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Abstract I document patterns in the returns to education in Costa Rica from 1976 to 1992. The most important change during this period was that from the late 1970s to the mid-1980s, the return to education fell by about one-fourth. I construct demand and supply indices within a fixed manpower requirements framework to estimate demand and supply shifts. I find a significantly positive relationship between measures of demand for education and a significantly negative relationship between measures of supply for education. These findings suggest that calculations based on the returns to education, such as the returns to social investments in education, must take into account future changes in the returns to education as supply and demand conditions develop. q 1998 Elsevier Science B.V. All rights reserved. JEL classification: J31; O15 Keywords: Returns to education; Human capital; Wage determination; Developing countries



There is now considerable evidence that the returns to education estimated from human capital wage equations for developing countries are high relative to those in developed countries. Because the returns to education are also often higher than the returns on other forms of public investment in developing countries, these findings have provided arguments in favor of further educational investment. 1 1



See, for example, Psacharopoulos and Woodhall Ž1985. or Psacharopoulos et al. Ž1986..
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Typically, though, studies of the social returns to educational investment ignore the demand and supply factors that influence future private returns to education. The recent literature for developed countries has shown that there have been large changes in the returns to education that occurred over a relatively short period of time. 2 These studies find that demand and supply factors provide much of the explanation for the observed changes. 3 Since demand for and supply of skilled labor have also been changing in developing countries, these factors are likely to affect the future returns to education in those countries and, as a result, calculation based on these returns, such as the returns to social investment in education. Despite the identification of the importance of these issues for developing countries by earlier authors, 4 little previous empirical research has examined how the returns to education have changed within developing countries and whether changes in returns to education in developing countries are correlated with the same demand, supply, and institutional factors affecting the returns to education in developed countries. The main reason for the absence of previous empirical work on the timing of changes in the returns to education is the infrequency of labor market surveys in most developing countries. The previous studies that have described over-time evidence ŽPsacharopoulos Ž1985, 1973, 1988, 1994. and Psacharopoulos and Ng Ž1992.. have been based on two or three points in time. They have not, in general, attempted to decompose the supply and demand side determinants of the returns to education. An exception is Knight and Sabot Ž1987., which uses surveys from two countries, Kenya and Tanzania, to examine the response of the returns to education to increases in the supply of education. 5 A more recent example is Angrist Ž1995., who shows that the economic return to



2



In the United States, for example, the return to education increased by 25% between 1979 and 1986. The coefficient on years of schooling in a log wage regression using the annual earnings file of the Current Population Survey increased from 6.2% per year of schooling in 1979 to 8.1% per year in 1986 and has stayed relatively constant since 1986. Studies of other developed countries have also found large changes in the returns to education over the 1980s and often a coincidence in the timing of changes across countries. 3 Explanations for these changes in developed countries have focused on the macroeconomic and structural changes that have affected the demand for skilled labor, changes in the coverage of the educational system at higher levels that have affected supply of skilled labor, and the institutional arrangements affecting competition in the labor market for skilled labor. 4 An earlier paper signalling the importance of supply and demand for education in developing countries is Fields Ž1974.. This idea is echoed in the 1980 World Development Report on Poverty and Human Development: ‘‘While there have been high economic returns in the past, it has been suggested that the rate of return to primary schooling may decline as the proportion of the labor force with primary education increases. But this may be offset by shifts in the pattern of production toward more skill-intensive goods.’’ ŽWorld Bank Ž1980., pp. 16–17.. 5 An earlier paper by Knight and Sabot Ž1981. proposes ‘filtering down’ in occupational attainment —rather than increased competition for the same jobs—of more recently educated cohorts as the mechanism by which there is a lower return to education of more recent cohorts.
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schooling in the West Bank and Gaza Strip fell as the supply of education increased. 6 In this paper, I undertake such analysis for one developing country, Costa Rica, for which annual labor market surveys are available from 1976 to 1992. Costa Rica provides a particularly interesting case because of the long-period in which there has been universal primary education, even in rural areas, and the recent expansion of the secondary and university education systems. Because the returns to education can be estimated for each year, changes in the returns to education can be related to measures of the supply of education, the demand for education, and other factors that changed over the 16-year period. There are several reasons that the factors affecting the returns to education differ in the labor markets for skills in the developing countries compared with those in the developed countries. First, many developing countries are still in the process of developing the higher educational system and the market for skills. In the developed countries that have been previously analyzed, though the quality of education and access to education have changed significantly over the period of changes in the returns to education, the educational system itself, in particular the secondary and higher educational system, was well-established prior to the 1970s. As a result, the returns to education tend to be higher in developing countries compared to those in developed countries. Second, many developing countries, and particularly those of Latin America, have experienced periods of structural change over the last 15 years more severe than those undergone by the developed countries. As a result of changes in industrial structure, the demand for labor has been altered. Of particular interest is the relative contraction of government spending. Third, the informal and traditional sectors play a much more important role in the labor market in developing countries. Especially for low-skilled workers, self-employment or employment in small labor-intensive firms may provide an alternative to modern sector jobs and, therefore, determine the opportunity wage of employment of those workers. In contrast, the wages of more skilled workers are more likely to be determined in the modern sector. In many countries, especially those of Central America, there was an increase in the importance of the less-regulated informal sector during periods of extremely high inflation. And fourth, the institutional arrangements in developing countries—including unionization, minimum wage setting, and government involvement in the labor market—can be quite different in developing countries. Many of these institutional factors are considered the main explanations for labor market segmentation that differentially affect skilled and unskilled workers.



6



Another recent paper that uses multiple cross-sections is Gindling et al. Ž1995. for Taiwan.
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1. Data 1.1. Background Costa Rica is a small, primarily agricultural economy located between Nicaragua and Panama in Central America. Though its role in the international economy has historically been quite similar to its neighbors in Central America, its level of political and economic development has been quite different. Costa Rica has a well-developed democracy and has not experienced significant political conflict since 1948. Costa Rica has also been successful economically—with a GNP per capita in 1992 of US$1960 that is two to six times that of the other Central American countries. 7 In the late 1970s and early 1980s, Costa Rica was severely affected by the world recession and the debt crisis. As a result of expansionary policies continued after foreign borrowing was restricted and exchange losses from a two-tier exchange rate, annual inflation increased from 13.2% in 1979 to over 81.8% at its peak in 1982. Unlike many of the other Latin American countries that experienced high inflation, however, Costa Rica was able to adjust its fiscal and external accounts quickly and inflation was below an annual rate of 17.3% by December, 1984. 8 A second period of adjustment occurred in the early 1990s. Developments in the labor market over this period have been documented by Fields Ž1988. and Gindling and Berry Ž1992a,b.. Growth during the 1970s was associated with rising real wages and expansion of employment. The period 1980–1982 included a large reduction in the real wage, an increase in unemployment and poverty, an increase in labor force participation, an increase in employment, and a decline in wage dispersion—measured as variance in mean wage across industries. During the mid-to late-1980s, the real wage and labor force participation returned to their pre-crisis levels; employment grew steadily; unemployment declined, but remained above the 1970s level; and wage dispersion increased. 1.2. Household surÕeys I utilize the National Survey of Households, Employment, and Unemployment ŽEncuesta Nacional de Hogares, Empleo, y Desempleo. conducted by the Statistics and Census Directorate ŽDIGESTYC. under the Ministry of Economy, Industry, and Commerce in Costa Rica. The survey was undertaken in July of each year from 1976 to 1992 Žexcept 1984, when a Census was completed.. 9 Each wave of 7 The GNP per capita of the other Central American countries range from US$340 in Nicaragua to US$1170 in El Salvador. World Bank Ž1994.. 8 See Banco Central Ž1985.. 9 In addition, from 1976 to 1985, surveys were conducted in March and November of each year, but these surveys do not include information on years of education.
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the survey contains detailed information on demographic and labor market characteristics, including highest grade completed, for approximately 20,000–25,000 persons over the age of 10 in 7000–8000 households. The data file for the 1986 wave does not include the information on education and so the analysis is restricted to the years 1976–1983, 1985, and 1987–1992. The sample of those who were in the labor force includes 190,655 persons. 10 Of these, 179,112 were employed. To calculate the returns to education, the sample includes the 94,838 persons between the ages of 18 and 65 with non-missing values for all variables. 1.3. Summary patterns in the returns to education Previous research examining the returns to education with this data includes the work of Uthoff and Pollack Ž1985., Yang Ž1992., Gindling Ž1991, 1992, 1993., Gindling and Berry Ž1992a,b., and Psacharopoulos and Ng Ž1992.. Of these, only the studies of Gindling and Berry that describe patterns in labor market indicators over the period of adjustment during the early 1980s provide across-time estimates of the returns to education. Using only full-time salaried workers and regressions that include only education and experience as independent variables, they find the return to education for males to have fallen between 1981 and 1985 Žfrom 11.4% per year of education to 8.7%. and then to have rebounded slightly over the remainder of the 1980s Žto 10.0% per year in 1988.. For females, they find that the decline in the return to education was larger Ždropping from 16.7% per year in 1981 to 13.0% in 1985. and continued at the lower level throughout the decade of the 1980s Žreaching 12.1% in 1989.. 11



10 Over the 16 year period, there were two major changes in survey design. Similar survey questionnaires and methodology were used in the periods 1977–1979, 1980–1986, and 1987–1992. The main difference between the first two periods concerns the information available on earnings. Before 1980, earnings information is available only for wage and salary workers. Starting in 1980, earnings questions were asked of all workers, including the self-employed. Between 1986 and 1987 the survey design and questions asked changed in several ways. First, the sample weights were changed to reflect the information contained in the 1984 Census rather than the 1973 Census. To correct for this change, the data for all years has been given weights that reflect updated estimates of the population in the rural and urban areas of each administrative district Žcanton. for each year from 1976 to 1992. Second, the classification of urban areas expanded to four categories rather than the previous two. These first two factors resulted in some discontinuities in the data between 1986 and 1987. Third, much more detailed attempts were made to get accurate income and labor market information. These include more detailed information about the sources of income, more detailed occupation and demographic information, and more detailed migration information. But the change in methodology also leads to some discontinuities between 1986 and 1987 in labor force status indicators. 11 In addition, Psacharopoulos and Ng Ž1992., using only two points in time, estimated the return to education to have been 16.8% per year in 1981 and 10.9% in 1989 including only schooling, experience, experience squared, and the log of hours worked as independent variables.
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The coefficient on years of education in a regression for logarithm of hourly wage and salary earnings are shown in Fig. 1. The two lines show the pattern with and without industry controls. Other controls include labor market experience, urban residence, broad region of residence, female gender, ownership type, and year of the survey. The return to education fell by approximately one-fourth, from 11.6% in 1977 to 8.3% in 1983. Though the return to education leveled off, there is little recovery in the rate of return to education with this measure during the late 1980s. This overall pattern in the returns to education groups two slightly different patterns by level of education over the late 1980s. There has been a steady decline in the return to secondary graduates relative to primary graduates that began in the late 1970s and continued into the 1980s. University graduates experienced a decline in earnings relative to those with less education from 1982 to 1984 that rebounded slightly over the rest of the decade. When the returns to education are estimated separately by different sub-groups of the labor force in regressions not shown, there are several interesting patterns. First, there is a larger drop in the returns to education for females than for males and the drop started before the 1980s. Second, there are much lower returns to education in rural areas compared to urban areas. Over the 1980s, the drop in the returns to education was larger in urban areas. Third, there are differences in the change in the return to education across regions of the country. In the metropolitan



Fig. 1. Returns to education with wsquarex and without wdiamondx industry controls.
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area of San Jose, returns to education are higher than in the rest of the country, the return declined only slightly, and not until the early 1980s. In the rest of the main population area in the central region of the country ŽCentral Valley., the return to education was changed very little over the late 1970s and 1980s. In the remainder of the country, however, there was a large decline in the returns to education that began in the 1970s. Fourth, returns to education vary between the informal sector Žself-employed, wage in salary workers in firms with 4 or fewer employees, and omitting all professional and technical workers. and the formal sector Žwage and salary workers in firms with more than 4 workers and all professional and technical workers.. 12 The return to a year of education in the informal sector is approximately half that in the formal sector for males and three-fourths for females. 13



2. The market for education in Costa Rica In this section, I describe some of the factors in the market for education in the Costa Rican labor market over the period 1976 to 1992—including changes in the supply of education, changes in the demand for education, and the role of the minimum wage. 2.1. Supply of human capital Costa Rica was alone among the countries in Central America in devoting a large part of the customs revenues generated from the increase in international trade at the end of the nineteenth century to the development of an extensive educational system. 14 The most important difference between the educational system in Costa Rica and those in neighboring countries is generalized primary education, even in rural areas, developed over the first half of this century. As a 12



Family workers and owners are omitted from these definitions. The reported returns are the coefficient in earnings regressions estimated separately for each sector. 13 When the formal sector is divided into government and private sectors, the higher return to the government sector compared with private firms with 10 or more employees in the early 1980s narrows in the mid-1980s. And only in the government sector has there been a clear increase in the return to education by the 1990s to the pre-crisis levels. 14 A more stable political system and a greater homogeneity of the population in Costa Rica compared with its neighbors are two of the reasons for these expenditures in the 19th century. For the period 1892 to 1927, annual data on the number of primary schools, number of primary teachers, number of primary students, and nominal primary education budget show steady increases over the full 35 years rather than a rapid increase in any particular sub-period associated with an event or political regime.
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result, literacy rates are similar to or better than those in more developed countries. 15 Improvements at higher levels of education occurred later in Costa Rican history. 16 At the university level, for example, beginning in the 1930s and 1940s, the University of Costa Rica became a provider of post-secondary training to a small number of students. But by 1950, after the greatest improvements in the literacy of the population had been made, only 7133 persons, or 1.9% of the population above 20, had attended university. Even as late as 1972, there were only 17,645 students enrolled in the entire university system. This situation in university education changed dramatically in the 1970s. At that time, Costa Rica expanded the university system and made it more accessible to a broader number of students. In addition to the University of Costa Rica, by the early 1990s there were four other universities and an increased number of institutions offering shorter post-secondary programs. As a result, the proportion of a given birth cohort attending post-secondary schools tripled. By the time of the 1984 Census, enrollment in university had increased to over 141,483 persons, or 11.3% of the population above 20. Overall, the proportion of the population with secondary or university education has increased from 6.95% in 1950 to 28.43% in 1984, with nearly all of the gain occurring after 1963. Calculations from the data of the Household Surveys for 1976 to 1992 are shown in Table 1 for selected years. The number and percentage of persons between the ages of 20 and 65 at each level of education—no education, some primary, primary graduate, some secondary, secondary graduate, and any university—are included. Over the whole period 1976–1992, the proportion of working age persons with low levels of education Žno education, some primary. has declined—from 13.3% in 1976 to 5.3% in 1992 for no education and from 38.8% to 20.6% for those with one to five years of education. The proportion of the population at each of the other education levels has increased, with larger proportional increases occurring at higher levels of education. The proportion of the population with education at the highest levels Žsecondary graduates, university. has doubled—from 6.1% in 1976 to 12.4% in 1992 for secondary graduates and from 6.8% to 14.2% for those with more than secondary. Because of the small initial stocks, the absolute numbers of persons at



15 Urbanization cannot explain all of the increase in literacy levels. The evolution of literacy, as a measure of prevalence of basic primary education, and urbanization using published data from Costa Rican Censuses show that literacy began to increase in the last third of the 19th century, increased dramatically in the first half of the twentieth century, and continued to increase through the 1984 Census. The increase in urbanization took place later than the initial increase in literacy. It is worth noting that the main changes leading to the development of the educational system in Costa Rica took place before the dismantling of the military in 1948 and could not be the result of this change. 16 For a more detailed description of the expansion of the higher education system, see Gonzalez Ž1987., Mendiola Ž1989., and Lourie Ž1989..
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Table 1 Education stocks in household surveys, 1976–1992: population 20–65 Year



1976 1980 1983 1987 1992



Years of education 0 Years Ž1.



1–5 Years Ž2.



6 Years Ž3.



7–10 Years Ž4.



11 Years Ž5.



12q Years Ž6.



113,355 Ž0.133. 77,467 Ž0.077. 83,377 Ž0.073. 90,693 Ž0.067. 82,061 Ž0.053.



331,129 Ž0.388. 324,900 Ž0.323. 309,711 Ž0.270. 326,948 Ž0.243. 320,580 Ž0.206.



210,572 Ž0.247. 284,563 Ž0.283. 334,564 Ž0.292. 410,599 Ž0.305. 503,349 Ž0.323.



87,924 Ž0.103. 132,625 Ž0.132. 161,593 Ž0.141. 190,400 Ž0.142. 236,616 Ž0.152.



51,780 Ž0.061. 91,306 Ž0.091. 131,146 Ž0.114. 168,019 Ž0.125. 193,743 Ž0.124.



57,979 Ž0.068. 95,902 Ž0.095. 125,222 Ž0.109. 157,435 Ž0.117. 221,544 Ž0.142.



Technical Secondary graduates with 12 years of schooling are included in the category for 11 years. Numbers in parentheses are proportion of total.



the highest education levels has quadrupled. It can also be seen that the largest changes occurred between 1976 and 1983, the years in which the first waves of college graduates after the reforms of the 1970s entered the labor market. Separate examination of education levels by birth cohort indicates that greatest increases occurred for cohorts born after the 1935–1939 birth cohort. These persons received their secondary education following 1950 and their university education following 1955. The importance of these differences across cohorts on the skill composition of the labor force can be seen by following the population aged 20–65 over the period 1976 to 1992. Between 1977 and 1982, the 1910–1914 cohort drops out of the working-age population and the 1955–1959 cohort enters. In the former cohort only 9.6% had more than primary education Žin 1977., while in the latter 31.1% have secondary and 18.5% have university education Žin 1992.. Between 1982 and 1987, the 1915–1919 cohort Ž11.5% above primary in 1977. drops out of the working-age population and the 1960–1964 cohort enters Ž50.4% in 1992.. And between 1987 and 1992, the 1920–1924 cohort Ž11.9%. exits, and the 1965–1969 cohort Ž52.7%. enters. These changes in the cohort composition of the working age population have led to gradual increases in the supply of education over time. 2.2. Demand for education The structure of demand for educated labor in Costa Rica also changed during the early 1980s. Some of these changes are the results of structural shifts in the industrial composition of employment as Costa Rica shifted towards an export-led growth strategy. But in addition, there were two other effects of the economic recession on the demand for human capital. First, fiscal austerity in response to the
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debt crisis led to an employment freeze in government and a large reduction in the public-private wage differential. Second, changes in the role of the informal sector during the economic recession affected the alternatives for all workers, including those with human capital. 2.2.1. Human capital and change in goÕernment employment A large proportion of the educated labor force is employed in the public sector and medicine. In the 1973 Census, of the 23,048 university graduates who were employed, 78.1% were in the broad industry category communal, social and personal services and 70.9% were in the two-digit category social services Ž93. that includes public instruction, medical services, scientific investigations, social assistance agencies, and professional associations. 17 In addition, 5.7% of university graduates were employed in the two-digit category public administration Ž91.. When those employed with at least a secondary education completed are considered, 55.6% are in broad category services Ž9.. By the 1984 Census, the number of university educated workers employed in the service category had increased to 49,419, or 61.0% of those with some university education. For these workers, most of whom were employed in the public sector, relative wages fell between 1981 and 1985. Public employment adjustment to macroeconomic stabilization during this period occurred during three years. In 1981 and 1982, employment in health and public services, including education, fell by six thousand jobs relative to the 1980 level of 80,924. Because employment in public administration was increasing during these years, the total effect of the stabilization on public sector employment was small—a 4.2% drop in 1981 and a 5.1% increase in 1982. The third year of decline was 1991, during the next round of stabilization, when each of public administration, health, and public services fell. Nonetheless, these patterns indicate that cutbacks in government employment, though a contributing factor in the demand for education, are relatively small. 2.2.2. Human capital and the informal sector The small-scale, or informal, sector plays an important role in the labor market in Costa Rica. Previous research suggests that a substantial part of the informal sector in Costa Rica functions as a dynamic part of the labor market. 18 Especially during times of economic crisis, the informal sector may provide an alternative 17



The latter three groups account for approximately two percent of employment in the two-digit category, though detailed information about education levels by detailed industry are not available in the published tables. 18 See, for example, Trejos Ž1991. and Gindling Ž1991. for Costa Rica, Funkhouser Ž1996. and Perez et al. Ž1991. for Central America. Other recent work on the informal sector in Latin America includes Pradhan and Van Soest Ž1997..



E. Funkhouserr Journal of DeÕelopment Economics 57 (1998) 289–317



299



source of employment, though with lower return to education, for the skilled labor force. In the household data, relatively few educated workers are employed in firms with fewer than 5 workers. Two factors, though, suggest that the informal sector is a potential source of employment for educated workers. First, the return to education in firms with fewer than five workers tends to move in the same direction as the returns to education in larger firms. Second, the proportion of skilled labor employed in the formal Žfirms with 5 or more workers and all professional and technical workers. and informal Žfirms with fewer than five workers. sectors is not constant and depends on economic conditions. Both the proportion of the number of years of education employed in the formal sector and the proportion of those workers with greater than six years of education employed in the formal sector fell during the early 1980s. 2.3. Inflation and minimum wage legislation Minimum wage legislation also plays a significant role in the structure of wages in Costa Rica. Minimum wages are established by the tri-partite Žbusiness, labor, government. National Salary Council at all occupational levels, not just at the lowest wage levels. Until 1974, the legislated minimums were adjusted every two years. After that time, the minimum wage tables have been adjusted annually. The likelihood that minimum wages affected relative wages increased as inflation increased during the early part of the 1980s. In response to the more rapid inflation, in 1980 the National Salary Council adjusted minimum wages twice a year. 19 There was still a significant ratchet pattern in the real minimum wage between 1980 and 1984. Over the early 1980s, the stated objective of the National Salary Council was to narrow differences in minimum wages between high-paying and low-paying occupations. Three groups, based on minimum wage level, were identified and minimum wages were adjusted with different percent increases for each group. Through the period of high inflation, minimum wages of the lowest group were adjusted to inflation with a lag while those in the higher two groups fell even more in real terms. 20 Gindling and Terrell Ž1995. provide evidence on the proportion of workers earning less than the lowest minimum wage in an industry. They find that the proportion increases between 1981 and 1982, stays at a high level until 1986, then drops by about half of the gain during the late 1980s. They conclude that because the proportion of workers observed to have earnings below the minimum increased as the real minimum wage increased, compliance may be low. They suggest that it is still possible that the minimum is used as a benchmark for wage-setting. 19



And in 1983, the minimum was adjusted in three times. See Cardozo Ž1990. for a more detailed description of the effect of minimum wage legislation on the salary structure. 20
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Other evidence on the potential impact of the minimum wage is provided by Bell Ž1997.. She finds that minimum wage in Mexico is not binding and, as a result, has little effect on employment in Mexico. In contrast, she finds that because the minimum wage is closer to the average wage in Colombia, the minimum has had a stronger impact on employment. The main difference between the two countries is that the real minimum wage has been falling over time in Mexico and increasing in Colombia. In Costa Rica, with the exception of the period of high inflation 1980 to 1982, the real minimum wage has increased slightly since the late 1970s. Because of this the pattern in Costa Rica may be more similar to that of Colombia than that of Mexico if enforcement is similar. In fact, of the 16 Latin American countries surveyed by Shaheed Ž1995., Colombia and Costa Rica are the only two in which the real minimum wage was higher in 1990 than in 1980.



3. Empirical framework The fixed manpower requirements methodology adopted here is similar to that utilized by Freeman Ž1980. and several recent authors using data for the United States. The objective of the methodology is the identification of horizontal shifts in the demand and supply curves in the market for education. The basic idea of the fixed manpower requirements model is that shifts in the demand and supply curves for years of education can be approximated by changes in the composition of the labor force and employment as long as the determinants of those changes are independent of the return to education. 21 On the supply side, changes in the age composition of earlier to more recent birth cohorts has led to an exogenous change in the supply of education because, on average, members of more recent birth cohorts that are entering the labor force have more education than members of earlier birth cohorts that are leaving the labor force—holding fixed the within cohort mean education, changes in the cohort composition measure changes in relative supply of education. On the demand side, changes in the industrial composition of employment over time increases Ždecreases. the demand for education as industries that demand more Žless. education increase their share of employment—holding fixed the within industry mean years of education, changes in the industrial composition of employment measure changes in the relative demand for education. 21 The alternative approach of Knight and Sabot Ž1987. to the same problem is to control for changes in demand on the return to education Žby calculating the return as a weighted average of separate returns by occupation and ownership categories.. They then compare the adjusted return to changes in relative supply of education. In effect, this method traces out a standardized demand curve to find a negative relationship between increases in supply and the return to education.
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Fig. 2. Demand for education and supply of education.



Within each group Žcohort or industry., changes in the quantity of education supplied or demanded depends only on the return to education—there is one optimal quantity of education supplied by individuals or demanded by firms for each value of the return to education. Because the optimal amount supplied or demanded at a given return to education is assumed to be constant over time, these within-group quantities are fixed coefficients that can be applied to changes in the size of the groups to obtain predicted total demand and supply at a constant return to education as the relative shares of the groups changes. The basic idea is seen in Fig. 2. Consider the supply of years of education and the demand for years of education in the labor market to be a function of the return to education and an exogenous shift parameter: Dt s f Ž r . q Dt f X - 0 X



St s g Ž r . q St g ) 0



Ž 1a . Ž 1b .



where Dt and St are shifts in demand and supply that are unrelated to the return to education and it is assumed that the demand for and supply of education can both be expressed in terms of years of education. 22 In Fig. 2, the curve S0 is the supply curve and D 0 is the demand curve in the base year. Equilibrium occurs at point X with E0 years of education employed in 22



In the extensions below, this assumption is relaxed.
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the labor market and a return to education of r 0 . The functions f Ž r . and g Ž r . are the time-invariant relations measuring the response of the supply of and demand for education to changes in the return to education. Shifts in the demand and supply curves by construction hold the return to education constant. In Fig. 2, these horizontal shifts are shown starting at point X and are represented by Dt and St . With the horizontal shifts in demand to DX and in supply to SX , the new equilibrium occurs at X X with the return to education r X and the quantity of education employed EX . The relationship between changes in the return to education, r X y r 0 , and the horizontal shifts, D and S, that underlies Eqs. Ž9a. and Ž9b. below is: %D r s



Ž %D D y %D S . ´s ) 0, ´d - 0 Ž ´s y ´d .



Ž 2.



where %D D s Ž D y E0 .rE0 , %D S s Ž S y E0 .rE0 , ´s is the elasticity of supply of education, and ´d is the elasticity of demand for education. 23 Because only the equilibrium points—X and X X in the case of two observations. 24 —are observed, it is not possible to distinguish between the shifts in the curves and the response along the curves without further assumptions. I assume that the most important determinant of shifts in the returns constant supply of education is the change in composition of birth cohorts in the labor force and the most important determinant of shifts in the returns constant demand for education is the change in composition of industries in employment and that changes in each of these are independent of the returns to education. With these assumptions, the overall change in education demanded and offered in the labor market between X and X X in Fig. 2 can be decomposed into two parts. The first is the shift in the demand curve holding the return to education constant—the movement of D from E0 to B—resulting from the change in the industrial mix of the economy which is assumed to be unrelated to the return to education. The second part is the movement along the Žunknown. demand curve from B to EX treated as a residual. This results from changes in the demand for education within industries in response to the change in the return to education. Similarly, the overall change in education supplied in the labor market can be decomposed into the shift of the supply curve holding the return to education constant—the movement of S from E0 to A—and the movement along the Žunknown. supply curve from A to EX . The former results from the change in



23 The net shift, Ž%D Dy%D S ., is equal to the shift along the new supply curve, %D r ´s from the orginal return to education plus the shift along the new demand curve, - %D r ´d from the original return to education. Noting that %D r is the same for both shifts and rearranging yields Eq. Ž2.. 24 With more than two observations, for each equilibrium point both the demand curve and the supply curve may have shifted.
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cohort composition of the labor force, while the latter results from changes in education within-cohort as the return to education changes. Previous literature estimating the return-constant demand and supply shifts in the labor market for the United States has utilized a fixed manpower requirements framework for the supply of education and demand for education ŽFreeman Ž1980.., a fixed manpower requirements framework allowing for within-industry changes in occupational mix ŽKatz and Murphy Ž1992.., or a production framework allowing for technological improvement within each industry ŽBound and Johnson Ž1992., Stapeleton and Young Ž1988... Each of these previous papers has examined relative returns to aggregate educational categories. This paper is closest to the approach of Katz and Murphy in that I use a fixed manpower requirements approach that allows for both technological improvement within industries measured by occupational shift and general technological change that affects all industries equally. In contrast with the Katz and Murphy paper, though, the results presented in this paper use years of education and not educational attainment categories as the measure of human capital in the labor market. This choice was made for consistency with the literature on the social and private returns to investment in education in developing countries. As discussed below, the results are very similar when other measures of human capital are employed and are not driven by the choice of a particular within-industry technology. On each of the demand and supply sides, I adopt the following strategy. First, I define cells, the size of which are assumed to be independent of the return to education. On the supply side, the cells are by birth cohort and gender. On the demand side, the cells are by industry and occupation. Second, I calculate the mean years of education within each cell as the supply of and demand for education relative to unskilled labor Žper person.. Third, I then apply these mean values to the changing composition of cells over time to construct indices of supply of education and demand for education based on the proportional increase over the initial year. Because the mean years of education are applied to entire labor force and employment respectively, measures of net supply account for different growth rates in the two aggregates—if the labor force and employment grow proportionally, measures of net supply in total years of education are equivalent to using mean years of education. 3.1. Supply shift index Consider individuals of birth-year cohort n and gender f with preferences at time t of UŽ Ynf t , Q nf t . where Ynf t is the years of education obtained by the members of the cohort and Q nf t is consumption of other goods by the cohort. Maximization of utility is subject to a budget constraint in which higher education is associated with higher costs during schooling and higher earnings in the future. Individuals base the choice of optimal level of education on lifetime income and the non-monetary net utility of the investment in education.
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For the fixed manpower requirements framework, it is necessary that the impact of the return to education on the optimal level of education be independent of other variables. 25 Though preferences are important determinants of the levels of education each cohort achieves, it is assumed that there are not cross-effects on utility and changes in the optimal level of education are a function only of the return to education. Though this imposes significant restrictions on the impact that other contributors to lifetime income and utility derived from education directly, these factors may be small relative to the effect of a change in the return to education. Denote the average of the optimal education level at return r as bnfr . 26 With the additional assumption that changes in cohort-gender cell size are replications of the same cohort in the base year, the return-constant supply of years of education in year t at fixed wages can be written as: Str s SSbnfr Nnf t n f



s S0 ) Ž r . q S



Ž 3.



where bnfr is the mean years of education of persons in each one-year birth cohort n and gender group f and Nnf t is the total number of individuals in the age-gender cell Žn and f. in year t. 27 In the base year, Str is the actual supply of education in the labor market at the actual return to education. In subsequent years, the actual supply of education includes both the horizontal shift of the supply curve and the movement along the curve as the return to education changes. For example, in Fig. 2, S0 ) s E0 ) years of education are supplied at return to education r 0 . In subsequent years, Str indicates the amount of education that would be supplied at the initial return to education allowing for the composition of birth cohorts within the labor force to change. As older birth cohorts are replaced by younger ones, the returns constant supply of education increases to SX . To be consistent in the determination of the supply and demand indices, I calculate bnf as the mean level of education in each cell estimated from the following weighted least squares regression: Ynf t s bnf Cnf t q ´nf t



Ž 4.



where Ynf t is the mean years of education of the birth cohort-female cell in year t, Cnf t is a vector of dummy variables for each cohort-female interaction, and ´nf t is 25



This implies that the cost of education and the utility derived from education are assumed to be fixed over time as well. 26 In years in which the return differs from r, it is assumed that this cohort may adjust its level of education, but only in response to changes in the return to education. 27 Katz and Murphy Ž1992. use information on annual hours of work as a measure of hours of labor supplied. In contrast, the Costa Rican data includes hours information only for the reference week and, as a result, I use population weighted averages. When hours of employment are used for both the demand and supply indices, the results are similar to those reported.
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a random error. 28 The calculation of Str in Eq. Ž3. applies the mean years of education of each cohort-sex cell, bnf , to the number in the cell in the other years, including those in which the cohort is under 20 or over 65. The index of the shift in supply is then calculated as the proportional change from the base year. 3.2. Demand shift index Consider industries with constant returns to scale technologies in the choice of skilled labor input. Within each occupation, the industry chooses the optimal combination of years of education and number of workers Hio Ž D ko , Nko . where D ko is the amount of years of education and Nko is the number of workers utilized in industry k and occupation o. With constant returns to scale, industries choose the mean years of education per worker and the number of workers within each occupation based on h io Ž D korNko .) Nko . As on the supply side, it is necessary to assume that changes in other variables, such as the prices of other inputs, do not affect the optimal level of education per worker. In this case, industries choose the optimal years of education per worker, r , for each occupation at the given return to education, r. The total amount of a ko r education demanded by industry k at the relative return r is Ýo a ko Nko . The total number of years of education in the labor market, Dtr , is the sum of the years of education demanded by each industry. Because each industry-occupar tion cell demands a ko years of education per worker at return r, the return-constant demand for labor in year t at fixed return to education can be written as: r Dtr s SSa ko Nko t s D 0 ) Ž r . q D



k o



Ž 5.



r where a ko is the base year mean years of education and Nko t is the total number of workers employed in industry k and occupation o in year t. The inclusion of industry-occupation cells allows for within-industry technological change in the occupational mix. With a constant returns to scale technology within industries, a ko is the optimal choice of education per worker—the relative employment of education—within industry-occupation cell at the given return to education. In the base year, Dtr is the actual demand for education in the labor market at the actual return to education. For example, in Fig. 2, D 0 ) s E0 ) years of education are demanded at return to education r 0 . In subsequent years, Dtr indicates the amount of education that would be demanded at the initial return to education allowing for the composition of industries and occupations within industries to change. As the industry mix changes towards those that use more education, the returns constant demand for education increases to DX .



28



To allow younger cohorts to achieve their final level of schooling and to reduce attrition bias in the calculation of Ynf , only cohorts with all members aged 20 to 65 are included in the estimation of Eq. Ž4.. The coefficient bnf is, therefore, the mean years of education of each cohort for the years in which the age restrictions are satisfied.



E. Funkhouserr Journal of DeÕelopment Economics 57 (1998) 289–317



306



I also allow for constant Žover time. technological change in the mean education within all industry-occupation cells. The demand shift net of this general technological change, a ko , can be estimated from weighted least squares estimation of: Y ko t s a ko Z ko q aTt q m ko t Ž 6. where Y ko t is the mean years of education in the industry-occupation cell in year t, Z ko t is a vector of dummy variables for each industry-occupation interaction, Tt is a time trend, and m ko t is a random error. The coefficients a ko calculate the mean years of education over the period once the trend has been netted out. The demand index, Dtr , applies the mean years of education in each industryroccupation cell, a ko , to the total industryroccupation cell employment in all other years. The proportional change in Dtr measures the proportional horizontal shift in the demand curve for years of education from the equilibrium point in the base year and reflects changes in the relative size of each industryroccupation cell. The total demand for education, including the trend component, is calculated from: Dt ) s SSa ko Nko t q aTt Nt k o



Ž 7.



In Section 4, below, the trend component a Tt Nt , or the difference between Dt ) and Dtr , is included in a linear term that may reflect other factors as well. The index of the shift in demand is then calculated as the proportional change from the base year. 3.3. Estimating returns to education I use a hedonic price approach to separate out the returns to schooling from other determinants of wages ŽRosen Ž1974... I estimate the returns to schooling from a regression for the logarithm of the wage, wt i , that includes returns to schooling measured in years, Yt i , potential labor market experience, Et i , a vector of other variables, X t i , a period effect, g t , and a random component, ´ t i : wt i s a q X t i b 1 t q b 2 t Et i q rt Yt i q g t q ´ t i Ž 8. where the controls included in the vector X t i are female, urban, region, and firm type of individual i. The estimate of rt is the equilibrium return to education that individuals and industries use to determine optimal supply of and demand for education. 4. Results In this section, I present estimates of supply shift, demand shift, the returns to education, and the importance of supply and demand determinants of the returns to education over the period 1976–1992 in Costa Rica.
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4.1. Measures of supply shift Fig. 3 presents the mean levels of education for each of the birth years that satisfy the sample restrictions for both males and females. These mean values were applied to the actual distribution of persons in the labor force in each birth cohort for each year between 1976 to 1992. Two factors have led to an increase in supply over this period. First, there has been a shift in relative size of the labor force from older birth cohorts with lower mean years of education to younger birth cohorts with higher mean years of education. Second, the overall size of the labor force has increased. The calculation of the supply of years of education, Str —in Eq. Ž3. based on the estimates of bnf from Eq. Ž4. —are shown with the diamond in Fig. 4 and in Column Ž4. of Appendix A. Each index reports the proportional increase over the measure in 1976. Using this measure, there has been a continual increase in the supply of education over the late 1970s and the decade of the 1980s that slowed slightly during the 1990s. The increase has been steady and does not show large deviations from the trend. 4.2. Measures of demand shift To construct the demand shift measure, the mean years of education Žcontrolling for the trend. in each of five occupation groups within broad industry were



Fig. 3. Mean years of education by birth year males wMx and females wFx.
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Fig. 4. Demand and supply indices, years of education Dwindx —circle, Dwind-ocx —square, Dwtrendx — triangle, supply—diamond.



applied to the actual distribution of labor in the industry-occupation cells over the period 1976 to 1992. As in the case of supply, both the changing mix of industries and the overall size of employment contributed to changes in the demand for education in the labor market. Three demand measures, Dtr , based on Eqs. Ž5. and Ž7. are shown in Fig. 4 and reported in Appendix A. 29 These measures use one-digit industries and five occupation groups within each industry. 30 To capture the changes in the demand for education resulting from changes in the government sector and the increase in the importance of the informal sector during the period of economic recession, I include the government and the self-employed sector as separate industries in the



29



When the trend term is omitted from the calculation of the base year mean education in Eq. Ž4. the demand index is very similar to the index reported. 30 The industries are: agriculture, miningrindustry, utilities, construction, retail trade, transportation, financerinsurancerreal estate, services, government Žtwo digit codes 90–93., self-employed, and not specified. The occupations are: prof.rtechnicalradmin. ŽStandard international codes 0-200,330339,11-419,421-429., employeesrsales Žcodes 200-399., operatorsrartisansrworkers Žcodes 400410,420,430-900., services Žcodes 900-979., and not specified Žcode 980.. Prior to 1987, the data report only these major occupation groups.
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calculation of the demand index. 31 The demand indices with and without self-employed as a separate industry are very highly correlated. With the line marked with a circle in the figure and in Column Ž1. of the Appendix A, the demand shift measure using only across-industry shifts in employment is shown. The line marked with a square and Column Ž2. of the Appendix A includes the demand shift measure that allows for both across industry shifts and occupational shifts within industries. Each of these indices is calculated from a ko Z ko , where a ko is estimated from Eq. Ž6.. In the line marked with the triangle and in Column Ž3. of the Appendix A, the trend in average education level applied to the entire population, or a Tt Zt is also included. There are three main patterns in the demand indices reported in Fig. 4. First, the demand index increases more rapidly when changes in the within-industry occupational mix is allowed, suggesting that there were technological changes towards more skilled occupations. Second, the general technological change component resulting form an increase in average education in all industry-occupation cell is between one-fourth and one third as large as the industry-occupation mix component to demand. The steeper time profile in education and lower initial point Žfor 1976. produces a profile that more closely follows the actual employment of education in the labor market. A third finding not shown in the table is that the government is a contributor to growth in education in each measure and contributes negatively to growth in education in the labor market in 1980, 1982, and 1991. 4.3. Returns to education The coefficients on the education variables resulting from estimation of Eq. Ž8. using only wage and salary workers were shown in Fig. 1. 32 The figures are drawn based on regressions that include pooled data for all years with coefficients constrained to be the same across years for all variables except education and, when they are included, one-digit industry. Similar coefficients on the education variables result when the data is estimated separately by year which allows the other coefficients to vary. The two lines in the figure show the returns to years of education with and without industry controls that are allowed to vary by year. Both lines show a drop in the return to education during the early 1980s without much recovery over the remainder of the decade. 4.4. The determinants of the change in the returns to education I now examine the determinants of the patterns in the returns to education. I include demand-shift variables, supply–supply shift variables, and the logarithm of 31 Because size of firm is not available in all survey years, I define informal sector employment as the self-employed. 32 The patterns are similar without controls.
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Table 2 Determinants of changes in returns to education Dependent variable is return to education controlling for industry-year interactions Ž1. Ž2. Ž3. Ž4. Net demand Demand Shift without trend Supply Shift Log real minimum wage Trend Constant Adjusted R-squared N



0.078 Ž0.028.



0.108 Ž0.033. 0.077 Ž0.029.



0.105 Ž0.034.



y0.049 Ž0.049.



0.0001 Ž0.0006. 0.114 Ž0.002. 0.80 15



y0.002 Ž0.003. 0.114 Ž0.002. 0.80 15



y0.023 Ž0.015.



y0.080 Ž0.051. y0.022 Ž0.015.



0.001 Ž0.001. 0.177 Ž0.041. 0.82 15



y0.001 Ž0.003. 0.175 Ž0.042. 0.82 15



Returns are shown in Fig. 1. Demand Shift refers to demand index of Column Ž2. of Appendix A. Supply Shift refers to supply index of Column Ž4. of Appendix A. Net Demand refers to difference between Demand Shift and Supply Shift. Trend is measured as number of years since 1976.



the real minimum wage to explain the estimated returns to education in the following regression specifications: rt s a q d 1 Dtr y d 2 Str q d 3Tt q ´ t Ž 9a . rt s a q d 1 Dtr y d 2 Str q d 3 Mt q d4 Tt q ´ t Ž 9b . where rt is the return to education in year t, a is the base return to education, Dtr is the proportional change in return-constant demand in year t, Str is the proportional change in return-constant supply of education in year t, Mt is the real minimum wage in July of year t, and Tt is a time trend. Eq. Ž9a. corresponds to Eq. Ž2. 33 and Eq. Ž9b. includes a control for the minimum wage not directly derived from Eq. Ž2.. Both d 1 and d 2 are estimates of Žhs y hd .y1 . 34 The results of the estimation of Eqs. Ž9a. and Ž9b. are shown in Table 2. In Columns Ž1. and Ž2., Eq. Ž9a. is estimated; in Columns Ž3. and Ž4., Eq. Ž9b. is estimated. In Columns Ž1. and Ž3., the difference between demand and supply shifts is included as net demand, with more efficient estimation of the inverse of the sum of the elasticities of demand and supply. In Columns Ž2. and Ž4., demand and supply shifts are included separately, and the inverse of the elasticities is overidentified. It should be remembered that though these regressions are a useful way to summarize the patterns in the time-series data, with only 15 observations, they are merely suggestive. These specifications are representative of many others that were employed. The demand shift variable has a significantly positive coefficient and the supply shift 33 With the return to education expressed in log points, the proportional change in the return to education is approximately ln rt yln r b. In Eqs. Ž9a. and Ž9b., ln r b is included in the constant. 34 By construction, the indices are approximately logŽ1q x ..
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Table 3 Decomposition of change in returns to education Period



Initial Return Change During Period Part attributable to Industry Rents Minimum Wage Demand Shift Supply Shift Trend Unexplained



1977–1980



1980–1983



0.116 y0.014



0.103 y0.020



y0.001 y0.002 0.017 y0.018 y0.003 y0.006



y0.002 0.002 0.006 y0.017 y0.003 y0.006



1983–1988



1988–1992



1977–1992



0.083 0.010



0.092 y0.005



0.116 y0.029



0.005 y0.001 0.046 y0.039 y0.006 0.006



y0.004 y0.002 0.022 y0.018 y0.005 0.001



y0.003 y0.003 0.091 y0.092 y0.017 y0.005



Entries are part of within-period change attributable to each variable.



measure has a negative sign. Focusing first on Columns Ž1. and Ž2., the magnitude of the three demand and supply coefficients Žincluding both Columns 1 and 2., 0.05 to 0.08, indicates that the sum of the absolute values of the elasticity of supply of years of education and the elasticity of demand for years of education is between 12 and 20. In the specifications with the minimum wage in Columns Ž3. and Ž4., the magnitude of the demand and supply variables is slightly higher. These estimates, ranging between 0.08 and 0.11 indicate a sum of elasticities between 9 and 12. The minimum wage variable is significantly negative in each specification—increases in the minimum wage are associated with declines in the returns to education. Though other factors correlated with the real minimum wage are likely to be involved, these findings are suggestive of the minimum wage scale playing a role in the structure of earnings. As seen below, though, the magnitude of the demand and supply factors is much larger than that of the minimum wage. 4.4.1. Decomposing changes in the returns to education The relative importance of industry rents, demand shifts, supply shifts, and the minimum wage in explaining movements in the return to education can be calculated from the coefficients in Table 2 and actual movements in the independent variables. In Table 3, I use the specification from Column Ž4. in Table 2 to decompose the overall change in the return to education Žwithout industry controls. for each of the major periods of movement in the returns to education— 1977–1980 35 1980–1983, 1983–1988, and 1988–1992—into six parts. First, I allow for the effect of inter-industry wage differentials by estimating the return to education both with and without controls for one-digit industry. This is the difference between the line with industry controls and the line without industry 35



The first period begins in 1977 because this is the peak. The second period ends in 1983 because it is the trough.
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controls in Fig. 1. Next, for each of the minimum wage, the demand shift variable, the supply shift variable, and the trend variable I calculate the predicted effect of actual changes of the variable on wages using the coefficient estimated in Table 2. The sixth component is the residual, or unexplained, component of the return to education for each period. The magnitude of the effect of the institutional variables—industry rents and the minimum wage—is relatively constant in absolute value for all measures. Because the change in the actual return shown in the second row varies considerably across periods, the relative magnitude ranges from one-fifth of the actual change in returns in the late 1970s to early 1980s to nearly all of the actual change during the late 1980srearly 1990s. One of the major conclusions from these results is the downward pressure of supply on the returns to education as the educational system expands. The contribution of the supply variable is relatively constant in magnitude, once the different period lengths have been accounted for. The magnitude of the impact is much larger than the institutional variables, the total supply effect of y0.092 is 15 times the combined effect of industry rents and the minimum wage over the whole period. A second conclusion is the fluctuation in the impact of the demand variable according to macroeconomic conditions. In Table 3, there is substantial variation in the contribution of the demand shift variable to the return to education across periods. The effect of demand shift on returns is positive, but small, during the period 1977–1980; very small and positive during the period 1980–1983; large and positive during the period 1983–1988; and positive during the period 1988– 1992. As a result, the effect of changes in net demand on changes in the return to education is close to zero during the period 1977–1980; negative during the period 1980–1983; large and positive during the period 1983–1988; and positive during the period 1988–1992. 4.5. Extensions Years of education is only one way that education as a factor of production can be measured. Four other measures were also tried, with very similar results. One of these additional measures allows for differing productivities of years of education at different levels by translating to productivity efficiency units. The next two measures calculate relative supply of and relative demand for education by allowing for two separate factors of production. One measure divides demand and supply into those with more than primary and those with less than primary education. The other divides demand and supply into those with more than secondary and those with less than secondary. The final measure controls for quality of education by including controls for birth cohort in the calculation of the returns to education.



E. Funkhouserr Journal of DeÕelopment Economics 57 (1998) 289–317



313



4.5.1. Different productiÕities of years of education at different leÕels To allow for the incomplete substitution between years of education at different levels, I calculate productivity factors based on average hourly wage differences between education groups. I then use the mean level of education within each group to calculate the increase in earnings per year of education to calculate the marginal productivity of each year of education. The final step translates all years of education to eleventh-year equivalents by dividing by the marginal productivity of the eleventh year. 36 Because this adjustment tends to lessen differences in education levels across individuals, the effect is the raise the return to years of education measured in eleventh-year equivalents. The decline in the return to education over the early 1980s is steeper with the adjusted years measure, while the subsequent increase is quite similar with the two measures. When these efficiency units of education are utilized, the magnitude of the demand variable in Column Ž4. of Table 2 increases to 0.164 and supply falls to y0.120. 4.5.2. Choice of education unit In order to guard against the possibility that the choice of labor aggregation overly influences the findings, I made similar calculations using two other measures of education in the labor market—over primaryrunder primary and over secondaryrunder secondary. These two measures assume that the two broad input groups are substitutes, while those included in the text assume that all years of education in the labor market are perfect or imperfect substitutes. The results examining the determinants of changes in the returns to education with the binary education measures are similar to those using years of education. Using the overrunder primary measure an increase in the net relative demand for education by one percent is associated with a 0.47 increase in the primary education premium. Using the overrunder secondary measure, the increase is 0.75. 37 4.5.3. Educational quality Controls for quality of education can be indirectly included with dummy variables for year of birth. The general pattern in the return to education when 36



I calculate mean earnings over the period for each of six education groups Ž1–5, 6, 7–10, 11, 12–14, 15q. with controls for experience, experience squared, female, urban, region, firm type, and year. On average, the first through fifth years of education are 26% as productive as the final year of secondary. Similarly, the sixth year is 49% as productive; the seventh through tenth years are 0.70 as productive, the twelfth through fourteenth years are 1.54 times as productive, and years over 15 are 89% as productive as the final year of secondary. These factors are additive. For example, someone with 11 years of schooling has acquired 5 years worth 0.26, one year worth 0.49, four years worth 0.70 and one year worth 1.00. 37 These coefficients indicate the elasticity of substitutability between the two education groups. The separation of demand and supply effects are more sensitive to specification with this measure.
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cohort controls are included to capture changes in the quality of education is similar to that without the controls—the returns to education fell during the early 1980s and increased during the late 1980s. The similarity is not that surprising since the replacement of older cohorts with newer cohorts takes time and, as a result, changes in the effect of schooling quality on the returns to education should be gradual. Adjusting for cohort quality in this way also does not alter the findings of this study in any way. 4.6. Discussion The observed patterns indicate that, as in the case of the developed countries, the returns to education in developing countries are quite responsive to changes in the conditions of supply and demand for skilled labor. Though each of the education measures utilized—years of education, adjusted years of education, overrunder primary, overrunder secondary, and quality adjusted—captures a different level of aggregation of skill, collectively they provide a very similar profile of the importance of demand and supply factors in the market for education —demand shift and supply shift measures are important determinants of the returns to education. The underlying determinants of supply and demand for education, though, are different in Costa Rica and these differences may also be appropriate for the market for education in other developing countries. In Costa Rica during the early 1980s, the net demand for education was declining, not increasing as in the United States. 5. Summary In this paper, I have documented the patterns in the returns to education for Costa Rica from 1976 to 1992. The most important change during this period was that from the late 1970s to the mid-1980s, the return to education fell by about one-fourth. For Costa Rica, this reflects a gradual long-run decline in the premium to those with more than a primary education and a more rapid decline in the premium to those with university schooling from 1980 to 1983. The demand and supply indices constructed within the fixed manpower requirements framework indicate that supply has been gradually increasing over the entire period from 1976 to 1992 and that demand increased relative to the trend during the late 1970s, decreased during the early 1980s, increased rapidly during the mid- to late-1980s, and increased during the early 1990s. In regressions for the determinants of the returns to education, I find that there is a significantly positive relationship between measures of demand for education and a significantly negative relationship between measures of supply for education. The main policy implication of this research concerns the likely changes in future relative demand and supply for educated labor in the Costa Rican economy. Until all of the pre-1935 birth cohorts have been replaced in the labor market, the
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supply of education to the labor force will continue to increase at a rapid rate. Similarly, as the country continues its economic growth, demand for educated workers will also increase. These two factors indicate that current returns to education do not accurately predict the future returns necessary to calculate the returns to social investment in education. Acknowledgements This paper would not have been possible without the generous assistance of Virginia Rodriguez, Maria Marta Baenz, Maria Elena Gonzalez, Rafael Espinosa, and Marita Begueri at the Direccion General de Estadistica y Censos, Jose Pablo Carbajal at the Ministry of Labor, the Academic Senate of the University of California, and the Social Science Research Council. I have also benefitted from conversations with Tim Gindling and Juan Diego Trejos and the comments of Stephen Trejo, Jere Behrman, two anonymous referees, and the editors. Appendix A. Shift in relative demand for and relative supply of years of education Year



1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992



Change in relative demand Industry Industry Shift Ocup. shift Ž1. Ž2. 0 0 0.028 0.033 0.111 0.128 0.156 0.172 0.189 0.195 0.189 0.182 0.222 0.216 0.256 0.254 – – 0.383 0.394 – – 0.572 0.620 0.638 0.688 0.704 0.764 0.752 0.806 0.761 0.815 0.840 0.901



With Gen. Technol. Change Ž3. 0 0.047 0.157 0.217 0.256 0.259 0.312 0.367 – 0.554 – 0.843 0.941 1.049 1.119 1.153 1.275



All calculations are proportional change from the base year.



Change in Relative Supply Ž4. 0 0.076 0.179 0.245 0.295 0.377 0.467 0.508 – 0.665 – 0.937 1.000 1.049 1.141 1.172 1.228
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