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Introduction



2



During the 20th century, the real spending per pupil in U.S. public elementary and



3



secondary schools increased by a factor of 9. This paper explores how much U.S. labor



4



quality has grown due to the rise in school expenditures. The Bureau of Labor Statistics



5



(BLS) currently measures labor quality growth mainly based on increases in the mean years



6



of schooling but fails to capture the impact of changes in the quality of education. If the



7



increased educational expenditures improved school quality, then the BLS underestimates



8



the growth in U.S. labor quality.



9



This paper proposes a new way of quantifying the rise in the quality of education with



10



a schooling model in which human capital production depends not only on time in school



11



but also on educational spending. This model as well as cross-sectional earnings variations



12



across cohorts is exploited to identify the growth in school quality. Consider cross-sectional



13



earnings di¤erences between younger and older cohorts with the same years of schooling.



14



The earnings variations re‡ect three components: i) the impact of changing selection into



15



di¤erent years of schooling; ii) return to experience; and iii) the growth in the quality of



16



education. Without a model, these three components cannot be identi…ed simultaneously.



17



To assess the e¤ect of the changing selection in schooling choice, assume that ability



18



distribution stays constant across cohorts. If years of schooling vary only by ability within



19



cohorts, the cohort-invariant ability distribution can be estimated by the schooling distri-



20



bution of any single cohort. The impact of the changing selection on the cohort-variations



21



in earnings is then measured by accounting for changes in empirical schooling distribution



22



across cohorts.



23



Once the selection e¤ect is controlled for, a structural restriction derived from the model



24



is used to disentangle the remaining two components, assuming the same return to experience



25



across cohorts. In the model, optimizing agents choose both time in school and educational



26



expenditures so that their relative marginal product in increasing human capital equals
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1



their relative costs. Given the data on individual earnings and educational expenditures,



2



foregone earnings due to delayed experience are the key element in the relative cost of time



3



spent in school. If earnings rise with work experience very rapidly, increasing time in school



4



is relatively more costly than raising educational expenditures. Thus, agents substitute



5



expenditure for time in school until the relative marginal product of expenditure equals its



6



low relative cost. According to the model, the relative marginal product of expenditure



7



for the last year in school equals the expenditure elasticity of human capital. Thus, the



8



low relative marginal product of expenditure represents a low value for the elasticity. This



9



implies little increase in the quality of education, given the rise in school expenditures.



10



By the same mechanism, very ‡at experience-earnings pro…les suggest a substantial rise in



11



education quality, given the same increase in educational spending. This model implication



12



on how the return to experience relates to the rise in school quality provides an additional



13



condition, which identi…es the growth in quality of education from the observed earnings



14



variations across cohorts.



15



The main …nding is that U.S. labor quality increased by 0:4% per year between 1967 and



16



2000, with one-…fth of this explained by the growth in school quality. Given the increased



17



school expenditures per pupil, their contribution to U.S. labor quality growth has been



18



fairly modest. The total labor quality growth explains one-quarter of the growth in U.S.



19



labor productivity for the same period. The estimated rise in labor quality reduces the



20



growth rate of total factor productivity (TFP) measured as a residual. The contribution



21



of growth in TFP to U.S. labor productivity growth is about a quarter, whereas the BLS



22



estimates it to be 40% by ignoring the growth in the quality of education. The estimated



23



impact of the rise in school expenditures on labor quality growth is larger among men, while



24



the baseline estimate changes little with a sample of full-time, full-year (FTFY) workers. I



25



also …nd that the growth in school quality explains only 10% of the increases in empirical



26



returns to schooling and that a rising skill premium explains the rest.



The Contribution of Rising School Quality



to U.S. Economic Growth



4



1



This paper is related to two strands of literature. One branch includes papers that es-



2



timate the e¤ects of various measures of school quality, including school expenditures on



3



student achievement and labor market outcomes at the micro-level. Although the estimates



4



vary depending on the data and method used, most papers did not …nd strong e¤ects of



5



measured school quality.1 My study di¤ers from these studies in two ways: (i) it suggests



6



an aggregate measure of labor quality growth due to increased school expenditures; and (ii)



7



it focuses on cohort variations in the quality of education instead of cross-sectional or geo-



8



graphical variations. To this aim, the biggest challenge is to identify the growth in education



9



quality from other earnings variations across cohorts such as return to experience and chang-



10



ing selection in schooling choice. This paper proposes a way of overcoming this di¢ culty



11



using a schooling model and measures the average impact of increased school expenditures



12



on growth in human capital for cohorts born from the early 20th century to the early 1980s.



13



The estimated impact of school expenditures is modest in line with this micro-literature.



14



Another related strand of literature is on the role of human capital in economic growth



15



and development. The most widely used method to measure country-level human capital



16



stocks is to multiply the mean years of schooling of the population by the estimated Min-



17



cerian return to schooling.2 However, this method does not allow for di¤erences in the



18



quality of education across countries. To correct this, Bils and Klenow (2000) add teach-



19



ers’human capital to the standard Mincer-type human capital speci…cation, yet they ignore



20



the role of expenditure in human capital production. Manuelli and Seshadri (2007) and



21



Erosa et al. (2010) explicitly incorporate expenditure as well as time as inputs for human



22



capital production to account for cross-country income di¤erences. The contribution of hu-



23



man capital growth to U.S. real income growth implied by Manuelli and Seshadri (2007) is



24



more than twice my estimate, whereas that suggested by Erosa et al. (2010) is only slightly 1



See, for example, Hanushek (1986), Hanushek et al. (1996), Heckman et al. (1996), and Betts (1995). Dearden et al. (2002) present a survey of previous results. 2 See, among others, Klenow and Rodríguez-Clare (1997) and Hall and Jones (1999).
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1



greater than mine. One explanation is that Manuelli and Seshadri (2007) view that earn-



2



ings growth with work experience is solely due to human capital investments, excluding the



3



e¤ects of learning-by-doing or technological progress. This framework tends to amplify the



4



di¤erences in human capital accumulated after leaving school across cohorts, overstating the



5



role of human capital in explaining real income growth. In addition, both Manuelli and



6



Seshadri (2007) and Erosa et al. (2010) assume a common wage per unit of labor regardless



7



of education, whereas my study considers di¤erent skill prices by education; failing to do



8



so overestimates the impact of rising school spending on labor quality growth. This paper



9



also relates to Rangazas (2002), who examines the impact of the quantity and quality of



10



schooling on U.S. labor productivity growth. A key di¤erence is that my paper proposes



11



a new way of estimating the expenditure elasticity of human capital, instead of taking it



12



from micro-study estimates that vary by the data and method used. Moreover, I control for



13



the rise in skill premium and unobserved heterogeneity correlated with schooling choice to



14



remove upward bias in the estimated growth in U.S. labor quality.



15



The remainder of this paper is organized as follows. Section 2 describes the growth



16



accounting framework this paper suggests and discusses the BLS’s measure of labor quality



17



growth. In section 3, a schooling model with a Ben-Porath-type human capital production



18



function is introduced. The identi…cation scheme and the estimation procedure are described



19



in section 4, and the main …ndings are reported in section 5. Section 6 concludes the paper.



20



2.



Measuring Labor Quality Growth This study suggests that the traditional growth accounting framework should be extended



by incorporating labor quality growth. Consider a production function in which economic output Y depends on m types of physical capital inputs k1 ; k2 ; : : : ; km ; n types of labor
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inputs h1 l1 ; h2 l2 ; : : : ; hn ln ; and a time-speci…c factor t.



Y = f (k1 ; : : : ; km ; h1 l1 ; : : : ; hn ln ; t)



1



In this formula, l j is raw hours provided by type j workers and hj is its quality per hour. Assuming a constant returns to scale technology, perfectly competitive factor markets, and the cost-minimizing behavior of …rms, growth in labor productivity measured in output Y =L , is attributed to growth in the physical capital per hour Y =L K=L, labor quality H of the economy, and the residual TFP as follows: per hour of labor, denoted as



K=L



Physical Capital Growth ( K=L )



z



}|



0 m X TFP ki Y =L @ = + sK ski Y =L TFP ki i=1



1{



z



0



H ) Labor Quality Growth ( H



n X



LA lj + sL @ sl j L lj j=1 | {z



1 }|



LA + L }



c) Labor Composition ( H H



(BLS Correction)



c



n X



hj hj j=1 | {z } sL



sl j



{



;



H q



Human Capital Quality ( Hq )



where



L=



Xn



j=1



lj ;



Pl lj Pk ki ski = Pm i and slj = Pn j ; i=1 Pki ki j=1 Plj lj Pn Pm Pki ki j=1 Plj lj i=1 Pn Pn sK = Pm and sL = Pm . P k + P l P k + k i l j k i i j i i=1 j=1 i=1 j=1 Plj lj 2



Every variable with a dot above it stands for the derivative of the variable with respect to



3



time, and Pki and Plj are the unit prices of the ith type of physical capital input and the jth



4



type of labor input, respectively. Note that the price Plj represents the price for the hours



5



worked by a type j worker and is decomposed into j type hour quality hj and price Phj per



6



quality, where Plj = Phj hj . The growth rate



ki ki



of type i capital input is weighted by its
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1



total physical capital input cost share skj , and the weighted average of di¤erent capital input



2



growth rates is itself weighted by the share sK of total capital input costs relative to total



3



factor input costs. The growth rate of type j labor input is similarly weighted by its total



4



cost of labor input share slj . As in the case of capital input, the weighted average of di¤erent



5



labor input growth is multiplied by the cost share sL of total labor input costs relative to



6



total factor input costs, before accounting for its contribution to labor productivity growth.



7



8



9



10



H is represented by the last two terms on the right-hand side in H Hc and human capital quality the above formula. It includes both labor composition growth Hc Labor quality growth



Hq . A simple example clari…es what each component captures. Suppose that there Hq are two types of workers, high school and college graduates, and they work the same hours growth



12



Hc Hc would respond by multiplying the change in the labor composition by the wage di¤erences



13



between worker types. Suppose instead that school quality improved from one period to



14



another while labor composition stayed the same. One would then expect some growth in



15



labor quality because workers in the second period on average acquired a better quality of



16



education. Labor composition growth would remain unchanged (



17



will be re‡ected through an adjustment in



11



in the market. If the fraction of college graduates rose from one period to the next,



Hc = 0), and the response Hc



18



Hq . Hq Since 1983, the BLS has extended the traditional growth accounting framework following



19



Denison (1962) and published its measure of labor quality growth. To construct a labor



20



input measure, the BLS cross-classi…es workers according to their education, experience,



21



and gender and considers each cell a di¤erent labor input. The BLS then runs Mincer-



22



type regressions and exploits the predicted wages from the regressions to compute the cost



23



shares of di¤erent labor inputs. The BLS measure of labor quality growth, obtained in



24



this manner, is determined by labor composition growth but fails to capture any changes in



25



human capital quality. The BLS reports that U.S. labor quality grew 0:22% per year, and
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8



this explains about 13% of the growth in U.S. labor productivity between 1967 and 2000.



2



Data on public educational expenditures, however, suggest that the BLS approach may



3



miss out on a signi…cant part of labor quality growth. As shown in Figure 1, U.S. real



4



public educational expenditures per pupil in elementary and secondary schools increased



5



drastically during the 20th century;3 the real spending per pupil in U.S. public elementary



6



and secondary schools increased by a factor of 9 between 1908 and 2000. Note that a part



7



of the increased nominal school spending per pupil may be attributable to factors that are



8



not closely related to school quality (e.g.,raises in teachers’pay due to an increase in union



9



power). In order to avoid overstating the real expenditure growth by ignoring these factors,



10



the time series is de‡ated by an education sector price index, which increases more rapidly



11



than an overall price index.4



12



Considering that increased expenditures tend to improve school quality by reducing



13



the pupil-teacher ratio, raising teacher quality, or upgrading to state-of-the-art educational



14



equipment, it is conceivable that newer cohorts have accumulated more human capital stocks



15



through rising school expenditures than older cohorts. If school quality indeed improved due



16



to the increased educational spending, growth in the quality of human capital should capture



17



its impact. This paper quanti…es this component, which the BLS has not addressed. 3



Hanushek and Rivkin (1997) decompose the rise in school spending over the 20th century and …nd that it resulted from declining pupil-teacher ratios, increasing real wages for instructional sta¤, and rising expenditures outside of the classroom. In contrast to the …rst two types of expenditures, it is not clear whether expenditures outside of the classroom are related to human capital accumulation of students. Unfortunately, detailed data on the basic components of expenditures outside of the classroom are not available. Since expenditures outside of the classroom actually include a variety of items that can be considered part of instructional spending, such as learning materials, I use a times series of total school expenditures as inputs for the estimation. 4 The price index for personal consumption expenditures (PCE) on education is used to de‡ate educational expenditures. Between 1929 and 2005, the consumer price index (CPI) city average and the PCE price index rose by 3.3% and 3.1% per annum, respectively, whereas the price index for PCE on education increased by 4.3% per year.
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9



The Model This paper develops a schooling model with a Ben-Porath-type human capital production



function.5 Individuals born in period T choose the optimal level of schooling and goods investment associated with each year in school to maximize the present value of their net lifetime income. RR max e



d(a); s s



ra



wT +a (s)H(s; a)da



Rs



ra



e



pT +a d(a)da +



T h(s)



0



s:t: H(s; a) = h(s) (a h(a) = 0



0 h(a) 1;



2



1



d(a)



s) for a 2



s



for a < s



< 1 and h(0) = 1



2



Here, r is the market interest rate; wt (s) is the wage associated with s years of schooling at



3



time t; H(s; a) is human capital with s years of schooling at age a; pt is the price of educational



4



goods relative to consumption goods at time t; d(a) is educational goods investment at age



5



a;



6



for agents born in period T ; and h(a) is the time derivative of human capital at age a.



7



Individuals go to school for s years and enter the market at the age of s with a human



8



capital stock h(s) accumulated through schooling. After completion of schooling, they earn



9



wage income, which is a product of their human capital stock H(s; a) at age a and a skill



10



price wT +a (s). While in school, they purchase educational goods. I also assume that they



11



derive utility from their human capital stock accumulated through schooling. The parameter



12



13



T



T h(s)



is utility in money terms from human capital stock accumulated through schooling



governing this utility from education is cohort-speci…c, which allows the model to match



the mean years of schooling of each cohort. Individual human capital stock accumulates according to two separate processes during the schooling and postschooling period. Individuals begin accumulating their human capital 5



See Ben-Porath (1967) for more details.
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when they start school. While in school, they are full-time students and cannot take part in market work. During this period, they produce human capital using their entire stock of human capital and educational goods, and their human capital stocks do not depreciate. Given the same investments in both time and goods, agents can produce di¤erent amounts of human capital depending on the initial human capital stock h(0) and learning ability 0.



The initial human capital h(0) is normalized to 1 for every cohort with no variations



within cohorts, but individuals within cohorts are heterogeneous in their learning ability The distribution of learning ability



0



6 0.



is assumed to stay the same across cohorts. Goods



investment in the production function captures school quality for a given year of schooling. Individuals freely choose the length of schooling, but they do not have complete freedom in determining school expenditures. The amount of expenditures is assumed to be optimal for the median ability person in each cohort.7 I restrict each input in the human capital production function to exhibit diminishing returns by assuming human capital elasticities 1



and



2



with respect to each input to be between 0 and 1. If



1



= 1 and



2



human capital grows exogenously throughout the schooling period at the rate of collapses to the usual Mincer speci…cation (ln h(s) =



0 s).



= 0, then 0,



which



According to this human capital



production technology, an individual’s human capital stock when he leaves school is written as h(s) = 1 +



0 (1



Rs 2 1 ) d(a) da



1 1



1



:



0



1



Once individuals leave school, they never go back to school; they work in the market to



2



earn wage income until they retire at age R. Individual human capital is assumed to grow



3



exogenously with work experience through learning-by-doing. How fast it grows is governed



4



by the function (a 6



s): Wage wt (s) per unit of human capital (or skill price) varies by



Even if the initial human capital stock h(0) is also a potential source of individual heterogeneity, I focus on heterogeneity in learning ability 0 because i) the empirical evidence suggests that heterogeneity in the return to schooling may be more important and ii) data on input for human capital production for the preschool period are not readily available for the entire 20th century. 7 This would mimic the trends in school spending in a political equilibrium based on a median voter model.
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educational attainment. When individuals decide how many years to stay in school, they



2



recognize the present skill prices, but do not have perfect foresight about the evolution of the



3



future skill prices. They anticipate the present skill prices to stay constant over time, i.e.,



4



they have static expectations of the skill prices. If skill prices change over time at di¤erent



5



rates by educational attainment, younger cohorts face di¤erent skill premia when making a



6



schooling choice than do older cohorts.



7



8



9



Assuming interior solutions, …rst-order conditions with respect to the two choice variables are su¢ cient to characterize optimal levels d (a) for 0



a



s and s of educational



goods investments and years of schooling. For notational convenience, de…ne Te = T + s .



10



The following …rst-order condition represents the quality margin of schooling on which an



11



individual born at time T is optimizing:



12



z



Human Capital Increment



0 2d



(a)



2



}| R R 1 h(s ) 1 e s



r + (



s )



{



wT + (s )d +



z



Utility Gain



T



0



}| { 1 2 h(s ) 1 2 d (a)



=e ra pT +a ; 8a | {z }



(1) s



Unit Cost



13



The left-hand side of equation (1) indicates the marginal bene…t of investing one more unit



14



of educational goods at the age of a, which includes a human capital increment that promises



15



higher wage income throughout the individual’s working life and utility from the increase



16



in human capital. The right-hand side is the educational goods’marginal cost, or the unit



17



price of educational goods. At the optimum, investment in educational goods for each year in



18



school is determined so that the marginal bene…t and cost of an additional unit of educational



19



goods are equal. Since school expenditure is assumed to be optimal for the median ability



20



person, this …rst-order condition applies only to the median ability person.



21



The …rst-order condition on the quantity margin of schooling, which holds for everyone,
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is given by z



2



Human Capital Increment 0 h(s



+



RR s 0



e



2



r + (



e



r + ( )



wTe+ 0 Gain from the Skill Premium



) 1 d (s ) z



}|



RR s



}|



(s )d



{



{ z @w (s ) e ) h(s ) T + d +ers @s



(2) Utility Gain T



RR s e = wTe (s )h(s ) + pTe d (s ) + {z } | {z } | 0 Foregone Earnings Expenditure |



}| { 1 d (s ) 2 h(s ) 0 r + ( )



wTe+ (s )h(s ) 0 ( )d d {z }



Cost of Delayed Experience



3



Equation (2) relates the marginal bene…t of staying one more year in school to its marginal



4



cost. Suppose that individuals stay in school for one more year. The left-hand side of



5



equation (2) presents three distinct bene…ts associated with this additional year of education.



6



Firstly, they accumulate more human capital, which promises a permanent increase in their



7



lifetime wage income. In addition, after completion of schooling, they receive higher wages



8



per unit of human capital stock in the presence of the skill premium. Lastly, they gain from



9



additional utility due to the human capital increment. On the other hand, they bear costs



10



by delaying their labor market entry. As the right-hand side of equation (2) indicates, they



11



forego earnings for another year, make additional educational expenditures, and incur a cost



12



of delaying the returns to work experience. Individuals choose optimal years of schooling



13



by equating the marginal bene…t of an additional year of education to its marginal cost.



14



Equation (2) implies that individuals with higher learning ability stay in school longer, i.e.,



15



there would be ability sorting in schooling choice within cohorts.8 Plugging equation (1) evaluated at a = s into equation (2) yields



16



2=



17



wTe (s )h(s ) + pTe d (s ) +



RR s 0



e



pTe d (s )



r + ( ) h(s



h



0



) wTe+ (s ) ( )



@wTe+ (s ) @s



i



(3) d



18



Note that the denominator of the right-hand side of equation (3) represents the marginal



19



cost of obtaining the last year of schooling net wage gain in the presence of the skill premium 8



See the Online Appendix for a proof.
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1



(“net marginal cost of schooling,”hereafter). According to equation (3), the relative cost of



2



educational expenditure for the last year in school re‡ects how e¤ective expenditure is in



3



human capital production, that is, the expenditure elasticity



4



expenditure share of the net marginal cost of schooling is exploited as an important moment



5



to estimate the impact of rising school spending on growth in the human capital of the



6



workforce in section 4.



7



4.



8



9



10



2



of human capital. This



Identi…cation and Estimation In this section, how to identify the growth in school quality from other sources of earnings



variations across cohorts is addressed. The estimation procedure then follows. 4.1. Identi…cation



11



This study identi…es the rise in school quality by using the schooling model as well as



12



cross-sectional earnings variations across cohorts. In cross-sectional data, earnings di¤er-



13



ences between younger and older cohorts with the same years of schooling capture three



14



components: i) the impact of changing selection in schooling choice; ii) return to experience;



15



and iii) changes in school quality. To control for the impact of the changing selection across



16



cohorts, assume that ability distribution stays constant across cohorts. According to the



17



model, more able agents stay in school longer within cohorts, i.e., there would be ability



18



sorting in schooling choice. To be consistent with both the ability sorting and the increases



19



in mean years of schooling across cohorts, it must be that given years of schooling, the av-



20



erage ability level is lower for younger cohorts than for older cohorts. If ability is the only



21



source of variations in educational attainment, the ability distribution can be estimated by



22



schooling distribution of any single cohort. Changes in the empirical schooling distribution



23



across cohorts then quantify the impact of the selection e¤ect on the cohort variations in



24



earnings.
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1



If the changing selection in educational choice is removed this way, then the earnings



2



variations re‡ect the di¤erence between the return to experience and the growth in school



3



quality, assuming the same return to experience across cohorts. In order to disentangle



4



the two components, the optimality condition from the model is used on both quantity



5



and quality margins of schooling. In the model, optimizing agents choose both time and



6



expenditures so that their relative marginal product in increasing human capital equals



7



their relative costs. If human capital rises with work experience very rapidly, spending more



8



time in school is relatively more costly than raising educational expenditures. Thus, agents



9



substitute educational expenditure for length of schooling until the relative marginal product



10



of expenditure declines to its low relative cost. According to the model, the relative marginal



11



product of expenditure for the last year in school equals the expenditure elasticity of human



12



capital (equation (3)). Thus, the low relative marginal product of expenditure represents a



13



low value for the elasticity. It suggests little rise in human capital of the workforce given the



14



rise in school expenditures, i.e., little improvement in the quality of education. Conversely,



15



very ‡at postschooling human capital pro…les imply a substantial rise in education quality,



16



given the same increase in educational spending. This model implication on how the return



17



to experience is connected to the rise in school quality provides an additional condition,



18



which identi…es the growth in school quality from the observed earnings variations across



19



cohorts.



20



The rise in school quality identi…ed this way simultaneously uncovers the rise in skill



21



premium. Skill prices are not directly observable in the data because agents receive the



22



product of their human capital stocks and skill prices as their wage income. If one tracks



23



wages of the same cohort with the same years of schooling over time, their wage growth



24



includes both return to another year of experience and the changes in relevant skill prices.



25



Given the return to postschooling experience, changes in the skill prices are obtained as
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residuals.9



2



4.2. Estimation
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3



Before implementing the estimation procedure, the values of a few variables are preset



4



based on a priori information. The retirement age R and the interest rate r are 5910 and



5



0:05, respectively. The relative price of educational goods is assumed to increase over time



6



with a continuous growth rate denoted by gp. The growth rate gp is set to 0:0098 by …tting an



7



exponential trend to the relative price of educational goods over the period of 1908 to 2004.



8



The price of educational goods in 1982 is normalized to one. I also normalize the parameter



9



1961



for utility from education of 1961 birth cohort to zero. Neither normalization a¤ects the



10



quantitative results in section 5. The curvature parameter



11



through schooling is not estimated here. The parameter



12



individual human capital pro…le across grades while in school. Without data on premarket



13



human capital stocks, it is hard to identify



14



Heckman et al. (1998).11 These values are summarized in the …rst two rows of Table 1.



1.



1 1



for human capital production determines the curvature of



The value of



1



is set to 0:85 following



Given these values, remaining parameters are estimated. I begin by introducing functional forms for the ability distribution and the human capital accumulation process after completion of schooling. Individual learning ability 0



and standard deviation



0



0



is log-normally distributed with mean



. The process of human capital accumulation during the



postschooling period is given by



(a 9



s) =



0 (a



s) +



1 (a



s)2



f or a



s



See the Online Appendix for more details on how to compute the skill prices. This corresponds to a real life age of 65: 11 There is little literature that estimates the curvature parameter using data on premarket human capital stocks, which is comparable to 1 in this study. Heckman et al. (1998) consider a Ben-Porath-type lifetime human capital production technology and estimate the curvature 1 using wage data. Their estimates are 0.83 for high school graduates and 0.87 for college graduates. I use the average for my estimation. 10
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2



3



With these functional forms, I have …ve parameters f human capital production function, where



2



to U.S. Economic Growth



0



;



0



;



2;



0;



1g



16



to estimate for the



is the elasticity of human capital with respect to



expenditure. The estimation also involves 82 parameters f



1902 ; : : : ; 1960 ; 1962;



:::;



1984 g



for



4



cohort-speci…c utility from education. These 87 parameters are estimated by the generalized



5



method of moments (GMM) method, minimizing the weighted distance between a total of 88



6



data moments and their model counterparts. The moments include the following three sets:



7



i) the estimated return to schooling and quadratic return to experience from a pooled sample



8



Mincer regression (3 moments); ii) the mean years of schooling of 1902 through 1984 birth



9



cohorts12 and the variance of educational attainment of the 1961 birth cohort (84 moments);



10



and iii) the expenditure share of the net marginal cost of schooling (equation (3), 1 moment).



11



The …rst set of moments are Mincer coe¢ cients from the data and from the model. Using



12



a CPS pooled sample, I regress individual log hourly wages on years of schooling, potential



13



experience and its square, and year dummies along with other individual characteristics.13



14



The estimated coe¢ cients on years of schooling and potential experience and its square



15



from this Mincer regression are the …rst set of data moments. Their model counterparts are



16



computed from a model-based Mincer regression. Since education levels are discrete in the



17



data in contrast with the model, individuals in each cohort are collected in 18 education bins



18



(0 to 17 years of schooling) in the model, based on their proportions in the data. Given the



19



model parameters, the mean log human capital stock of every bin is computed. The model



20



moments in the …rst category are the corresponding coe¢ cients from a Mincer regression



21



with the sum of the mean log human capital stock and the log skill price as a dependent



22



variable.14 The second set of data moments are the mean years of schooling of 1902 through 1984



23



12



See Figure 3. The control variables include gender, race, marital status, part-time status, census division of residence, and standard metropolitan statistical area (SMSA) status. 14 Running a Mincer regression based on the mean log human capital stocks yields the same coe¢ cients as what I would obtain with individual human capital stocks. See the Online Appendix for a proof. 13
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1



birth cohorts and the variance of educational attainment of the 1961 birth cohort in the CPS



2



sample. The corresponding model moments are computed by solving the model.



3



The last moment or the expenditure share in the net marginal cost of schooling is based on



4



equation (3). Unlike the …rst two sets of data moments, the expenditure share is constructed



5



for a given set of parameters. Since school expenditure is chosen by the median ability



6



person in each cohort, equation (3) holds only for the median ability person. I …rst solve



7



the optimal educational attainment of the median ability person (with learning ability e



8



in each cohort. Given this level of education, the time path of skill prices and cohort-level



9



educational expenditures15 are used to compute the expenditure share of the net marginal



10



cost of schooling for each cohort. The mean expenditure share over all cohorts is the third



11



set of data moment. As equation (3) indicates, its model counterpart is the expenditure



12



elasticity



2



0



)



of human capital.



Having constructed the data and the model moments this way, I estimate the parameters using the GMM. In implementing the estimation, the parameters are divided into two groups: i)



1



= f



0



;



0



;



2;



1g



for the human capital production function; and ii)



1984 g



for cohort-speci…c utility from education. First, …nd



0;



2



=f



2



that exactly replicates the relevant cohort mean years of schooling (82 moments), for any



given



1902 ; : : : ; 1960 ; 1962;



1.



:::;



Then, minimize the weighted distance between the remaining six data moments16



and their model counterparts over



1.



production function can be written as



The parameter estimates b1 for the human capital



b1 = arg min g( 1 )0 W g( 1 ); 1 13



where g( 1 ) = md 15



m( 1 ); md is the vector of data moments, m( 1 ) is the vector of model



See the Online Appendix for more details on how to compute cohort-level educational expenditure. The moments include the Mincer coe¢ cients on years of schooling, potential experience and its square, the mean and the variance of educational attainment of the 1961 birth cohort, and the expenditure share of the net marginal cost of schooling. 16
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1



moments evaluated at a given set



2



gardless of the choice of the weighting matrix W , the estimator is consistent. The weighting



3



matrix used for the estimation is the inverse of a diagonal matrix, whose elements are the



4



variances of the data moments. Since the last data moment (or the expenditure share of the



5



net marginal cost of schooling) depends on the model parameters, its variance is computed



6



based on the parameter estimates from a model without utility from education. Standard



7



errors for the estimates are calculated based on numerical di¤erentiation.



8



5.



1



of parameters, and W is the weighting matrix. Re-



Results



9



This section starts with a discussion of the estimates for the human capital production



10



function. It then presents the main growth accounting results, followed by a sensitivity



11



analysis.



12



5.1. Parameter Estimates and the Fit of the Model



13



Parameter estimates for the distribution of learning ability and the human capital pro-



14



duction function are reported in the last row of Table 1. The baseline model estimates the



15



expenditure elasticity



16



school spending on labor quality growth, to be 0:06. This implies that school expenditures



17



explain about 6% of the net marginal cost of schooling as represented by equation (3). Para-



18



meter estimates for



19



work experience is steeper than the cross-sectional experience-earnings pro…les due to the



20



rise in school quality. According to the estimates, individual human capital increases by 63%



21



with 30 years of work experience and the cross-sectional return to experience understates



22



this actual return by more than 7%.



0



2



of human capital, which is key to understanding the impact of rising



and



1



con…rm that the postschooling evolution of human capital with



23



The model matches empirical Mincer coe¢ cients well as shown in Table 2. Both return



24



to schooling and quadratic return to experience from the model-based Mincer regression are
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1



very close to those in the data. The model is also consistent with the rise in the estimated



2



Mincer returns to schooling over time in the CPS data. Figure 4 plots the trends in the



3



Mincer return to schooling from the baseline model together with those in the data. Even if



4



the Mincer return to schooling from the pooled sample is targeted, the model is well in line



5



with the rise in the year-by-year Mincerian returns to schooling in the CPS data over the



6



period 1967 to 2000.17



7



Can we let the rise in school quality take all the credit for this rapid increase in the



8



estimated returns to schooling? A vast literature on wage inequality in the U.S. for the past



9



few decades18 suggests that the increases in relative wages of more educated workers for the



10



period is largely due to a rising demand for them. In order to quantify how much of the rise



11



in the estimated return to schooling in the data is attributable to the growth in school quality



12



and a rising skill premium, respectively, a counterfactual exercise is implemented. The gray



13



solid line in Figure 4 represents the time path of Mincer return to schooling implied by the



14



model, assuming that the skill premium stayed constant for the sample period at its 1967



15



level. Without the rise in the skill premium, the Mincerian return to schooling increases



16



by less than 1 percentage point between 1967 and 2000, which explains only 12% of the



17



total increase in the Mincer return to schooling in the baseline model. This con…rms that



18



a signi…cant part of the rise in the estimated returns to schooling results from an increased



19



skill premium, not from better quality of schooling for more recent cohorts.



20



The model can replicate the mean and the variance of educational attainment of the 1961



21



birth cohort as Table 2 presents. By introducing cohort-speci…c parameters for utility from



22



schooling, the model exactly matches the time series of the cohort mean years of schooling.



23



This enables the model to generate the evolution of mean educational attainment in the 17



The model slightly overstates the increase in the Mincer returns to schooling, which is attributable to the fact that I use skill prices for four education windows instead of 18 discrete levels of schooling. However, this is inevitable because the numbers of observations in some education groups are small. 18 Figure 2 presents the trends in wage gap between college graduates and high school graduates in the U.S.
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1



CPS data between 1967 and 2000 as shown in Figure 5.19 How important is the rise in



2



skill premium in explaining the increases in mean years of schooling of the U.S. workforce?



3



The gray solid line in Figure 5 plots the time path of mean years of schooling predicted by



4



the model, assuming that all skill prices grew at the same rate without a rise in the skill



5



premium. The mean level of educational attainment of the workforce increases initially as



6



the average wages rise. However, it turns to a declining trend since the mid-1970s because



7



the relative price of educational goods grows more rapidly than the average wages. Without



8



the rise in the skill premium, the model cannot generate a secular rise in the mean years of



9



schooling in the data.



10



5.2. Growth Accounting



11



This subsection discusses the main quantitative results based on the estimated parame-



12



ters. Following the growth accounting framework proposed in section 2, two components



13



of labor quality growth (labor composition growth (Hc ) and human capital quality growth



14



(Hq )) are computed for any two consecutive years.



15



Table 3 presents my growth accounting results with those from the BLS’s approach. The



16



growth rates of labor productivity and physical capital inputs in all panels are taken from



17



the BLS. The TFP growth is obtained as a residual after accounting for growth in physical



18



capital and labor quality. The contributions of both physical capital growth and labor quality



19



growth presented in Table 3 are adjusted for their cost shares.



20



As the second panel in Table 3 shows, human capital of the U.S. workforce increased by



21



0:4% per year between 1967 and 2000, with 20% of this explained by the growth in school



22



quality.20 This implies that rising educational spending is about one-fourth as important 19



The mean years of schooling for each year are calculated as a weighted average of cohort mean years of schooling in the pooled sample with year-speci…c cohort weights. 20 The BLS labor composition growth is smaller than my estimate. This is because my growth accounting framework views workers with di¤erent education and potential experience as di¤erent labor inputs, while the BLS additionally considers gender in classifying workers. Since women on average earn less than men, increased female labor force participation in the past decades lowers the BLS measure of labor composition
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1



as increases in mean years of schooling for U.S. labor productivity growth for the period.21



2



Given the drastic rise in real school expenditures per pupil during the 20th century, U.S.



3



labor quality growth has been fairly modest. The total labor quality growth due to rises



4



in both the quantity and quality of schooling explains about one-quarter of the U.S. labor



5



productivity growth between 1967 and 2000. With this new measure of labor quality growth,



6



the TFP growth rate declines. I …nd that the contribution of growth in TFP to U.S. labor



7



productivity growth is about a quarter, compared with the 40% reported by the BLS.



8



5.3. Sensitivity Analysis



9



A couple of subsamples are considered for sensitivity analysis. First, the model para-



10



meters are reestimated with data on males to remove any e¤ect of signi…cant changes in



11



women’s selection into the labor force in recent decades on the estimate. The estimation is



12



also repeated using a sample of FTFY workers since the model rules out part-time workers



13



included in the baseline estimation. Since data on educational expenditures are not available



14



separately for these subsamples, the same data on educational expenditures are used for both



15



exercises. The growth accounting results with these two subsamples are summarized in the



16



bottom two panels of Table 3.



17



Using the male sample, the estimated labor composition growth is reduced to 0:29% from



18



0:32% in the baseline model. Recall that labor composition growth is mainly determined



19



by increases in educational attainment. The smaller estimate for labor composition growth



20



among men implies that the female workforce composition has changed toward more educated



21



and more experienced workers relative to the male workforce.



22



However, this did not accompany better quality of schooling for women relative to men.



23



Human capital quality growth among men is 0:10%, larger than the baseline estimate. One growth relative to my estimate. 21 Labor composition growth also includes the impact of changes in the experience composition of the workforce on labor quality growth. Since the mean years of experience of the U.S. workforce do not show any secular trend, their quantitative impact on labor composition growth is small.
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1



explanation is related to changing selection in schooling choice. Given a cohort-invariant dis-



2



tribution of learning ability, increases in mean years of schooling are associated with a lower



3



mean ability for any given years of schooling among recent cohorts. Thus, a greater increase



4



in the mean educational attainment among women lowers human capital quality growth in



5



the baseline model, relative to that with the male sample. In addition, a narrowing gen-



6



der gap may a¤ect the estimated human capital quality growth. As the gender gap declines,



7



women have greater incentives to spend more while in school because they anticipate a higher



8



rate of return to educational expenditure than men. Given this incentive, expenditures are



9



estimated to be less e¤ective in increasing human capital among women than among men



10



because the same school expenditures are assumed for both men and women.



11



The last panel of Table 3 shows that the estimated labor quality growth among FTFY



12



workers is little di¤erent from that in the baseline model. Both labor composition growth



13



and human capital quality growth are 0:01 percentage point lower with FTFY workers than



14



with the whole sample. The baseline quantitative results are robust to excluding part-time,



15



part-year workers from the sample.



16



6.



Conclusion



17



Building upon Denison (1962), the BLS incorporates labor quality growth as a source of



18



U.S. labor productivity growth. Although the BLS measure of labor quality growth adjusts



19



for the increases in mean years of schooling of the workforce, it fails to capture any impact of



20



the rise in school quality. Public school spending per pupil in the U.S. increased drastically



21



during the 20th century. If this contributed to the quality of U.S. education, then the BLS



22



approach underestimates labor quality growth.



23



This paper measures how much U.S. labor quality has risen in response to the increase in



24



public school expenditures per pupil. To this aim, it is critical to identify the productivity



25



of educational spending in human capital production. This paper proposes a new way
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1



of estimating this productivity by exploiting a schooling model as well as cross-sectional



2



earnings di¤erences across cohorts.



3



The main …nding is that U.S. labor quality increased by 0:4% per year between 1967 and



4



2000, one-…fth of which is attributable to the rise in school expenditure. This implies that



5



about a quarter of U.S. labor productivity growth can be accounted for by labor quality



6



growth for the same period. The estimated impact of the increased educational spending on



7



growth in U.S. labor quality is greater among men, whereas the baseline result is similar to



8



that with FTFY workers. I also …nd that the growth in school quality explains only 10% of



9



the rise in empirical Mincer return to schooling for the sample period, while the remainder



10



is due to a rising skill premium.



11



This study abstracts from the causes of the increase in school expenditures and focuses



12



on its impact on labor quality growth. The modest impact of the increased educational



13



expenditure on the growth in human capital estimated in this paper raises a question of



14



what has driven such a drastic rise in spending on schooling. Exploring this may help us



15



better understand the role of education in U.S. economic growth.
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Table 1. Key Parameters



1



Preset Values



R = 59; r = 0:05; gp = 0:0098;



Normalization



P1982 = 1;



2 0



Estimates



2:6887 (0:0301)



3



to U.S. Economic Growth



0



1961 2



1



= 0:85



=0 0



0:0510



0:0605



0:0336



(0:0008)



(0:0041)



(0:0002)



Note: Numbers in parentheses stand for standard errors.



1



0:0006 (0:0000)



26
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Table 2. Goodness of Fit



1



Variable



Data



Model



Mincer Regression Coe¢ cients S



0:0833



0:0835



Exp



0:0317



0:0315



2



Exp2



0:0005



0:0005



Schooling Distribution of 1961 Birth Cohort Mean Years of Schooling



13:0



13:0



Variance of Year of Schooling



5:2



5:2



3



Note: The data source is CPS March Supplements 1968 through 2001. Mincer coe¢ cients



4



from the data are based on a pooled-sample regression of individual log hourly wages on years



5



of schooling, potential experience and its square, gender, race, marital status, part-time status,



6



census division of residence, SMSA status, and year dummies. The mean and the variance of years



7



of schooling are based on the data of 1961 birth cohorts in the pooled sample of 1968 through 2001



8



surveys.
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Table 3. Decomposition of Labor Productivity Growth Between 1967 and 2000 Y =L



TFP



H (Labor Quality)



K=L



Hc (Labor Composition) Hq (Human Capital Quality) BLS (Private Business Sector) 1:66



0:67



0:77



0:22



::



Baseline Model 1:66



0:49



0:77



2



0:32



0:08



(0:00)



(0:01) Men only



1:66



0:50



0:77



0:29



0:10



(0:00)



(0:01) FTFY only



1:66



0:51



0:77



0:31



0:07



(0:00)



(0:01)



3



Note: The unit is percent. Numbers in parentheses stand for standard errors. Growth rates of



4



labor productivity (Y =L) and capital-labor ratio (K=L) are from the BLS multifactor productivity



5



tables. Growth rates of total factor productivity (T F P ) are obtained as residuals.



6
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Figure 1: U.S. Real Expenditures Per Pupil in Public Elementary and Secondary Schools 1982 $ 4000
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1



Note: Data sources include the National Center for Education Statistics (1993) and the National



2



Center for Education Statistics (2004). The time series is the yearly total expenditure per pupil



3



in public elementary and secondary schools. For the period during which the data were collected



4



biennially, a cubic spline is used to interpolate the series. The series is de‡ated by the price index



5



for PCE on education services where the data permit. Since the de‡ator is not available before



6



1929, I use the projection of the price index for PCE on education on the CPI by splicing it to



7



actual data since 1929. For the years before 1913, during which the CPI was unavailable, the price



8



index in Warren and Pearson (1935) is used.
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Figure 2: Trends in Wage Gap Between College Graduates and High School Graduates in the U.S. Lo og Wage Differential
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2



Note: The data source is CPS March Supplements 1968 through 2001. Since wages in the



3



survey data are for the previous calendar year, the …gure covers the period 1967 through 2000 even



4



if the survey years are 1968 through 2001. Wage gap is de…ned as the mean log wage di¤erential.



5



College graduates are those with 16 years of schooling or a college degree, and high school graduates



6



are those with 12 years of schooling or a high school diploma.
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Figure 3: The Mean Years of Schooling Across Cohorts 15
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Note: The data source is CPS March Supplements 1968 to 2001. The pooled sample of 1968 to 2001 surveys is used to compute the mean years of schooling of each cohort.
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Figure 4: Trends in the Estimated Mincerian Returns to Schooling: Data vs. Model 0.14
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2



Note: The data source is CPS March Supplements 1968 through 2001. Since wages in the



3



survey data are for the previous calendar year, the …gure covers the period 1967 through 2000



4



even if the survey years are 1968 through 2001. The black solid line represents the trends in the



5



estimated coe¢ cient on years of schooling from year-by-year Mincer regressions of individual log



6



hourly wages on years of schooling, potential experience and its square, gender, race, marital status,



7



part-time status, census division of residence, and SMSA status. The gray dashed line indicates



8



the time series of the estimated return to schooling from a model-based Mincer regression for each



9



year. The gray solid line represents a counterfactual trend in the Mincerian return to schooling



10



assuming that the skill prices stay constant at their 1967 levels.
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Figure 5: Trends in the Mean Educational Attainment Meean Years of Schooling
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Note: The data source is CPS March Supplements 1968 through 2001. The mean years of



3



schooling for each year are calculated as a weighted average of cohort mean years of schooling in



4



the pooled sample with year-speci…c cohort weights. The black solid line and the gray dashed line



5



represent the trends in mean years of schooling from the data and from the model, respectively. The
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gray solid line indicates the mean years of schooling predicted by the model under the assumption
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that the skill prices have stayed constant since the earliest cohort went to school in 1908.



























[image: Quality Provision in the US Airline Industry]
Quality Provision in the US Airline Industry












[image: Contribution of lslamic Thought to]
Contribution of lslamic Thought to












[image: The Contribution of Jacques Derrida]
The Contribution of Jacques Derrida












[image: A Contribution to the Empirics of Economic Growth]
A Contribution to the Empirics of Economic Growth












[image: The contribution of recombination to heterozygosity differs among ...]
The contribution of recombination to heterozygosity differs among ...












[image: Computational Validation of the Motor Contribution to Speech ...]
Computational Validation of the Motor Contribution to Speech ...












[image: A CONTRIBUTION TO THE EMPIRICS OF ECONOMIC GROWTH ...]
A CONTRIBUTION TO THE EMPIRICS OF ECONOMIC GROWTH ...












[image: A CONTRIBUTION TO THE EMPIRICS OF ECONOMIC GROWTH ...]
A CONTRIBUTION TO THE EMPIRICS OF ECONOMIC GROWTH ...












[image: The Contribution of State Tax Amnesties to Public Revenue Systems]
The Contribution of State Tax Amnesties to Public Revenue Systems












[image: The Contribution of Foreign Language Study to Mastery ...]
The Contribution of Foreign Language Study to Mastery ...












[image: Estimating the Contribution of Sea Ice Response to Climate Sensitivity ...]
Estimating the Contribution of Sea Ice Response to Climate Sensitivity ...












[image: Contribution of TRPV1 to the bradykinin-evoked ...]
Contribution of TRPV1 to the bradykinin-evoked ...












[image: A Contribution to the Empirics of Economic Growth]
A Contribution to the Empirics of Economic Growth












[image: Evaluating the contribution of intermittent generation to ...]
Evaluating the contribution of intermittent generation to ...












[image: School Choice, School Quality and Postsecondary Attainment]
School Choice, School Quality and Postsecondary Attainment












[image: School Choice, School Quality and Postsecondary Attainment]
School Choice, School Quality and Postsecondary Attainment












[image: The Contribution of Resurgent Sodium Current to ... - Semantic Scholar]
The Contribution of Resurgent Sodium Current to ... - Semantic Scholar












[image: The Contribution of Resurgent Sodium Current to ... - Semantic Scholar]
The Contribution of Resurgent Sodium Current to ... - Semantic Scholar












[image: The contribution of cephalopods to global marine ...]
The contribution of cephalopods to global marine ...












[image: A Contribution to the Theory of Economic Growth]
A Contribution to the Theory of Economic Growth












[image: The Contribution of Foreign Migration to Local Labor Market Adjustment]
The Contribution of Foreign Migration to Local Labor Market Adjustment















The Contribution of Rising School Quality to US ...






to the rise in educational spending; and that (ii) labor quality growth explains one-quarter of the. 10 ... The Bureau of Labor Statistics. 4 .... Assuming a constant returns to scale technology, perfectly competitive factor markets, and the ... 






 Download PDF 



















 332KB Sizes
 1 Downloads
 230 Views








 Report























Recommend Documents







[image: alt]





Quality Provision in the US Airline Industry 

Nov 22, 2016 - percent, last over two years, and dominate the effects due to changes in .... 10See http://www.nytimes.com/2011/05/19/business/19air.html? r=0.














[image: alt]





Contribution of lslamic Thought to 

protection of consumers, workers, merchants, and financiers. Ijtihad. (opinion) was used to .... andZaidi paper. They affirm using the supply of credit and money,.














[image: alt]





The Contribution of Jacques Derrida 

administration and management from the earliest historic times as Goody. (1977) points ...... "Maximize profits" or the legislators say, "Eliminate dangerous health hazards", it does so. .... The new elite of clerks and masters produces 'a vast new .














[image: alt]





A Contribution to the Empirics of Economic Growth 

capital accumulation, higher saving or lower population growth leads to a higher level of ..... perhaps most important, differences in saving and population growth account for a large ...... capita are best understood using an augmented Solow growth 














[image: alt]





The contribution of recombination to heterozygosity differs among ... 

Jan 25, 2010 - Abstract. Background: Despite its role as a generator of haplotypic variation, little is known about how the rates of recombination evolve across taxa. Recombination is a very labile force, susceptible to evolutionary and life trait ..














[image: alt]





Computational Validation of the Motor Contribution to Speech ... 

Action perception and recognition are core abilities fundamental for human social interaction. A parieto-frontal network (the mirror neuron system) matches visually presented biological motion ... aries of English-speaking adults. There is .... ulati














[image: alt]





A CONTRIBUTION TO THE EMPIRICS OF ECONOMIC GROWTH ... 

augmented model accounts for about 80 percent of the cross- country variation in ... Solow's model takes the rates of saving, population growth, ...... INTEREST.














[image: alt]





A CONTRIBUTION TO THE EMPIRICS OF ECONOMIC GROWTH ... 

the data the effects of saving and population growth on income are too large. .... technology do not affect saving rates or population growth rates. Second, much ...














[image: alt]





The Contribution of State Tax Amnesties to Public Revenue Systems 

sales and use and business and occupation taxes. 15 For the .... the improve communication and information technology systems which have developed in the.














[image: alt]





The Contribution of Foreign Language Study to Mastery ... 

Jun 6, 2007 - negligible degree to training in foreign languages." In reviewing Epstein's La ... 42-51; cited by Coleman, op. cit., p. 94. l4 Oscar H. Werner, "The ...














[image: alt]





Estimating the Contribution of Sea Ice Response to Climate Sensitivity ... 

Nov 15, 2014 - defined as the initial tropopause energy imbalance divided. Denotes Open Access ... sea ice cover (i.e., cloud or water vapor changes). Thus,.














[image: alt]





Contribution of TRPV1 to the bradykinin-evoked ... 

Available online 23 August 2008. Keywords: Bradykinin ...... from the Ministry of Education, Culture, Sports, Science and. Technology of Japan. .... Chemical response pattern of different classes of C-nociceptors to prur- itogens and algogens.














[image: alt]





A Contribution to the Empirics of Economic Growth 

Please contact the publisher regarding any further use of this Work. Publisher ... indicates that, holding population growth and capital accumulation constant,.














[image: alt]





Evaluating the contribution of intermittent generation to ... 

adequacy of intermittent generators such as wind and solar (CPV and CSP), and the impact that thermal ... As penetration of non-conventional renewable energy ..... states: Methods and implementation,â€� The Electricity Journal, vol. 19, no.














[image: alt]





School Choice, School Quality and Postsecondary Attainment 

a four-year college and earn a bachelor's degree. .... Table 1 presents descriptive statistics for the 14 neighborhood school zones in CMS. ..... numbers, priority groups, and admission outputs from the lottery computer algorithm, we ..... schools ha














[image: alt]





School Choice, School Quality and Postsecondary Attainment 

We match student-level administrative data from CMS to the National Student ... example, we find large improvements in math-course completion and grades for .... analysis the 85 rising 12th grade applicants who were in marginal priority ...














[image: alt]





The Contribution of Resurgent Sodium Current to ... - Semantic Scholar 

The resurgent current is associated with a rapid recovery from inactivation of transient ... Tech Drive, Northwestern University, Evanston, IL 60208. E-mail: ... Reactions were performed for 35 cycles of 30 sec at 94Â°C, 30 sec at. 60Â°C, and 30 sec 














[image: alt]





The Contribution of Resurgent Sodium Current to ... - Semantic Scholar 

ties, including a â€œresurgentâ€� sodium current that is elicited by ... Reactions were performed for 35 cycles of 30 sec at 94Â°C, 30 sec at .... ENa was set at 60 mV.














[image: alt]





The contribution of cephalopods to global marine ... 

aggregated by genus, family or higher taxomonic groups. In this study, our intent was to include myriad LMEs to represent a diverse set of 'coastal' ecosystem types, including continental shelves, gulfs, seas, major currents and upwelling zones over 














[image: alt]





A Contribution to the Theory of Economic Growth 

Thus transport costs were merely a negligible complication to Ricardian trade theory ..... actually easier to go back to the untransformed equation (5), which now reads .... pc)=={q@Qaf@â€œdu. ..... My colleague, E. C. Brown, points out to me that.














[image: alt]





The Contribution of Foreign Migration to Local Labor Market Adjustment 

foreign migration does indeed contribute disproportionately to local labor market ad- justment and to ... relatively mobile, they should - all else equal - bring local labor markets to equilibrium more. 1This statistic is ... identify the local suppl


























×
Report The Contribution of Rising School Quality to US ...





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















