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Parte I
Ability, Sorting, Selection
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1 Gibbons-Katz Model
Technology

Two ability levels: η ∈ ηH , ηL

Two industries: A and B

Two time periods

Output: yij in industry i by worker of ability ηj . Output in industry A is
more sensitive to ability than in industry B.

yAH > yBH > yBL > yAL
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Complete information

High-ability (low-ability) workers would be employed in industry A (B) and
earn high (low) wages.
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Symmetric but imperfect information

First period

Noisy (non-manipulable) ex-ante signal s ∈ s′, s′′ where s′ > s′′

A higher signal leads to higher posterior probability p(s) that worker is of
high ability:

1 > p(s′) > p(s′′) where p(s) = Pr(η = ηH)
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We assume that the signal is accurate enough that the following conditions
on expected productivity hold:

p(s′)yAH + [1− p(s′)]yAL > p(s′)yBH + [1− p(s′)]yBL, and

p(s′′)yAH + [1− p(s′′)]yAL < p(s′′)yBH + [1− p(s′′)]yBL

Thus, productive efficiency dictates that high-signal (low-signal) workers
begin their employment in industry A (B).
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Second period

First-period output perfectly reveals ability to everyboby so that second
period is played under perfect information.

Contracts

Risk-neutral workers. So w.o.l.o.g., compensation contracts are for one
period with wages paid in advance equal to expected output (marginal
product).
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Wage profiles and mobility

First period

High-signal workers are employed in industry A and earn the wage

w1A = p(s′)yAH + [1− p(s′)]yAL,

while low-signal workers are employed in industry B and earn the wage

w1B = p(s′′)yBH + [1− p(s′′)]yBL,

Note that w1A > w1B.
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Second period

High-ability workers are employed in industry A and earn the wage w2A =
yAH , while low-wage workers are employed in industry B and earn the
wage w2B = yBL.
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Implications

• Persistent inter-industry wage differentials:

wtA > wtB, ∀ t

• Wage gap grows with experience:

w2A − w2B > w1A − w1B

– Workers who move from A to B experience w2B − w1A < 0

– Workers who move from B to A experience w2A − w1B > 0
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Parte II
Human Capital Theory
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2 Introduction to human capital

Human capital

Any inherent or acquired ability that produces labor market earnings or
psychic income.1

Human capital investment

Any activity that augments earnings capacity (monetary plus psychic
income) by augmenting abilities.

1The non-material satisfactions that accompany an occupation or economic activity.

Álvaro A. Novo | ISEG 15/37



Classic contributions to human capital theory and empirical work:

• A. Smith (1776)

• T.W. Schultz (AER, 1960, JPE, 1961)

• G. Becker – Human Capital (1964)

• J. Mincer – Schooling, Experience and Earnings (1974)

• Y. Ben Porath (1967, JPE)

The role of education was also addressed by A.M. Spence (1974) and J.
Stiglitz (1975) on signalling/sorting alternative.
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3 Becker-Rosen Model

Assumptions

• Individuals maximize lifetime present value of earnings

• No post-schooling investments

• Individuals have constant discount rates

• Foregone earnings only cost of schooling (no direct tution/fees)
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Variation in schooling across individuals arise from differences in “ability”
and differences in “opportunity” (discount rates/financing costs).

Each individual possesses a human capital production function:

ln(yi) = h(s, ai),

where ai is exogenous ability of i, s is years of schooling and

hs > 0, hss < 0 and ha > 0.

Thus,
y(s, ai) = exp{h(s, ai)}.

Álvaro A. Novo | ISEG 18/37



Each individual has a constant individual-specific discount rate δi

At birth, the individual picks schooling, s, to solve

max
s
V (s) =

∫ ∞
s

y(s, ai)e−δitdt,

subject to
y(s, ai) = eh(s,ai).
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Equivalently,
max
s

1
δi
y(s, ai)e−δis

The f.o.c. are:
ys/y = δi,

or
hs(s, ai) = δi

That is, we have picked s in order to set the marginal internal rate of
return to schooling equal to the discount rate.
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Key empirical issue

Ability bias in estimates of economic return to schooling.

If schooling increases with ability, ds/da > 0, then assuming same discount
rate and variation in unobserved ai, the sign of ability bias depends on
sign of hsa – whether ability makes schooling investment more or less
productive (positive or negative correlation).
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The omitted variable bias

True regression: yi = β1 + β2Si + β3Ai + εi
Short regression: yt = β∗1 + β∗2Si + ui

If we assume that ability and schooling are related:

Ai = a+ β32Si + vi,

then, by substitution:
β∗2 = β2 + β3 × β32.

We expect β3 > 0 and β32 > 0⇒ β∗2 is upward biased.
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Parte III
Empirical analysis of
education and earnings
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• Issues arising in estimating the “returns” to schooling

1. Ability bias

2. Measurement error in schooling

• Instrumental variables to generate a “natural experiment” in the
quantity of schooling

1. Angrist and Krueger (1991)

2. Wald estimator

3. Review of instrumental variables

4. Problems with weakly correlated instruments

Álvaro A. Novo | ISEG 25/37



4 Issues in estimating the returns to schooling

Naive structural model

log yi = Xiβ + ρSi + ui,

Si = Ziδ + vi,

where yi is earnings for i, Si is years of schooling, Xi is a set of control
variables and Zi is a set of schooling determinants.

Some Zi have to be excluded from Xi for identification of IV.
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The coefficient ρ is the casual effect of schooling on earnings

It gives the expected percentage (log) gain in earnings if a randomly
selected i was given an additional year of schooling.

ρ̂OLS is consistent only if E[uivi] = 0.

Most likely E[uivi] 6= 0; ρ̂OLS is biased.

• Ability bias – positive correlation of Si and ui

• Measurement error – likely negative correlation of Si and ui
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Potential solutions

• Intrumental variables (IV) – Variables that affect schooling, but
not earnings directly (conditional on schooling).

• Controls for ability – test scores, Griliches (1977, EMA)

• Fixed effects or family effects – Assume that residuals have res-
tricted covariance structure and use either individual or same family
repeated observations over time to difference out correlations between
ui and vi.

Reference: David Card, Handbook of Labor Economics, Chapter 30.
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5 Instrumental variables for schooling (Angrist
and Krueger, 1991)

Natural experiment: interaction between compulsory schooling laws
based on date of birth and school entrance rules.

Enter first grade (on average):
born 1st quarter: 6.07 years old; born 4th quarter: 6.45 years old.

Typically, legal drop out age, 16 or 17 years old. Thus, those born in the
4th quarter attain legal drop out age with less schooling.

If no direct effects of quarter of birth on earnings, then quarter of
birth is an instrument for years of schooling.
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Wald estimator

Ratio of differences
between treatment and
control group in de-
pendent and explana-
tory variables to calcu-
late a slope coefficient
(here the return to edu-
cation).
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6 Using twins to control for genetic ability and
family environment

This is an alternative to the IV approach.

The key idea: some of the unobserved differences that bias a cross-sectional
comparison of education and earnings are reduced or eliminated within
families.

A “pure family effects” is plausible for identical twins, because identical
twins share genetics and almost always share the same family background
environment.
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