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ABSTRACT

Empirical literature finds difficulties specifying and selecting proxies for hu-
man capital. These difficulties may explain why the indicators used in several
international empirical studies are not closely linked to economic growth and
its sources.

This study offers an innovative perspective with an international indicator
of human capital that takes into account the quantitative and the qualitative
dimension of the concept, through the calculation of working hours corrected
by productivity on the basis of differences in educational attainment and diffe-
rences in skills and knowledge which exist between countries.

The study also applies Granger's test to analyse, in a sample of 15 OECD
countries, the causality between the new indicator of human capital and GDP
and the new indicator and innovation, concluding that the multidimensional
indicator possesses a relation of causality that does not appear when tests are
carried out with traditional measures of human capital (gross enrolment rate in
secondary and average schooling years).

Keywords: Human Capital; Economic Growth; Technology; OECD; Causality Test.
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RESUMEN

La literatura empirica encuentra dificultades a la hora de definir el capital
humano y seleccionar proxies para su medicion. Estas dificultades podrian ex-
plicar por qué diversos trabajos empiricos internacionales no encuentran una
relacion estrecha entre los indicadores utilizados y el crecimiento econéomico
y sus fuentes.

Este trabajo ofrece una perspectiva innovadora, aportando un indicador de
capital humano que tiene en cuenta las dimensiones cuantitativa y cualitativa
del concepto, a través del calculo de las horas trabajadas corregidas por las
diferencias en productividad, en base a las diferencias en niveles educativos
alcanzados, y a las diferencias en habilidades y conocimientos existentes entre
paises.

El trabajo aplica, a su vez, test de Granger para analizar, para una muestra
de 15 paises OCDE, la causalidad entre el indicador propuesto y el PIB y el
nuevo indicador y la innovacion, concluyendo que el indicador multidimensio-
nal posee una relacion de causalidad que no aparece cuando se trabaja con
las medidas tradicionales de capital humano (tasas brutas de matriculacion en
secundaria y anos medios de estudio)

Palabras clave: Capital humano; Crecimiento econdomico; Tecnologia;
OCDE; Test de causalidad.

JEL codes: 125, 020, O31.
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1. INTRODUCTION

In neo-classical growth models, the rate of growth is exogenously determi-
ned by either the savings rate or the rate of technical progress (Solow model).
However, during the last decades of the 20th century many growth theorists,
increasingly dissatisfied with the previous models, developed new theoretical
proposals able to identify the causes of economic growth. The new models
give special importance to the investment in human capital and its link with
innovation.

In this sense, two principal lines of thought have been developed regarding
the role of human capital in economic growth. On the one hand, Lucas (1988)
and Mankiw et al. (1992) consider human capital as a factor of the production
function, and hold that the accumulation of human capital is the principal de-
terminant of productivity growth and, consequently, that the rate of economic
growth depends directly on the rate of accumulation of human capital, not on
the human capital stock.

On the other hand, authors such as Nelson and Phelps (1966), Benhabib
and Spiegel (1994, 2005), Barro (1999) and Barro and Sala-i-Martin (2003),
consider that an increase in human capital stock indirectly boosts economic
growth, by expanding the ability of a country to develop its own innovations
and increase its capacity to adopt technologies developed in other countries.

In spite of the importance that the specialists concede to human capital,
no generally accepted definition exists. Furthermore, diverse studies (such as
those by Krueger and Lindahl, 2001, De la Fuente and Domenech, 2006, Co-
hen and Soto, 2007 or Al-Yousif, 2008) have underlined the difficulties of mea-
suring human capital, and, since the empirical evidence for the link between
human capital and growth depends on the selection, the specification and the
choice of proxy for human capital, these difficulties may explain why the indi-
cators used in several empirical studies are not closely linked to GDP growth.
Limitations are still greater in the international context, where it is difficult to
find measurements of human capital that are comparable and have a time
perspective. The difficulties in measuring and even defining the variables used
and the heterogeneity of the data available then become evident.

According to Wopmann (2003), two errors may be produced in the measu-
rement of human capital: errors due to the use of inadequate proxies (since the
majority of studies select them for the availability of the data and not for their
suitability) and measurement errors in the true sense of the word. As a result,
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the question of the proxy of human capital is shown to be fundamental when
evaluating its true importance.

The main objective of the present study is to make a methodological pro-
posal to elaborate an indicator of human capital which provides more nuances
and information than traditional indicators and facilitates the comparison of
endowments between economies. The indicator takes into account the quan-
titative dimension of human capital, correcting working hours by productivity,
on the basis of educational attainment, for each group of workers with similar
characteristics of gender and age.

Furthermore, it considers the qualitative dimension of the concept and co-
rrects the hours worked for the differences in abilities and knowledge which
exist between countries. The new indicator, explained in the second section of
the paper, permits, therefore, the measurement of the stock of human capital
in a richer way, and offers new possibilities of establishing, with more empirical
precision, the ties between human capital, innovation and GDP. To test its
properties, the third section provides a Granger causality tests analysis in a
sample of OECD countries. Our work shows that when human capital is measu-
red by the indicator proposed, it Granger-causes GDP (the basic measure of a
country’s overall economic output). However, when human capital is measured
by traditional indicators it does not maintain a relation of causality with GDP.
Moreover, a Granger causality test has been performed, to check whether in-
novation can be explained by human capital. We find that when human capital
is measured with the indicator proposed, it maintains a relation of causality
with the technological variable. In this case, causality is bidirectional: human
capital causes innovation and innovation causes human capital (in the sense of
Granger). However, this relation is not observed with traditional human capital
indicators. The fourth section presents the principal conclusions of the study.
The research is accompanied by two annexes which contain the description
of the variables employed, the descriptive statistics and the elaborated data.

2. HUMAN CAPITAL MEASUREMENT
2.1. HUMAN CAPITAL INDICATORS

The majority of studies which measure human capital can be classified ac-
cording to two broad approaches: the quantitative perspective and the quali-
tative perspective. The former includes studies based on measuring the formal
education received, the cost of investment in human capital and the wage di-
fferences originating from distinct educational levels. The indicators construc-
ted on the basis of measurements of formal education have been those most
commonly used in the literature, for at least three reasons: due to considering
that formal education is the fundamental source of human capital acquisition;
due to observing a strong correlation between this and other acquisition paths;
and due to the existence of comparable international data.
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With regard to the cost of investment in training, it is understood that this
offers an approximation of the value of human capital possessed. It is assumed
that the greater the cost of acquisition the greater will be the training it provi-
des. Finally, indicators based on wage differentials quantify productivity diver-
gences originating in the different levels of education completed, according to
the remuneration received by a representative or numeraire worker.

In turn, the qualitative perspective emphasises the differences in the quali-
ty of the training received, which will be reflected in qualifications. To proxy the
qualifications really possessed, this perspective employs indicators of educa-
tional inputs and, principally, the results from international tests of knowledge.

Table 1 synthesizes the principal studies, methodological contributions and
sources surrounding the measurement of human capital.

TABLE 1. HUMAN CAPITAL MEASUREMENT

Perspective

Indicator type

Studies

Field of application

Quantitative

Psacharopoulos and Arriaga-

Field: 99 countries. Period: 1960 to

da (1986, 1992) 1983.
Kyriacu (1991) Field: 113 count]ngegSPerlod: 1965 to
Lau et al. (1991) Field: 58 count]rlge;SPerlod: 1965 to
Indicators — T
based on Nehru et al. (1995) Field: 85 count]rlgés%.7Per|od. 1960 to
form?' Barro and Lee (1993, 1996 | Field: 126 countries. Period: 1960 to
education
received 2001) 2000.
De la Fuente and Domenech |Field: 21 OECD countries. Period: 1960
(2006) to 1995.
Cohen and Soto (2007) Field: 95 countzrlgé.OPenod: 1960 a
Field: 120 countries. Period: 1970 to
Lutz et al. (2007) 5000
Field: United States.
Shultz (1961) Period: 1900 to 1956.
Cost-based . Field: United States.
approach Kendrick (1976) Period: 1929 to 1969.

Eisner (1985)

Field: United States.
Period: 1945 to 1981.

Income-based
approach

Jorgenson and Fraumeni

Field: United States.

(1989, 1992) Period: 1949 to 1984
Mulligan and Sala-i-Martin Field: United States.
(1997) Period: 1940 to 1990.

Jorgenson et al. (1987)

Field: United States. Period: 1948-1979

Bureau of Labor Statistics
(1993)

Field: United Staes
Period: 1948-1990

Timmer et al. (2007)

Field: United States and EU27
Period: 1970-2004
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Qualitative

Indicators

based on

academic
results

Scarpetta and Tressel (2002)

Field: 18 OECD countries
Period: 1995.

International Adult Literacy
Survey

Field: 29 OECD countries.
Period: 1994 a 1998.

International Association for
the Evaluation of Educational
Achievement (IEA)

- International Mathematics
Study
- International Science
Study
- International Reading
Study
- Progress in International
Reading Literacy (PIRLS)

- Trends in International
Mathematics and Science
Study (TIMSS)

Field: between 11 and 45 countries.
Period: distinct years between 1964
and 2011

Programme for International
Student Assessment (PISA)

Field: distinct countries, up to a total of
65 countries
Period: 2000 to 2012

Hanushek and Kimko (2000)

Field: 87 countries. Period: 1 average
observation between 1964 and 1991.

Hanushek and Wopmann
(2012)

Field: 77 countries. Period: 1 average
observation between 1964 and 2003.

“\-7@

2.2. PROPOSAL FOR A NEW HUMAN CAPITAL INDICATOR

In recent years new international databases have appeared, containing varia-
bles to elaborate more sophisticated indicators. An appropriate strategy for the
construction of new indicators, richer and more solvent than their antecedents,
is based on the use of techniques which combine the two principal approaches
to human capital measurement. This is the objective of the present study, which
makes a methodological proposal in order to construct a human capital indica-
tor which facilitates international comparisons, supplies more nuances and pro-
vides more information than traditional indicators. The methodological proposal
for the construction of the indicator reflects three factors:

i. Educational levels achieved.

ii. Differences in educational quality and knowledge.

iii. Differences in productivity and wages, based on the education possessed
and discounting other individual questions except for educational factors,
which condition wages, specifically gender and age.'

' Denison (1967) signalled that the heterogeneity of the labour force becomes clear in the wage
differences which may result from hours worked, gender and age, and weighted the labour force on
the basis of existing wage differences, in accordance with the characteristics mentioned. The present
study takes into account the hours worked at each educational level and subtracts the effects on the
remuneration of the gender and age variables. These factors condition, at all educational levels, the
remuneration received. See, on this question, Fitzenberger and Wunderlich (2002) or OECD (2010,
indicator A10). In the majority of countries, women continue to earn, on average, less than men.
In turn, the level of remuneration is conditioned by age, since this determines both accumulated
experience, the bargaining power of workers and the wage entitlements acquired within companies.

©



HumaN CAPITAL MEASUREMENT IN OEcD COUNTRIES AND 15 RELATION TO GDP GROWTH AND INNOVATION

Thus, S will denote the human capital stock of each country, calculated
formally as:

—y.y Yig g ()
S Zl Zg Wig ll,gQ
Country and time subscripts are excluded for simplicity in (1):

Wivgis the average hourly compensation received by a worker with a specific
level of qualification /, with /=1,...,N, and for a group g of workers, of similar
gender and age characteristics, withg=1,...,M.

leg is the average hourly compensation received by a numeraire worker,
with a basic educational level within each group g of workers of similar charac-
teristics of gender and age.

i, ,is the total number of hours worked by workers who have reached each
educational level i for each group g of workers, with similar gender and age
characteristics.

Q is the level of knowledge possessed by numeraire workers; this is the
basic or representative educational level, measured by the scores obtained in
international tests of knowledge.

Consequently, the indicator proposed uses the divergences in remunera-
tion among workers with different levels of education but identical gender and
age, to quantify their differences in productivity. These productivity differences
are used to weight the total hours worked in each economy, on the basis of
the number of hours completed by workers at each level of training. Thus, the
human capital stock is obtained in numeraire hours of work, according to the
basic educational level, which is corrected by the differences in educational
quality, at that level, among the distinct countries.

The triple approach for human capital stock measurement in the interna-
tional context requires adopting a more complete methodology than that of
other proposals. Thus, increases in this stock may be the result of:

e Increases in the number of hours worked by the labour force belonging to
each educational level.
Increases in the proportion of workers who have received higher education.

e Improvements in the productivity of workers with higher educational levels,
in comparison with workers with a basic educational level.

e Improvements in the quality of education, captured through the results of
international tests of knowledge.

In addition to providing greater information, the indicator has other advan-
tages compared with traditional measures. The latter, being based exclusively
on the quantification of the academic education received, adopt somewhat un-
realistic hypotheses, as underlined by Mulligan and Sala-i-Martin (2000). Thus,
it is difficult to believe that each year of schooling has exactly the same value
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and affects a worker’s productivity in the same way, independently of his or her
educational level.? It is also difficult to accept that workers are perfectly substi-
tutive, either if different educational levels are contemplated or if international
comparisons are made. In response to this, the indicator proposed presents
an initial advantage, since as it takes wage differences into account, it permits
productivity divergences to be recognised (on the basis of the particularities
of each economy) among individuals with the same educational level, among
countries and among years.

Secondly, the use of the indicator proposed avoids the use of an arbitrary
depreciation rate, since this rate can be explicitly observed through the develo-
pment, for each educational level, of earnings throughout working life.

Thirdly, the correction made by the numeraire or representative worker per-
mits the exclusion of productivity differences among countries, caused by the
different endowments of physical capital and technology, since these factors
are common to all workers. Furthermore, it incorporates wage correction by
groups of workers with similar characteristics which are not education-related.

Fourthly, the methodology proposed also incorporates innovations compa-
red to other studies which use wage differences (the income-based approach)
to estimate human capital. Jorgenson et al. (1987) build an index of labour
services in the United States assuming that aggregate labour services are a
translog function of the services of individual types based on gender, age, edu-
cation, employment status and occupation of workers. It is assumed that the
flow of labour services for each labour type is proportional to hours worked
and workers are paid according to their marginal productivities measured by
labour compensation.®> From 1993, the US Bureau of Labor Statistics uses
a small number of differentiating characteristics chosen in order to minimize
the correlation between them.” A Térnqvist index is also used to combine the
growth rates of the hours of each type of worker into a composite growth rate
of labour input. The hours of each group of workers classified by education,
work experience and gender are weighted by their share of labour compen-
sation. Hourly earnings for each type of worker are based on econometrically
estimated hourly earnings functions based on the work of Mincer (1974). Re-
cently, the EU KLEMS database, following Jorgenson et al. (1987)° has calcu-
lated an index of labour services for European countries. Unlike this methodo-

2 As Aghion and Howitt (2009) state, the number of education years variable includes an extra year
of primary education in the same way as an extra year in a doctoral program and, consequently,
this variable cannot reliably report on the effect of human capital stock on innovation and imitation
processes and, indirectly, on the growth of PTF.

5 Jorgenson (1995: 23-27), offers a comparison of his methodology and that of the previous
approaches of the Bureau of Labor Statistics (1983), Denison (1985) and Kendrick (1983). He also
quantifies the biases that arise from using un weighted measures of labour inputs and the exaggerated
role of productivity change that is obtained as consequence.

4 Using different characteristics correlated, the resulting labour composition measure reflects both
the direct contributions of these characteristics to output growth and the interaction effects between
them.

> Updated and summarized in Jorgenson (1995).
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logy and that proposed by Mulligan and Sala-i-Martin (1997), which quantify
wage differences for the United States by assuming that numeraire workers
are perfectly replaceable, whatever their place of residence, the human capital
indicator that we propose recognises the existence of differences among nu-
meraire workers, based on the differences in the educational quality of each
country. Furthermore, the proposed indicator is not an index but a new mea-
sure of international homogeneous labour hours that has taken two kinds of
heterogeneity into account: differences in wages based on education, age and
gender (as in the EU KLEMS database) and differences in skills and knowledge.
To our knowledge, there has not been any proposal combining these two sou-
rces of heterogeneity in labour input to estimate a human capital variable. In
addition, the methodology used by Mulligan and Sala-i-Martin (1997), based
on wage differentials, is circumscribed to the United States and has no inter-
national perspective.

Fifthly, the indicator proposed considers that educational levels among
countries are not homogeneous. Thus, divergences in the quality of educatio-
nal systems become differences in knowledge and abilities and, consequently,
productivity.

Sixthly, the calculation of human capital stock on the basis of the total
hours worked in the economy demands greater quantitative precision compa-
red with other indicators based on a unipersonal perspective, or which, from
aggregate data, use the population as a whole, potentially active workers or
the number of persons in work.

Seventhly, it implies that there are no limits to human capital stock increa-
ses. Thus, there exists a limit to the total number of hours worked an economy
can assume, and also a limit to the maximum number of years which citizens
can be educated, given the logical restrictions of an economic or strictly na-
tural type. All in all, and as Wopmann (2003) states, the proposed indicator
considers that improvements in the quality of education guarantee that the
stock of human capital can increase indefinitely.

Finally, the proposed indicator groups different measures of human capital,
quantitative and qualitative, in a single easy to interpret indicator: homoge-
neous hours worked. This indicator is more intuitive than other indicators, pro-
vides more information and permits more precise international comparisons.
Condensing all the information in a single indicator represents an advantage
when capturing the different nuances of the concept of human capital, inter-
preting it and using it to test the theories of growth.

Nevertheless, the methodology proposed presents certain limitations, cu-
rrently insoluble due to the non-availability of data. Firstly, it must be under-
lined that, despite correction for gender and age, there exist other elements,
apart from educational levels, which determine wage differences. Among these
are to be found, for example, negotiating power, trade union organisation or
the sectoral structure of the economy.

Furthermore, indexation based on workers with lower educational levels
does not permit the capture of improvements in the productivity of numeraire
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workers, but instead only the differences in productivity between them and
those with greater qualifications.

Lastly, it must be emphasised that the design itself of international knowled-
ge tests (the results obtained in each year in which the tests are performed are
standardised around a common average) and the shortage of comparable data
hinder the use of the indicator in historical perspective.

The measurement error (ME) in human capital variables may come from
the use of partial and inaccurate proxies to the concept and from data recor-
ding errors. The proposed indicator might reduce the potential ME because
it uses more elements than the mere quantity of education and because the
EU KLEMS database ensures access to rich, precise and homogenous inter-
national data. The proxies used in empirical work, often schooling variables,
enrolment ratios and years of schooling, are frequently employed for availabi-
lity reasons and not for their conceptual adequacy according to the theory of
human capital. Hence, many observations are often missing and data quality
is questionable, largely due to the presence of repetition and dropout rates.
Furthermore, to assume that education levels are analogous, regardless of the
country where they were acquired, is unrealistic. As a result of all this, differen-
ces in country rankings across data sets are very significant, which shows that
such indicators are poor proxies for human capital.

Although a omitted variables bias might be lower with the proposed indi-
cator, the ME still exists since no composite indicator can capture the entire
concept. On the one hand, the correspondence between academic success
and productivity in the labour market is questionable. On the other hand, it
must be borne in mind that the human capital really used in each economy
depends on various factors like the structure of labour markets (e.g. access
of women), leisure preferences, family behaviour or the stock of technology.
With the proposed indicator, we account not for the human capital available
in each country, but for its use in the labour market, which depends on the
above factors. Therefore, the information derived from it and the relationships
established with other indicators should be interpreted properly and take into
account the fact that the indicator refers to the productive human capital.

In addition, there is a time gap between the moment at which the school
tests were carried out and the incorporation of the students into the labour
market. The fact that the test scores cover a long period, from the 1960s to
the 2000s, suggests that, on average, the scores were achieved by numeraire
workers who were working in the years for which the indicator was calculated.
However, this remains a mere approximation since the years in which the tests
were carried out vary from country to country, as does the age structure of
their labour markets. It is also difficult to accept that the data about the tests
constitute an accurate indicator of human capital. The problem is the difficul-
ty involved in implementing this type of test internationally and in designing
questions that are uniform, understandable and relevant to students of a large
number of countries. It also has to be pointed out that the test scores may vary

©
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depending on specific conditions and circumstances that affect the students’
performance. Consequently, the same students may get different scores de-
pending on when the test is done or on the structure of the questions. Moreo-
ver, there are skills and values that the tests may not show but that determine
their productivity in the labour market; e.g. other formal subjects being taught
in schools, cognitive skills learned at higher education levels such as university,
team working skills or fellowship and honesty, among others.

Finally, we have to point out that our indicator might present the same
ME data as the original data sources. Despite the aggregation and calibration
effort in constructing the data about cognitive skills that we use, and even
though the different international test scores show a high correlation, the fact
that the data come from various sources, countries and years can lead to pro-
blems of homogeneity.

Likewise, the EU KLEMS primary variables used in our proposed human
capital variable have been carefully elaborated, as EU KLEMS (2009) and
O’Mahony and Timmer (2009) explain. Nevertheless, some biases could be
related to the following issues:

e National Accounts are the major starting point for constructing the series of
employment and hours, using other complementary country sources, such
as national labour force surveys, given in the EU KLEMS Sources document.
Care has been taken to create series which are time consistent, as most
employment surveys are not designed to track developments over time and
breaks in methodology or coverage frequently occur.

e Labour compensation data include wages and salaries but also all other
costs of employing labour which are paid by the employer. These employ-
ers’ social contributions must be included to correctly measure marginal
products. Furthermore, data on earnings of self-employed workers are
included assuming that the compensation per hour of the self-employed
equals the compensation per hour of the employees.

e The definitions of high, medium and low education are consistent over time
for each country, but might differ across countries. Some sub-categories
with relatively high wages may be classified as high skill in one country and
medium skill in another.

Therefore, comparisons of skill shares across countries should be inter-
preted with caution; in addition, labour composition measures tend to be so-
mewhat volatile over time since the underlying surveys are not designed to
generate time series (O'Mahony and Timmer, 2009).

The proposed methodology has been used to calculate the human capital
stock in 15 developed countries between 1980 and 2005. The formal descrip-
tion of the variables employed, their sources, the descriptive statistics and a
comparison between several proxies of human capital stock and the indicator
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proposed are provided in Annex 1. Annex 2 contains the values of the human
capital indicator proposed.

3. CAUSALITY BETWEEN THE HUMAN CAPITAL INDICATOR PROPOSED AND GDP GrRowTH
AND INNOVATION

3.1. DAtA

The sample comprises 15 OECD countries: Australia, Austria, Belgium,
Czech Rep., Denmark, Finland, Germany, Hungary, Japan, the Netherlands, the
Republic of Korea, Slovenia, Spain, the United Kingdom and the United States.
An unbalanced panel is used (since data were not available for all the variables,
years and economies) covering the period 1980-20058.

3.2. METHODOLOGY

Once the human capital indicator is proposed, our objective is to test if
this indicator has better empirical properties than traditional indicators. If this
is the case, we expect that this indicator will be able to demonstrate a greater
explanatory power in economic growth models. In these models, two are the
main variables with which human capital is related and that human capital
should be able to explain: GDP and innovation. Therefore, to check the ex-
planatory power of the human capital indicator with respect to the traditional
ones, we are going to implement a series of Granger causality tests that will
prove the relationship between human capital and GDP as well as human ca-
pital and innovation.

Cheng and Hsu (1997), In and Doucouliagos (1997), Asteriou and Agiomir-
gianakis (2001), Al-Yosif (2008), Ljungberg and Nilsson (2009) and Omojimite
(2010), among many others, have examined the relationship between human
capital and GDP, applying the Granger causality tests.

The basic idea of the methodology proposed by Granger (1969) is to test
whether lagged values of one variable significantly affect the contemporary va-
lues of another. It should be noted that the initial formulation by Granger used
the levels of variables rather than the differences. Following the development
of unit root testing and cointegration for non-stationary variables, the differen-
ces will be used to avoid problems of spurious regression’. More specifically, in
order to test whether GDP Granger causes human capital the following equa-
tion is estimated:

m n
Ath = z ﬁiAth—i + z AiApatt_i + v, 2)
i=1 i=1

6 Although Granger causality was initially examined using time series data, for several years it has also
been evaluated with samples which provide information on various individuals over time (panel data).
7See Chontanawat et al. (2008).
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where hc,= In(HC); gdp, = In(GDP); HC, is the human capital indicator;
GPD, the gross domestic product; / is the lag length and A is the first difference
operator. The presence of Granger causality depends on the significance of the
Agdp, term in Equation (2); GDP Granger causes human capital if the current
value of human capital is predicted better including the past values of GDP
than excluding them.

Alternatively, to test whether human capital Granger causes GDP the fo-
llowing equation can be estimated:

m

n
Agdp, = Z a;Agdpe_i + ) @dhc_; + v,

The hypotheses tested are that the coefficients of the regression of GDP on
human capital and human capital on GDP are null for the support variable; in
other words, GDP does not provide information to explain human capital and
human capital does not provide information to explain GDP®. If the value of the
reference statistic F exceeds the tabulated value the null hypothesis is rejected
and, therefore, it is accepted that GDP causes human capital or vice versa.

Granger and Newbold (1974) concluded that the Granger causality test ini-
tially proposed by Granger (1969) led to spurious results if the time series data
set is non-stationary. Therefore, before applying the Granger causality test it is
necessary to check if the variables are non-stationary®.

3.3. CAUSALITY BETWEEN THE HUMAN CAPITAL INDICATOR PROPOSED AND ECONOMIC
GROWTH

The results of the panel unit root test for human capital indicators and GDP,
using the Augment Dickey-Fuller test (ADF test) and the Phillips-Perron test
(PP test) are reported in Table 2. Both tests indicate that the null hypothesis
can be rejected and that, consequently, variation of the human capital indica-
tors and GDP growth are not I(1). Since cross-sectional dependence may be
present in the sample, Pesaran (2007) CIPS tests were also applied, using the
STATA multipurt command developed by Eberhardt (2011). The results are also

& Lltkepohl (1993: 41) states the term “causality” suggests a cause and effect relationship between
two sets of variables. Such an interpretation is problematic with respect to instantaneous causality.
The direction of causation must be obtained from further knowledge on the relationship between the
variables. Such knowledge may exist in the form of an economic theory. The lack of a Granger-causal
relationship from one group of variables to the remaining variables cannot necessarily be interpreted
as lack of a cause and effect of relationship. For this reason, some authors suggest using “precedence”
instead of “Granger causality”, since we are testing whether a variable X precedes a variable Y.

2 1f both variables were I(1), it would be necessary to test for the cointegration and if cointegration was
accepted, then a long run relationship would exist and there should be causality for at least one direction.
In this case, an error correction model approach could be applied to the Granger causality test.
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included in Table 2. Note that the null hypothesis that the series are I(1) can
be rejected. Then, and according to Chontanawat et al. (2008), the Granger
causality test can be performed using these variables.

TABLE 2. PANEL UNIT ROOT TEST.

ADF.
ADF. E/é()rie;aet;llgg -S PP Exo Pepﬁous
Exogenous 277 | Exogenous X08 S CIPS. CIPS.
) : Individual c variables: Indi- - j
Variable variables: variables: : Without with
< effects, o vidual effects, M N
Individual L Individual | . ="~ : trend trend
individual individual linear
effects . effects
linear trends
trends
A Human ca-
pital indicator 110.843 81.055 109.036 87.000 -4.341 -2.000
proposed
A Average
schoolingyears | ;55 165 | 253229 | 2704.87 3298.34 9293 | -7.145
in the total
population
A Gross
enrolment rate, | g5 349 62.137 74.971 65.774 -8.850 | -6.875
secondary,
total
A GDP 97.061 84.735 101.062 89.183 -2.595 | -4.135
A patents 320.580 | 542.943 | 387.468 1889.85 | -10.707 | -9.370
granted

Notes: A means annual growth of the variable. Automatic lag length selection based on AIC and
Bartlett kernel for ADF test and PP test. *Zt-bar values for CIPS test.

The results, listed in Table 3, show firstly that GDP Granger causes the
human capital indicator proposed (with one, two or three lags)'®. Secondly, the
human capital indicator proposed Granger causes GDP''. However, GDP does
not Granger cause the “average schooling years in the total population” varia-

10 According to Chontanawat et al. (2008) the maximum lag is set at about 20% of the total
observations, so that for countries with data covering the 1995-2005 period, the maximum lag is
2. As the result of causality could be sensitive to the lag length adopted in models, Table 3 and 4
contain the results with one, two and three lags. Dietrich (2012) also presents results for one, two
and three lags.

' These results, for instance, are similar to those obtained by Cheng and Hsu (1997) for Japan and
by In and Doucouliagos (1997) for the United States.
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ble or the “gross enrolment rate, secondary total” variable. “Average schooling
years in total population” and “gross enrolment rate, secondary total” do not

Granger cause GDP.

In sum, it can be stressed that when human capital is quantified using an
indicator as the one suggested, it is caused by GDP; in turn, GDP causes hu-
man capital. By contrast, when human capital is measured by other indicators
causality relationships with GDP are not always found.

TABLE 3. GRANGER CAUSALITY TEST. HUMAN CAPITAL INDICATORS AND GDP GROWTH.

Null hypothesis NUMDET | opservations | F-statistic | Conclusion
of lags
A Human capital indicator proposed does Can be
not Granger causes GDP growth ! 502 7.982 rejected
GDP growth d_oes_no; Granger causes A 1 202 129860 C_an be
human capital indicator proposed rejected
A Human capital indicator proposed does Can be
not Granger causes GDP growth 2 287 8.074 rejected
GDP growth d_oes_no_t Granger causes A 5 287 76565 C_an be
human capital indicator proposed rejected
A Human capital indicator proposed does Can be
not Granger causes GDP growth 5 212 8.941 rejected
GDP growth d.oesvnoF Granger causes A 3 272 63.744 Qan be
human capital indicator proposed rejected
A Average schooling years in the total
population does not Granger causes GDP 1 314 0.117 Caf?“"t be
rejected
growth
GDP growth does not Granger causes Cannot be
A average schooling years in the total 1 314 1.412 .
. rejected
population
A Average schooling years in the total
; Cannot be
population does not Granger causes GDP 2 299 0.211 )
rejected
growth
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GDP growth does not Granger causes Cannot be
A average schooling years in the total 2 299 0.956 .
. rejected
population
A Average schooling years in the total Cannot be
population does not Granger causes GDP 3 284 0.671 .
rejected
growth
GDP growth does not Granger causes Cannot be
A average schooling years in the total 3 284 0.293 )
. rejected
population
A Gross enrolment rate, secondary, total 1 196 0.120 Cannot be
does not Granger causes GDP growth ’ rejected
GDP growth does not Granger causes A Cannot be
1 196 0.441 )
gross enrolment rate, secondary, total rejected
A Gross enrolment rate, secondary, total 5 170 0.204 Cannot be
does not Granger causes GDP growth ’ rejected
GDP growth does not Granger causes A Cannot be
2 170 0.088 )
gross enrolment rate, secondary, total rejected
A Gross enrolment rate, secondary, total 3 145 0317 Cannot be
does not Granger causes GDP growth ' rejected
GDP growth does not Granger causes A Cannot be
3 145 0.063 )
gross enrolment rate, secondary, total rejected

Notes: A means annual growth of the variable.

[n this context, it can be mentioned that many papers concluded than cau-
sality only ran in one sense using non suitable measures of human capital. For
instance, according to Asterius (2001) in Greece causality ran from human ca-
pital (measured by formal education) to GDP, with the exception of higher edu-
cation for which there was a reverse causation. Al-Yousif (2008) concluded that
in the six Middle East Gulf Cooperation Council economies causality between
human capital (proxied by education spending) and GDP varied by countries
and human capital measures. Ljungberg and Nilsson (2009), with data based
on enrolment in different forms of education, concluded that human capital
was a causal factor in economic growth in Sweden after industrialization. Howe-
ver, after 1975, the growth of human capital has not been able to match the
demands of the Third Industrial Revolution. Lastly, Omojimite (2010) conclu-
ded that public expenditures on education Granger caused economic growth
in Nigeria during the 1980-2005 period, but there was no reverse causality.
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3.4, CAUSALITY BETWEEN THE HUMAN INDICATOR PROPOSED AND INNOVATION

As indicated above, Nelson and Phelps (1966) propose that a more qua-
lified labour force facilitates the adoption of new technologies by companies.
The theories of second generation endogenous growth —advanced by Romer
(1990), Aghion and Howitt (1992, 1998) and Acemoglu (1996, 1998)— agree
with this perspective, and consider that human capital directly raises the
growth of total factor productivity (TFP) through the generation of innovation.

More recent studies —such as those by Vandenbussche et al. (2006),
Aghion et al. (2006) and Aghion and Durlauf (2009)— consider that the closer
countries are to the technological frontier, the more important innovation pro-
cesses will be for their economic growth and, consequently, investment efforts
will be more significant at higher education levels, strongly linked to the deve-
lopment of domestic innovations. In turn, the further countries are from the
technological frontier, the more important imitation processes will be for them
and, as a consequence, it will be more advisable to invest in more basic educa-
tion levels, linked to the capture and use of foreign technologies.

Suying et al. (1997), Feng and Chen (2010) and Han and Meng (2010),
among others, have examined the relationship between human capital and
innovation, applying the Granger causality tests.

In this paper, the relation between human capital indicators and innovation,
measured by the number of patents granted'?, has been tested estimating the
following Granger equations:

m n
Ahc, = z BiAhc,_; + z Aibpat,_; +v; (“)
i=1 i=1
m n
Apat, = Z a;Apat._; + ) @;Ahci_; + v, ()
i=1 i=1

where hc,= In(HC); pat, = In(pat); HC, is the human capital indicator; pat, the
number of patents granted; / is the lag length and A is the first difference operator.
Table 4 reflects that when human capital is measured with the indicator
proposed, it maintains a relation of causality with the technological variable.
In this case, causality is bidirectional: human capital causes innovation and
innovation causes human capital (in the sense of Granger). By contrast, when

12 As more valuable ideas get to be patented, patents are considered a leading indicator of innovation.
See, for that purpose, Jones (2005). However, they are imperfect approximations to a variable as
complex as innovation.
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human capital is measured by average schooling years in the total population
or by gross enrolment rate in secondary education does not cause, in the sense
of Granger, innovation, as measured by patents granted. At the same time, the
innovation variable does not Granger cause human capital when this variable
is proxied with these two traditional indicators.

In this context, it can be mentioned that Suying et al. (2011) concluded that
human capital (measured as years of education law) played a significant role in
promoting China’s scientific and technological innovation (proxied by domestic
patent applications) during the 1996-2008 period. The reverse causality is
not found. Feng and Chen (2010) obtained a similar result: human capital (pro-
xied by the number of college students) Granger caused patents (a measure of
national innovation capacity) in China from 1986 to 2008. However, patents
did not Granger cause human capital.

TABLE 4. GRANGER CAUSALITY TEST. HUMAN CAPITAL INDICATORS AND PATENTS GRANTED.

Null hypothesis Number of lags | Observations Ftlssttxi Conclusion
A Human capital indicator pro- Cannot be
posed does not Granger cause A 1 302 2.091 )
rejected
patents
A Patents does not Granger Can be reiec-
cause A human capital indicator 1 302 9.782 ted {
proposed
A Human capital indicator pro- Can be reiec-
posed does not Granger cause A 2 287 3.296 ted !
patents
A Patents does not Granger Can be reiec-
cause A human capital indicator 2 287 5974 ted !
proposed
A Human capital indicator pro- Can be reiec-
posed does not Granger cause A 3 272 2.125 ted 4
patents
A Patents does not Granger Can be reiec-
cause A human capital indicator 3 272 24.689 ted {
proposed
A Average schooling years in the
total population does not Granger 1 307 0.019 Car}not be
rejected
cause A patents
A Patents does not Granger cause Cannot be
A average schooling years in the 1 307 0.132 )
4 rejected
total population
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A Average schooling years in the Cannot be
total population does not Granger 2 292 0.062 .
rejected
cause A patents
A Patents does not Granger cause Cannot be
A average schooling years in the 2 292 0.060 .
. rejected
total population
A Average schooling years in the
total population does not Granger 3 277 0.158 Ca“?”Ot be
rejected
cause A patents
A Patents does not Granger cause Cannot be
A average schooling years in the 3 277 0.085 )
. rejected
total population
A Gross enrolment rate, secon- Cannot be
dary, total does not Granger cause 1 189 0.068 .
rejected
A patents
A Patents does not Granger cause Cannot be
A gross enrolment rate, secondary, 1 189 0.043 .
rejected
total
A Gross enrolment rate, secon- Cannot be
dary, total does not Granger cause 2 163 0.021 .
rejected
A patents
A Patents does not Granger cause Cannot be
A gross enrolment rate, secondary, 2 163 0.016 )
rejected
total
A Gross enrolment rate, secon- Cannot be
dary, total does not Granger cause 3 138 0.014 .
rejected
A patents
A Patents does not Granger cause Cannot be
A gross enrolment rate, secondary, 3 138 0.026 .
total rejected

Notes: A means annual growth of the variable.

As to why traditional indicators, enrolment rates and schooling years
do not seem to capture the relationship between human capital and inno-
vation, the measurement errors that they incorporate are a determining
factor. The enrolment rates are mere flow variables, used as a proxy for the
stock variable human capital. Moreover, empirical studies often use gross
enrolment rates rather than net, because of their availability. This leads to
problems of interpretation due to mismatches in the age at which students
begin the courses and because of the presence of dropout and repetition
rates. Furthermore, although, in principle, the enrolment rates can refer to
any academic level, there are difficulties in using this indicator for college
students. Some examples are the difficulties in choosing an appropriate
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age group or the differences in the duration of the curricula in this type of
education.

The use of schooling years represents a different problem: assuming that
each year of college is just as productive as each year at lower educational lev-
els is not realistic. Besides, both the indicators of schooling have a time lag with
respect to technology production processes because they measure investment
decisions that took place in many cases more than a decade ago. Additionally,
they only take into account the potential skills acquired throughout schooling,
ignoring the student’s innate skills and other ways of acquiring human capi-
tal, like the instruction that individuals receive in their family and their closest
social environment and all types of knowledge gained through self-teaching.
Finally, these indicators provide information about the quantity of education
across the population spectrum, not about the employed population. There-
fore, this is potential (and not really employed) human capital.

Dealing with these issues, the new indicator provides a perspective ori-
ented to the real productive capacity of the stock of human capital embodied
in the labour force: working hours corrected for differences in knowledge and
productivity among individuals, countries and years. This brings the indicator
closer to the concept of human capital, which assumes that the skills must be
economically productive (OECD 1996, 1999). The increased accuracy of the
indicator and the presumed reduction in the measurement error, explained in
Section 2.2, means that the indicator better captures the relationship between
the input and output technology variables.

Although the sample used is limited to OECD countries, the results suggest,
on the one hand, that, in order to explain GDP growth, it is convenient to im-
prove the measurement of human capital by introducing its qualitative dimen-
sions, the abilities and the knowledge of workers, as these better capture the
relations between human capital and economic growth on the other hand, this
relation must be taken into account when proposing and estimating models of
economic growth.

4. CONCLUSIONS

Empirical studies which attempt to evaluate the importance of human capi-
tal for growth use increasingly complex models and techniques. Recently, inter-
est has centred on analysing the connection existing between human capital
and the development of innovation, as researchers consider that innovation is
one of the most important effects of human capital on productivity and growth.
There exist serious limitations to empirical research, due to the deficiencies
and limited information of traditional human capital indicators, such as average
years of education or enrolment.

In this sense, the human capital indicator presented here has been calculat-
ed taking into account, on the one hand, the quantitative dimension of human
capital, by calculating hours worked corrected by productivity, on the basis
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of educational levels; on the other, it assesses the qualitative aspect, namely
hours worked corrected by the differences in existing abilities and knowledge
among the OECD countries. Thus, the new indicator provides more informa-
tion, permits human capital stock to be measured more deeply and facilitates
the observation of differences in the training of the labour force among OECD
countries; it also permits analysis of the causes of these differences.

This piece of research has demonstrated, using Granger tests of statistical
causality that, when human capital is proxied by the human capital indica-
tor proposed, it Granger causes GDP growth. At the same time, GDP Granger
causes the human capital indicator proposed. However, when the variables
gross enrolment rate in secondary and average schooling years in the total
population are used there is not a causality running from human capital to GDP.
Last, when human capital is proxied by the traditional indicators causality from
GDP to these variables is not found.

Analysing the relationship between the human capital indicators and in-
novation, only the human capital indicator proposed Granger causes patents
and vice versa. The other two human capital indicators do not maintain rela-
tionships of causality with patents. In summary, and in accordance with the
Granger test, the innovation capacity appears to be compatible with the new
theories of endogenous growth, which argue that human capital causes the
growth of TFP.

The results of the present study show, on the one hand, that to understand
the processes of innovation and economic growth more precisely, it is neces-
sary to elaborate more sophisticated indicators that can estimate human capi-
tal in an unbiased manner and reduce the potential omitted variables bias; on
the other hand, it has been made evident that human and technological capital
can show a relationship of complementarity. Therefore, the development of ac-
curate indicators, which quantify the skills and productivity differences that ex-
ist in the labour market, should constitute a key objective of economic policy.
Indicators based on a multidimensional perspective, such as the one presented
in this paper, have proved to be more effective in explaining how educational
outcomes relate to economic outcomes.
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ANNEX 1. VARIABLES AND SOURCES EMPLOYED

The sample comprises the following OECD countries: Australia, Austria,
Belgium, Czech Republic, Denmark, Finland, Germany, Hungary, Japan, the
Netherlands, the Republic of Korea, Slovenia, Spain, the United Kingdom and
the United States. The data correspond to the period 1980-2005, although it
is an unbalanced panel, since there is no information for all the variables and
years of the 15 countries.

VARIABLES PROXYING HUMAN CAPITAL

The data for the “average schooling years in the total population” variable
were taken from Barro and Lee (2001, 2011) and interpolated for the years
that are not calculated. Those for the “Gross enrolment rate (%), secondary, to-
tal” variable are extracted from the World Bank Development Indicators Online.

To calculate the human capital indicator proposed, the information corre-
sponding to hours worked and salaries comes from the EU KLEMS Growth and
Productivity Accounts database, financially supported by the European Com-
mission'®. The database distinguishes between three educational levels (low-
skilled, medium-skilled and high-skilled)' and provides information concerning
salaries and hours worked, on the basis of these qualifications, for men and
women in three age groups: 15 to 29, 30 to 49 and over 50. Consequently,
examination has been made of six categories or groups with similar character-
istics of gender and age, for each of the three levels of education. Formally, in
accordance with the EU KLEMS variables, the calculation of the human capital
indicator described above takes the following expression, in which country and
time subscripts are eliminated for simplicity:

(A1)
LABi_g/
w; H;
5= 0.2 ko= 0.0 tamy ol

In this expression:
LAB i is labour compensation for persons engaged with skill level J, with
=1,...,N, and for a group g of workers with similar characteristics of gender
and age withg=1,... M.
LAB, lS the labour compensation for low-skilled persons engaged within
each group g of workers with similar characteristics of gender and age.

15 See Timmer et al. (2008) and EU KLEMS (2009).

4 A detailed description of the academic years completed within each educational level and for
each country can be consulted in Table 5.3. of Timmer et al. (2007) In general terms, the basic level
(low-skilled) corresponds to primary and basic secondary education, the intermediate level (medium-
skilled) to upper secondary and non-university post-secondary education, and the upper level (high-
Skilled) to university studies.
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H, . are the hours worked by engaged persons within each group g of wor-
kers with similar characteristics of gender and age.

H/,g are the hours worked by low-skilled persons engaged within each
group g of workers with similar characteristics of gender and age.

Q is the level of knowledge possessed by workers with a basic or nume-
raire education, measured by the results obtained in international tests of
knowledge. The data employed come from Hanushek and W&pmann (201 2).
These data use the information of all available international tests between
1964 and 2003 and put performance on a common scale in order to facili-
tate comparisons. Thus, the information used for the indicator covers all that
part of the population that made the test in primary and secondary levels
between 1964 and 2003, which constitutes a large proportion of the emplo-
yed population. Q is obtained by relating the average test score achieved in
the international tests by students in each country with the results obtained
by the country with the students who get the minimum score, through the
expression‘?m%, which permits the calculation of the variable, with

mi

Hanushek and Woépmann (2012) data.

VARIABLE PROXYING GDP

GDP, PPP (constant 2005 international USA dollar). The source is the World
Development Indicators of the World Bank.

VARIABLE PROXYING INNOVATION

The number of patents granted as distributed by year of patent grant were
taken from the U.S. Patent and Trademark Office (elaborated by Patent Tech-
nology Monitoring Team).

15 This is one of the most common normalisation procedures to apply. For a full analysis and an
example of its application to human capital indicators see OECD (2008a, c.5). Normalizing with the
minimum value in the tests implies a methodological correspondence with the adoption of somebody
with lower qualifications as a numeraire worker. Being OECD countries, variations in academic
performance among the sample was not large per se, and this normalization involves increasing the
range of variation, giving greater weight to countries that get better scores. As robustness test, we
carried out our empirical estimations with other common normalisation procedures, specifically the
mean and maximum ratios, and we did not find any relevant variation in our results.
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TaBLE A1: DESCRIPTIVE STATISTICS

Number
Variable Minimum Maximum Average of obser-
vations
Human capital
indicator pro- 2,477.60 520,603.80 66,775.57 332
posed
Average schoo-
ling years in the 5.93 12.91 9.88 360
total population
Gross enrolment
rate, secondary, 62 162 104.87 276
total
GDP, PPP
(constant 2005 | 28,316,290,529 | 13,144,400,000,000 | 1,352,141,202,296 400
international $)
Patents granted 1 89,823 4.160.14 393

Figures A1 to A3 show the relationship between three proxies of the stock
of human capital (average years of schooling, tertiary attainment for age group
25-64 and the number of researchers per thousand employed, full-time equi-
valent) and the human capital indicator proposed.

FIGURE A1. RELATIONSHIP BETWEEN AVERAGE YEARS OF SCHOOLING AND THE HUMAN CAPITAL INDICATOR

PROPOSED

Average schooling years in the total
population (log)

0,9

08

0,7
3 3,5

y = 8E-06x + 8.5406

R2=0.33

4

!

4 45

5

55 6

Human capital indicator proposed (log)

Being the explaining variable significant at a level of 1%, with a t-ratio of 10.55.

Source: Own elaboration data and Barro and Lee (2001, 2011).
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FIGURE A2. RELATIONSHIP BETWEEN TERTIARY ATTAINMENT FOR AGE GROUP 25-64 AND THE HUMAN CAPITAL
INDICATOR PROPOSED

y =4E-05x + 21.081
R*=0.28

16 ‘ ‘ ,

12 y‘
08 t

0,6
3 35 4 45 5 55 6
Human capital indicator proposed (log)

~

Tertiary attainment for age group 25-64
(log)

Being the explaining variable significant at a level of 1%, with a t-ratio of 14.49.
Source: Own elaboration data and OECD (2008b).

FIGURE A3. RELATIONSHIP BETWEEN NUMBER OF RESEARCHERS PER THOUSAND EMPLOYED, FULL-TIME
EQUIVALENT AND THE HUMAN CAPITAL INDICATOR PROPOSED

y=0.1415x + 0.0786
R?=0.24
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Human capital indicator proposed (log)

Being the explaining variable significant at a level of 1%, with a t-ratio of 9.17.
Source: Own elaboration data and OECD (2008b).
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