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INTRODUCTION

This paper discusses a method for accounting for uncertainty about educational outcomes and

for nonlinearity in the relationship between years of education and earnings when estimating the

expected return to a year of school, and the effects of high school and family background

characteristics on the expected return. Four facts motivate the analysis. The first is that the

relationship between education and earnings is nonlinear. The effect of completion of the final year of

education on earnings is larger than the previous three. For example, for the subsample from the

National Longitudinal Survey of the High School Class of 1972 (NLSHS72) used in this paper, I find

that attending college for more than two years but leaving without a degree raises the wage above that

of a high school graduate by only about 12 percent, while obtaining a college degree raises the wage

by about 29 percent. The nonlinearity is especially dramatic for men.

The second fact is that many individuals attend but never finish college, even though they

report that they plan to complete college or graduate work at the time that they begin college. In the

NLSHS72 sample, 89 percent of high school seniors who plan to complete college or graduate school

start college but only 58.1 have completed college by 1979.1

The third fact is that there are large differences across fields of specialization in the earnings

differential between college and high school graduates. Engineers, for example, earn higher wages

than English majors. The fourth fact is that many high school and family background characteristics

appear to have larger effects on earnings through educational attainment and area of specialization than

through earnings conditional on educational attainment.

Mos: of the economics literature on education choice and the returns to education following

the work of Becker (1975) and Mincer (1974) has been based on the assumptions that workers choose

education to maximize present value of lifetime wealth and that there is no uncertainiy about the

This result is for a sample of 9,032 for whom valid data on educational attainment in 1979 and
educational plans as of senior year of high school are available. The small fraction does not appear to
reflect unreliability of the responses to the question about education plans: 93.5 percent of the people
who obtained a college or graduate degree indicated in 1972 that they planned to obtain a college or
graduate degree.

1
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amount of education the individual will successfully complete. The literature has not dealt

systematically with the implications of the fact that (1) the returns to education are highly nonlinear

and (2) students are uncertain at each stage in the education process about the number of grades they

will complete and about the field they will specialize in. When the relationship between education and

log earnings is nonlinear, and the educational outcomes are uncertain, the return to the first year of

college is not the earnings differential between individuals with twelve and thirteen years of schooling

who are the same in other dimensions that affect earnings. Rather, the return is the difference between

the earnings of the person who stops at twelve and the expected earnings, net of education costs, of a

person who attends the first year of college, where the expectation is taken across earnings associated

with fourteen years, fifteen years, sixteen years, and higher education levels, weighted by the

probability that the individual who has completed year thirteen will successfully complete those higher

levels.

The coefficients on (a) years of education and (b) interaction terms involving years of

education and school or background characteristics in a conventional earnings regression may provide

misleading estimates cf both (1) value ex ante of the additional year of schooling and (2) the effect of

school characteristics and high school curriculum on that value. This is because such regressions

condition the ultimate educational outcome, which is uncertain at the time that the decision about

whether to pursue an additional year of schooling is made. This simple point was made explicitly by

Weisbrod (1962). A related one underlies the matching models of occupational choice analyzed by

Miller (1984) and Shaw (1985). Bamberger (1986) fomiulates and estimates a model of the choice of

major in which students base decisions about their majors on both the expected returns if they

successfully complete the major and the probability that they will do so given past educational choices

and outcomes. However, the point has been ignored in empirical studies of the returns to education.2

In this paper, I provide a simple model that may be used to account for the fact that school

and family characteristics may affect earnings by altering the pc;ha'bility that the individual will

complete the levels and types of postsecondary education that have the largest effect on earnings. I

illustrate the approach using the NLSHS72 data set and present some estimates of the expected internal

2 After completing the empirical work leading up to this paper 1 became aware of reearch in
progress by Charies Manski that addresses similar issues.
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rate of return to starting college for various groups. The preliminary results indicate that ability and

achievement raise the internal rate of return to starting college. High school courses in math, science,

and foreign languages also raise the internal rate of return. The results also indicate that the ex ante

rate of return to starting college is higher for those who actually start college than for those who do

not.

The paper prom ds as follows: The first section presents a simple model that may be used to

analyze the returns to education and the effects of school characteristics and background on earnings.

The next section presents Mine initial empirical results that serve to illustrate the approach. The fmal

section summarizes the paper and discusses a number of extensions for future research.

A Framework for Measuring the Returns to Education

In this section I present a simple model of educational attainment and earnings. I begin by

deriving an equation for the expected value of future earnings as a function of an individual's ability

and knowledge, determined as of grade twelve and of the individual's most recent year of education

and field of study. Let the log earnings of a person with postsecondary education level s with field c

as the final field of specialization in school and with t years of experience be

(0 lnw1 = E co

where OW is the experience profile of earnings and where r, is the difference in the log wage of a

person with s years of schooling relative to a person with a high school degree, with sO for the

person with a high school degree. Equation (1) is based on the assumpdon that the percentage effect

of education on wages depends only on the total years of schooling and the most recent field of study.

This is a simplification that is consistent with the wage specification used in the empirical work below,

but is inconsistent with evidence that the relationship between high school ckerses and ability and

achievement measures depends on education outcomes' It is important to note that even with the

3 More generally, the wage equation is inconsistent with wage specifications of the general class
discussed in Willis and Rosen (1979) and Willis (1986), in which the personal characteristics shift the
percentage effect of education on wage rates. These models assume that educational attainment is

3



assumption, early choices of field during the education process do matter, since they may alter the

probability that one can attend school in year s in field c. This is made explicit below,

Let p denote the interest rate at which earnings are discounted. Then the present value of

future wages Wsc is

(2) wa, z QexpE '131 roe Ps

7'

where Q = f mew
1 0

Equation (2) is based on the assumption that the length of a career is T years and does rot depend on

s and c.4

Now consider the expected present value of earnings conditional on attending school level

s + 1 in field c' for a person who has completed s years of schooling with c as the most recent field of

specialization. The present value is

(3) PV(s + 1,ci is,X) , 2 c POO, . JkWo00 exgrfkn,tr,. - tacs 1)1
P(X) 1,c,,c 1,c' WoCvr

based on a once-and-for-all decision, with certainty about the probability of successfully completing
the program chosen. There is no difficulty in modifying the framework below so that the rih depend
on personal characteristics, and I intend to do so in future work. However, the Willis and Rosen
model implies a relationship between the unobservables affecting education choice (the P(X) functions)
and the unobscrvables affecting the expected wage associated with a particular education outcome. It
will be very difficult to correct for selectivity bias in the coefficients of the wage and probability
functions that such a relationship would induce.

Mincer (1974) presents evidence that this is a reasonable approximation.



where W0(X) is the present value of leaving school after high school, alx1 P(X)6+1,0.J.k is the probability

that a person with characteristics X will end up with schooling level j in field k, given that they

currently are at schooling level s+1 in field c'. I view the probabilities as the outcomes of sequential

decisions that are made after each year of schooling based upon information about performance in

school, grade and course requirements associated with particular programs of study, the wages

associated with different educational outcomes, and preferences for particular fields of study and work.

However, for present purposes it is not necessary to write down a specific stnactural model of

education demand that generates the probabilities.

Assuming that there is no specialization until after the first year of postsecondary school, the

expected present value of eamings for attending the first year of college for a person who has

completed high school (s=0) and has characteristics X is

(4) Pv(11, 0,X) =
2 En% lfic Wo00 exPirL PhlJ.

P(K)1 W(X) exptrt.

The expected internal rate of return to attending the first year of college is the value of exp(p)

that equates the right hand side of equation (4) with W0(X). It may differ from exp(k) unless

exp(rjk/j) = exp(rnoin) for all j,n greater than 1 and all fields k and m.

In Table 1 I report estimates of the internal rate of return to attending the first years of college

conditional on completing high school. I also report estimates of the ratio R(1, 0, X, p) of the present

value of attending the first year of college to the present value of leaving school after high school.

Estimates of the Relative Present Value and Internal Rate of Return to the First Year of Collt?se

The data for the study are from the NLSHS72 panel data set, and are discussed in detail in

Altonji (1988). To implement the above approach, one must have estimates of the P(X), jk functions

and the wage differentials ro. The estimates of the rik, and of the effect on the log wage of each of the

educational outcomes are based on an equation that includes controls for race, Hispanic background,

sex, family background, geographic area, high school program, aptitude and achievement, labor market



experience and experience squared, the year and year squared, and dummy variables for whether the

person's highest postsecondary education level was vocational education (V0079), less than two years

of college (S0001479), more than two years of college but no degree (S0001579), a degree in one

of twelve fields of study, or an advanced degree in one of twelve fields of study. The equation was

estimated by taking deviations from the mean values over all students from a given high school in a

given year.5 I will not discuss these coefficients here, although the negative signs on science semester

hours, hours spent on homework, and vocabulary and reading test scores come as a surprise. The

coefficients on the education outcomes are generally sensible.

To illustrate the approach, I simply estimate linear probability models by ordinary least squares

for each of the educational outcomes using the sample of persons who started college. (Persons who

attended vocational school but who never attended college are excluded from the estimation.) That is,

I approximate the probability function P(X)1jk with an equation of the following form for each jk pair:

P(X)Ijk Xjbeljk.

The parameter vector el jk for a particular education outcome was estimated by regressing the dummy

variables for that outcome against Xth by least squares. The variables are the same as the variables in

the wage equations, although the education outcome equations are used as the dependent variables

rather than right-hand side variables.

The relative present value of the first year of college (R) was calculated assuming a 4 percent

real interest rate. The first row of Table 1 shows R evaluated at the means for the full sample. It is

equal to 1.036. The internal rate of return to the first year of college is 5.6 percent. In contrast, the

coefficient on SOCO 1479 in the wage equation implies an ex post return of only .93 percent (not

5 The sample means for each high school/year were computed using all the available data for
students from that high school, rather than simply for students who were in the effective wage sample
for that year. In practice, this has very little effect on the parameter estimates. Finally, a problem
with the coding of the curriculum measures was not discovered until after the computations for the
paper were largely completed. The effects of curriculum on the rate of return are probably
understated, but the problem is not likely to make much difference for the other results.

6
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reported). The latter estimate, which is the difference in log wages of a high school graduate versus

that of a person who starts college but leaves with less than two years, ignores the fact that educational

outcomes are uncertain when the decision to begin college is made. The second panel in the table

reports the relative present value of the first year of college for students who are one standard

deviation above the mean in all of the ability and achievement measures. For these students, the

relative present value is substantially higher (1.0527 versus 1.0357), and the internal rate of return is

6.2 percent. A one standard deviation increase in semester hours of math, science, and foreign

languages raises the internal rate of return to 6 percent, with all other variables evaluated at the mean

for the full sample.

The third panel of the table reports differences in the internal rate of return and the relative

present value of the first ycar of college as a function of race, sex, and average characteristics. Black

males have a lower internal rate of return than white males (5.4 percent versus 5.9 percent), but this

differential is due primarily to the variations in their average characteristics. The internal rate of return

for black males ,waluated at the mean of the sample characteristics of white males is 6.1 percent,

which exceeds the internal rate of return for white males evaluated at the sample means for 0.ite

males.

Females have a lower rate of return than men. Specifically, the internal rate of return for

black females is 4.8 percent, compared with an internal rate of return for black males of 5.4 percent.

The internal rate of return for white females is 5.4 percent, compared with an internal rate of return for

white males of 5.9 percent. Almost none of these differences are explained by differences in the

observed characteristics of males and females. It should also be kept in mind that these calculations

are based upon estimates of the wage equation for the combined sample. Separate estimates of the

wage equation for men and women indicate that the wage premium associated with college is larger

for females than for males. In research in progress, I am using estimates of the rjk obtained from wage

equations for each race and sex group to distinguish between the effects on the rate of return to

starting college of (1) sex diffCrences in the effect of educational outcomes on wages and (2) sex

differences in the probability of specific educational outcomes. The results indicate that education

raises the wages of women more than men. As a result, the ex ante return to starting college is

actually higher for women than for men. It will also be important in the future work to examine the

effect of sex and races differences in work hours on the return to education that may arise from labor

7



supply preferences or unemployment constraints. One must assume that all persons work the same

number of hours to justify the use of wage rates in the rate of return comparison.

It also interesting to ask whether the ex ante rate of return to beginning college is correlated

with the decision to start college. As a first pass on this, the internal rate of return to attending the

first year of college was calculated using the background characteristics of those who ended their

education with high school. For this group, the internal rate of return is only 4.3 percent. For

students who attended vocational school but not college, the figure is 43 percent. These estimates

compare with 5.6 percent for the full sample (which includes the high school and vocational groups).

Thus, it appears that the ex ante return to starting college is in fact lower for those who choose not to

start college than for those who do. A difficult but natural extension of this research is to replace the

reduced form equations for the P(X) with structural equations in which the ex ante returns play a role.

Conclusions and Suggestions for Future Research

This paper develops and implements a prototype model in which the rate of return to starting

college depends upon the earnings associated with each of the possible outcomes of starting college

(including dropping out after a year, majoring in biology, getting a master's degree in education, etc.),

weighted by the probability of the specific outcome. I use the model to estimate the effect of parental

background, high school curriculum, academic ability, race, and sex on the internal rate of return to

starting college. The results from the empirical example are promising, but many refinements to the

model and improvements in ate empirical estimation of it will have to be made before strong

conclusions can be drawn about the factors that influence the ex ante return to starting college.

An obvious extension is to allow the coefficients of educational outcome in the wage equation

and the coefficients of the educational outcome equation to depend on race, sex, family background,

ability, and high school curriculum. A more difficult but important line for future research is to

extend the section of the model describing the probability of particular education outcomes. On the

theoretical level, one would like to have a structural model relating the decision to remain in school in

a giveh field to the probability of success, that is, the monetary rewards associated with specific

outcomes, given background, ability, and past educational decisions and courses. Specifically, it

would be useful to examine the interplay between college courses taken and grades in decisions about

field of study and whether to remain in college. On the empirical level, one could use data from the

8
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NLHfs, /2 Post Secondary Transcript Survey to link college grades and courses taken to measures of

family background, high school curriculum, and ability, in order to better understanki how the latter

variables affect who starts and successfully completes particular programs of study.

9
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Table 1

Relative Present Value and Internal Rate of Return
to First Year of College

Relative present
value of first year
of college (R) at

4% discount rate

Internal ra;.e
of return (I)

1. Means of full sample 1.0357 5.6

2. Deviations from mean in
Ability 1.0527 6.2
Parents' background 1.0575 5.9
Courses taken 1.0489 6.0

3. Race and sex

Person that
is a

Full sample

With Average Characteristics of

BM BF WM WF

Black male R: 1.0527 1.0299 1.0572
(BM)

i: 6.0 5,4 6.1

Black female R: 1.0142 1.0168 1.0411
(BF)

4.7 4.8 5.6

White male R: 1.0190 1.0473
(WM)

5.1 5.9

White female R: 1.0317 1.0312
(WF)

5,4 5.4

Ability: One standard deviation higher in high school grades, tests of vocabulary, associative memory,
reading, inductive reasoning, math, and perceptual speed and accuracy, a college ability self-rewrt,
and teacher's expectations of the student, as perceived by the student.

Parents' Background: Parents discussed plans with student, influenced plans, have sixteen years of
education, not low socioeconomic status, and wanted college education for student.

Courses: Student took one standard deviation more hours in high school math, science, and foreign
languages.
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