and a total times seven quinguennial
observations), but it may be larger if the data dlow a finer breakdown by sublevel (as in the case of
Canada) or if thereis no data close to 1990 and we use observations for around 1995 to complete the series
(in which case there is one more time period to consider). In the case of Italy, there seem to be no short
higher education courses, so the number of possible observations at the university level dropsto seven. We
count as direct observations backward projections constructed using detailed census data on educational
attainment by age group and the age structure of the population.

38. As can be seen in the table, for around two-thirds of the countries we have enough primary
information to reconstruct reasonable attainment series covering the whole sample period. The more
problematic cases are highlighted using bold characters. In the case of Italy, the main problem is that most
of the available information refers to the population over six years of age. We are currently exploring ways
to correct the likely bias using data on enrolments and the age structure of the population. For Germany
and Denmark, the earliest available direct observation refersto 1970 or later. We have projected attainment
rates backward to 1960 using the attainment growth rates reported in OECD (1974), but we are unsure of
the reliability of this extrapolation. Finally, the number of available observations is rather small in the
cases of Australia, the UK and Switzerland.

39. A number of countries do not separate primary education from lower secondary schooling and
report a single attainment level that comprises all mandatory courses. To preserve the homogeneity of our
attainment categories, we have estimated the breakdown of compulsory schooling into L1 and L2.1. For
some countries we have assumed that the ratio L1/L2.1 is the same as in some close neighbour. In
particular, we have used the value of thisratio in the US to estimate the breakdown in Canada, and applied
the Swedish ratio to Norway and Denmark. For those countries for which there is no obvious candidate for
this role (Austria, the UK and Switzerland), we have used an ad-hoc regression estimate of the relevant
ratio. Using the remainder of the sample (except Japan, where the information on L1 and L2.1 is of
dubious quality), we estimate the following equation with pooled data:

L2.1/(L1+ L2.1) = 0.0802 + 0.0094 (L3+L2.2) + 0.1998 (L3/L2.2) - 0.0029*trend  adj. R2 = 0.6207 [1]
(0.74)  (13.25) (4.36) (1.84)

where the numbers in parentheses below each coefficient are t ratios. That is, we hypothesise that those

countries that are more “efficient” in getting students into the upper schooling cycles will also have greater
accession rates to lower secondary schooling. Hence we specify the weight of lower secondary schooling
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relative to primary attainment as a function of university and upper secondary attainment and the ratio of
the two, and alow it to vary systematically over time. Since the fit of the equation is reasonably good, we
use it to estimate the lower secondary/compulsory attainment ratio in the countries for which this
information is not available.

40. Using our attainment series, we findly congtruct an estimate of the average years of tota
schooling for each country and period. The assumed cumulative duration of the different school cyclesin
each country is shown in Table 6. In constructing these series we are implicitly assuming that everybody
who starts a given school cycle does eventually complete it, which is clearly not the case. Hence, our
figures will be biased upward and are not strictly comparable with Barro and Lee's average schooling

15 16

series, which do incorporate estimates of completion rates.™

3.3. A comparison with the B& L data set

41. Our results differ from Barro and Le€'s original series in two important respects. In the time
dimension, the profiles of our attainment series are considerably smoother and more plausible. In the cross
section dimension, there are some significant changes in the relative positions of different countries that
bring us, on average, closer to the pattern found in the OECD sources reviewed in Section 2.2. A detailed
country by country comparison of the two sets of series can be found in Figures A1-A4 in the Appendix.

42. The importance of eliminating sharp breaks in the seriesis clearly apparent from Figure 6, which
has been constructed by arranging the annualised growth rates of the average years of schooling for all
periods and years in decreasing order within each data set. The difference in the range of this variable
across data sets is enormous. while our annual growth rates (D& D) range between 0.15 per cent and 2 per
cent, Barro and Lee's go from -1.35 per cent to 7.80 per cent; moreover, 15.9 per cent of their reported
growth rates are negative, and 19 per cent of them exceed 2 per cent. We suspect that the excessive
volatility of the Barro and L ee series captured by these figures may be an important part of the reason why
these data often generate implausible results in growth regressions, particularly when these are estimated
using panel or first difference specifications. The empirical results we report in the following section are,
aswe will see, consistent with this hypothesis.

43. As we have already noted, our average years of schooling series is not directly comparable with
Barro and Lee's. To examine changes in the cross-section pattern of the data, therefore, we first take
averages across periods and then normalise both sets of resulting figures so that the unweighted sample
average is set equal to 100 in each case. Figures 7 and 8 summarise the differences across data setsin this
normalised measure of average attainment over the sample period. Figure 7 plots our average attainment
levels (D& D) against Barro and Lee's (B&L). As may be expected, the correlation between the two sets of
figuresis quite high (0.826). There are, however, important deviations from the “diagonal” (i.e. differences
in normalised attainments across data sets) that are reproduced in decreasing order in Figure 8. Relative to
Barrro and Le€'s estimates, France and Austria gain almost thirty points and surpass Greece in the
attainment ranking, while New Zealand, Denmark and Finland experiment sizeable downward revisions.
Table 7 shows the correlation across data sets of average years of schooling around 1990. Our estimates
(D&D) are slightly closer to the OECD data than to B& L and display arather low correlation with NSD’s
figures.

15. The average number of years of schooling in our series (taken across all countries and periods) is 9.29, as
compared with 7.56 for Barro and Lee (1996).

16. The available data on completion rates present the same anomalies we have discussed above in connection
with attainment and enrolment rates.
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4. Some empirical results

44, In this section we examine the performance of our revised data set and Barro and Lee's and
Nehru et al’s original series in a number of growth accounting specifications. The results support our
hypothesis that the lack of correation between productivity growth and human capital accumulation
reported in some recent studies may be due to data deficiencies. Using the Barro and Lee data, the partia
correlation between productivity and educational attainment is only significant in specifications in levels,
and the estimated coefficient of human capital in an aggregate production function is quite low in al cases.
The results with NSD data are generally even worse: the human capital variable is not significant except in
one specification in which its coefficient is negative. With our revised data, in contrast, the coefficient of
human capital in an aggregate production function remains positive, significant and large in al the
specifications we consider and, unlike in Mankiw, Romer and Weil (1992), survives a simple robustness
test. We aso explore the possibility that a trend problem may bias the coefficient of human capital in
growth regressions and use our preferred specification to investigate the contribution of factor stocks and
TFP to cross-country productivity differences.

4.1. How much difference does data quality make?

45, The first specification we estimate is a constant-returns aggregate production function in levels,
which we write in intensive form,

qit= 7+ y+ ne+ okit+ Phit+ &t [2]

where gt is the log of output per employed worker in country i at timet, k the log of the stock of physica
capital per worker'” and h the log of the average number of years of schooling of the adult population. We
use dummy variables to capture fixed time and country effects (17; and ). In all the results reported below
only those country dummies that turn out to be significant are left in the equation. The productivity data are
taken from an updated version of Daban, Doménech and Molinas (1997). We use pooled data at five-year
intervals starting in 1960 and ending in 1990 for B&L and D&D, and in 1985 for NSD.

46. The pattern of results shown in Table 8 is consistent with our hypothesis about the importance of
educational data quality for growth results. For all three data sets, the coefficient of human capita is
positive in both specifications in levels (with and without fixed country effects), but the size and
significance of the human capital coefficient increases appreciably aswe go from the NSD datato the B& L
and D& D data sets. The differences are even sharper when the estimation is repeated with the datain first
differences, as in equations [1]-[3] in Table 9, where only our revised data produce a significant (although
implausibly large) human capital coefficient. The results obtained with the B&L and NSD data sets are
consistent with those reported by Kyriacou (1991), Benhabib and Spiegel (1994) and Pritchett (1995), who
find insignificant (and sometimes negative) coefficients for human capital in an aggregate production
function estimated in first differences.

47. Next, we estimate a catch-up specification along the lines of de la Fuente (1996). The estimated
equation is of the form®

17. See the Appendix for a description of the construction of thisvariable.

18. We consider an aggregate production function of the form:

Y= KAALHYaL1aF
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Adit= lo+ W+ nt+ adkit + Bohit + Abjt + &t [3]
where 4 denotes annua growth rates (over the sub-period starting at time t) and

bit = (dust - akust - Aust) - (dit - akit - Bhit) (4]

is the Hicks-neutral TFP gap between each country and the US at the beginning of each five-year sub-
period. To estimate this specification we substitute [4] into [3] and use NL S with data on both factor stocks
and their growth rates. Natice that in this specification the country dummies will pick up permanent cross-
country differencesin relative TFP levels that will presumably reflect differencesin R&D investment and
other omitted variables. The parameter A measures the rate of (conditional) technological convergence.

48. The results are shown in equations [4]-[6] in Table 9. As in previous specifications, the human
capitd variable is significant and displays a reasonable coefficient with our revised data, but not with the
B&L series or with the NSD data, which actually produce a negative and significant human capital
coefficient. Moreover, the coefficients of the stocks of physical and human capital estimated with the D& D
data are quite plausible, with a only dightly above capital’s share in national income and (3 only dightly
below Mankiw, Romer and Weil’s (1992) preferred estimate of 1/3.

49, We have checked the robustness of our results by re-estimating our preferred specification (the
catch-up equation labelled [6] in Table 9) for all the possible sub-samples obtained by deleting one country
at a time from the original data set. Figure 9 displays the estimated human capital coefficient and the
95 per cent confidence interval around it, after arranging the coefficient estimates in decreasing order
across sub-samples. As can be seen in the figure, sample composition does not make a significant
difference in terms of the estimated coefficient, and all the estimates remain significantly different from
zero at conventional confidence levels. By contrast, Temple (1998) reports that Mankiw, Romer and
Weil’s (1992) proxy for educational investment looses its significance once a few influential observations

Dividing through by employment, rearranging and taking logarithms, log output per employed worker, q,
can be written in the form

q=ak+ ph+ (1-a)a
wherek = In (K/L), a= In Aand h = In H. We can solve this expression for a as a function of productivity
and factor stocks

a= 4 —ak+ Gh

l-a

and take growth rates to obtain

Aq = adk + B4h + (1-a)da.
Finally, we hypothesise that the rate of technical progressisgiven by

Aajt = Mayst - aj) + i + U

where we have added country and period sub-indices £4 and vt are fixed country and period effects. Substituting this
last expression into the production function in growth rates, using the above expression for log TFP and
simplifying, we obtain equation [3] in the text. Notice that in the presence of technological catch-up (A >
0), the technological distance between each country and the leader converges to a constant value. This
implies that, asymptotically, al countries display the same rate of technical progress, so the fixed country
effects 14 trandate only into differences in TFP levels, and not into permanent differences in growth rates
of TFP.
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are removed. In the OECD sub-sample, in particular, the removal of Japan suffices to make the coefficient
of the human capital variable insignificant (with at ratio below one).

4.2. Isthereatrend problem?

50. We suspect that the positive trend of human capital investment at a time of dowing productivity
growth may have also contributed to the lack of significance of educational variablesin growth regressions
reported in severa studies. As we will see in this section, however, this potential “trends problem” does
not appear to be important in our OECD sample with our specification, although we suspect that this result
may not be extensible to data sets that include developing countries or to convergence equations. Even in
our sample, moreover, we find that the partial correlation between human capital investment and
productivity growth is not significant in the pooled data unless we control in some way for other factors
that may be responsible for the productivity dowdown. This can be achieved either by including a set of
period dummies or by controlling for the remaining variables suggested by our structural model.

51 Figure 10 summarises the time-series behaviour of the relevant variables. The upper panel of the
figure shows the evolution of the average growth rates (taken across countries) of productivity, factor
stocks per worker and the TFP gap. As is well known, the growth rate of productivity declines markedly
during the period, as does the rate of accumulation of physical capital, while the growth rate of educational
attainment is rather stable. The figure suggests that growth accounting regressions will tend to attribute the
growth slowdown to the relative decline in investment in physical capital and will not necessarily generate
a spurious negative human capital coefficient (as it may be the case if the growth rate of this variable
displayed an upward trend).

52. To confirm this hypothesis, we have re-estimated severa of the specifications in the previous
subsection omitting the period dummies, together with a simple regression of productivity growth on
human capital accumulation with and without fixed period effects. The results are shown in Table 10.
When human capital is the only regressor, its coefficient is only significant when we include period
dummies (see equations [1] and [2] in Table 10). Once we control for the accumulation of physical capital,
however, the educationa variable becomes significant even without fixed time effects, except in the
specification in first differences without technological catch-up (egquation [5]). With this single exception,
the results are qualitatively very similar with and without time effects, although the inclusion of period
dummies does tend to reduce marginaly the coefficient of physical capital and to increase the coefficient
of human capital, except in the last equation.

53. Things are likely to be different, however, with a convergence equation specification a la
Mankiw, Romer and Weil (MRW 1992). As shown in the lower panel of Figure 10, the rate of investment
in physical capita is relatively stable over the period, while an MRW-style indicator of educationa
investment (that reflects secondary and university enrolment as a fraction of the adult population) displays
a clear positive trend and will tend to be negatively correlated (over time, athough not necessarily across
countries) with the growth rate of productivity.

4.3. Cross-country differencesin TFP levels and the explanatory power of the neo-classical model

54, A number of authors have recently called attention to the crucial role of technical efficiency in
understanding productivity disparities across economies and questioned the capacity of the human capital-
augmented neo-classical model with a common technology to explain the international or interregional
distribution of income.” The catch-up specification we proposed and estimated in a previous section can be

19. See for instance Idlam (1995), Caselli etal. (1996), de la Fuente (1996), Jones (1997), Klenow and
Rodriguez (1997) and Prescott (1998).
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seen as a further extension of (the technologica components of) an augmented neo-classical model that
allows for cross-country differences in TFP levels and for a process of technological diffusion. In this
section, we will use this model to explore the relative importance of differencesin TFP levels and in factor
stocks as sources of international productivity differentials. The exercise is similar to the one performed by
Klenow and Rodriguez-Clare (K&R 1997) but it is conducted using a refined data set that should help
improve the quality of TFP estimates and an empirically-based set of production function parameters. In
addition, the examination of the relative TFP levels implied by our regression estimates should be helpful
as a check on the reasonableness of our results, and on the robustness of recent findings by K&R (1997)
and Jones (1997).

55. Having estimated our preferred specification (equation [6] in Table 9), we can recover the Hicks-
neutral technological gap between each country and afictional average economy to which we attribute the
observed sample averages of log productivity (q) and log factor stocks per employed worker (k and h).
Thus, we define relative TFP (tfprel) by

tfprelit = (ait - akit - Ahit) - (qavit- akavit - fhavit) = areljt - (akreljt + Shrelit) [5]
where av denotes sample averages and rel deviations from them.

56. As may be expected, the correlation between relative productivity and relative TFP is clearly
positive. Figures 11 and 12 show the correlation between these two variables in 1960 and 1990 together
with the fitted regression line. Relative productivity is measured along the vertical axis so that the country
ranking in terms of TFP levelsis more readily apparent. Countries lying above the regression line would be
those where relatively high factor stocks per worker raise productivity above the level expected on the
basis of technical efficiency.

57. Tables 11 and 12 compare our estimates of relative TFPs with those obtained by K&R (1997) for
1985 and by Jones (1997) for 1990 and with relative productivity in the same year.” In each table,
countries are arranged in decreasing order of relative productivity (grel), and the rankings induced by the
different variables are shown next to their values. We consider suspicious, and highlight using bold italic
characters, those cases in which a country’s ranking in terms of TFP is five or more positions away from
its relative productivity ranking. By this criterion, Jones estimates yield ten suspicious cases, K&R’'s
seven, and D&D’s four in 1985 and five in 1990. In spite of these differences, Table 12 shows that the
correlations across the different TFP estimates and contemporaneous relative productivity levels are
reasonably high. This finding may perhaps give us some confidence that, although TFP estimates for a
given country should probably not be taken too literally,” the overall picture given by our results is not
particularly mideading on average.

58. This is important because we would like to use our results to examine the relative contributions
of TFP gaps and factor stocks to cross-country productivity differences. To obtain a summary measure of

20. Jones (1997) and K& R (1997) report TFPs (Aj) expressed in a Harrod-neutral (labour-augmenting) fashion.
We have converted them into their Hicks-neutral equivalent, which is the appropriate measure for our
calculations, by computing (Aj)1® with a set to the value used in each of these papers (1/3 for Jones and
0.30for K&R).

21. There are, indeed, some implausible results in all three papers. Perhaps the biggest surprises are Norway,
Switzerland and Spain. We suspect that in the case of Spain part of the problem lies in the fact that the
educational level of the employed workforce (which is a relatively small fraction of the population due to
low participation and high unemployment rates) exceeds that of the adult population by a wider margin
than in other countries. Hence, we are underestimating the relevant stock of human capital and this biases
our estimate of TFP upward.
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the relative importance of these two factors, we regress relative TFP on relative productivity. (Notice that
the regression constant will vanish because both variables are measured in deviations from sample means).
The estimated coefficient gives the fraction of the productivity differential with the sample average
explained by the TFP gap in a “typica country”. Figure 13 shows the evolution of this “average TFP
share” in relative productivity. With our data, this coefficient rises consistently over the sample period,
from 0.353 in 1960 to 0.472 in 1990. That is, TFP differences seem to have become relatively more
important over time in explaining productivity disparities. Equivaently, this result shows that per worker
factor stocks have been converging faster than efficiency levels, although the behaviour of both variables
has contributed to the narrowing of cross-country productivity differentials.

59. Towards the end of the sample period, one half of the productivity differential with the sample
average can be traced back to differences in technical efficiency, with the other half being attributable to
differences in factor stocks. The message is similar if we use K& R's estimates of the TFP gap, as the TFP
share estimated with these data is 0.495 in 1985.%* This result stands approximately half way between
those reported by Mankiw (1995), who attributes the bulk of observed income differentias to factor
endowments, and those of Caselli et al. (1996) and some other recent panel studies of convergence where
fixed effects that presumably capture TFP differences account for most of the observed cross-country
income disparities.” We view these results as an indication that, while the augmented neo-classical model
prevaent in the literature does indeed capture some of the key determinants of productivity, thereis a clear
need for additional work on the dynamics and determinants of the level of technical efficiency.

5. Conclusion

60. Existing data on educational attainment contain a considerable amount of noise. Due to changes
in classification criteria and other inconsistencies in the primary data, the most widely used series on
human capital stocks often display implausible time-series and cross-section profiles. After discussing the
methodology and contents of these data sets and documenting some of their weaknesses, we have
constructed new attainment series for a sample of OECD countries. We have attempted to increase the
signa to noise ratio in these data by exploiting a variety of sources not used by previous authors, and by
eliminating sharp breaks in the series that can only arise from changes in data collection criteria. While our
estimates unavoidably involve a fair amount of guesswork, we believe that they provide a more reliable
picture of cross-country relative educational attainments and their evolution over time than previously
available data sets.

61. The exercise was originally motivated by the view that weak data was likely to be one of the
main reasons for the discouraging results obtained in the recent empirical literature on human capital and
growth. Our results clearly support this hypothesis. Unlike Barro and Lee’'s (1996) or Nehru et al.’s (1995)

22. K&R actualy report a higher number (around 2/3), in part because they attribute to TFP differences in
factor endowments that are presumably induced by differencesin levels of technical efficiency. In practice,
their adjustment amounts to working with the TFP gap in its Harrod-neutral form (without multiplying it
by 1-a, which raises its value by about 50 per cent, thereby increasing the share of efficiency in relative
productivity. By contrast, we consider only the direct contribution of the TFP gap, without trying to guess
itsindirect effects through induced factor accumulation.

23. Things are somewhat different with Jones estimates, which yield a TFP share of only 0.291 in 1990 (as
may have been anticipated by noting the low correlation between Jones' gaps and relative productivity
shown in Table 13). In our view, however, many of Jones TFP estimates look rather implausible, making
it dangerous to proceed, as the author does, to use them as the basis for long-term relative income forecasts.

24, If we repeat the exercise with our 1990 data and Caselli et al.’s most “plausible” estimates of the
parameters of the production function (a = 0.107 and 3 = 0.00), the share of TFP in relative productivity in
our sampleis 0.90.
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original series, our revised data produce positive and theoretically plausible results using a variety of
growth specifications and, unlike MRW’ s original (1992) results for the same sample, our findings survive
asimple robustness check.

62. Our preferred specification is a constant returns production function in first differences with a
technological catch-up mechanism and fixed period and country effects. This simple equation explains
80 per cent of the variation in the growth rate of productivity and yields sensible technological parameters
and generaly plausible estimates of cross-country relative TFP levels. We have used this model and the
underlying data to examine the relative importance of differences in factor stocks and levels of technical
efficiency as sources of international productivity differentials. Our results show that the relative
importance of TFP differencesis considerable and that it has increased over time to account for about one
half of the productivity differentials observed at the end of the sample period. These findings reinforce
recent calls by a number of authors for better models of technical progress as a key ingredient for
understanding international income dynamics while preserving an important role for factor stocks as a
source of cross-country income disparities.
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Table 1: Correlation among alternative estimates of average schooling

NSD PA BL Kyr
Nehru et al. (NSD) 1
Psch. and Arr. (PA) 0.84 1
Barro and Lee (B&L 93) 0.81 0.92 1
Kyriacou (Kyr) 0.89 0.86 0.89 1

Source: Nehru et al. (1995).
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Table 2: B&L (1996) and NSD vs. OECD (EAG), Educational attainment of the adult population

No PRIMARY  SEC.I SECII SECONDARY ISCED5 UNIVERS TY app/enr  YEARS OF SCHOOLING
school TOTAL ISC6-7  ISC5-7  sec (avge = 100)
Source = B&L B&L OECD OECD OECD B&L OECD OECD B&L OECD OECD OECD NSD B&L OECD
Australia 24 266 116 300 250 484 550 210 226 100 310 028 842 1167 1055
Austria 23 425 350 600 469 950 00 8.4 5.0 50 037 970 858 1076
Belgium 14 484 316 300 200 370 500 100 131 7.0 17.0 928 1009 918
Canada 10 157 130 140 410 620 550 150 214 150 300 111.0 1192 1106
Denmark 00 387 430 400 416 830 70 196 100 170 019 1013 1293 1086
Finland 00 494 420 400 353 80 80 154 100 180 003 1087 1129 1090
France 12 576 228 260 330 284 590 7.0 12.8 7.0 140 010 943 793 943
W. Germany 26 649 220 610 220 80 70 104 100 170 059 940 1018 1146
Ireland 42 404 328 250 230 436 480 70 11.7 7.0 14.0 1394 940 876
Italy 153 441 287 300 200 317 500 00 8.9 6.0 6.0 881 710 751
Japan 00 343 300 480 445 780 80 212 130 210 1218 1061 1125
Netherlands 40 344 150 260 360 455 620 130 161 6.0 190 022 934 987 998
New Zealand 00 368 330 100 250 241 350 220 391 9.0 31.0 980 1289 1004
Norway 26 498 350 420 322 770 100 154 110 210 1051 914 1095
Portugal 244 587 646 40 20 114 60 2.0 55 4.0 6.0 635 416 521
Spain 45 644 625 130 100 213 230 00 9.8 9.0 9.0 793 721 730
Sweden 24 354 330 440 439 770 110 184 120 230 109.2 1093 1130
Switzerland 63 285 200 500 523 700 150 129 9.0 240 068 771 1023 109.4
United Kingdom 36 439 350 480 385 830 60 13.9 9.0 15.0 1132 1003 108.0
United Sates 1.2 9.1 68 100 460 444 560 120 452 230 350 1287 1384 1176
Average 40 412 378  6l4 17.1 9.6 18.7 9.0 87 104

Note: Attainment is measured by the fraction of the adult population which has started (but not necessarily completed) each educational level.
Dates and population groups vary as follows: Barro and Lee: 1990 and population aged 25 and over; NSD: 1987 and population aged 15-64; OECD: 1989 and
population aged 25-64.
The OECD includes apprenticeship programmes as part of secondary (2nd cycle) studies. Level 5 of the international standard classification for education, ISCED 5,
includes relatively short post-secondary programmes which do not lead to a university degree. These are generally advanced vocationa programmes. University
programmes are included in levels 6 and 7 of ISCED. In some countries which do not report data at the ISCED 5 level, these programmes are counted either at the university
level or as part of secondary-level vocational programmes.
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Table 3: Attainment levels and codes

Code Level

LO [literates

L1 Primary schooling

L2.1 Lower secondary schooling

L2.2 Upper secondary schooling

L2 Total secondary schooling=12.1+12.2

L3.1 Higher education, first cycle or shorter courses

L3.2 Higher education, second cycle or full-length courses
L3 Total higher education=13.1+L3.2

L3.1(5) Upper-level vocational courses (Isced 5 level)
L3.1(6) Shorter university courses or first cycle (included in I sced 6)
UNIV  University attainment = L3.1(5) + L3.2

Table 4: Available data and higher attainment estimates, Canada

Source Rep. level 1960 1965 1970 1975 1976 1980 1981 1985 1986 1990 1991 1992

OECD L3.1 15 23 261

OECD L3.2 15 17 15

UNESCO L3 13.1 17.8 31.15 37.4 19.3 214

DY L3 6.5 16 17.3 193 19.3 214

Census L31 10.4 11.7

Census L3.2 115 134

Stat Can L3.1 24.14 27.65 30.19 31.74

Stat Can  L3.2 6.43 8.01 9.57 11.36
Estimates 1960 1965 1970 1975 1976 1980 1981 1985 1986 1990 1991 1992
L3 25.03 26.88 28.73 30.75 31.15 36.15 37.40 38.75 39.08 40.43 40.76 41.10
L3.1(5) 11.93 12.82 13.70 14.66 14.85 18.65 19.60 19.75 19.78 19.45 19.36
L3.1(6) 6.60 687 714 749 756 820 836 901 917 981 998
L3.1.(5+6) 26.10
L3.2 650 720 7.90 860 874 930 944 999 10.13 11.17 11.42 15.00
UNIV = 13.10 14.07 15.03 16.00 16.30 17.50 17.80 19.00 19.30 20.98 21.40
L3.1(6)+L3.2
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Table 5: Some summary measures of data quality

United Sates
Netherlands
Italy
Belgium
Spain
Greece
Portugal
France
Ireland
Sweden
Norway
Denmark
Finland
Japan

N. Zealand
United Kingdom
Switzerland
Austria
Australia
Germany
Canada

Secondary attainment

Direct/to  first last
t. observ. observ. observ.
21/21 1960 1990
9/21 1960 1990
12/21 1961 1991
12/21 1961 1989
12/21 1960 1991
12/21 1961 1991
11/21 1960 1991
12/21 1960 1989
12/21 1961 1991
9/24 1960 1994
6/21 1960 1990
3/21 1973 1991
7121 1960 1990
6/21 1960 1990
7121 1965 1991
3/21 1960 1991
3/21 1960 1991
4/21 1961 1991
5/21 1965 1990
6/21 1970 1991
5/21 1960 1991

University attainment

Direct/to
t. obs.
21/21
9/21
a/7
12/21
12/21
12/21
8/21
12/21
12/21
9/24
8/21
9/21
7121
7121
8/21
5/21
5/21
7/24
5/21
7121
12/35

first last
observ. observ.

1960 1990
1960 1990
1960 1989
1960 1989
1960 1991
1961 1991
1960 1991
1960 1990
1961 1991
1960 1994
1960 1990
1973 1991
1960 1990
1960 1990
1965 1992
1960 1991
1960 1991
1961 1995
1965 1990
1970 1991
1960 1992
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Table 6: Cumulative years of schooling by educational level

L1 L2.1 L2.2 L3.1 L3.2
Australia 7 11 13 15 16
Austria 6 9 13 15 17
Belgium 6 8 12 15 16
Canada 6 9 12 15 16
Denmark 6 9 13 14 17
Finland 6 9 12 14 17
France 5 9 12 14 16
Germany 4 10 13 15 17
Greece 6 9 12 16 16
Ireland 6 9 12 14 16
Italy 5 8 13 15 18
Japan 6 9 12 14 16
Netherlands 6 10 12 16 17
Norway 6 9 12 14 16
New Zealand 6 11 13 15 16
Portugal 6 8 12 14 16
Spain 5 8 12 14 17
Swveden 6 9 12 14 16
Switzerland 6 9 13 16 17
United Kingdom 6 9 12 14 16
United Sates 7 10 12 14 16
Mode 6 9 12 14 16

Source Education at a Glance 1997 (OECD, 1998), except figures in bold type (WDI,
World Bank, 1999) and in italics (national sources). These figures are combined
with our attainment series to estimate the average number of years of total
schooling reported in Table A.4 in the Appendix.

Table 7: Average years of schooling around 1990

Correlation across data sets

NSD B&L OECD

B&L 0.542
OECD 0.531 0.807
D&D 0.355 0.797 0.871

Note: Same data as in Table 2, except for D&D. Greece is not
included for lack of OECD data.
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Table 8: A production function in levels

[1] [2] [3] [4] [5] [6]

Human cap. NSD B&L D&D NSD B&L D&D
Variable
a 0.607 0.560 0.516 0.565 0.552 0.567
(18.23) (14.73) (13.92) (27.21) (25.95) (20.53)
B 0.069 0.112 0.269 0.088 0.120 0.279
(1.69) (3.20) (4.88) (1.80) (6.48) (7.52)
Adj. R2 0.873 0.885 0.896 0.981 0.978 0.979
Sd. Error reg. 0.136 0.131 0.124 0.053 0.057 0.056
Country dummies no no no yes Yes yes
Period dummies yes yes yes yes Yes yes

Note: White’'s heteroscedasticity-consistent t ratios in parentheses below each coefficient. Only significant
country dummies are left in the reported equation. Human capital is measured by the average years
of total schooling in each country and period. D&D refers to this paper.

Table 9: A production function in first differences with and without a catch-up effect

[1] [2] [3] [4] [5] [6]
Human cap. NSD B&L D&D NSD B&L D&D
variable
a 0.519 0.508 0.493 0.510 0.409 0.373
(9.66) (9.51) (9.21) (8.30) (6.12) (7.15)
B 0.090 0.063 0.493 -0.148  -0.057 0.271
(0.80) (1.03) (2.04) (2.62) (0.88) (2.53)
A 0.100 0.063 0.068
(6.98) (8.27) (6.34)
Adj. R? 0.719 0.710 0.718 0.840 0.811 0.809
Sd. error reg. 0.0098 0.0097  0.0096 0.0074 0.0079 0.0079
Country dummies no no no yes yes yes
Catch-up effect no no no yes yes yes
Period dummies yes yes yes yes yes yes

Note: White's heteroscedasticity-consistent t ratios in parentheses below each coefficient. Only significant
country dummies are left in the reported equation.
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Table 10: Results without period dummies, D&D data

[1] [2] [3] [4] [5] [6]

Human cap. D&D D&D D&D D&D D&D D&D
Variable
a 0.579 0.604 0.544 0.294
(24.95) (38.19) (11.27) (6.67)
B 0.683 121 0.236 0.247 0.090 0.328
(1.56) (392 (4.44) (6.93) (0.36) (322
A 0.076
(7.04)
Adj. R2 0.011 0.396 0.894 0.977 0.664 0.785
Sid. error reg. 0.018 0.014 0.125 0.058 0.0105 0.0084
Country dummies no no no yes no yes
Catch-up effect no no no no no yes
Period dummies no yes no no no no
Datain diff. diff. levels levels diff. diff.

Note: White's heteroscedasticity-consistent t ratios in parentheses below each coefficient. Only significant
country dummies are left in the reported equation.

Table 11: 1985 relative TFP levels, D&D vs. K&R

This paper K&R (1997)
Qrel ranking Tfprel 85 ranking tfprel 85 ranking
United States 0.325 1 0.183 2 0.152 4
Belgium 0.251 2 0.203 1 0.030 9
Netherlands 0.179 3 0.105 5 0.138 5
Switzerland 0.164 4 -0.009 11 -0.004 10
Germany 0.135 5 -0.006 9 -0.013 12
France 0.134 6 0.083 7 0.179 3
Italy 0.133 7 0.158 4 0.179 2
Canada 0.125 8 0.088 6 0.186 1
Austria 0.052 9 -0.008 10 0.062 7
Norway 0.045 10 -0.110 19 -0.013 13
Australia 0.008 11 -0.055 14 0.038 8
Spain -0.001 12 0.170 3 0.101 6
Denmark -0.021 13 -0.053 13 -0.139 17
United Kingdom -0.069 14 0.032 8 -0.013 11
Japan -0.088 15 -0.090 17 -0.171 20
Ireland -0.120 16 -0.047 12 -0.050 15
Sweden -0.126 17 -0.081 15 -0.031 14
New Zealand -0.153 18 -0.098 18 -0.118 16
Finland -0.170 19 -0.194 21 -0.150 19
Greece -0.254 20 -0.086 16 -0.150 18
Portugal -0.545 21 -0.183 20 -0.206 21
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This paper Jones (1997)
grel Ranking  Tfprel 90 ranking tfprel 90 Ranking
United States 0.281 1 0.157 4 0.017 11
Belgium 0.262 2 0.230 1 0.087 7
[taly 0.179 3 0.186 2 0.222 1
France 0.167 4 0.114 5 0.182 3
Germany 0.145 5 0.022 9 0.030 10
Netherlands 0.138 6 0.089 6 0.104 4
Switzerland 0.084 7 -0.074 13 0.010 12
Austria 0.082 8 0.018 10 0.104 5
Canada 0.070 9 0.023 8 0.050 9
Norway 0.037 10 -0.136 20 -0.140 17
Spain -0.011 11 0.165 3 0.197 2
Japan -0.018 12 -0.058 12 -0.166 19
Ireland -0.026 13 0.049 7 -0.003 13
Denmark -0.052 14 -0.096 14 -0.193 20
Australia -0.073 15 -0.107 17 -0.076 15
United Kingdom -0.086 16 0.018 11 0.081 8
Finland -0.114 17 -0.157 21 -0.140 18
Sweden -0.152 18 -0.104 16 -0.024 14
New Zealand -0.156 19 -0.133 19 -0.324 21
Greece -0.281 20 -0.103 15 -0.132 16
Portugal -0.482 21 -0.109 18 0.104 6
Table 13: Correlations across TFP and productivity measures
TFP85D&D TFP85K&R TFPOOD&D  TFPP90J
QRELS85 0.775 0.773 QREL90 0.711 0.370
TFP85D& D 0.824 TFPO0OD& D 0.750
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Figure 1: Average years of schooling in1985: B&L (1996) vs. NSD

Nehru et a

14

4 ¥ t t t t t t t
3 4 5 6 7 8 9 10 11 12
Barro and Lee (1996)

Notes:
The estimates refer to the population over 15 in the case of Barro and Lee and to the age group 15-64 in Nehru et al.

The estimated equation is of the form h.nsd = 4.50 + 0.503 h.b&l, t = 3.21, R2 = 0.329. The flatter line in the figure is
the regression line fitted after excluding the four countries with the lower schooling levels. The thinnest and steepest
line is the “diagonal”, where all the observations would fall if both sources agreed.

Legend: Tu = Turkey; Por = Portugal; CH = Switzerland; Sp = Spain; Aus = Australia; It = Italy; Be = Belgium; Ge
West Germany; NI = Netherlands; Fr = France; NZ = New Zealand; Gr = Greece; Ost = Austria; Is = Iceland; Dk
Denmark; Nor = Norway; Fin = Finland; Swe = Sweden; Can = Canada; UK = United Kingdom; Jap = Japan; USA =
United States; Ir = Ireland.
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Figure 2: Average years of schooling by level in the OECD: B&L (1996) vs. NSD
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Notes:
Unweighted averages over the available OECD countries. Neither source reports data for Luxembourg. The sample

excludes New Zealand except for average total years of schooling, as NSD only provide data on this variable but not

its breakdown by level.
The data are for the age group 15-64 in the case of NSD and for the population aged 15 and over in Barro and Lee

(1996).
The last year for the NSD series is 1987, rather than 1990.

31



ECO/WK P(2000)35

Figure 3: Evolution of university attainment levels, Australia, New Zealand and Canada

Source: Barro and Lee (1996). Population aged 25 and over.

Figure 4: Evolution of secondary attainment levels, Netherlands, New Zealand and Canada
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Source: Barro and Lee (1996). Population aged 25 and over.
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Figure 5: University attainment in Canada, Barro and Lee (1996) vs. this paper
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Figure 6: Range of the growth rate of aver age years of schooling: B& L vs. this paper
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Note: annual growth rates of average years of schooling for all countries and periods, arranged in decreasing order for
each data set. D&D refer to this paper.
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Figure 7: Normalised average years of schooling: B&L vs. this paper
D& D normalized years of schooling
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Note: Average number of years of schooling in each country (taken over all periods) are normalised by the unweighted
sample average (=100). A regression of our normalised years of schooling on Barro and Lee’s gives the following result
(t values in parentheses):

Average years D& D = 35.43 + 0.646 avge.years B& L RZ2=0.683
(340)  (6.40)
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Figure 8: Changein normalised aver age year s of schooling between this paper and B& L
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Figure 9: Estimated coefficient of human capital and 95% confidenceinterval around it
when deleting one country at atime from the sample
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Note: Catch-up specification with country dummies (equation [6] in Table 9), estimated after excluding the country shown in the
horizontal axis.
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Figure 10: Average growth rates of productivity, per worker factor stocksand the TFP gap
and investment ratesin physical and human capital
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Note: First panel: annualised growth rates of productivity (gq), the stock of capital per employed worker (gk), average years of
education (gh) and the TFP gap relative to the US. Second panel: sk is investment in physical capital as a fraction of GDP; sh is

total secondary and university enrolment as a fraction of the population over 15 (from World Development Indicators and
UNESCO). All variables are average across countries in each sub-period.
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Figure 11: Relative productivity vs. relative TFP in 1960
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Figure 12: Relative productivity vs. relative TFP in 1990
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Figure 13: Fraction of the productivity differential with the average explained
by the TFP gap in an average country in the sample
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APPENDI X

1 Our revised attainment data ae avalable a the following web site
http://iei .uv.es/~rdomenec/human.html.

1. Detailed country notes

United States

Source: U.S. Bureau of the Census (web site) for 1960, 1965, 1970, 1975, 1980, 1985, 1990 and 1995.
Population: 25+

Attainment categories: L1 = 4 years of schooling or less; L2.1 = 5-8 years, L2.2 = 9-12 years; L3.1 = 1-2
years of college; L3.2 = more than two 2 years of college.

Netherlands

Source: Dutch Statistical Y earbooks with data for 1960, 1971 and 1990.

Population: labour force in 1960; population over 14 not attending school rest of the years.

Attainment categories (when not obvious how they correspond with our scheme): L2.1 = advanced
elementary level (1960); L2.2 = secondary level (1960); L3.1 = semi-higher level (1960) and vocationa
colleges (1990).

Other notes: We use linear interpolation to fill in the missing observations.

Italy

Source: For secondary schooling, Italian Statistical Y earbooks with census data for 1961, 1981 and 1991,
and DYB for 1970 (1971, 25+) . For university: UNESCO for 1960, DY B for 1971 and 1981 and EAG for
1989. For illiterates, Stetistical Y earbook for 1961, 1981 and 1991, and World Development Indicators for
1970 and 1975.

Population: National yearbooks, 6+; UNESCO and DY B, 25+.

Other notes:

We do not use the information in the national yearbook for university attainment because this source refers
to the popul ation over 6 years of age and will therefore underestimate attainment (especially at thislevel).
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For 1970, DY B provides only the total secondary attainment. To estimate L2.1 and L2.2, we interpol ate the
ratio L2.2/L2 between 1961 and 1981 and apply it to the total. The rest of the missing observations are
estimated by linear interpolation.

Belgium

Source: For secondary schooling, Belgian Statistical Y earbook with census data for 1961, 1970 and 1981
and EAG for 1989. For university: EAG for 89, with breakdown by level and UNESCO 1960 and 1970
(25+) interpreted as L3.2.

Population: non-student population over 15 in Yearbooks,; population 25-64 in EAG; 20+ in UNESCO
1960.

Other notes: Because it refers to the non-student population over 15, we do not use the Y earbook data for

university attainment. We do, however, use the ratio L3.2/L3 in these data to estimate L3 from available
dataon L3.2in 1960 and 1970, and from the estimate of this number (by interpolation) in 1980.

Spain

Source: National census datafor 1960, 1970, 1981 and 1991.

Population: 25+

Other notes. The 1960 census does not give very detailed information or a breakdown of results by age
group, and its results appear implausible in the light of latter data. Hence, we do not use this source (except
for illiterates), and construct attainment estimates for 1960 using the 1970 census (which gives a very fine
breakdown by age), and the actual age structure of the population in 1960. We interpolate to estimate
missing observations.

Greece

Source: National census datafor (1961, 1971), 1981 and 1991.

Population: 25+.

Attainment categories: L3.1 = with certificate of intermediate school + attended a higher or intermediate
school; L2.1 = have finished at least the third degree of secondary education; L1 = complete or incomplete
primary or no schooling but literate; LO = illiterate.

Other notes: The 1981 census has afiner breakdown by age and level than the previous ones. We project it
backward using the observed age structures in 1961 and 1971. The results are compatible with the origina
census data for those years but more detailed. We interpol ate to estimate missing observations.

Portugal

Sources: For university: UNESCO in 1960, 1970 and 1981 (25+) interpreted as L3.2; OECD (1995) for
1991 and DY B for 1960 interpreted as L 3. For secondary education: UNESCO in 1960 interpreted as L2.2;
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DYB in 1960 and UNESCO in 1970, 1981 and 1991 for L2. For illiterates (L0O), World Development
Indicators (WDI).

Population: 15+ in WDI, 25-64 in OECD (1995) and25+ in UNESCO and DY B.
Other notes:

University: We have observations for both L3.1 and L3.2 in 1960 and 1991. We calculate the ratio L3.2/L3
in these two years and interpolate it to 1970 and 1981, where we have UNESCO observations that we
interpret as L3.2. Using the interpolated ratio and these observations, we estimate L3.1 and L3. Finally, we
interpolate for the rest of the years.

Secondary: We have an observation for L2.1 and L2.2 in 1960, and can obtain another one in 1991
applying theratio L2.2/L2 in OECD (1995) to the total L2 given in UNESCO (which refers to the desired
age group). Weinterpolate the ratio L2.2/L.2 between 1960 and 1991 and apply it to available dataon L2 to
estimate its breakdown. We interpolate for the rest of the years.

France
Sources: National census for (1960), 1968, 1975 and 1990 and EAG (for 1989).
Population: 25+ not attending school in census data and pop. 25-64 in EAG.

Attainment categories in 1968. L2.1 = CEP, examen de fin d' apprentissage artisanal or certificat de fin de
stage de la FPA; L2.2 = BEPC, BE, BEPS, CAP, BEI, BEC, BES, BEH, BEA, etc; L3.1 = bac ou brevet
superieur, brevet des ENP, brevet de technicien, etc., autres diplomes; L3.2 = superieur au bac complet.

Other notes: Data for 1960 are backward projections using 1968 attainments by age group and the 1960
population structure. The 1990 Census seems to be missing secondary vocational qualifications, so we use
EAG for 1989 instead at the secondary level.

Ireland

Sources: 1966 national census, UNESCO for 1981 and 1991. OECD (1995) for ratios L2.2/L2 and
L3.2/L3.

Population: 25+ except OECD (1995) where it is 25-64.
Other notes:

Figures for 1961 are estimated by a backward projection of the 1966 census data on attainment by age
group. Since we do not have the age structure of the population in 1961, we estimate it from the 1966
distribution using age-specific survival probabilities (for 1981) taken from the DYB. To compute the
average survival praobability, we assume 40 per cent of population is urban in 1961 (around 55 per cent in
1981) to average death rates over rural and urban populations.

Census and survey information does not alow a breakdown of L3 and L2 into first and second cycles. We
estimate this breakdown using data from OECD (1995). For L2 we have L2.1 and L2.2 in 1991 from
UNESCO. OECD (1995) gives this ratio by age group; we observe that the ratio L2.1/L.2.2 stabilises for
the older age groups around 0.54, which we take as the 1960 value, then we interpolate this ratio between
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the two observations and apply the result to our L2 series to recover L2.1 and then L2.2. To recover L3.1
and L3.2 we proceed in a similar way, we use the ratio L3.1/L3 in OECD 1995. Since this ratio does not
change much with age in this source, we keep its value constant over time.

The remaining missing observations are filled in by interpolation. The figures for 1960 are extrapol ations
from 1960 and 1966 estimates.

Sweden

Sources: Nationa Statistical Y earbook for 1970 and 1994, Education in Nordic Countries for ratio L3.1/L3
en 1988.

Population: 25+ (est.) in 1970 and 25-75 in 1994.
Other notes:
The earliest available disaggregated data is for 1970 and refers to the population aged 25-60. We want to
use this information (and census data on the age structure of the population) to estimate attainment in the
same year and in 1960 for the population 25+. First, we extrapolate attainment rates to older cohorts in
1970 as follows. Let F3544 and F4559 be the fraction of the population aged 35-44 and 45-59 that has
attained a given level of education. Then, we estimate F6075 and F75+ asfollows:

F6075 = F4559 + 0.5* (F4559 - F3544)

F75+ = F4559 + (F4559 - F3544).

With this, we can estimate attainments for ages 25+ in 1970, using the age structure of the population in
that year. Next, we estimate 1960 using the same information and the age structure in 1960.

Breakdown for tertiary into L3.1 and L3.2: We have data on the two cycles and therefore on the ratio
L3.2/L3 for 1960, 1970 and 1994 from the Statistical Y earbook and for 1988 from Education in Northern
Countries. For the rest of the years we interpolate this ratio and total L3, and use these two numbers to
estimate L3.1 and L3.2.

Norway

Source: Statistics Norway web site for 1960, 1970, 1975, 1980, 1985 and 1990.

Population: 16+

Other notes:

Statistics Norway does not disaggregate compulsory education into L1 and L2.1 or tertiary achievement
into L3.1 and L3.2. We use information from Sweden and Education in Nordic Countries (1994) to

estimate these categories as follows.

To estimate L3.1 and L3.2: We have data on these two categories in 1988 for al Scandinavian countries
from Education in Nordic Countries. We compute the quotient L3.1/L3 for Norway and Sweden and the
ratio between them. We then apply thisratio to the Swedish L3.1/L 3 ratio to estimate the Norwegian ratio
for al yearsand useit to recover L3.1and L3.2.
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Toestimate L1 and L2.1,we usetheratio L1/L1+L2.1 for Sweden.

Denmark

Sources: Danish Statistical Y earbooks with data for 1983, 1988 and 1991 and OECD (1974) for attainment
growth rates between 1960 and 1971.

Population: 25-62 or 25-65.
Other notes:

National sources and OECD report only L1+L2.1 (compulsory education). To separate them we use the
ratio L1/L1+L2.1 for Sweden.

Figures for 1973 are a backward projection using attainment data by age in 1983 and the age structure of
the population in 1971. We then extrapolate back to 1970 using the 1973 and 1983 observations. Findly,
we use the annual growth rate of attainment between 1960 and 1971 reported in OECD (1974) to estimate
1960 levels of L3 and L2 (We use the growth rate of attainments, which is recovered from the origina data
on average years of schooling by level. It coincides with the original for L3 but not for L2 since people
with university schooling aso have secondary training and we have to subtract them from the total to get
those whose maximum attainment level is secondary). L2.1 in 1960 is obtained from the 1970 value and
the growth rate for secondary, for al other years we use the Swedish ratio L2.1/L1+L2.1.

Backward projection for 1973: The 1983 disaggregation by age stops with the group 60-62. We estimate
attainments for the 63-64 population by extrapolating the change between the previous two age groups and
weighting it for the “length of the period”, and reconstruct attainment for the 60-64 age group. Then we
extrapol ate backwards again from consecutive age groups of the same length but assuming that at each step
the change in the achievement ratios drops to one half for each category (This is half way between
extrapolating and attributing to the oldest group in the population the achievement of the last observed age
subgroup).

1988 Statistical Y earbook secondary attainment figures ook implausible and areignored.

Tertiary is broken down into three groups: post-secondary vocational (isced5), short university courses and
full-length university degrees. We report the sum of the first two groupsas L 3.1.

Finland

Sources: For university, UNESCO in 1960, 1970, 1980, 1985 and 1990 (al for L3); Education in Nordic
Countries for ratio L3.2/L3 in 1988. For secondary, in 1960 DYB for L2 and UNESCO interpreted as
L2.1,in 1970 UNESCO interpreted as L 2.2, in 1980 UNESCO gives breakdown of L2 into L2.1 and L2.2,
in 1990 UNESCO interpreted as L2.2.

Population: 20+ in 1980, and 25+ in 1990. We need to check the rest.

Other notes:

Most sources do not separate L3.1 and L3.2. Those that do (towards the end of the period) give extremely

similar values. We take the 1988 ratio from Education in Nordic Countries and assume that it remains
constant throughout the whole sample period. We usethisratio to recover L3.1 and L3.2.
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Secondary: we interpolate and extrapolate L2 to recover missing observations and the ratio L2.2/L2 to
separate the first and second cycle.

Japan

Sources: For higher education, DYB for 1960 (25+) and 1970 (25+), UNESCO for 1980 and 1990,
UNESCO for 1970 interpreted as L3.2, and EAG for ratio L3.1/L3 in 1990. For secondary attainment, in
1960 and 1965 UNESCO interpreted as L2.2. For 1960 and 1970 we recover an estimate of L2 from the
data on average years of secondary schoolingin OECD (1974). In 1990, UNESCO, interpreted as L2.2.

Population: UNESCO and DY B, 25+; EAG, 25-64.
Other notes:

Tertiary attainment: In 1990, we use ratio L3.1/L.3.2 from EAG for 1989 to estimate L3.1 and L3.2. We
interpolate and extrapolate the ratio L3.1/L. 3.2 from available years (1970 and 1990) to estimate L3.1 and
L3.2intherest of the period.

Secondary attainment: We interpolate L2.2 between available observations to recover the complete series.
Then, we compute the ratio L2.1/L2.2 for 1960 and 1970 and extrapolate it forward to 1980 and 1990
(assuming the increase between each two decades drops to one half its previous value at each stage). We
use thisratio to estimate L2.1 and add it to L2.2 to obtain L.2. Remaining missing observations are filled
by interpolation.

New Zealand

Sources: Higher education: Statistical Yearbook for 1965 and 1970, interpreted as L3.2 and for 1975 and
1981, interpreted as L3; OECD (1995) for 1992 with full breakdown. Secondary schooling: Statistical
Y earbook for 1965; for 1981 we use the DYB and add to this source's reported L2.2 part of Barro and
Lee's L3, as explained below. For 1992 we use OECD (1995), adding to L2.2 part of Barro and Lee's
L3.1, as above.

Population: 25+ except OECD (1995).
Other notes:

Higher education: We interpolate L3.2 between 1970 and 1992, compute the ratio L3.2/L3 for 1975
onwards and extrapolate this ratio back to recover L3 and its breakdown in 1965 and 1970. Finaly, we
extrapolate backward L3 and the ratio L3.2/L 3 to estimate attainments in 1960. We assume the difference
between Barro and Lee' s L3 and our estimateis part of L2.2 and add it to that category.

Secondary education: For L2, we interpolate between 1965, 1981 and 1991, and extrapolate backward to
1960. We compute the ratio L2.2/L.2 in 1981 and 1991 and interpolate it between these years. We assume
this ratio remains constant for all years before 1981 and use it to break down L2 into its upper and lower
levels.
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United Kingdom

Sources: For higher education, in 1960 UNESCO interpreted as L3.2; in 1975 (1976), UNESCO for L3; in
1991 EAGO3 for L3.1 and L3.2. For secondary attainment: UNESCO for 1960 and 1970 interpreted as
L2.2, EAG93 gives L2.2 for 1991.

Population: UNESCO 1976, 25-69. EAG, 25-64. UNESCO 25+.

Other notes:

Higher education: We interpolate L3.2 between 1960 and 1991 to recover the full series. Then, we
compute theratio L3.2/L3 in 1975 and 1991, interpolate it between these years and extrapolate it backward
to 1960. Using thisratio, we estimate L3.1 and L3 in 1960. Then we interpolate between these years.

Secondary education: We interpolate between available observations to complete the L2.2 series. To
construct L2.1, we use aregression estimate of the ratio L2.1/L.2.2 (see the body of the paper).

Double check UNESCO 1970.

Switzerland

Sources: Higher education: for 1960, UNESCO as L3; for 1970, UNESCO interpreted as L3.2; for 1991,
EAG for L3.1 and L3.2. For secondary education: In 1960, UNESCO interpreted as L2.2; in 1980, Kaneko
(asreported in Barro and Lee' s appendix) interpreted as L2.2; and in 1991, EAG for L2.2.

Population:; 25+

Other notes:

Higher education: We interpolate L3 and L3.2 between available observations, compute the ratio L3.2/L 3,
extrapolate it back to 1960 and use it to estimate L3.1 and L3.2 in that year. In all years, L3.1 is computed
as the difference between the estimated values of L3 and L3.2.

Secondary education: We interpolate between available observations to recover the L2.2 series. We use a
regression estimate of theratio L2.1/L.2.2 to estimate L2.1.

Austria

Sources: University, UNESCO for 1961, 1971, 1981 and 1991 interpreted as L 3.2 and 1995 Microcensus
for L3.1 and L3.2. Secondary, L2.2 from the Austrian Statistical Y earbook for 1961, 1971, 1981 and 1991
and the 1995 Microcensus.

Population: UNESCO, 25+; microcensus, check; Austrian Statistical Y earbook, 16+.

Other notes:

University: We use the ratio L3.1/L3.2 from the 1995 microcensus (which does not vary significantly

across age groups) to estimate L3.1 in years before 1995. Our guess for L3.1 in the 1995 microcensus is
called “secondary technical and vocationa” and lasts 5 years, two more than other upper secondary
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categories. We don't use the Austrian Statistical Y earbook series for university schooling because it refers
to the population 16+ and will tend to underestimate tertiary attainment.

Secondary: For 1961-91, we guess that reported L2.2 includes our estimate of L3.1, so we subtract it from
reported L2.2 to obtain the final estimate. For L2.2, we interpolate between available observations and
extrapolate backward from 1961 to 1960. To estimate L2.1, we use a regression estimate of the ratio
L2.1/L2.2.

Australia

Sources: University, in 1965 UNESCO (as reported in Barro and Lee) interpreted as L3.2; in 1970 (1971)
UNESCO (as reported in Barro and Lee) as L3, and in 1990, EAG for L3.1 and L3.2. Secondary: For 1965
we use as L2 UNESCO minus our estimate of L3.1; for 1970 UNESCO as L2, for 1990, we have L2.1 and
L2.2 from EAG.

Population: 25+
Other notes:

University: We interpolate between 1965 and 1990 to estimate L3.2, and between 1970 and 1990 to
estimate L3.1. Then, we compute the ratio L3.2/L3 and extrapolate it backward to 1965 and 1960. We use
the estimated ratio to recover L3 (and hence L3.1) in 1965. For 1960, first we extrapolate L 3.2 backward
and then proceed in the same way.

Secondary: We interpolate L2 for missing years after 1965 and use the ratio L2.2/L2 from EAG in 1990
(assumed constant over time) to recover L2.1 and L2.2. For 1960, we first extrapolate L2 backwards and
then use the same ratio.

EAG gives the same figures for 1989 and 1993, so we use the same number for 1990 without
“periodification”.

Germany

Sources: University: EAG for 1991; in 1970 DY B interpreted as L3; in1970 UNESCO, 1975 and 1980 (in
fact 1978 and 1982) Statistiches Jahrbuch as reported in Barro and Lee, dl interpreted as L3.2. From 1970
backward we use the growth rate of attainment recovered from OECD (1974). Secondary: OECD (1974)

for 1960 and 1970 as L 2; for 1970 and 1980 DY B interpreted as L2.2 and for 1991 EAG gives L2.2 and
L2.1.

Population: UNESCO and DY B, 25+; EAG, 25-64.
Other notes:

University: We interpolate between available observations for 1970 on. To extrapolate backward from
1970 we use the growth rate of university attainment given in OECD (1974).

Secondary schooling: We use the ratio L2.1/L.2 from 1970 to estimate L2.1 in other years, given L2. In

1991 this gives anumber for L2+L 3 slightly larger than 100, so we accept the L2.1 ratio for that year given
by EAG, and the implication that L1 is zero.
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Canada

Sources: Higher education: We interpret UNESCO'’s 1960, 1986 and 1991 observations, and the DYB
observation for 1975 as referring to university attainment in the narrow sense [i.e. UNIV = L3 - L3.1(5)].
We interpret the 1960 DYB figure as referring to L3.2. We interpret UNESCO for 1976 and 1981 and
OECD (1995) for 1992 as L 3. We use National Census figures for the ratio L3.1(6)/L3.2 in 1986 and 1991.
Secondary schooling: UNESCO for 1960 interpreted as L2.2; Statistics Canada web site for L2.2 in 1976,
1981, 1986 and 1991.

Population: National Census, 15+; UNESCO and DY B, 25+; OECD, 25-64.
Other notes:
University: see the discussion in the text.

Secondary: For L2.2, we fill in missing observations by interpolation. No data are reported for L2.1, which
seems to be grouped together with L2.1 as a single category. We estimate L2.1 by using de L1/(L1+L2.1)
ratio for the United States.

2. Datatables

2. Tables A1-A3 contain our estimates of attainment levels (in percentages) for the adult population.
We report higher and secondary attainment for all countries in the sample, and an illiteracy series for four
countries (Spain, Itay, Greece and Portugal). For the remaining countries, illiteracy rates are extremely
low and are therefore ignored. Primary attainment can be obtained asL1 = 100- L3 - L2 (- LO). Character
types are used to indicate data quality asindicated in the note to Table A.1.

3. Table A4 contains an estimate of the average number of years of total schooling. This is
constructed by combining the attainment series with the cumulative duration by educational level and
country givenin Table 6 in the text.

4, Tables A5-A7 give the data sources and summarise the estimation method used to obtain each
observation. See the notes to Table A5 for a key to the notation used in these tables. Notice that
interpolations are generally constructed taking into account the exact year to which the original observation
refers, rather than bringing them to the beginning or the end of the quinquenium.

5. Figures A1-A4 plot our attainment and years of schooling series together with Barro and Leg' sto
facilitate country-by-country comparisons between the two data sets.

3. Estimation of the stock of physical capital

6. We construct series of stocks of physical capital in the OECD countries for the period 1950-97
using a perpetua inventory procedure with an assumed annual depreciation rate of 5 per cent. To estimate
theinitial capital stock we modify the procedure proposed by Griliches (1980) to take into account the fact
that the economies in our sample may be away from their steady states.

7. The growth rate of the stock of capital, gk, can be written in the form:

g =g -9
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where | isinvestment, dthe depreciation rate and K the stock of capital. Solving this expression for K and
assuming that the growth rate of investment is a good approximation to the growth rate of the capital stock
(i.e. g, Ogk), we obtain an expression that can be used to estimate the initia capital stock using data on
investment flows:

K= 4 0 r_. [A.1]
g to gr+o

When implementing this approach, it is common to use the level of investment in the first year in the
sample period and the growth rate of the same variable over the entire period. In our case, however, this
does not seem to be the best way to proceed because i) investment may be subject to transitory
disturbances that make it dangerous to rely on a single observation and ii) rates of investment and factor
accumulation will tend to vary over timein asystematic way as countries approach their steady states.

8. To try to control for these factors, we use the growth rate of investment over the period 1950-60
and the HP-filtered level of investment in 1955. Hence, our version of equation [A.1] is of the form:

1
g150-60" 0.05

where I is the Hodrick-Prescott trend of investment (with a smoothing parameter A = 10). We use 1955
as the base year instead of 1950 because it is known that this filter may displays anomalies at sample
endpoints.” Our investment data are corrected for differences in PPP and are taken from the OECD
National Accounts and Economic Outlook starting in 1960. Prior to that date, we use IMF data and price
deflators and, for some countries where no information is available, we extrapolate investment backward
using the growth rates of the capital stocks provided by Summers and Heston in the PWT 5.6.

25, Due to data limitations and other anomalies we have used a different base year for some countries. In
particular, we use 1953 for Canada and Norway and 1960 for the UK, Greece and Ireland.
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Country

United Sates
United Sates
United Sates

Netherlands
Netherlands
Netherlands

Italy
Belgium
Belgium
Belgium
Sain
Sain
Sain
Greece

Greece
Greece

Portugal
Portugal
Portugal

France
France
France

Ireland
Ireland
Ireland

Sweden
Sweden
Sweden

Norway
Norway
Norway

Denmark
Denmark
Denmark

Finland
Finland
Finland
Japan
Japan
Japan

level
L3

L3.1
L3.2

L3
L3.1
L3.2

L3.2

L3
L3.1
L3.2

L3
L3.1
L3.2

L3
L3.1
L3.2

L3
L3.1
L3.2

L3
L3.1
L3.2

L3
L3.1
L3.2

L3
L3.1
L3.2

L3
L31
L3.2

L3
L3.1
L3.2

L3
L3.1
L3.2

L3
L3.1
L3.2

L3

1960
16.50
8.80
7.70

3.30
1.90
1.40

2.10

8.27
4.27
4.00

3.07
1.59
1.48

3.71
1.13
2.58

1.50
0.40
1.10

941
6.83
2.58

4.03
2.05
1.98

4.83
2.10
2.73

4.20
2.00
2.20

7.08
5.26
181

4.10
1.84
2.26

6.30
2.63
3.67

1965
18.30
8.90
9.40

4.64
311
1.53

281

9.19
4.44
4.75

3.53
1.85
1.68

431
131
3.00

1.70
0.45
125

10.43
7.54
2.89

4.36
222
214

5.74
241
3.34

5.45
2.50
295

9.93
7.39
2.55

5.10
2.29
281

7.87
3.28
4.59

1970
21.20
10.20
11.00

5.97
4.32
1.65

351

10.10
4.60
5.50

3.98
211
1.87

4.92
1.49
343

1.90
0.50
1.40

11.79
8.32
3.48

5.36
2.73
2.63

6.65
271
3.94

6.70
3.00
3.70

12.79
9.52
3.28

6.10
2.74
3.36

9.43
3.93
5.50

1975
26.30
12.40
13.90

8.22
5.92
2.30

4.19

13.13
6.45
6.68

541
2.77
2.64

6.56
243
412

3.18
0.82
2.35

13.68
9.19
4.49

6.51
331
3.20

9.71
4.27
5.44

8.70
3.99
4.71

14.79
11.19
3.60

9.00
4.04
4.96

11.87
4.82
7.05

1980
31.90
14.90
17.00

10.70
7.62
3.08

4.87

16.16
8.30
7.87

6.84
3.43
342

8.45
3.56
4.89

4.46
1.15
331

16.43
11.48
4.95

7.67
3.90
3.77

12.77
5.83
6.94

11.10
5.22
5.88

16.78
12.87
3.92

11.90
5.34
6.56

14.30
5.70
8.60

1985
35.70
16.30
19.40

13.18
9.32
3.86

5.50

18.30
9.24
9.05

8.17
4.08
4.09

9.73
341
6.33

551
141
4.10

19.17
13.76
541

10.58
5.38
5.20

15.83
7.39
8.44

13.60
6.56
7.04

18.26
14.01
4.25

13.80
6.20
7.60

17.75
6.89
10.86

1990
39.20
17.90
21.30

15.66
11.02
4.64

6.13

20.43
10.19
10.24

9.48
473
475

10.86
2.93
7.94

6.50
1.65
4.85

21.92
16.05
5.87

13.93
7.09
6.84

18.89
8.95
9.94

15.70
7.86
7.84

1931
14.61
4.70

15.40
6.92
8.48

21.20
8.08
13.12

1995
47.80
24.80
23.00

21.34
10.20
11.14
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Table Al: University attainment levels (continued)

Country level 1960 1965 1970 1975 1980 1985 1990 1995
New Zedland L3 11,96 1408 1620 1890 2144 2255 2330
New Zedland ~ L3.1 786 911 1031 1183 1319 1314 1269
New Zealand ~ L3.2 409 497 58 707 825 941 1061
United Kingdom L3 388 625 863 1100 128 1475 16,63
United Kingdom L3.1 208 313 418 523 578 634 689
United Kingdom L3.2 180 312 445 577 709 841 974
Switzerland L3 940 1111 1282 1453 1624 1795 19.66
Switzerland ~ L3.1 796 894 992 1065 1139 1212 1285
Switzerland ~ L3.2 144 217 290 388 48 58 680
Austria L3 412 450 488 603 736 923 1124 1240
Austria L3.1 196 214 232 287 350 439 535 590
Austria L3.2 216 236 256 316 38 484 580 650
Australia L3 1566 1879 2150 2388 2625 2863 3100
Australia L3.1 1202 1409 1574 1706 1837 1969 2100
Australia L3.2 364 470 576 68 788 894 10.00
Germany L3 664 757 850 1221 1493 1814 2136
Germany L3.1 422 481 540 671 803 938 1073
Germany L3.2 242 276 310 550 690 876 10.63
Canada L3 2503 2688 2873 3075 3615 3875 4043
Canada L31(5 1193 1282 1370 1466 1865 1975 1945
Canada L3.1(6) 660 687 714 749 820 901 981
Canada L3.2 650 720 790 860 930 999 1117
Canada UNIV 1310 1407 1503 1600 1750 1900 20.98

Note: Character types are used to indicate the quality of the data. A bold character indicates a direct census or
survey observation (or interpolation from census or survey data no more than two years away in time). Bold
italic indicates that we are using census or survey data (usually from UNESCO or DYB compilations) after
reinterpreting it as an attainment category slightly different from the one reported in the original source. lItalics
are used for educated guesses based on census or survey information (e.g. when we apply ratios from a
census source to census totals to break down an attainment category into subcategories). The rest of the
observations are interpolations or more uncertain estimates.
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Table A2: Secondary attainment levels

Country Level 1960 1965 1970 1975 1980 1985 1990 1995
United States  L.2 7520 7490 7350 6950 6480 61.60 5840
United Sates L2.1 3140 2620 2240 1770 1410 11.20 8.80
United Sates L2.2 43.80 4870 5110 51.80 50.70 50.40  49.60
Netherlands L.2 4060 46.00 5139 5518 5857 6196 65.35
Netherlands L2.1 3350 3781 4213 4012 3652 3293 2934
Netherlands L2.2 7.10 8.18 926 1507 2205 29.03 36.01
Italy L2 1273 1830 2387 29.06 3425 40.88 47.87
Italy L2.1 882 1259 1634 1974 2313 2656  30.00
Italy L2.2 391 571 7.53 932 1112 1432 1787
Belgium L2 2755 3105 3455 4007 4559 48345 50414
Belgium L2.1 2214 2314 2413 2599 2785 2911 30.223
Belgium L2.2 541 791 1041 1407 1774 19235 20.191
Spain L2 4.20 5.03 5.85 921 1257 1974 27.86
Spain L2.1 217 271 3.24 521 718 1095 15.17
Spain L2.2 2.03 2.32 261 4.00 5.39 8.79  12.69
Greece L2 1253 1375 1497 1689 1900 2230 25.89
Greece L2.1 431 4.58 4.86 534 5.87 6.10 6.24
Greece L2.2 8.22 917 1011 115 1313 1620 19.65
Portugal L2 6.40 6.60 6.80 853 1025 1228 14.38
Portugal L2.1 2.90 3.07 3.24 4.19 513 6.30 7.53
Portugal L2.2 3.50 3.53 3.56 4.34 512 5.98 6.85
France L2 4745 5399 5928 6270 6138 60.06 58.74
France L2.1 36.18 4031 4140 3795 3368 2941 2515
France L2.2 1127 1369 1789 2475 2770 3064 3359
Ireland L2 2321 2600 3009 3450 3892 4236 4556
Ireland L2.1 1255 1350 1486 1632 1779 1849 19.00
Ireland L2.2 1066 1250 1523 1818 2113 2387 2656
Sweden L2 3022 3380 3738 4068 4397 4727 5056  53.20
Sweden L2.1 7.25 8.39 9.53 984 1014 1045 10.76  11.00
Sweden L2.2 2297 2541 2785 3084 3383 36.82 3981 4220
Norway L2 2428 2914 3400 3886 4406 4999 53.23
Norway L2.1 7.98 9.04 1010 1136 119 1169 11.83
Norway L2.2 16.30 2010 2390 2750 3210 3830 4140
Denmark L2 38.73 40.83 4293 4641 49.64 5183 5244
Denmark L2.1 6.05 6.79 7.54 8.29 8.79 956  10.70
Denmark L2.2 3268 3404 3540 3812 4085 4227 4175
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Table A2: Secondary attainment levels (continued)

Country
Finland
Finland
Finland

Japan
Japan
Japan

New Zealand
New Zealand
New Zealand

Level
L2

L2.1
L2.2

L2
L2.1
L2.2

L2
L2.1
L2.2

United Kingdom L2
United Kingdom L2.1
United Kingdom L2.2

Switzerland
Switzerland
Switzerland

Austria
Austria
Austria

Australia
Australia
Australia

Germany
Germany
Germany

Canada
Canada
Canada

L2
L2.1
L2.2

L2
L2.1
L2.2

L2
L2.1
L2.2

L2
L2.1
L2.2

L2
L2.1
L2.2

1960
27.80
6.00
21.80

38.70
7.80
30.90

53.82
21.11
32.71

39.38
14.88
24.50

41.68
19.88
21.80

47.9
16.14
31.76

37.92
20.69
17.24

53.60
14.28
39.32

67.22
29.32
37.90

1965
29.13
6.23
22.90

43.43
10.43
33.00

54.80
21.49
3331

43.58
16.88
26.70

47.77
20.79
26.98

49.65
17.08
32.57

43.11
23.52
19.60

55.70
14.84
40.86

66.26
26.44
39.82

1970
30.47
6.47

24.00

48.30
13.07
35.23

55.78
21.88
33.90

47.24
18.34
28.90

53.27
21.12
32.15

50.05
16.67
33.38

48.30
26.35
21.95

57.80
15.40
42.40
65.62

23.88
41.74

1975
33.68
7.08
26.60

52.54
15.07
37.47

56.77
22.27
34.50

53.18
19.49
33.69

58.16
20.83
37.33

53.8
17.24
36.56

49.98
27.26
22.72

64.75
17.25
47.50

64.35
20.68
43.67

1980
36.90
7.70
29.20

56.77
17.07
39.70

57.75
22.65
35.10

58.05
19.58
38.47

62.38
19.88
42.50

57.99
17.66
40.33

51.65
28.17
23.48

71.70
19.10
52.60
60.03
16.30
43.73

1985
40.59
8.39
32.20

60.87
18.77
42.10

58.70
18.71
39.99

62.26
19
43.26

67.94
17.49
50.45

61.58
17.82
43.76

53.33
29.09
24.24

74.57
18.60
55.96

57.66
14.89
42.77

1990
44.28
9.08

35.20

64.96
20.46
44.50

59.63
13.52
46.11

65.57
17.53
48.04

72.15
13.74
58.41

64.63
17.53
47.10

55.00
30.00
25.00

77.43
18.10
59.33

55.93
13.36
42.57

1995

515
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Table A.3: llliteracy rates

Country Level 1960 1965 1970 1975 1980 1985 1990
Italy LO 8.58 7.29 6.00 5.10 341 2.698 2.23
Spain LO 11.20 10.63 10.05 9.48 8.90 7.01 4.79
Greece LO 23.92 20.81 17.69 14.78 11.92 10.35 9.09
Portugal LO 34.00 30.20 26.40 22.60 18.30 15.70 12.80

Table A.4: Average years of schooling

1960 1965 1970 1975 1980 1985 1990

Australia 10.15 10.67 11.15 11.43 11.71 12.00 12.28
Austria 9.12 9.24 9.33 9.68 10.09 10.53 10.95
Belgium 7.55 7.81 8.07 8.61 9.16 9.47 9.76
Canada 11.54 11.74 11.96 12.16 1254 12.69 12.80
Denmark 9.09 9.46 9.83 10.21 10.58 10.84 10.93
Finland 7.88 8.05 8.22 8.68 9.13 9.50 9.87
France 8.13 8.57 9.04 9.57 9.86 10.16 10.45
Germany 9.17 9.46 9.74 10.76 11.66 12.32 12.99
Greece 5.56 5.87 6.18 6.62 7.09 7.51 7.91
Ireland 7.38 7.55 7.84 8.17 8.49 8.94 9.41
Italy 542 5.83 6.25 6.63 7.05 7.52 8.01
Japan 8.67 9.01 9.37 9.79 10.21 10.73 11.24
Netherlands 8.11 8.48 8.85 9.35 9.88 10.42 10.95
Norway 7.60 797 8.35 8.78 9.29 9.88 10.25
New Zealand 10.46 10.72 10.98 11.30 11.60 11.86 1211
Portugal 4.37 4.62 4.87 5.29 5.73 6.06 6.41
Spain 4.97 5.08 5.19 5.53 5.87 6.45 7.10
Sweden 8.04 8.30 8.57 9.03 9.49 9.96 10.42
Switzerland 9.08 9.64 10.20 10.73 11.24 1191 12.53
United Sates 11.44 11.69 11.93 12.24 12.53 12.74 12.91

United Kingdom 8.26 8.67 9.06 9.60 10.07 1051 10.94
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Table A.5: Data sources and construction, university attainment

Country level 1960 1961 1965 1966 1968 1970 1971 1975 1980 1981 1985 1989 1990 1991 1995
United States  L3.1 NC NC NC NC NC NC NC NC
United States 3.2 NC NC NC NC NC NC NC NC
Netherlands L3.1 NC int int NC int int int NC
Netherlands L3.2 NC int int NC int int int NC
Italy L32 UNE int DYB int DYB int EAG ext
Belgium L3 est int est (NC) int est (NC) int EAG ext
Belgium L31 est int est (NC) int est (NC) int EAG ext
Belgium L3.2 UNE int DYB int int int EAG ext
Spain L3.1 BP int NC int int NC int int NC
Spain L3.2 BP int NC int int NC int int NC
Greece L3.1 ext BP int int BP int int NC int int NC
Greece L3.2 ext BP int int BP int int NC int int NC
Portugal L3 DYB int est int est int int OECD95
Portugal L31 est int est int est int int OECD9
Portugal L3.2 UNE int UNE int int UNE int int OECD95
France L3 BP int NC int NC int int NC
France L3.1 BP int NC int NC int int NC
France L3.2 BP int NC int NC int int NC
Ireland L3 ext BP int NC int int int UNE int int UNE
Ireland L3.1 ext Est int est int int int est int int est
(OECD95)
Ireland L3.2 ext Est int est int int int est int int est
(OECD95)




Table A.5: Data sources and construction, university attainment (continued)
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Country
Sweden
Sweden
Sweden

Norway
Norway
Norway

Denmark

Denmark
Denmark

Finland
Finland
Finland

Japan
Japan
Japan
New Zealand
New Zealand
New Zealand

level
L3

L3.1
L3.2

L3
L31
L3.2

L3

L31
L3.2

L3
L31
L3.2

L3
L31
L3.2

L3
L31
L3.2

United Kingdom L3
United Kingdom L3.1
United Kingdom L3.2

1960
BP
BP
BP

NC
Est
Est
est

(OECD74)
Est

Est

UNE
Est
Est

DYB
Est
Est

Ext
Est
Est

est
est
UNE

1965
int
est
est
int
int
int
int
int
int
int
int
int
int
int
int

ext

NC
int
int
int

1970
NC
NC
NC

NC
est
est
ext

ext
ext

UNE

DYB

UNE

ext

NC
int
int
int

1973

BP

BP
BP

1975
int
est
est

NC
est
est

int
int
int
int
int
int
int
int
int

NC

int

UNE

int

1980
int
est
est

NC

1981

NC
est
int

1983

NC

NC
NC

1985
int
est
est

NC
est
est

int
int
int

UNE

int
int
int

int

int
int
int
int

1988

NC

NC
NC

1990
int
est
est

NC
est (EANC)
est (EANC)

int

int

int
UNE

EdinNC
EdinNC

UNE
EAG89
EAG89

int
est
int
int
int
int

1991 1992
NC
NC
NC
OECD95
OECD95
OECD95
EAGIO1
EAGOl
EAGOl

1994
NC
NC
NC
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Table A.5: Data sources and construction, university attainment (continued)

Country

Switzerland
Switzerland
Switzerland

Austria
Austria
Austria

Australia
Australia
Australia

Germany

Germany
Germany

Canada
Canada
Canada
Canada
Canada

Level

L31
L3.2

L3
L31
L3.2

L3
L31
L3.2

L3

L31
L3.2

L3
L3.1(5)
UNIV*
L3.1(6)
L3.2

1960 1961
UNE

est

est

ext Est
ext Est
ext UNE

est
est
ext

est
(OECD74)
est

est

est

est
UNE

est
DYB

1965
int

UNE

B2 88 8

int

g

int

1970
Int
Est

UNE

Int
Int
Int

UNE
Est
Int

DYB

Est
UNE

Est
Est
Int
Est
Int

1971

g 2

UNE

int
est
int
int
int
int
int
est
int
int

est
SJ

est
est
int
est
int

1975 1976 1980

int

est
int
int
int
int
int
est
int
int
est
SV
UNE int
est int
DYB int
est int
int int

1981

g 2

UNE

UNE

1985
int
est
int
int
int
int
int
est
int
int
est
int
int
int
int
int
int

1986

int

UNE

NC

1990
int
est
int
int
int
int

1991 1992
EAGI1
EAGI1
EAGI1

est
est
UNE

EAGI1

EAGI1
EAGI1

int OECD95

est
UNE

est

NC

1995

NC
NC
NC

(*) UNIV = university attainment, excluding upper level vocational training (ISCED 5) = L3.1(6) + L3.1.

Key: NC = national census or survey data, or national statistical yearbook; DYB = UN Demographic Yearbook; UNE = UNESCO Yearbook; EAG = OECD,
Education at a Glance; OECD95 = OECD (1995); B&L = Barro and Lee (1996); EdinNC = Educational indicators in the Nordic countries (1974); SJ =
Statistiches Jahrbuch, as reported in Barro and Lee. int = interpolation between available observations; ext = extrapolation (forward or backward); est =
indirect estimate; BP = Backward projection using census or survey data disaggregated by age.
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Table A.6: Data sources and construction, secondary attainment

Country Level 1960 1961 1965 1966 1968 1970 1971 1975 1980 1981 1985 1989 1990 1991 1995
United States L2.1 NC NC NC NC NC NC NC NC
United States L2.2 NC NC NC NC NC NC NC NC
Netherlands L2.1 NC int int NC int int int NC
Netherlands L2.2 NC int int NC int int int NC
Italy L2 ext NC int DYB int int int NC int int NC
Italy L21 ext NC int est int int int NC int int NC
Italy L2.2 ext NC int est int int int NC int int NC
Belgium L21 ext NC int NC int int int NC int EAG ext
Belgium L22 ext NC int NC int int int NC int EAG ext
Spain L21 BP int NC int int NC int int NC
Spain L2.2 BP int NC int int NC int int NC
Greece L3.1 ext BP int int BP int int NC int int NC
Greece L3.2 ext BP int int BP int int NC int int NC
Portugal L2 DYB int UNE int UNE int int UNE
Portugal L21 est int est int est int int est
(OECD)
Portugal L2.2 UNE int est int int est int int est
(OECD)
France L2 BP int NC int NC int int EAG ext
France L2.1 BP int NC int NC int int EAG ext
France L2.2 BP int NC int NC int int EAG ext
Ireland L2 ext BP int NC int int int UNE int int UNE
Ireland L2.1 ext est int Est int int int est int int est
(OECD)
Ireland L2.2 ext est int Est int int int est int int est
(OECD)
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Table A.6: Data sources and construction, secondary attainment (continued)

Country Level 1960 1965 1970 1973 1975 1980 1981 1983 1985 1990 1991 1994
Sweden L2 BP int NC int int int int NC
Sweden L2.1 BP int NC int int int int NC
Sweden L2.2 BP int NC int int int int NC
Norway L2 Est est Est est est est est
Norway L2.1 Est est Est est est est est
Norway L2.2 NC int NC NC NC NC NC
Norway L1+L2.1 NC int NC NC NC NC NC
Denmark L2 Est int Est est int int est int int est
(OECD74)
Denmark L2.1 Est int Est est int int est int int est
Denmark L2.2 Est int Ext BP int int NC int int NC
Denmark L1+L2.1 Est int Ext BP int int NC int int NC
Finland L2 DYB int Est int UNE int est
Finland L2.1 UNE int Est int UNE int est
Finland L2.2 Est int UNE int UNE int UNE
Japan L2 OECD74 int OECD74 int est est est
Japan L2.1 Est est Est int est est est
Japan L2.2 UNE UNE Int int UNE int UNE
New Zealand L2 Ext NC Int int int DYB+ int int OECD95+
New Zedand L2.1 Est est Est est est DYB int est OECD95
New Zealand L2.2 Est est Est est est DYB+ int est OECD95+
United Kingdom L2.2 UNE int UNE int int int int EAGI1
United Kingdom L2.1 Regr regr Regr regr regr regr regr
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Country

Switzerland
Switzerland
Switzerland

Austria
Austria

Australia
Australia
Australia

Germany
Germany
Germany

Canada
Canada
Canada

Level
L2
L2.1
L2.2

L22
L21

L2
L21
L22

L2
L21
L2.2

L2
L21
L2.2

1960
est
regr
UNE

ext
regr
ext

ext
ext

OECD74
est
est

est
est
UNE

1961

NC

1965
Est
Regr
Int

Int
Regr
UNE+

Est
Est

Int
Est
Est

Est
Est
Int

1970
Est
Regr
int

1971

int NC
regr
UNE

est
est

OECD74
est
DYB

est
est
int

1975
est

regr
int
int

regr
int
est
est

int

int
est

est
int

1976

NC

1980
est

regr
Kaneko
int
regr
int
est
est

int

DYB

est
est
int

1981

NC

NC

1985
est

regr
int
int

regr
int
est
est

int

int
est

est
int

1986

NC

1990
est

regr
int
int

regr

int

1991

EAGI1
NC

EAGI1
EAGI1
EAGIO1

NC

1995

NC

Note: Same notation as above, plus Kaneko (1986) and OECD (1974); regr = regression estimate of the ratio L2.1/L2.2; (+) indicates that the given source has

been corrected in some way using other information.

Table A.7: Data sources and construction, illiterates (LO)

Sain
Italy
Portugal
Greece

1960

NC
ext
ext
ext

1961

NC

BP

1965 1970
Int int
Int WDI
Ext WDI
Int int

1971

BP

1975
int
WDI
WDI
int

1980
Int
Int

WDI
Int

1981
NC
NC

NC

1985
int
int

WDI
int

1990
int
int

WDI
int

1991
NC
NC

NC

WDI = World Bank, World Development Indicators1999, Washington D.C. 1999.
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Figure A2 Percentage of population 25 years and over with primary education,
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Figure A% Percentage of population 23 years and over wilh secomdarny education,
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Figure A4 Percentage of population 25 years and over with higher edwcation.
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