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Abstract
Recent studies conclude that human capital should be a high priority because it is
a key growth input, particularly in an increasingly knowledge-based economy and
an important lever of social cohesion policy. However, country-specific studies
involving human capital and economic performance are scarce both for Portugal
and for other countries. The small number of such studies is explained to a large
extent by the increased complexity and difficulty of estimating continuous time
series for human capital stock giving data paucity. This article tries to facilitate
the emergence of further empirical works on the relation between human capital
and long-term economic growth by providing an improved measure of the stock of
human capital for the Portuguese economy from 1960 up to 2001.

Introduction
Many lines of economic research depend on having an accurate measure
of individual human capital, which in turn require the measuring
of investment in education and other inputs for human capital.
Measurement problems are particularly acute in the case of human capital
(Hanushek 1996; Sianesi and van Reenen 2003).

Many economists and policy-makers consider human capital as an
important production factor, highly complementary with technological
capital, and earlier studies focusing on cross-country growth performance
over long periods generally yielded positive results (e.g. Barro 1991; Barro
and Lee 1994; Mankiw et al. 1992). However, a substantial number of
subsequent studies have not always supported this view (Benhabib and
Spiegel 1994; Caselli et al. 1996; Pritchett 1995). De la Fuente and
Doménech (2000; 2002) and De la Fuente et al. (2003) argue that these
negative results derived from poor quality data used in those studies,
which led to high measurement errors hiding in this way the connection
between human capital accumulation and productivity growth.

Computing ‘corrected estimates’ of human capital stock, De la Fuente
(2003) found that the productivity effects of human capital are substan-
tial. In fact, in an earlier European Commission (EC) report (De la Fuente
and Ciccone 2002) it is estimated that an additional year of average school
attainment raises productivity in the average EU country by 6.2 per cent
on impact and by a further 3.1 per cent in the long run through its con-

101PJSS 4 (2) 101–120 © Intellect Ltd 2005

Keywords
human capital
education
measurement
economic growth

PJSS_4-2_Layout  6/1/06  4:39 pm  Page 101



tribution to faster technological progress. The first of these effects is con-
siderably higher in the cohesion countries, reaching 9.2 per cent in the
case of Portugal.

Theoretical models of human capital and growth are built around the
hypotheses that knowledge and skills embodied in human capital directly
raise productivity and increase an economy’s ability to develop and to
adopt new technologies. In order to explore its implication and open the
way for its empirical testing, this basic hypothesis is generally formalized
in one of two (not mutually exclusive) ways: (1) introducing the stock of
human capital as an additional input in an otherwise standard production
function linking the aggregate output to the stocks of productive inputs
(generally employment and physical capital) and to an index of total factor
productivity; and (2) including the stock of human capital as a determi-
nant of the rate of technological progress (cf. Nelson and Phelps 1966).

Pack (1994) suggests nevertheless that the main flaw of empirical
studies on economic growth derives from the fact that they have been
tested earlier as Solow-style neoclassical growth models, rather than
testing growth endogenous theory itself. Illustrating the scantiness of the
few systematic tests of endogenous growth theory, Pack (1994: 69)
stresses that cross-country regressions aiming at explaining growth rates
provide ‘rough orders of magnitude and indications of where to search for
explanations of growth, but cannot articulate the connection between
factor accumulation and economic growth’. He argues that the challenge
for empirical work is to test the implications of the new theory against the
economic evolution of individual countries using time series data.

However, country-specific studies are scarce (Pina and St Aubyn 2002).
Some attempts to estimate the human capital contribution to individual
country’s economic growth are, in the case of Portugal, Dias (1992), Teixeira
(1997), Pina and St. Aubyn (2002), Teixeira and Fortuna (2004) and
Pereira (2004). At the international level this type of study is not abundant
either, some examples being Chuang (2000) for Taiwan, and Laroche and
Mérette (2000) for Canada. The small number of such studies is explained to
a large extent by the increased complexity and difficulty of estimating con-
tinuous time series for human capital stock, which gives data paucity.

This article tries to facilitate the emergence of further empirical works
on the relation between human capital and long-term economic growth
by updating Teixeira’s (1998) estimation of the stock of human capital for
the Portuguese economy up to 2001.1 It is presented here as an improved
proxy of Portuguese human capital stock based on education attainment.

In the next section, we review a set of alternative measures for human
capital stock by discussing the corresponding strengths and drawbacks.
Section 3 focuses on the updating of human capital stock, presenting its
methodological underpinning. A brief comparison between the present
estimates and the available estimates at the Portuguese and cross-country
level is provided in Section 4. Finally, Section 5 concludes the article point-
ing to further pathways for future research.

1 The work by Teixeira
and Fortuna (2004),
which analyses the
long-term relationship
between human capi-
tal, innovation
capability and
economic growth,
uses the human capi-
tal stock detailed in
the present article.
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A review of alternative measures for human capital stock
A review of the measures of the stock of human capital used in empirical
growth research reveals that human capital is mostly poorly proxied
(Wossmann 2003). The main reason for the use of poor proxies of the
stock of human capital is that in most empirical growth studies, the choice
of the human capital proxy is hardly reflected upon and depends very
much on data availability.

The choice of adult literacy rates as a proxy for human capital stock
(e.g. Azariadis and Drazen 1990; Romer 1990) reflects, in most studies,
the ease of data availability and a broad coverage of countries by the avail-
able data. However, they miss out most of the investments made in human
capital because they only reflect the very first part of these investments. In
fact, using adult literacy rates as a proxy for the stock of human capital
implies the assumption that none of the additional investments over the
basic education level directly adds to the productivity of the labour force.

An alternative proxy, school enrolment ratios (Barro 1991; Mankiw et
al. 1992; Levine and Renelt 1992), tends to be considered a poor measure
of the stock of human capital available for current production. Indeed,
enrolment ratios are flow variables, and the children currently enrolled in
schools are by definition not yet a part of the labour force. The accumu-
lated stock of human capital depends indirectly on lagged values of school
enrolment ratios, where the time lag between schooling and future addi-
tions to the human capital stock can be very long and can also depend on
the ultimate length of the education phase. Enrolment ratios may not even
accurately represent changes in the human capital stock, especially during
the periods of rapid educational and demographic transition (Wossmann
2003). Specifically, they do not measure the human capital embodied in
the entrants of the labour force in one particular year, but the human
capital acquired by the then-current students who might enter the labour
force at some time in the future. Moreover, the education of current stu-
dents may not translate at all into additions to the human capital stock
embodied in the labour force because part of current enrolment may be
wasted due to grade repetition and dropping out. Finally, net investment
flows would have to take into account the human capital content of the
workers who are retiring from the labour force that year.

The educational attainment is clearly a stock variable and it takes into
account the total amount of formal education received by the labour force.
Therefore it has become the most popular and commonly used measure
(Barro and Sala-i-Martin 2004; Barro 1997; 1999; Benhabib and Spiegel
1994). Well-known cross-country data on the levels of educational attain-
ment and average years of schooling are those of Psacharopoulos and
Arriagada (1986), Kyriacou (1991), Barro and Lee (1993; 1996; 2000), de
la Fuente and Doménech (2000; 2002) and De la Fuente and Ciccone
(2002). Concerning time series data, we have for Portugal the studies of
Teixeira (1997; 1998), Pina and St Aubyn (2002) and Pereira (2004). These
measures have recently been targets of major criticisms (Cohen and Soto
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2001; Sianesi and van Reenen 2003; Wossmann 2003). On one side, speci-
fying human capital by average years of schooling implicitly gives the same
weight to any year of schooling acquired by a person - a year of schooling
should be weighted differently depending on how many years of schooling
the person has already accumulated. On the other side, it does not take into
account differences in the quality of schooling across countries and time.

The money value of human capital stock (e.g. Laroche and Mérette
2000; Cohen and Soto 2001; Pereira 2004) overcomes some of the limita-
tions of the years of education proxy. The human capital measure is con-
structed by combining data on years of schooling with rates of return
estimated in micro labour studies which weight each year of schooling by its
market return, i.e. by the earning it generates in the labour market. This
measure is not widely applicable to international comparisons due to the
limited availability of detailed wage data for most countries (Barro and Lee
2000). In the case of time series, the limited coverage is still more severe (in
the case of Portugal, Pereira (2004), for example, presents only 16 observa-
tions). Additionally, there are potential problems with the available estimates
of return to education because of biases through unmeasured characteristics
like ability and because of the disregard for social benefits (Barro and Lee
2000). In the case of wages changing substantially, this measure tends to
fluctuate unnecessarily (Mulligan and Sala-i-Martin 1995).

There has been considerably more work in improving international mea-
sures of human capital. International test scores of students (International
Association for the Evaluation of Educational Achievement’s (IEA), Third
International Mathematics and Science Study (TIMSS) for the period
1994–1995) provide useful information on the quality of education.
However, two shortcomings of these data may be pointed out. (1) The obser-
vations apply to different years and are most abundant for the 1990s; the
sample sizes are also much smaller than those for average years of schooling.
(2) They do not directly measure the educational capital held by a country’s
working-age population. The international adult literacy survey (OECD and
Human Resources Development Canada 1998) is a very promising attempt
to measure directly the skills of the labour force for international compari-
son. This measure is still in its earliest stages and covers only twelve OECD
countries (it excludes Portugal). Additionally to its limited coverage it has
been criticized because of measurement errors in modelling techniques
(Barro and Lee 2000).

In this context, data on educational attainment still provide the best
available information about the amount of human capital stock for a
broad number of countries and for any one country over a period of time.

An update estimation of the Portuguese human capital stock
Portuguese economic growth has been comprehensively tackled with the
outstanding research by Reis (1993) and Lains (1995; 2002; 2003b),
concerning the period pre-1950s, and, for more recent time spans, Lains
(2003a), Afonso (1999) and Afonso and Aguiar (2004).
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However, studies explicitly concerned with the relation between eco-
nomic growth and human capital for the Portuguese economy are rather
scarce. The first ones emerged in the 1990s with the works of Dias (1992),
Nunes (1993) and Teixeira (1997). Nevertheless, recently there has been
a renewed interest in this line of investigation with the works of Pina and
St Aubyn (2002), Teixeira and Fortuna (2004) and Pereira (2004). This
recent spurt has been in part explained by the availability of a continuous
time series for the Portuguese human capital stock based on educational
attainment, which has been first introduced in Teixeira (1997; 1998).

Pina and St Aubyn (2002), based on Teixeira’s (1997) work, intro-
duced some methodological changes and adopted a more encompassing
definition of human capital, considering data on formal training besides
education. Their estimate covers the period 1977–2001. More recently,
Pereira (2004) estimated three time series of human capital stock for
Portugal, one based on educational attainment for the period 1960–2001,
and the other two based on labour-market income for the period
1982–98. Similarly to Teixeira (1997; 1998), and contrary to Pina and St
Aubyn (2002), the proxy refers only to formal education (not including
formal training). Differently from Teixeira’s and Pina and St Aubyn’s
studies, which consider ‘adult active population’ people over 25-years-old,
Pereira (2004) uses a broader set of population (over 15-years-old, as does
Barro and Lee 2000) and adjusts for population mortality.

It is important to point out that the inclusion of training as a compo-
nent of human capital, as in Pina and St Aubyn (2002), does not signifi-
cantly change growth regression results, as the authors themselves
concluded. Additionally, the extension of the population set (adding the 15
to 24-year-olds) included in the estimation of Pereira by comparison with
that of Teixeira’s (1997; 1998) is not likely to produce significant improve-
ments as the percentage of 15 to 24-year-olds in the total working-age
population is small and declining over time (representing 21 per cent of
the total in 2001), being still smaller as a percentage of the effective work-
force. Concerning the adjustment for population mortality, Pereira (2004)
uses a global average mortality rate for each period not being able (due to
data constraints) of adjusting for mortality by age and schooling level,
which would be the relevant issue regarding the estimation of the human
capital stock for an individual country.

Given the above considerations, we opt for estimating and updating up
to 2001 the work of Teixeira (1997; 1998) who estimated the Portuguese
human capital stock based on educational attainments, i.e. the average
number of years of schooling of the Portuguese adult working-age popula-
tion. Thus, the following methodological description follows closely that in
Teixeira (1998).

The estimation of the Portuguese human capital stock was pursued
accordingly to the methodologies of Barro and Lee’s (1993) original work
and Kyriacou (1991). In a first phase, the data on the education attain-
ment levels of the adult Portuguese population was compiled. This infor-
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mation was drawn from census statistics (1960; 1970; 1981; 1991;
2001) gathered by the National Statistical Institute (INE).

Using the perpetual inventory method it was possible to extrapolate,
from the existing census figures, the proportion of the Portuguese popula-
tion that achieved each of the education levels in intra-census adjacent
years (see Table A1 of the Appendix). Starting with the census figures as a
benchmark, the perpetual inventory method uses the school enrolment
ratios (PRImary, SECondary and HIGher) to estimate changes from the
benchmarks. Then, applying the formulas derived by Barro and Lee
(1993) we were able to estimate the fraction of the adult working-age pop-
ulation (25 years old and over) from whom j is the highest level attained
(j=1 for total primary, j=2 for total secondary and j=3 for tertiary). As a
result, we have census-based values of hjt for 1960, 1970, 1981, 1991
and 2001, seeking to estimate the missing values.

where:
Lt : population aged 25 years and over at time t;
L25t : population aged [25, 29] at time t. It represents those who entered

into the overall population aged 25 years and above, during the last
five years;2

: the proportion of the adult population for whom j is the
highest level of educational attainment [j: total primary (1),
total secondary (2) and higher/tertiary (3)];

PRIt-τ : the gross enrolment ratio for primary schools observed at time t-τ;
SECt-τ : the gross enrolment ratio for secondary schools observed at time t-τ;
HIGt-τ : the gross enrolment ratio for higher schools observed at time t-τ.

For the period in question, 1960–2001, census data corresponded to 11.9
per cent of the values for each education level. The perpetual inventory
method allowed us to fill in more than 11.9 per cent of the values for
primary education, 11.9 per cent in the case of secondary education and
9.5 per cent for higher education (see Table A1). To obtain the remaining
missing values we use, similarly to Kyriacou (1991), a regression combin-
ing those two kinds of information previously referred to (census and per-
petual inventory-estimated attainment levels). Differently from Kyriacou,

2 Barro and Lee (1993)
neglected here any
mortality for people
aged 20–24 five years
previously, and
assumed that the sur-
vival probability for
people who were 25
and over is
independent of the
level of educational
attainment.
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we introduced an additional explanatory variable to take into account
population structure (and in this way be closer to the perpetual inventory
method).

All regressions present a good fit. The output of these estimations is
presented in the Appendix, Table A2.

In the following step we estimate the portion of the adult population
disaggregating it into finer levels of education: incomplete and complete
primary, secondary and higher education levels. Once again the starting
point was the census data with reference to the individuals that attained
one of the three levels of education by degree of completeness. The result-
ing conclusion ratios are reported in Table A3 in the Appendix.
Subsequently, and in the same line of Psacharopoulos and Arriagada
(1986) and Barro and Lee (1993), the estimates of human capital stock
were assembled from the following formula:

(7)

where
H: average years of schooling
Each percentage refers to the fraction of the population for which the jth

level of schooling is the highest level attained [j = ip for incomplete
primary, cp for complete primary, is for the first cycle of secondary, cs for
the second cycle of secondary, ihig for incomplete higher, and chig for com-
plete higher].
Di: the duration in years of the ith level of schooling [i = p for primary, s1

for the first cycle of secondary, s2 for the second cycle of secondary, and
hig for higher].
For Di we consider the official length for each level of education as it is
reported by INE (1979/80): 4 years for primary, 6 years for the first
cycle of lower secondary, 9 years for the second cycle of lower sec-
ondary, 12 years for upper secondary and 18 years for higher school.
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Figure 1
Source: See Table A4 in the Appendix.
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The whole set of estimates for the Portuguese human capital stock is
reported in the Appendix, Table A4. We estimate four measures of the
average number of years of schooling of the Portuguese working-age pop-
ulation. At the first measure, H, we consider only the three main levels of
education without distinguishing complete from incomplete levels. The
other three estimates differ from each other relatively to the length of the
first cycle of secondary school. H’ considers that the individuals that do
not complete any of the three education levels achieved at least half of the
years [of education] officially required. H’’ the same as H’ but considering
incomplete secondary as those individuals that do not go further than the
first cycle of lower secondary school. H’’’ the same as H’’ but now the rele-
vant length of time is the second cycle of lower secondary school, which
happens to be the compulsory education level in the Portuguese education
system). The next figure presents the evolution of the proxy of the
Portuguese human capital stock assuming this last hypothesis.

The examination of the Portuguese human capital stock evolution
over these four decades highlights the remarkable pace of increase in the
average years of education on the behalf of the Portuguese adult working-
age population. From 1.4 average years of education in 1960, that refer-
ence group achieved 7.4 years of education by 2001. Notwithstanding
the notable progress, it is important to note that the level is still well below
the length corresponding to the present compulsory schooling level (9
years).

It is interesting to point out that this gradual increase in the stock of
human capital was accompanied by substantial increases in returns to
education, particularly after the mid-1980s (Hartog et al. 2001).
Speculating on the causes behind the rise of the returns to education,
Hartog et al. (2001) maintain that skill-based technological change
seemed to be the chief explanation for a shift in the demand towards edu-
cated labour. This was primarily based on the fact that the shift in the use
of more educated labour was due to changes taking place within the
industries (consistent with technological change).

Comparison with other time series and cross-country estimates
Given the existence of other similar estimates for the Portuguese human
capital stock, both based on time series (Pina and St Aubyn 2002; Pereira
2004) and cross-country data sets (Barro and Lee 2000; Cohen and Soto
2001; de la Fuente and Doménech 2002), it seems important to present
and discuss the corresponding comparable figures.3

3 Pereira (2004)
presents a similar but
slightly more compre-
hensive comparison
by computing the reli-
ability ratios for the
whole alternative esti-
mates using Krueger
and Lindahl (2000)
approach.
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Table 1: Average years of education of the Portuguese working-age population
(simple mean).
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In the first stage, and in order to assess the main differences between
our results and similar figures obtained in other frequently used cross-
country data sets, we compiled the available estimates for the human
capital stock with reference to Portugal.

Comparing with other time series estimates (Pina and St Aubyn 2002;
Pereira 2004), our measure presents smaller figures, particularly in the
initial periods. Notwithstanding this, as we can see in Table 3, the Pearson
linear correlation coefficient is rather high between these three measure-
ment procedures, nearby the condition of perfect correlation.

Regarding the parallel between our measure and those based on cross-
country estimates, our proxy seems much more similar in levels to that of
Barro and Lee (2000), at least for the period 1960–85. Beyond 1985, the
corresponding estimates are rather distinct, with Barro and Lee’s figures
abnormally low. This departure is corroborated by correlation figures with
our measure presenting the lowest correlation (although still high, 0.985)
with Barro and Lee.

It is appealing in that the fact that, despite some relevant methodologi-
cal differences, Cohen and Soto’s and de la Fuente and Doménech’s esti-
mates present the highest correlation with our human capital stock proxy.

Using the reliability ratios presented in Crueller and Lindahl (2000) we
can further discuss the relative advantages of the above-mentioned human
capital stock proxies. We limit this analysis to time series estimates
because, in the case of cross-country data, the amount of observations
available does not permit us to carry out a serious comparative exercise of
the respective reliability.4

The reliability ratio of an imperfect measure of average years of school-
ing, S1 (R1) is computed as the ratio of the covariance between S1 and an
alternative imperfect measure S2 to the variance of S1. Formally,

4 In spite of this short-
coming, Pereira
(2004) computed and
presented the reliabil-
ity ratios for both time
series and cross-coun-
try estimates.
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Table 2: Comparison between the estimated human capital stock and other time
series (national) and cross-country (international) estimations.

Notes: Population groups vary as follows. Teixeira, Pina and St Aubyn (2002), Barro
and Lee (2000) and de la Fuente and Doménech (2002) cover the population aged 25
years old and over; Pereira (2004) and Cohen and Soto (2001) cover the population aged
15–64 years old.
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(8)

where
S1

j=S*
j+e1

j

S2
j=S*

j+e2
j

Being S* is the true schooling and e the measurement error.

The computation of the reliability ratio assumes that e1 and e2 are uncor-
rected. This assumption is, however, very demanding because, in the case of
the alternative time series estimates presented here, the corresponding mea-
surement errors are likely to be correlated given that, to some extent, they
rely on the same mismeasured enrollment data. Consequently, the reliability
ratios derived from comparing such measures probably provide an upper
boundary on the reliability of the data series (Krueger and Lindahl 2000).

The time series data have considerable signal, with the reliability ratio
exceeding 0.90 for all data (excluding Pereira, which presents correlated
error terms relative to Teixeira). This suggests that above 90 per cent of
the variability in observed average years of education in the different data
sets represent true levels. However, considering differences instead of
levels, reliability ratios suffer a significant fall, particularly in Teixeira and
Pina and St Aubyn when referred to Pereira. In changes, Pereira’s data
convey more signal than the other two measures of human capital stock.
Indeed, between 25 per cent and 73 per cent of the variability in observed
changes in years of education in Pereira’s data represent true changes. For
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Table 3: Comparison between the estimated human capital stock and other time
series (national) and cross-country (international) estimations - Pearson linear
correlation coefficient.

Notes: Population groups vary as follows. Teixeira, Pina and St Aubyn (2002), Barro
and Lee (2000) and de la Fuente and Doménech (2002) cover the population aged 25
years old and over; Pereira (2004) and Cohen and Soto (2001) cover the population aged
15–64 years old.
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Teixeira the corresponding figures are 9.6 per cent and 15.8 per cent and
in the case of Pina and St Aubyn, 3.7 per cent and 52.9 per cent.

Results based on reliability ratios suggest that Pereira’s data might con-
stitute a preferable proxy for the average years of education of the
Portuguese working-age population. Yet, given the high likelihood of those
three data series presenting correlated measurement errors and the fact
that the Pearson linear correlation coefficients are very high for the whole
set of data series, the relative performance and validity of these three
proxies have to be tested against growth regression exercises.

Conclusion
This article aimed at providing an update up to 2001 of the stock of human
capital for the Portuguese economy. With that it seeks to stimulate works
on long-term economic growth and to endorse further investigation on the
alternative roles of human capital on economic long-term dynamics.

The review of the different measures for the stock of human capital
used in empirical growth research revealed that human capital is mostly
poorly ‘operationalized’, being the choice of the human capital proxy/indi-
cator hardly reflected upon and dependent very much on data availability.

Notwithstanding the increasing considerable work in improving inter-
national measures of human capital data, with the emergence of income-
based human capital measures, measures which account for quality such
as international test scores and those that account for different compo-
nents of human capital such as the international adult literacy surveys,
educational attainment still provides the best available information about
the amount of human capital stock for a broad number of countries and
for a country over a period of time.

The inspection of the evolution of the updated Portuguese human
capital stock over the last four decades draws attention to its noteworthy
rate of growth. In fact, from a meagre 1.4 average years of education, the
Portuguese working-age population accomplished, by 2001, 7.4 years of
education. Albeit the prominent progress, that level is still well below the
length of the currently compulsory schooling level (9 years).

The exercise of comparing our human capital measure with other
recent proxies revealed a rather high correlation (well above 0.90) among
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Table 4: Comparison between the estimated human capital stock and other time
series estimates - Krueger and Lindahl’s reliability ratios.
* Violates classical assumptions. The reliability ratio is above 1.
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these measures. Nevertheless, results based on reliability ratios seem to
give more credit to Pereira’s (2004) data indicating that it might consti-
tute a preferable proxy for the average years of education of the
Portuguese working-age population. But reliability ratio computations are
pervaded with classical assumption violations, which weaken the results
achieved.

In our opinion, a more definitive comparison of the relative merits of
the different proxies requires their use and appraisal in empirical growth
regression estimations. This is simultaneously a challenge and a pathway
for further research.
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Appendices: Tables A1–A4
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Table A2 Notes: Estimates were calculated using the following regressions:

Table A1 Notes:
Lt: population aged 25 and over at time t; L25t: population aged [25, 29] at
time t. It represents those who entered into the overall population aged 25 and
above, during the last five years.

: proportion of the adult population for whom j is the highest level
of educational attainment [j: total primary (1), total secondary
(2) and higher/tertiary (3)].

PRIt-15: the gross enrollment ratio for primary school observed 15 years ago;
SECt-10: the gross enrollment ratio for secondary school observed 10 years ago;
HIGt-5: the gross enrollment ratio for higher school observed 5 years ago.
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Table A3 Notes:
CRPRIM: primary conclusion ratios; CRSEC: secondary conclusion ratios;
CRHIGH: higher education conclusion ratios. In the computation of the
conclusion ratios, census data (1970, 1981, 1991 and 2001) are the
benchmarking figures. We further assume that these ratios varied uniformly
over time, that is, for each year we apply the average annual change rates.
The absence of data for the 1960–69 period forced us to presuppose that
conclusion ratios assumed 1970’s values.
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Table A4 Notes:
H, we do not distinguish complete from incomplete levels.
H’ considers that the individuals that do not complete any of the three education
levels achieved at least half of the years [of education] officially required.

H’’ the same as H’ but considers as incomplete secondary education those
individuals that do not go further than the first cycle of lower secondary school.

H’’’ as H’’ but now the relevant length is the second cycle of lower secondary
school, i.e. the compulsory education level for Portuguese education system).

hhigchhigihschsihpc
hpi

H ×+++×+++×++×+++×=′ ⎟
⎠

⎞
⎜
⎝

⎛
⎟
⎠

⎞
⎜
⎝

⎛
⎟
⎠

⎞
⎜
⎝

⎛
)684(

2

6
84)84(

2

8
4

2
4

( ) hhigchhigihschsihpc
hpi

H ×+++×+++×++×+++×=′′ ⎟
⎠
⎞

⎜
⎝
⎛

⎟
⎠
⎞

⎜
⎝
⎛

)684(

2

6
84)84(24

2

4

( ) hhigchhigihschsihpc
hpi

H ×+++×+++×++×+++×=′′′ ⎟
⎠
⎞

⎜
⎝
⎛

⎟
⎠
⎞

⎜
⎝
⎛

)684(

2

6
84)84(54

2

4

PJSS_4-2_Layout  6/1/06  4:40 pm  Page 117



Works cited
Afonso, O. (1999), Contributo do comércio externo para o crescimento económico ppor-

tuguês, 1960–1993, Lisbon: Conselho Económico e Social.

Afonso, O. and Aguiar, A. (2004), ‘Comércio externo e crescimento da economia
portuguesa no século XX’, FEP Working Paper, 146, Faculdade de Economia da
Universidade do Porto.

Azariadis, C. and Drazen, A. (1990), ‘Threshold externalities in economic develop-
ment’, Quarterly Journal of Economics, 105: 501–26.

Barro, R. (1991), ‘Economic growth in a cross-section of countries’, Quarterly
Journal of Economics, 106: 407–43.

Barro, R. (1997), Determinants of economic growth: a cross-country empirical study,
Cambridge, MA: MIT Press.

Barro, R. (1999), ‘Inequality, growth and investment’, NBER Working Papers,
7038, Cambridge MA: National Bureau of Economic Research, Inc.

Barro, R. and Lee, J.-W. (1993), ‘International comparisons of educational attain-
ment’, Journal of Monetary Economics, 32: 363–94.

——- (1994), ‘Sources of economic growth’, Carnegie-Rochester Conference Series on
Public Policy, 40: 1–46.

——- (1996) ‘International measures of schooling years and schooling quality’,
American Economic Review, 86 (2): 218–23.

——- (2000), ‘International data on educational attainment updates and implica-
tions’, NBER Working Papers, 7911, Cambridge, MA: National Bureau of
Economic Research.

Barro, R. and Sala-i-Martin, X. (2004), Economic growth, 2nd ed., Cambridge, MA:
MIT Press.

Benhabib, J. and Spiegel, M. (1994), ‘The role of human capital in economic devel-
opment: evidence from aggregate cross-country data’, Journal of Monetary
Economics, 34: 143–73.

Caselli, F., Esquivel, G. and Lefort, F. (1996), ‘Reopening the convergence debate: a
new look at cross-country growth empirics’, Journal of Economic Growth,
1: 363–89.

Chuang, Y. (2000), ‘Human capital, exports, and economic growth: a causality
analysis for Taiwan, 1952–1995’, Review of International Economics, 8
(4): 712–20.

Cohen, D. and Soto, M. (2001), ‘Growth and human capital: good data, good
results’, CEPR Discussion Paper Series, 3025, London: Centre for Economic and
Policy Research.

De la Fuente, A. (2003), Human capital in a global and knowledge-based economy, part
II: assessment at the EU country level, final report, European Commission:
Employment and Social Affairs, April.

De la Fuente, A. and Ciccone, A. (2002), Human capital in a global and knowledge-
based economy, final report, European Commission, May.

De la Fuente, A. and Doménech, R. (2000), ‘Human capital in growth regressions:
how much difference does data quality make?’, CEPR Discussion Paper, 2426,
London: Centre for Economic and Policy Research.

De la Fuente, A. and Doménech, R. (2002), ‘Human capital in growth regressions:
how much difference does data quality make? An update and further results’,
CEPR Discussion Paper, 3587, London: Centre for Economic and Policy
Research.

118 Aurora Amélia Castro Teixeira

PJSS_4-2_Layout  6/1/06  4:40 pm  Page 118



De la Fuente, A., Domenech, R. and Jimeno, J. (2003), ‘Human capital as a factor
of growth and employment at the regional level: the case of Spain’, UFAE and
IAE Working Papers, 610.04, Barcelona: Unitat de Fonaments de l’Anàlisi
Econòmica (UAB) and Institut d’Anàlisi Econòmica (CSIC).

Dias, A. (1992), ‘Avaliação do QCA do lado da oferta’, Mimeo, Lisbon: DPP.

Hanushek, E. (1996), ‘Measuring investment in education’, Journal of Economic
Perspectives, 10 (4): 9–30.

Harbison, F. and Mayers, C. (eds) (1965), Manpower and education, New York, NY:
McGraw-Hill.

Hartog, J., Pereira, P. and Vieira, J. (2001), ‘Changing returns to education in
Portugal during the 1980s and early 1990s: OLS and quantile regression esti-
mators’, Applied Economics, 33: 1021–37.

Krueger, A. and Lindahl, M. (2000), ‘Education for growth: why and for whom?’,
NBER Working Papers, 7591, Cambridge, MA: National Bureau of Economic
Research.

Kyriacou, G. (1991), Level and growth effects of human capital: a cross-country study of
the convergence hypothesis, New York, NY: C.V. Starr Center for Applied
Economics, New York University.

Lains, P. (1995), A economia portuguesa no século XIX: crescimento económico e comér-
cio externo, Lisbon: Imprensa Nacional.

—— (2002), ‘Southern European economic backwardness revisited: the role of
open economy forces in Portugal and the Balkans, 1870–1913’, Scandinavian
Economic History Review, 50: 24–43.

—— (2003a). ‘Catching-up to the European core: Portuguese economic growth,
1910–1990’, Explorations in Economic History, 40: 369–86.

—— (2003b), ‘Portugal’s growth paradox, 1870–1950’, FEP Working Papers, 135,
Faculdade de Economia da Universidade do Porto.

Laroche, M. and Mérette, M. (2000), ‘Measuring human capital in Canada’,
Department of Finance 2000–05, Ottawa, Canada: Ministere des Finances du
Canada.

Levine, R. and Renelt, D. (1992), ‘A sensitivity analysis of cross-country growth
regressions’, American Economic Review, 82: 4, pp. 942–63.

Mankiw, N., Romer, D. and Weil, D. (1992), ‘A contribution to the empirics of eco-
nomic growth’, Quarterly Journal of Economics, 106 (2): 407–37.

Mulligan, C. and Sala-i-Martin, X. (1995), ‘Measuring aggregate human capital’,
NBER Working Paper, 5016, Cambridge, MA: National Bureau of Economic
Research.

Nelson R. and Phelps, E. (1966), ‘Investment in humans, technological diffusion
and economic growth’, American Economic Review, 56 (2): 69–75.

Nunes, A. (1993), ‘Education and economic growth in Portugal: a simple regres-
sion approach’, Estudos de Economia, 13 (2): 181–205.

OECD and Human Resources Development, Canada (1998), Literacy skills for the
knowledge society: further results from the international adult literacy survey, Paris
and Ottawa: OECD/Human Resources Development, Canada.

Pack, H. (1994), ‘Endogenous growth theory: intellectual appeal and empirical
shortcomings’, Journal of Economic Perspectives, 8 (1): 55–72.

Pereira, J. (2004), A medição do capital humano em Portugal, unpublished master’s
dissertation, Universidade Técnica de Lisboa.

119Measuring aggregate human capital in Portugal: 1960–2001

PJSS_4-2_Layout  6/1/06  4:40 pm  Page 119



Pina, A. and St Aubyn, M. (2002), ‘Public capital, human capital and economic
growth: Portugal 1977–2001’, Departamento de Prospectiva e Planeamento,
October, Lisbon: Ministério das Finanças.

Pritchett, L. (1995), ‘Divergence, big time’, Policy Research Working Paper Series,
1522, Washington, DC: The World Bank.

Psacharopoulos, G. and Arriagada, A. (1986), ‘La composition de la population
active par niveau d`instruction: une comparaison internationale’, Revue
Internationale du Travail, 125: 617–31.

Reis, J. (1993), O atraso económico português em perspectiva histórica, 1850–1930,
Lisbon: Imprensa Nacional.

Romer, P. (1990), ‘Human capital and growth: theory and evidence’, Carnegie-
Rochester Conference Series on Public Policy, 32: 251–286.

Sianesi, B. and van Reenen, J. (2003), ‘The returns to education: macroeconom-
ics’, Journal of Economic Surveys, 17: 157–200.

Teixeira, A.A.C. (1997), Capacidade de inovação e capital humano: contributos para o
estudo do crescimento económico português, 1960–1991, unpublished master’s
dissertation, Faculdade de Economia da Universidade do Porto.

—— (1998), ‘Human capital stock: an estimation of a time series for Portugal’,
Estudos de Economia, 18 (4): 423–41.

Teixeira, A.A.C. and Fortuna, N. (2004), ‘Human capital, innovation capability
and economic growth in Portugal, 1960–2001’, Portuguese Economic Journal,
3: 205–25.

Wossmann, L. (2003), ‘Specifying human capital: a review, some extensions, and
development effects’, Journal of Economic Surveys, 17 (3): 239–70.

Suggested citation:
Teixeira, A.A.C. (2005), ‘Measuring aggregate human capital in Portugal: 1960–2001’,

Portuguese Journal of Social Science 4: 2, pp. 101–120, doi: 10.1386/pjss.4.2.101/1

Contributor details
Aurora A.C. Teixeira is Assistant Professor in Economics at FEP and research fellow
at CEMPRE (University of Porto). She received her Ph.D. degree from the University
of Sussex (UK) studying at SPRU (Science and Technology Policy Research). Her
research focuses on the measurement and role of human capital and R&D stocks in
countries’ long-term growth. Recent works were published in Portuguese Economic
Journal and Brazilian Innovation Review. The Portuguese Economic and Social
Council awarded her study on the Portuguese economic growth, published as
Capital Humano e Capacidade de Inovação. Contributos para o estudo do crescimento
Económico Português, 1960–1991. Contact: CEMPRE, Faculdade de Economia da
Universidade do Porto, Rua Dr Roberto Frias, 4200-464 Porto, Portugal.
E-mail: ateixeira@fep.up.pt

120 Aurora Amélia Castro Teixeira

PJSS_4-2_Layout  6/1/06  4:40 pm  Page 120




