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spending on different programs. Haveman and Wolfe (1995) provide a extensive review of such 

studies, including a discussion of relevant theory, data, and empirical methods. In this paper, we 

empirically evaluate academic effects of the SBP. We would like to extend our results to draw 

�c�o�n�~�l�u�s�i�o�n�s� about the SBP's economic effects. To do so, we use results from human capital 

literature. Researchers have also empirically tested the economic benefits of improving school 

quality. Using these results, we compare the marginal cost-effectiveness ofthe SBP with the 

marginal cost-effectiveness of hiring new teachers. 

Returns to Years of Schooling 

Card and Krueger (1992a) use US Census data to estimate the returns to schooling for white 

males born in the 1920's, 1930's, and 1940's. The authors estimate average returns by state of 

birth. Returns to education ranged from 3.6%/yr. to 7.l%/yr. in the 1920's, and the returns 

ranged from 5.8%/yr. to 8.3%/yr. in the 1940's. The authors measure returns to education as 

percentage wage increase per year of schooling. 

Some studies in recent years have focused on economic returns to schooling holding family 

background and genetic endowments constant. Ashenfelter and Krueger (1992) and Ashenfelter 

and Rouse (1998) examine samples of twins with differing education levels. In both studies, the 

authors collected data from twins attending the Annual Twins Days Festival in Twinsburg, Ohio. 

These twins were more highly educated, more highly paid, younger, and more likely to be white 

or female than were average Americans. Moreover, the authors speculate that twins attending the 

festival exhibit more intra-pair similarity than do average twins. Among twins from the 1991 

festival, Ashenfelter and Krueger measured an average 16%/yr. wage increase per year of 

schooling. Ashenfelter and Rouse use a larger data set, collected from 1991-1993, involving two 

or three cabservations for a number of pairs. Ashenfelter and Rouse obtain a more conservative 

estimate of a 9%/yr. wage increase resulting from a year of schooling. The authors estimate 

different returns to schooling based on intra-pair averages for educational attainment. They find 

that the returns range from 11 %/yr. at 9 years of education to 8%/yr. at 18 years of education. 

Ashenfelter and Zimmerman compared father/son pairs and pairs of brothers from the National 

Longitudinal Survey (NLS). The authors estimated an average return to schooling between 

4.6%/yr. and 8.4%/yr. The researchers' estimates changed depending on the expected 
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measurement error. Fathers and younger brothers experienced significantly higher returns to 

schooling relative to sons and older brothers, respectively. 

School Quality and Earnings 

A number of economists have examined whether or not school quality affects children's 

educational attainment (in years) or future earnings. These economists' findings and techniques 

will help us to understand long-term effects of the SBP. In this section, we review recent 

literature that considers the association between school quality and education and earnings. We 

also briefly discuss similar studies of the long-term effects of other policies affecting children and 

adolescents. 

School Quality and Earnings, Holding Education Level Constant 

School quality affects both students' educational attainment and their earnings. First, higher­

quality schools motivate some students to attend school longer. By attending school longer, 

students acquire more relevant skills, information, and credentials. Consequently, these students 

end up earning more, later in life. As Card and Krueger argue, the correlation between school 

quality and earnings may become negative when we hold years of education constant. 

The most talented, ambitious students respond to high-quality schools by attending school longer. 

The least motivated students will drop out of school, no matter what. Some talented, ambitious 

students do not have access to high-quality education. These students may feel stifled in school, 

and they may find better ways to spend their time. 

Let us compare 10lh grade dropouts from a high quality school with 10th grade dropouts from a 

low-quality school. The set of dropouts from high-quality schools will not contain the most 

talented and ambitious students. The set of dropouts from low-quality schools may contain some 

of the most talented and ambitious students. Consequently, dropouts from high-quality schools 

earn less, on average, than do dropouts from low-quality schools. Holding years of education 

constant at lower levels of educational attainment, we observe a negative relationship between 

school quality and earnings. 
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We do not expect to see this negative relationship at the highest levels of educational attainment. 

Only the most talented and ambitious students rise to the levels of doctor or lawyer. At the 

highest levels of educational attainment, holding years of education constant, school quality does 

not exercise a negative ,effect on earnings. 

Students at higher-quality schools acquire more relevant skills and information each year than do 

students at lower-quality schools. A year of high-quality education better prepares a student for 

the workplace than does a year of low-quality education. Hold attainment constant at the highest 

levels,where the negative effect does not hold, and school quality exercises a positive effect on 

earnings. Among doctors and lawyers, graduates from high-quality elementary and secondary 

schools earn more than do graduates from low-quality elementary and secondary schools. Figure 

1 on page 85, copied from Card and Krueger (1998), illustrates this positive effect on earnings. 

Note the negative relationship between earnings and quality at low levels of education. The high 

and low quality education-earnings curves intersect each other at a point above the origin. Card 

and Krueger locate this intersection around high school graduation.68 

A selection process occurs around high school graduation, so that the most talented and ambitious 

students begin to attend the best colleges. Hence, the college admission process creates a positive 

correlation between school quality and student ability independent of the effects of the education 

process. Consequently, the actual functions for the curves shown in Figure 1 may not be as 

continuous as Figure 1 suggests. 

Long-Term Effects of School Quality 

Recent studies of school quality returns have focused on teacher-pupil ratios and relative teacher 

salaries. Hanushek (1986, 1989) and Hanushek and Taylor (1989) have evaluated the 

effectiveness of a number of different school quality measures. First, we review these discussions 

of school quality measures. Next, we examine empirical studies of the effects of school quality, 

In 1992, David Card and Alan Krueger published two studies observing the effects of school 

quality on students' future earnings. In one study, the authors examine the role of school quality 

in closing theblacklwhite wage gap for southern-born men born between 1900 and 1949. The 

authors pursued this concept further in 1996 by studying racially segregated schools in North and 
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South Carolina from 1900-1960. Note that these studies estimate positive earnings effects of 

school quality, because they do not hold education level constant. 

Eric Hanushek finds a number of problems with traditional measures of school quality. In 

particular, he argues that expenditure per pupil does not provide an accurate measure. Ifwe use 

expediture per pupil as a proxy for school quality, then we assume that all schools spend money 

with equal efficiency. Schools do not all spend money with equal efficiency, and schools 

generally allocate money inefficiently. Moreover, if we use expenditure per pupil as a proxy for 

school quality, our estimates capture variation in students' family backgrounds. Students at more 

affluent schools tend to come from more affluent families. Hanushek argues that much of the 

variation in school quality derives from variation in unmeasurable teacher quality. Many of the 

school quality variables that Hanushek (1986, 1989) and Hanushek and Taylor (1989) discuss 

exhibit reverse causation. When the average test scores decline in a school, the school district 

may increase funding to remedy the problem. This reverse causation causes an even greater 

measurement problem when we do not know the expected lag structure of the independent 

variables. Hanushek and Taylor note that a number of school quality studies use SAT scores as 

their dependent variable. Students decide to take the SAT based on their expected performance. 

Consequently, variation in SAT scores would not measure differences among marginal test­

takers. Moreover, SAT-takers and non-SAT-takers may exhibit different returns to school 

quality. These test-taking differences could bias estimates that use SAT scores as a dependent 

variable. 

Card and Krueger use pupil-teacher ratios to proxy for school quality because they measure 

specific services provided to the students. In order to examine the effect of school quality, Card 

and Krueger assume each respondent attended school in his state ofbirth.69 They use state 

averages"for school quality measures from the Biennial Survey of Education (1920-1958) and the 

Digest of Education Statistics (1960-present). Rather than examine school quality's effect on 

test-scores, Card and Krueger examine long-term performance measures. They use earnings data 

from the 1980 Census Public-Use A Samples. These samples link together individuals' responses 

for a number of survey questions. Variables include income, educational attainment (in years), 

state of birth, and state of residence. The samples include 5% of the US population. 

68 Card and Krueger (1996). Page 38. 
69 During the schooling periods in question, about 90% of students attended school in the states of their 
birth. When they account for this as a probability, rates of return to schooling increase by 5-15%, and the 
standard deviations rise by a corresponding amount. Card and Krueger (l992a). Pages 28-29. 
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Card and Krueger studied racially segregated schools in North and South Carolina from 1900-

1960. Schools for black students in North Carolina enjoyed better resources than did schools for 

black students in South Carolina. Schools for white students in South Carolina enjoyed better 

resources than did schools for white students in North Carolina. The school qualities for the 

Carolinas converged over the period in question. The authors find from the Carolina data that a 

10% reduction in class size led to a 0.4% to 1.1% increase in a child's future earnings. Figures 

that the authors examined in previous studies indicated that a 10% increase in school spending led 

to a 1-2% increase in students' future earnings. 

In another 1992 study (1992a), the two authors consider school quality as it affects the incomes of 

white males born between 1920 and 1949?o . Card and Krueger tested relative earnings as a 

function of education level, state of residence, urban versus rural residence, and state of birth. 

They found that the rate of return to years of schooling varied significantly by state of birth. 

The authors then linked each state to a variety of school quality measures, controlling for state­

and cohort-effects. These measures included average pupil-teacher ratio, average length of 

school term, and average teacher salary (relative to other professions) by state. They found 

significant effects for pupil-teacher ratio and for teacher salary?) Controlling for education, the 

authors found no significant correlation between parents' incomes or years of education and 
• 72 earnmgs. 

Julian Betts (1995) contrasted his study of the returns to school quality with Card and Krueger 

(1992a). Betts used data from the 1979 National Longitudinal Survey of Youth (NLSY79) to 

examine high school quality's effect on white men's later earnings. With the NLSY79 data, Betts 

measured school quality more precisely by isolating the exact schools that respondents attended. 

Over three fourths of the schools in the sample contained more than one NLSY79 respondent. 

Betts found that respondents' incomes varied significantly according to the high school that each 

respondent had attended.73 Betts tested for the income effects oflibrary access, parents' 

education levels, and family income, none of which exercised significant effects. 

70 Card and Krueger (l992a). 
71 Card and Krueger (l992a). Page 19. 
72 Card and Krueger (l992a). Page 3. 
73 P < 0.000005 
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Next, Betts examined income effects of three school quality variables: teacher/pupil ratio, relative 

teacher salary, and percentage of teachers with graduate degrees. None of these variables 

exercised significant effects on students' earnings. Alternatively, when Betts used statewide 

averages for teacher/pupil ratio and for relative teacher salaries, he found that the teacher/pupil 

ratio affected income significantly. 

Betts suggests a number of possible reasons for this discrepancy. Statewide effects include 

effects for grades K-8, while NLSY79 school quality data only measure high school quality. 

Earlier school quality may affect earnings more significantly than high school quality does. Betts 

also addresses the young age at which respondents reported their incomes. Card and Krueger's 

subjects ranged in ages from 30 to 59. Julian Betts's subjects, on the other hand, ranged in ages 

from 17 to 32. Card and Krueger's older sample benefits from more highly educated respondents 

with more serious jobs. Older respondents are less likely to hold temporary jobs. 

Most significantly, Betts does not use pooled data. Because he only uses cross-sectional data, 

Betts is unable to control for school-specific effects. Schools vary considerably not only in 

resources, but in the types of students that attend. Betts's study finds that rates of return to 

education vary significantly according to the type of student who attends the school. The 

percentage of disabled students at a school negatively affects high school dropouts' earnings and 

positively affects high school graduates' earnings. Betts does not propose an explanation for this 

changing relationship. Betts also finds that white males from bigger high schools earn slightly 

higher incomes than do white males from smaller high schools. School and student population 

differences account for a large part of Betts's variation. These and many other school-specific 

variables add to Betts's error terms. Consequently, Betts' error terms may drown out school 

quality effects. When he uses state averages for school quality, Betts finds significant effe~ts. 

State school quality averages are likely to reflect educational policy, whereas school-specific 

measures may simply reflect school-specific demands. 

In 1986, Hanushek found no significant correlation between school quality variables and 

students' educational attainment. Hanushek used pupil-teacher ratios, teacher salaries, and school 

expenditures as quality measures. Hanushek measured educational attainment trends by year for 

the US and for the state ofIowa. Hanushek did not measure cross-sectional differences. 

Consequently, Hanushek's study may suffer from similar problems as Betts's study. A nUIIlber of 
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exogenous variables may influence year-to-year variation in educational attainment. These 

variables might include family income, immigration, racial composition, and family structure. 

Further School Quality Research and Long-Term Effects Studies 

In October 1999, Krueger and Whitmore published a study on Tennessee's Project STAR. 

Project STAR randomly assigned 12,000 elementary school students to particularly small classes 

for grades K-3. Krueger and Whitmore examined the program's effects on test scores and college 

test-taking. The authors account for self-selected test-taking by examining test-taking behavior in 

addition to considering test scores. The authors communicated with the Tennessee DotEd and 

with Educational Testing Services (ETS) to combine data. Krueger and Whitmore found that 

Project STAR significantly improved the probability that students, particularly black students and 

lower income students, would take the ACT or SAT. Project STAR also improved students' 

performance on the tests by about 0.10 standard deviations. STAR improved black students' 

ACT and SAT performance by 0.20 to 0.26 standard deviations. 

Economists have used Card and Krueger's methodologies to measure long-term effects of other 

policies related to youths and education. Angrist and Krueger (1991) examine compulsory 

attendance laws and their effects on long-term student performance. The authors plot educational 

attainment and earnings as functions of a student's season of birth, and they find significant 

effects. Students who are young for their grades stay in school longer and earn more later in life 

due to a minimum dropout age. Angrist and Evans (1999) examine the ways in which abortion 

reforms in the 1970's affect female educational attainment. White women did not show sufficient 

variation in behavior to measure the effects. Exposure to abortion reforms positively affected 

black women's educational attainments. Evans and Dee (1997) examine educational attainment 

as a function of minimum drinking age. Dee and Evans find that lower minimum drinking ages 

increase the probability that a teenager will drink. Using PUMS data, the authors find that 

drinking age does not exercise a significant effect on educational attainment. 

STATISTICAL MODEL 

In this section, we develop a statistical model to describe short- and long-term effects of the SBP. 

We construct this model to formalize our argument that the SBP exercises long-term effects on 

students ' academic and labor market performance. The equations in the model below correspond 
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to the ovals in the flow chart on page 86. We do not model school SBP availability, below, but 

recall that we discussed SBP availability in the literature review on page 12. We expect that all 

the equations in the statistical model exhibit serial correlation. We omit auto-correlation terms 

from Equations (1) through (9) for simplicity. 

Student SBP Participation 

As mentioned on page 16, certification status, family income, age, sex, race, and urban/rural 

location weigh heavily into SBP demand. Given that a student's school participates in the SBP, 

we might model SBP demand as follows: 

Our universe includes all students K-12 who attend SBP schools. SBP;,I represents the fraction of 

mornings in the school year t in which student i eats a school breakfast. YFam;,1 represents the 

student's family income that year. Given eligibility status, this effect may be positive or negative, 

depending on whether or not school breakfast is a normal good. The free SBP is not a normal 

good, because a higher income does not reduce the cost of participation. Price;,1 represents the 

price that the pupil faces for school breakfasts. Price;,1 varies from student to student depending 

on eligibility status and the school that the student attends. For instance, Price;,1 returns a zero if 

student i lives at 130% poverty or below. We expect the price effect to be negative. FElig;,/ 

returns a one if the student is eligible for free meals and a zero otherwise. RElig;,1 returns a one if 

the student is eligible for reduced-price meals and a zero otherwise. We expect that both 

eligibility dummies exert positive effects on SBP demand. We expect a4 to exceed as. Students 

eligible for free meals face a lower cost for SBP participation than do students eligible for 

reduced-price meals. X;,/ represents a vector of control variables. We expect that X;,I would 

include the student's age in year t and dummies for the student's sex and race. X;,I would also 

include a dummy to represent whether the student lived in an urban or rural location in year t. As 

Gleason (1995) notes, younger students are more likely to participate in the SBP than are older 

students. Black students are more likely to participate than are non-black students. Male students 

are more likely to participate than are female students, and rural students are more likely to 

participate than are urban students. 
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Gleason (1995) found that price and income affected student participation differently depending 

on each student's certification status. To estimate these different effects for income, we can 

multiply the eligibility dummies each by YFam;". Note that, for all students eligible for free 

meals, Price;" returns a zero. Hence, we would not estimate a free meal price effect. To estimate 

the different effects for the price, we would multiply the reduced-price eligibility dummy and the 

non-eligibility dummy each by Price;". Hence, we create five different regressors in place of 

YFam;" and by Price;". With these specifications, Equation (1) becomes Equation (1 a), below: 

(Ia.) SBP;" = al + a2*(FElig;")*YFam;,, + a3*(RElig;")*YFam;,, + ~*(NElig;")*YFam;,, 

+ a5*(RElig;")*Price;,, + ar,*(NElig;")*Price;,, + a7*FElig;" + ag*RElig;" + ~*Xla,;,1+ Ula,;,1 

NElig;" represents (1 - FElig;,1)*(1 - RElig;,,), and returns a one if the student is not eligible for free 

or reduced-price meals and a zero otherwise. We expect a2 to be negative. Among students 

eligible for free meals, as income rises, family income comes closer to the eligibility threshold. 

Hence, as a family'S income rises, the family is less likely to know its eligibility status. Hence, 

given free meal eligibility, families with higher incomes are less likely to register to receive free 

meals. Moreover, because free meals have a price zero, we expect that free meals are inferior 

goods. We do not predict signs for a3 or ~, because we do not know whether or not reduced­

price or full-price school breakfasts are normal goods. We expect negative signs for both price 

effects. 

Short-Term Effects 

For the purposes of this paper, short-term effects last less than one school year. Short-term 

effects include nutrient intake, health, attendance, and cognition improvements resulting from the 

SBP. For all the short-term effects we consider below, our universe includes all US students K-

12. For the short-term effects we consider in our empirical model, our universe includes all US 

students K-12 attending SBP schools. 

Nutrient Intake 

As described in the literature review, researchers have found that the SBP increases a student's 

expected intake for many nutrients. We are most interested in nutrient intake adjusted for each 
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student's nutrient needs. Hence, we divide nutrient intake by each student's body weight in 

pounds. 

Ntri,l,lI represents student i's intakes per pound body weight in year t for a vector of nutrients n. 

~,i,1 represents a vector of controls by which nutrient intake might vary. These controls might 

include the student's age, income, and geographic area in year t as well as the student's age and 

sex. We might also include variables to represent parents' education levels and the female 

household head's degree of employment outside of the home. As noted in the literature review, 

the SBP may exert a negative effect on a student's intake for some nutrients, such as iron. For 

most nutrients n, however, we expect that the SBP exerts a positive effect on nutrient intake and 

that P2,11 is positive. 

Physical and Emotional Health 

Murphy (1998) has recently shown that universal free SBPs reduce the number of school nurse 

visits and reported emotional and behavioral problems. Hence, we expect that SBP participation 

positively influences a student's physical and emotional health. 

(4) EHealthi., = 01 + 02 * Ntri,l,lI + 03 * Healthi" + 04 * X4,i,l + U4,i,1 

Healthi,l and EHealthi" represent abstract measures of physical and emotional health, respectively. 

Measures might include number of school days divided by the number of nurse visits or the 

number of disruptions in class, respectively. We describe emotional health as happiness, attitude 

toward school, and motivation. We expect that nutrient intake positively affects both physical 

and emotional health, so that Y2 > 0 and 02 > O. We also expect that physical health positively 

affects a student's attitude so that 03> O. X3,i,l and X4,i,1 represent control vectors. We might wish 

to control for age, sex, race, urbanlrurallocation, family income, and parent's education levels. 

In .14,i,,, we might also control for family size and whether or not the child lives with both 

biological parents. 
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Attendance 

We would like to measure the SBP's effect on students' attendance. As shown in Figure 2, this 

effect works through a number of different channels. The SBP affects attendance directly by 

providing an incentive for children to attend school. The SBP also improves students' nutrient 

intake, which, in tum, improves students' physical and emotional health. Less healthy students 

are more likely than other students are to miss school because of illness. As a student becomes 

better adjusted or more motivated, we expect the student to feign illness less often or to skip 

school less often. 

Attendi,l represents the proportion of school days in school year t in which student i attends 

school. We expect &2, &3, and &4 all to be positive. XS,i,l represents a vector of controls which 

might include sex, age, race, school quality, family income, and parent's education level. 

Cognition 

A number of studies have shown that children can improve their performance on standardized 

tests by eating healthful breakfasts. We expect that nutrition positively affects test performance. 

We also expect that better adjusted or more motivated students perform better on tests. 

COgi,1 denotes cognitive ability. We might measure Cogi,l with a test score or with a vector of 

different test scores. In X 6,i,l, we might control for sex, race, age, urbanlrurallocation, family 

income, parents' education levels, and attendance. 

Hanushek (1986) notes that researchers have not found convincing evidence linking school 

quality and standardized test performance. Few researchers would doubt that cognitive abilities 

influence wages. See Heckman (1995) and Murnane and others (1995) for discussions ofthe 

importance of cognitive skills in wage determination.74 Card and Krueger (1992a) find that 

school quality significantly affects students' earnings, even if it does not significantly affect 

74 Murnane and others (1995). Card and Krueger (1998). 
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students' cognitive test performance. As proposed in Figure 2, cognition is not the only channel 

through which the SBP can affect students long-term performance or earnings. 

Long-Term Effects 

We define long-term effects to last one school year or longer. These effects include school 

performance and future earnings. The SBP does not directly affect either ofthese long-term 

variables .. Consequently, we do not include SBP as a regressor in either equation. Nevertheless, 

the independent variables in the equations below trace back to SBP participation through a cause­

and-effect chain. 

School Performance 

A number of factors affect a student's performance in school. Among the variables that we have 

already defined, we expect cognition, emotional health, and attendance to affect school 

performance. For whatever reasons, some students perform better than others do in controlled 

settings. We expect differences in school performance to reflect these differences. Cognitive 

tests also capture some of these differences. Emotional health may affect school performance in 

ways that cognition does not capture. For instance, students may test well but act disruptive in 

classroom settings. Students who attend school more often expose themselves to the material 

more. Hence, we expect attendance to improve school performance. 

(7) Pert,/ = 111 + 112*COgi,/ + 113*EHealth;" + 114*Attend;" + 115*X7,;,/ + U7,;,/ 

Pert,/ represents an abstract measure of student i's performance in school year t. We could 

measure this variable with class rank, grade-point average adjusted for class difficulty, or a vector 

of class grades, also adjusted for class difficulty. We expect 112,113, and 114 to be positive. We 

might include race, sex, family income, and parents' education levels in x,,;,/. 

Educational Attainment 

Once we understand students' performance in school, we can begin to model students' 

educational attainment (in years). Given school performance, variables like cognition and 

attendance become irrelevant. We are not interested in the methods that lead to the student's 
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success. We are only interested in the outcome. If a student performs better in school, then that 

student can expect to earn a higher grade and to learn more from the next year of schooling. A 

student who performs better in school in year t has a greater probability of passing the next grade 

in year t + 1. Hence, the student who performs better in school faces a smaller risk in attending 

another year of school. We also expect that students who are better adjusted or more motivated 

stay in school longer. 

Attain; represents the (former) student's highest grade completed. We measure this variable in 

years of education not including failed grades. We expect 82 and 83 to be positive. Xg,;,1 denotes a 

vector of control variables which might include sex, race, school quality, family income, and 

parents' education levels. 

Future Earnings 

In the equation below, we address earnings as an indirect function ofthe SBP. Earnings do not 

precisely measure the quality of a job or a subject's total welfare. A number of other variables 

figure into any given individual's utility function. Although earnings do not correspond precisely 

with utility, earnings data do provide us with important information about each (former) student's 

welfare. The SBP's earnings effect is particularly interesting because we are evaluating the 

effects of a program designed in part to reduce poverty. 

¥i,1 denotes (former) student i's future earnings for year t. Persons with higher education levels 

earn higher wages. Similarly, persons who performed better as students are likely to perform 

better at their jobs. We expect persons who perform better at work to earn higher wages. For 

control variables, we might include sex, race, school quality, and parents' incomes and education 

levels. 

We have constructed a long chain of relationships. By substitution, this chain traces earnings and 

educational attainment back to a multivariate function that includes SBP participation on the 

right-hand side. In the empirical model below, we ignore many of the intermediate steps, and we 
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