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In this paper an alternative methodology is proposed for obtaining long time-series data for a human capital indicator based on the average number of years of education of the working-age population. In contrast to previous studies, we use Labour Force Survey microdata relating to the level of education actually completed, in order to construct temporal profiles of educational attainment and thus avoid the need to interpolate from censuses. To illustrate the method proposed, we evaluate the number of average years of education of the Spanish working-age population for the period 1910-2000.

Introduction

Human capital can be defined as the set of knowledge and qualifications possessed by workers in an economy. The accumulation of human capital through education increases labour productivity and is an important factor in economic growth capacity.

Economic growth is a complex, continuous process and sufficiently long timeseries of potentially relevant variables are therefore needed for proper comparison of the relationships between them and to detect possible structural changes in the relationships. Various works conducted in this field provide researchers with the required data [see, for example, [START_REF] Summers | The Penn World Table (Mark 5): An expanded set of international comparisons, 1950-1988[END_REF] and [START_REF] Maddison | Monitoring the World Economy, 1820-1992[END_REF]], although these often present shortcomings due to the quality of the information offered and the limited duration of the period covered. As De la [START_REF] De La Fuente | Human capital in growth regressions: How much difference does data quality make?[END_REF] have shown, gradual improvements in inference technology have produced increasingly satisfactory indicators of human capital.

Measuring human capital is an extremely complex task. The most widely used method for estimating an economy's human capital centres on formal education, considered the main provider of training. [START_REF] Wöamann | Specifying Human Capital[END_REF] gives an interesting review of the different methods of measuring human capital used in the literature, which will be described briefly here.

One widely-used indicator is literacy rate [see, among others, [START_REF] Azariadis | Threshold externalities un economic development[END_REF] or [START_REF] Romer | Human capital and growth: Theory and evidence[END_REF]]. However, it reflects only one part of human capital investment and does not include another very important part, such as technical and scientific knowledge. Another indicator is the enrolment rate for the different levels of education [see [START_REF] Barro | Economic growth in a cross section of countries[END_REF] or [START_REF] Mankiw | A contribution to the empirics of economic growth[END_REF]] 1 . This measure too is unsatisfactory given that students' qualifications do not play a role in the economy until 1 León- Gonzalez and Montolio (2004) examine the role of this human capital measure as determinant of economic growth for the Spanish provinces, using data elaborated by the IVIE. The most commonly accepted measure is the number of years of education completed by the working-age population. Notably, the World Bank's International Economics Department firmly supports the use of this indicator to measure human capital stock [see, e. g., [START_REF] Nehru | A new database on human capital stocks in developing and industrial countries: Sources, methodology and results[END_REF] and [START_REF] Teles | The role of human capital in economic growth[END_REF]]. In line with this recommendation, authors such as [START_REF] Benhabib | The role of human capital in economic development: Evidence from aggregate cross-country and regional U. S. data[END_REF]Spiegel (1994), Gundlanch (1995) and [START_REF] Barro | Determinants of Economic Growth: A cross-country Empirical Study[END_REF][START_REF] Barro | Human capital and growth American Economic Review[END_REF] have used the measure, obtaining varying results.

Different methods have been employed to construct the indicator: [START_REF] Lau | Education and productivity in developing countries: An aggregate production function approach[END_REF] and [START_REF] Nehru | A new database on human capital stocks in developing and industrial countries: Sources, methodology and results[END_REF], for example, use the perpetual inventory method, which in broad terms seeks to recreate the results of the education system using information on enrolments, school drop-out rate, etc. Such information is difficult to obtain and is often incomplete, and the assumptions that often need to be made can negatively affect accuracy in calculating human capital stock. An alternative method is to incorporate population census information. Proposed originally by [START_REF] Psacharopoulos | The educational composition of the labour force: An international comparison[END_REF], this method has some disadvantages, among them the fact that a census usually covers relatively long time periods (usually 10 years) and the number of observations is therefore considerably lower. A further problem is that in many countries the information has only recently become available or fails to include data on educational attainment. A number of solutions have been put forward in an attempt to remedy these problems. [START_REF] Kyriacou | Level and growth effects of human capital: A cross-country study of the convergence hypothesis[END_REF], for example, estimates econometrically the level of attainment using delayed enrolment variables. Using the results, the author projects the level of attainment by the population of subsequent years. A drawback to the method is that the parameters are presumed to be constant over time. As WöAmann shows (2003), however, the relationship varies over time and between countries, and hence this assumption is inadequate. [START_REF] Barro | International comparisons of educational attainment[END_REF], meanwhile, use census data as stock and carry out a perpetual inventory exercise to complete the information for the years and countries for which no direct census is available. The main problem here stems from the use of the perpetual inventory, given that in many countries the census data Given the current limitations of the usual indicators, and as stated by De la [START_REF] De La Fuente | Human capital in growth regressions: How much difference does data quality make?[END_REF][START_REF] De La Fuente | Human capital in growth regressions: How much difference does data quality make?[END_REF][START_REF] Wöamann | Specifying Human Capital[END_REF], there is a genuine need for improved ways of calculating human capital stock 3 .

Our aim with this paper is to provide a methodology that seeks to address the need for sufficiently long time-series and at the same time to improve the human capital indicator considered as the average number of years of education of the working-age population. In contrast to previous studies, we propose to use the information contained in national Labour Force Surveys (called, in Spain, the 'Working Population Survey' and known by its Spanish acronym 'EPA') rather than use the population census. Such Statistics usually cover a broad sample spectrum and are commonplace in most countries. Another advantage is that surveys of this type are conducted annually, which eliminates the need for interpolation of any kind between census years. Moreover, they include information on the population with studies actually completed, again avoiding the need for interpolation. A final advantage is that the population series drawn up using these surveys cover groups that are directly related to the labour market.

The paper is organised as follows: Section 2 briefly outlines the methodology used. By way of illustration of the proposed procedure, Section 3 presents the results obtained for the period 1910-2000. Finally, Section 4 provides some concluding remarks. 2 See, for example, [START_REF] Gisbert | Further convergence accounting[END_REF] for an empirical use of the [START_REF] Barro | International measures of schooling years and schooling quality[END_REF] data set on educational attainment. 3 See [START_REF] Serrano | Measurement error in schooling data: The OECD case[END_REF] for an empirical assessment on the effect of human capital using both the [START_REF] Barro | International measures of schooling years and schooling quality[END_REF] and De la Fuente-Domenech (2001) data sets. 

Methodology

In this paper a methodology is proposed to help improve the estimation of the average number of years in education of the population (I ANYE ), expressed as follows: García's series of population by specific ages was interlinked with series from Spain's National Institute for Statistics (1997,1999,2001) These can then be used to obtain the percentage occupied by each level of education within each cohort.

The problem arises when trying to determine the level of attainment of generations born between 1846 and 1893 (aged between 17 and 64 in 1910). For this purpose we estimated the trends observed for each level of education in the composition by ages, using the EPA77 data, as shown in Figure 1. The regression adjustments are reasonably good, as reflected by the high correlation coefficients obtained. A highly differentiated trend is seen according to age and level of studies, including for a relatively early year such as 1977.

F
To estimate the population cohorts born between 1846 and 1893 (aged between 17 and 64 in 1910), i.e. cohorts who were between 84 and 131 years old in 1977, the estimates shown in Figure 1 were projected to age 131. The results are illustrated in Figure 2. To complete the composition of the 1910 working-age population, we used the percentage composition of the projections given in Figure 2. In order to ensure that the sum of all the percentages of the levels of education total 100% of the population, one of the percentages had be left as a residue for adjustment purposes. We chose the 'lower than compulsory education' level for this since it was the only estimate for which projection served no useful purpose. It should be noted that when the 'lower than compulsory education' group estimate in Figure 1 is taken and the trend projected, negative values are reached long before the age of 131, which we need for our purposes here. The choice of the 'lower than compulsory education' group for the adjustment makes sense, given that -as Figure 2 shows-the projection closely matches the trend seen in EPA77 and adjusting the percentage represented by this group with the other levels of education gives 100%. We thus obtain, for each cohort of the working-age population, the probability of attainment of a given level of education.

F

The number of years actually studied for each level of education , , a e t Ne in equation ( 1) is hard to ascertain, given the rather turbulent history of the Spanish education system4 . Following the Moyano Law of 1856 the system was organised into the current levels of primary, secondary and tertiary education. However, education was a constant political battleground between the Church-backed conservatives and the liberals, and the political instability that characterised the second half of the 19th century and first half of the 20th meant that a new programme was put in place virtually every 4 years between 1836 and 1936. In an attempt to homogenise matters, we have estimated the average duration of studies per level of education as follows: 'illiterate'5 = 1 year, 'lower than compulsory education' = 4 years, 'primary or compulsory education' = 8 years, 'secondary education' = 12 years and 'tertiary education' = 17 years.

Empirical results

The aggregated results given in Figure 3 show the evolution of the population of working age according to the level of academic attainment. The corresponding annual data can be consulted in the Appendix. The period up to 1976 saw a parallel process featuring a dramatic increase in the size of the working-age population with lower than compulsory education and a gradual fall in the number of illiterate people. The passing of the General Education Law, which introduced compulsory primary education, marked the beginning of sustained growth in the working-age population with schooling -initially primary, then secondary and, lastly, tertiary education. Source: Authors´ calculations At this point it would be appropriate to compare our indicator with other historical data on the educational attainment of the Spanish population. However, the fact that this information is virtually nonexistent makes it difficult for us to compare the results obtained using our methodology and those from other independent measurements. The only information available is the degree of illiteracy given for every census year. Table 1 shows the net illiteracy according to the census and the results of our estimates. Although the results are very similar, the figure estimated using our method is somewhat higher than in the census, due to the different population groups studied. The 10-15 age-group included in the net illiteracy is very numerous but presents a lower illiteracy rate. Conversely, the over-64 group is small (particularly at the beginning of the century) but has a higher rate of illiteracy. Together with the fact that the data have been taken from the EPA -a survey -, this may explain the slight discrepancies. Since the methodology has been reasonably successful in calculating the degree of illiteracy, one may assume the other levels of education to be correct also. 

Final considerations

This paper puts forward an alternative methodology for obtaining long timeseries of a human capital indicator based on the average number of years' schooling of the population of working age. The procedure is based on the use of national Labour Force Surveys instead of the customary population census. Specifically, we use microdata relating to the level of studies actually completed in order to build temporal profiles of educational attainment, thus avoiding the need for interpolation of census data.

To illustrate the method, we have estimated the average number of years' schooling of the Spanish population of working age over a long historical period that covers most of the twentieth century.

In our opinion, the methodology proposed here could be applicable to other countries also, to give a broad cross-section of countries covering long time-periods, which could then be used for appropriate empirical evaluation of the different economic growth models found in the literature. 
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  -enrolment. Moreover, the rate depends on certain factors (failure at school or the desire to carry on to tertiary education, for instance), which are not taken into account. Lastly, this indicator takes no account of the level of education attained by those who exit the labour market.

  or two years and the bulk of the human capital data is therefore based on the imperfect calculation of the perpetual inventory method 2 .

P

  we have usedHoyo and García's proposals (1988) for the period 1910-1980. In their publication, these two authors aggregate into one group the 'aged 60 and above' population cohorts, corresponding to the period 1910-1930. To estimate the population cohorts aged 60-64 we projected linearly back to 1846 (64 years old in 1910) the generation tables for Spain covering the years 1885 to 2000. These were obtained from the government's Directorate General for Insurance and the National Association of Insurers and Reinsurers (UNESPA). The survival probabilities obtained were applied to the different population cohorts according to year of birth until the generations not included in the aforementioned work by[START_REF] Hoyo | Análisis y predicción de la población española[END_REF]) were completed. For the period 1980-2000, Hoyo and 
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 4 Figure 3: Evolution of working-age population by level of academic attainment.

  Figure 4:

  Nerepresents the number of years studied by the population cohort aged a, according to the level of educational attainment e.In order to infer the attainment of the working-age population (16 to 64 years) for the period 1910-2000, the level attained by all generations born between 1846 (64 years of age in 1910) and 1984 (16 years of age in 2000) must be determined.

	I	ANYE	=	a	64 16 =	e	5 = 1	, a t P Pe 16 a = a t ,, , P 64 a e t ×	×	,, a e t Ne		(1)
	where , a t P is the population of age a during period t,	, , a e t Pe	is the percentage of the
	population of age a that has attained education level e during period t, and	, , a e t
	Obviously, this information is not systematised and certain assumptions are therefore
	required to estimate it..								
	To calculate the working-age population ,	

  Peis that someone who has reached the typical age for each stage of schooling and has attained a given level of attainment will maintain that level until the end of his/her life. We will assume also that the level attained is that proposed in the EPA classification. The first available EPA with microdata corresponds to 1977. Using this survey we can obtain the level of education attained by each cohort of the population, which has been grouped into 5 categories (illiterate, lower than compulsory education, primary or compulsory education, secondary education and tertiary education). Sampling problems with the EPA survey made it difficult to obtain data for elderly persons. If we discount those aged over 83, we have the levels of educational attainment for all generations from 1894(people aged 16 in 1910 and 83 in 1977) to the present day (using successive EPAs).

	The main assumption we will adopt to calculate	, , a e t
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	for 1977, and no further adjustments
	were required.	

Table 1 :

 1 Evolution of illiteracy

		Net illiteracy (age 10	(Result of estimation:
		and above)	population 16-64)
	1910	50.6	55.7
	1920	43.3	44.0
	1930	32.4	34.0
	1940	23.1	25.3
	1950	14.2	18.2
	1960	11.2	13.3
	1970	8.5	8.5
	1981	6.3	4.8
	Sources: Delgado (1994) and own figures.
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A comprehensive review of the history of Spain's education system can be found in Delgado(1994).

In line withDelgado (1994), the reason for including 1 year for illiteracy is that there is broad evidence suggesting that a substantial number of people stated they were illiterate when entering military service or in the population census, despite the fact that they had attended school, albeit not regularly, and had learned to read and write, skills they had then forgotten through lack of daily use.
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