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The duration of schooling

So far, just a binary decision: attend college or not.

More relevant: how many years of schooling to acquire, beyond
compulsory schooling?

The distribution of years of schooling has spikes at 12 and 16 years,
but also a fair amount of people in the middle (high school and
college dropouts).

Also, this will give a theoretical justification to the typical regression
equation:

ln y = β0 + β1EDUC + γ′X + u
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The duration of schooling

Dynamic model (Card, 2001; adapted from Willis, 1986)

individuals begin life at the end of compulsory schooling, must choose
how much additional schooling to acquire.

Assumption: individuals make once and for all decision on when to
leave school.

Variables and parameters:

y (S , t) : real earnings of individual who has completed S years of
schooling at date t.
c (t) : consumption at date t
ϕ (t) : disutility of school at date t.
p (t) : part-time earnings when in school.
T (t) : direct costs of schooling.
ρ : individual discount rate.
R : fixed interest rate, perfect capital markets.
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Individual maximization problem

Agent chooses S , total amount of post-compulsory schooling, to
maximize:

maxV (S , c (t)) =
∫ S

0
[u (c (t))− ϕ (t)] e−ρtdt

+
∫ ∞

S
u (c (t)) e−ρtdt

s.t. :
∫ ∞

0
c (t) e−Rtdt

=
∫ S

0
[p (t)− T (t)] e−Rtdt +

∫ ∞

S
y (S , t) e−Rtdt.

Write down Lagrangian

Ω (S , c (t) ,λ) = V (S , c(t)) +

λ

{ ∫ ∞
0 c (t) e−Rtdt −

∫ S
0 [p (t)− T (t)] e−Rtdt

−
∫ ∞
S y (S , t) e−Rtdt

}
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Simplifying assumptions:

Constant earnings: y (S , t) = y (S)
No disutility from schooling (ϕ ≡ 0)
Tuition and part-time earnings while in school cancel out:
p (t) ≈ T (t)
Linear utility function.

Easy to see that, since now from budget constraint∫ ∞
0 c (t) e−Rtdt =

∫ ∞
S y (S , t) e−Rtdt, problem reduces to one of

maximizing present value of earnings stream (again, independent of
preferences ρ with perfect capital markets):

maxV (S) =
∫ ∞

S
y (S) e−Rtdt

= y (S) e−RS/R.
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FOCs w.r.t. S :

1

R

[
y ′ (S) e−RS − Ry (S) e−RS

]
= 0

⇒ y ′ (S)

y (S)
= R.

y ′ (S) /y (S) : marginal benefit of additional unit of schooling,
expressed in percentage terms.

R : marginal cost of additional unit of schooling (opportunity cost of
delaying entry into labor market, by not investing in R).

Invest up to the point where marginal benefits of additional year of
schooling are equal to marginal costs.
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With these simplifying assumptions, you obtain the textbook version
of the model. Assuming that education is productive:
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Estimating the Returns to Schooling

Model yields first order conditions

y ′ (S)

y (S)
= R

Implies
d ln y

dS
= R

or, by integrating on both sides

ln y = RS

Add in more covariates and an error term, you obtain the Mincer
wage equation

ln yi = β0 + RSi + γ′Xi + ui

Main interest in parameter R, can be interpreted as the rate of return
to schooling.
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Potential Biases in the Mincer equation

Omitted variable bias:

More able individuals are more successful in school and also have higher
earnings. Therefore, estimated returns to schooling is biased upwards.

Measurement error bias

schooling is measured with error:

people have very different schooling paths (especially after high school),
difficult to say exactly how many years of schooling one has attained.
large variance in the quality of schooling. Number of years of schooling
only a very imperfect measure of quality-adjusted schooling.
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Huge literature in economics that has tried to address these biases
and come up with a credible estimate of the causal effect of schooling
on earnings.

Most of the evidence suggests that the causal effect of schooling is
not too far away from the simple OLS estimate.

Empirical studies

First generation: controls for IQ and family background.
Twins studies
Instrumental variables.
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First generation studies: Griliches and Mason (1972)

Use data on sample of military veterans in 1964. (mean age: 29)

Key info: AFQT score, interpreted as a measure of cognitive ability
(IQ).

Estimate returns to schooling with and without controls for AFQT.
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Results

Controlling for AFQT reduces estimated returns to schooling by
about 15% (from 0.508 to 0.433).

Some evidence of omitted variable bias, but not very large.

Possible interpretations:

Lots of concern about ability bias, but bias is apparently not very large.
Returns to schooling still substantial.
AFQT only a very imperfect measure of ability. If we could control for
ability more accurately, maybe coefficient would drop even more.
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Ashenfelter and Krueger (1994)

AFQT only an imperfect measure of ability. How do we really hold
constant ”ability”?

Basic idea: identical twins are genetically identical, and have very
similar family backgrounds.

Estimating equation:

yit = β0 + β1Sit + β′
2Xit + ci + uit

yit , Sit : log earnings and schooling of twin t in family i (t = 1, 2).
ci : family fixed effect: captures genetic ability, unobservable family
background, etc.
uit : idiosyncratic error term, uncorrelated with Sit .
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OLS is biased because of potential correlation between ci and Sit :
more ”able” individuals acquire more schooling and have higher
wages.

But, with identical twins, one can ”difference out” the individual
effect ci .

In first differences:

∆yit = β1∆Sit + β′
2∆Xit + ∆uit

Error term in the differenced equation is uncorrelated with RHS
variable.
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Ashenfelter-Krueger: sampled 298 twins (149 pairs) at the annual
Twins Day Festival in Twinsburg, OH.

Every twin was asked about education, earnings, family background,
other questions very similar to CPS questionnaire.

Key question: every twin was also asked to report his/her sibling’s
level of schooling: get two independent measures of schooling to
assess the extent of measurement error in years of schooling.
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Results

FD estimate is higher than OLS estimate.

IV (using twins’ report on years of schooling) is also higher than OLS.

Ashenfelter-Krueger interpretation: omitted ability bias not
important, but measurement error bias is.

Critique: even among identical twins there are differences, parents
may either compensate or reinforce.

Omitted ability bias may be even more severe with the differenced data.
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Angrist-Krueger (1991)

Quarter of birth as an instrument for years of schooling.

Compulsory schooling laws: students must stay in school until they
turn 16.

If students start 1st grade in September of the calendar year in which
they turn 6:

Students born in January turn 16 in the middle of 10th grade, can drop
out with only 9 years of completed schooling.
Students born in December must wait until middle of 11th grade
before they can drop out: 10 years of completed schooling.
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Consistent pattern that those born in Q1 have lower completed years
of schooling.
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Big differences in schooling at the high school level, not so much at
college level and beyond.
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Q1 births have systematically lower earnings.
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If anything, OLS estimate biased downwards.
Lorenzo Neri Labor & Personnel Economics a.y. 2025/26 27 / 42



Lorenzo Neri Labor & Personnel Economics a.y. 2025/26 28 / 42



Critique of Angrist-Krueger

Is instrument exogenous?

seasonal patterns in birth for certain occupations (farmers, teachers).
children who enter school older are more mature, could have long-term
effects on educational attainment and earnings (more learning, more
self-esteem, maybe less incentive to please the teacher).

Is instrument correlated with schooling?

yes, but correlation is not very strong.
problems with inference when instruments are weak, or there are too
many of them (Bound, Jaeger and Baker, JASA 1995).
Stock and Staiger rule of thumb: first stage F-test should be above 10
for reliable IV inference.

Still, AK is the mother of all IV studies.
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Summary

Most IV estimates of the returns to schooling are higher than
corresponding OLS estimates.

Possible explanations:

Measurement error bias more important than omitted ability bias.
Small violations of exogeneity assumption are magnified in IV,
especially if instruments are not very strong.
IV estimates only ”Local Average Treatment Effect” (LATE), possible
that students affected by compulsory schooling laws or proximity to
college are those with relative high marginal costs/marginal returns.
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Signaling

All previous models assumed perfect information, variation in
schooling is the result of rational agent’s optimal intertemporal choice.

Invest in education up to the point where marginal benefits of
additional year of schooling are equal to marginal costs.

All models assumed that investment in human capital is actually
productive.

But education may serve another purpose: select individuals of high
ability for jobs.

Even if education is completely unproductive, workers may still choose
to invest in education to signal their high ability.
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Spence’s signaling model

Two types of workers, productivity θH and θL, unrelated to level of
schooling. Type is private information.

Costs of acquiring education: ci (s, θ) = s/θi .

high ability workers have lower costs of acquiring education.

Utility:
U (w , s) = w − c (s, θ)

Sequence of the game:
1 Workers choose s
2 Firms enter market freely and make simultaneous wage offers.
3 Workers accept or refuse offers.
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Equilibrium

Benchmark case: perfect information.

Worker ability is observed, every worker gets paid his/her marginal
product θi .

Imperfect information: firms can’t observe worker ability. Type of
equilibrium depends on how large is the difference in ci between high
and low ability workers
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Pooling equilibrium: all workers are paid the same amount,
pθH + (1− p) θL, where p is the proportion of high ability workers in
the society.

high ability workers are worse off relative to perfect information case,
low ability workers are better off.
high ability workers would like to have a way to credibly tell employers
(to signal) that they are high ability.

Separating equilibrium (one of many), either pay θH or θL:

low ability workers choose s = 0
high ability workers choose s∗ > 0, where s∗ is the minimum level of s
necessary to induce separation:

θH − s∗/θH = θL.

inefficient investment in education (relative to perfect information)
low ability workers definitely worse-off relative to pooling equilibrium
high ability workers can be better or worse off.
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Empirical evidence for signaling

Jaeger and Page (RESTAT, 1996): ”sheepskin effects”.

Does staying in school 12 years without completing a high school
degree the same as staying in school and completing the degree?
(i.e., getting a diploma, printed on sheepskin)

Exploit transition in CPS between two different ways of measuring
schooling: years of schooling, versus diplomas received.

1991-1992 CPS asked the question in both forms.
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Altonji and Pierret (QJE, 1997)

Basic idea: when workers are first hired, they can signal ability
through education, returns to education large for newly hired workers.

But, low returns to unobservable ability (AFQT scores) when first
hired.

As time goes by, employers learn about true ability, education signal
becomes less important, true ability more important.

Returns to education decline with tenure
Returns to AFQT increase with tenure.

(Caveat: the conclusion is correct only if one controls in the regression for

both education and AFQT. If you don’t have AFQT scores, then coefficient

on education should not change over time)
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