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Facts to be explained

2 Empirical Evidence

Section 2.1 presents the stylized facts about the evolution of educational attain-
ment across cohorts in the U.S. Sections 2.2–2.4 provide an overview of the driving
forces of educational attainment in our analysis. We focus throughout on the sample
of white males, ages 23–65, who are full-time and full-year workers. Our main data
sources for educational attainment and returns to schooling are the March Current
Population Surveys (CPS), 1964–2010, and the 1950 and 1960 Censuses.7

2.1 Educational Attainment

We allow for four possible educational categories based on the highest com-
pleted grade of school or year of college: 1. more than ninth and less than twelfth
grade (“high school dropout”); 2. twelfth grade and/or a high school degree or
GED (“high school graduate”); 3. one to three years of college, including two-year
college programs, but no four-year college degree (“some college”); 4. at least a
four-year college degree (“college graduate”). Figure 1a presents the fraction of in-
dividuals in each cohort with a given level of schooling, for the 1932–1972 cohorts.
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(a) Educational attainment by birth cohort.
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Source: Current Population Survey and Census, white males, full−time full−year workers aged 23−65.

(b) Wage premiums relative to high school degree.

Figure 1: Educational attainment and wage premiums

The data shows a rapid increase in achievement for the 1932–1948 birth co-

7See Appendix C.2 for details on the sample and the measures of educational attainment.

6

Source: Castro and Coen-Pirani (2016)
US education rose until the 1950 cohort, then flattened
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Facts to be explained

compared to 407 for 122 developing countries in our sample. In fact,
Cohen–Soto's estimates for 27 countries (including most sub-Saharan
African countries) rely entirely on enrollment data.We believe our esti-
mates based on more censuses must contribute to more accurate esti-
mation of missing observations by forward-flow and backward-flow
method by age-group.

Finally, Cohen and Soto do not consider differences in mortality
rates by educational levels or the changes in durations over time.

Table 5 shows means and standard deviations of average schooling
years in levels and 10-year differences for the sample of the overlapping
observations between the new Barro–Lee data set and Cohen and Soto
(2007). The two estimates are highly correlated in levels with correla-
tion coefficient of 0.94., but less in 10-year differences with correlation
coefficient of 0.40 for the sample of all overlapping observations. The es-
timates for advanced countries are less correlated than those for devel-
oping countries in both levels and 10-year differences. It also shows that

the new Barro–Lee data set displays less dispersion than Cohen and
Soto (2007) in levels for all sample groups, except for that of advanced
countries in 1960. In contrast, the new Barro–Lee estimates showgreat-
er dispersion in 10-year differences for all sample groups.

Fig. 5 show that the estimates for advanced countries in the new
Barro–Lee data set are on average lower than in Cohen and Soto
(2007) for the overall period, 1960–2010. The two estimates are
quite diverged in earlier periods. For developing countries, the new
Barro–Lee estimates are on average very close to Cohen and Soto
(2007) estimates in earlier years but higher for 2010.

Our estimates of educational attainment provide a reasonable
proxy for the stock of schooling capital for a broad group of countries.
However, the school attainment does not take account of the skills and
experience gained after formal education. Themeasure does not directly
measure the skills obtained at schools and, specifically, does not take
account for differences in the quality of schooling across countries.

Fig. 3. Comparison of Barro and Lee (2012) and Barro and Lee (2001) estimates.

Fig. 4. Average years of schooling, Barro and Lee (2012) and Barro and Lee (2001) estimates, selected countries.

192 R.J. Barro, J.W. Lee / Journal of Development Economics 104 (2013) 184–198

Source: Barro and Lee (2013)
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Restuccia and Vandenbroucke (2013)

The return to schooling has been increasing since the 1970s
Does this explain the rise in educational attainment?
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Motivation

THE EVOLUTION OF EDUCATION 917

SOURCE: IPUMS samples from the 1940–2000 Census. The education variable is “educ.” The earnings variable is
“incwage,” that is wage and salary income for employed individuals. The education groups are defined as in Figure 1.

FIGURE 2

RELATIVE EARNINGS OF WHITE MEN IN THE UNITED STATES, 1940–2000

theory dictates that rational, forward-looking individuals base their decisions on measures of
lifetime instead of contemporaneous income.6 In particular, in the model we consider in this
article, the decisions of individuals depend on ratios of lifetime earnings measured in present
value and compared across possible schooling choices. For such forward-looking individuals
year-to-year or decade-to-decade fluctuations in relative contemporaneous earnings are not
necessarily indicative of fluctuations in the returns to schooling—at least not of the same mag-
nitude. We use this feature to justify the absence of short-term fluctuations in the exogenous
technological variables driving the returns to schooling in the baseline model. Third, as em-
phasized in the literature, most notably by Heckman et al. (1998), the earnings information
contained in Figure 2 refers to both quantities and prices of skills. As will be emphasized in our
quantitative analysis, small variations in skill prices produce large variations in earnings across
schooling groups, with the amplification being done by human capital accumulation both in the
form of quantity of schooling as well as quality.

We develop a model of human capital accumulation that builds upon Becker (1964) and
Ben-Porath (1967). The model features overlapping generations of individuals living for a
finite number of years. Individuals are heterogenous with respect to their life expectancy,
which is specific to the generation in which they are born and with respect to the (dis)utility
from schooling. This last assumption is common in both the macro literature, e.g., Bils and
Klenow (2000), as well as the empirical labor literature, e.g., Heckman et al. (1998).7 There
are three levels of schooling that individuals can choose from, and there is a standard human
capital production function that requires the inputs of time (schooling) and goods. The discrete
schooling choice is motivated by the fact that the distribution of people across years of schooling
is strongly concentrated around years of degree completion. This feature allows the model with

6 This is the case when individuals have access to perfect credit markets, an assumption we make in our model.
7 An additional source of heterogeneity may be through “learning ability.” Navarro (2007) finds, however, that

individual heterogeneity affects college attendance mostly through the preference channel.

916 RESTUCCIA AND VANDENBROUCKE

White Men White Women

Non-white Men Non-white Women

SOURCE: IPUMS samples from the 1940–2000 Census. The education variable is “educ.” We define the less-than-high-
school level as an educational achievement between nursery school and grade 11. The high school or some college level
is from grade 12 to 3 years of college. The college level is defined as at least 4 years of college.

FIGURE 1

EDUCATIONAL ATTAINMENT IN THE UNITED STATES, 1940–2000

compute labor earnings of employed white males of a given cohort across three educational
groups: less than high school, high school, and college. Figure 2 shows the corresponding relative
labor earnings between college and high school and between high school and less than high
school.

Figure 2 deserves a few comments. First, there is a noticeable decrease in both measures of
relative earnings during the 1940s, followed by an upward trend until 2000. The decline during
the 1940s has been documented elsewhere. Acemoglu (2002, figure 1) shows a similar pattern
for the college premium, and Goldin and Katz (2008, figure 8.1) show a decline in the college
graduate and high school graduate premia that started as early as 1915 and lasted until 1950.
Kaboski (2009, figure 1) reports that the Mincerian returns to schooling exhibit the same pattern
as our measure of relative earnings. In addition, other measures of inequality show a U-shape
over the course of the 21st century. For instance, the share of income received by the top 1% (5
and 10) of the income distribution was 16% (30 and 40) in 1919. It declined to 11% (23 and 33)
in 1949 and increased to 15% (30 and 41) in 1998.5 Finally, Kopczuk et al. (2010, figure 1) show
that the Gini coefficient for earnings of workers, gathered from Social Security data since 1937,
exhibits a U-shape too. Second, Figure 2 shows relative contemporaneous earnings, which pro-
vide relevant information, but are only indirect measures of the returns to schooling. Economic

5 See the Historical Statistics of the United States, Millennial Edition, series Be27-29.
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Motivation

An odd idea:

I the skill premium is U-shaped
I schooling rises until the 1950 cohort, then flattens
I the college premium rises after 1980
I how does that support a big role for the college premium?
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Model Elements

Demographics:

I in each period a unit mass of persons are born
I life expectancy is T (τ)

Endowments at birth:

I a with cdf A (Normal): taste for schooling
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Schooling

I 3 discrete levels: <HSG, HSG, college
I duration: si

I human capital: h(s,e) = sηe1−η
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Technology

I output is produces from 3 types of labor
I nested CES with skill bias parameters zi,t

Y = ztF (G(z1,tH1,t,z2,tH2,t) ,z3,tH3,t) (1)

I constant skill-biased technical change: gi is constant over time

Hi,t = ∑
τ

∫
a

h(si,e(a,τ))A(da) (2)
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Prices

I r is exogenous
I wt (s): wages equal marginal products

10 / 40



Individual problem

Step 1: school choice

maxVτ (s)−as (3)
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Individual problem
Step 2: utility maximization

Vτ (s) = max
ct,e

τ+T(τ)−1

∑
t=τ

β
t−τ ln(ct) (4)

subject to a lifetime budget constraint

h(s,e)Wτ (s) = e +
τ+T(τ)−1

∑
t=τ

rτ−tct (5)

Wτ (s) =
τ+T(τ)−1

∑
t=τ+s

rτ−twt (s) (6)

h(s,e) = sηe1−η (7)
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School choice

Equivalent to maximizing (log) lifetime earnings net of e. Call that
Iτ (s)

Perfect school sorting by a

Closed form solution (key equation of the paper):

aij,τ =
1−β T(τ)

1−β

1
si − sj

ln(Iτ (si)/Iτ (sj)) (8)

Schooling depends on:

I future wages
I life-expectancy
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Key for elasticity of s to I

I log utility (hidden parameter)
I distribution of school “costs” (hidden parameters)
I school costs enter as as (linear, interacted with schooling)
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Calibration

a ∼ N
(
µ,σ2

)
I (claimed robust against using a Beta distribution)

h production function: η = 0.9

I would anything change if we took that purely invented h out
of the model?

Goods production:

I elasticities of substitution are 3 and 1.64
I probably not import (model matches observed wages)
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Calibrated parameters

I distribution of a
I level and growth of skill bias parameters

Targets:

I fraction by s of 1921 cohort
I relative wages over time

Key:

I do these moments contain ANY info about the elasticity of
schooling w.r.to lifetime earnings?
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Experiment

Steady state in 1850
Exogenous variables constant until 1910, then growing at a
constant rate (forever)
(No terminal steady state?)
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Fit: Wages928 RESTUCCIA AND VANDENBROUCKE
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NOTE: The model results are represented with solid lines. The U.S. data are represented by dotted lines.

FIGURE 4

RELATIVE EARNINGS MODEL VS. DATA

3.2. Baseline Experiment. The main quantitative implications of the model are the time
paths for the distribution of educational attainment for the three categories considered: less
than high school, high school, and college. Figure 5 reports these implications of the model. The
model implies a substantial increase in college attainment, but it underpredicts the decrease
in the less than high school group and the increase in the high school group. The fraction of
25–29-year-olds with college education increases in the model by 33 percentage points from
1940 to 2000, whereas in the data the increase is 20 percentage points. For high school, the
model implies an increase from 31% to 39% between 1940 and 2000 whereas, in the data, the
increase is from 31% to 61.5%.

To summarize our quantitative findings, we calculate average years of schooling of a given
generation in the model and the U.S. data as

!

i=1,2,3

si pi,τ,

where si are the three constant schooling categories and pi is the fraction of the relevant
population that attains each schooling level. In the U.S. data average years of schooling increased
by 24.3%, from 10.8 in 1940 to 13.4 in 2000. The model reproduces the average years of
schooling in 1940 as a calibration target and implies an average years of schooling in 2000 of 13.4.
Thus, by this measure, the model accounts for 100% of the increase in average years of schooling
between 1940 and 2000.

The path of relative earnings in the data is fairly irregular compared to the calibrated path
(see again Figure 4). This may raise concerns as to the sensitivity of our results to the choice
of constant growth rates for the productivity variables. We note, however, that education
decisions are forward looking and, in particular, in our model, individuals consider the lifetime
earnings associated with each schooling choice. That relative earnings fall or increase sharply
in a particular decade in the data is only relevant to the extent that it affects relative lifetime

Why not fit wages over time? Because the model then falls apart.
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Results THE EVOLUTION OF EDUCATION 929

NOTE: The model results are represented with solid lines. The U.S. data are represented by dotted lines.

FIGURE 5

EDUCATIONAL ATTAINMENT MODEL VS. DATA

earnings calculations for some cohorts. The constant-growth-rate assumption is a useful and
parsimonious way to capture the relevant patterns for relative earnings in the data. In fact,
we show in Section 4.2 that alternative assumptions about the variability of skill prices leave
our results almost unaltered. The most relevant deviation from our quantitative results is on
the extent of foresight of individuals for the future path of skill prices. However, we show in
Section 4.1 that even the most conservative form of expectations—where wages are assumed
to be constant throughout the lifetime—technical progress still accounts for almost 40% of the
observed increase in educational attainment.

3.3. Decomposing the Forces. We quantitatively decompose the contributions of exogenous
variables to the changes in educational attainment. We proceed by running a set of counterfac-
tual experiments. The first three experiments are designed to assess the effect of productivity
biased toward each education group, zit. We compute an equilibrium trajectory of the model
under the calibration derived in Section 3.1 with one difference: We impose that zit remain con-
stant at its initial level whereas all other exogenous variables grow as in the baseline exercise.
That is, we assume gi = 1 for each i in these experiments. In the fourth experiment, zt is fixed
at the initial level, i.e., g = 1. In the fifth experiment we fix life expectancy at its initial level
whereas all productivity terms grow as in the baseline. In the last experiment, z1t, z2t, and z3t are
held constant at their initial level and only life expectancy and neutral productivity zt increase.
We report the results of these experiments in Table 2.

3.3.1. Effect of z1. This experiment assumes g1 = 1. We decompose the predictions of the
model into two steps. First, the level of educational attainment measured by average years
of schooling is lower in 1940 in this experiment than in the baseline: 10.5 (vs. 10.8 in the
baseline). This lower attainment results from a larger fraction of individuals having completed
less than a high school education in 1940: 68% (vs. 61% in the baseline), and a lower fraction
of people having completed high school: 24% (vs. 31% in the baseline). Second, the evolution

Main driver: skill-biased technical change.
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Thoughts

The paper is rather thin on data.

I there is little we can look at to “check” the model
I RV do look at the elasticity of s to tuition (but there is no

tuition in the model!)

20 / 40



Thoughts: Identification

As so often, the key question is identification.

I what do learn from data on years of schooling and wages
about the elasticity of schooling w.r.to wages?

I the result is purely driven by functional forms

What could go wrong:

I financial constraints keep kids out of college early on
I low ability students cannot graduate
I the cost of schooling changes over time
I cohort effects

21 / 40



Castro and Coen-Pirani (2016)

The story:

I consider the cohorts 1932-1972
I the rise in schooling until 1948 is explained by the rising

college wage premium (static expectations)
I the stagnation after 1948 is explained by declining abilities

(test scores)

Another odd story:

I the college premium really started to rise after 1980 (when the
1960 cohort made schooling decisions)

I the test score decline is only half of the story: test scores rose
massively before 1948

I if we ran this model past the 1973 cohort, it would imply a
massive increase in the fraction of college graduates
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Data: college premium
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(a) Educational attainment by birth cohort.
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Source: Current Population Survey and Census, white males, full−time full−year workers aged 23−65.

(b) Wage premiums relative to high school degree.

Figure 1: Educational attainment and wage premiums

cohorts, educational attainment in terms of four-year college drops, the fraction with
some college stagnates, and the proportion of individuals with only a high school
degree rises again. For the post-1960 cohorts the fraction of the population with
at least a four year college degree rises again, although at a slower pace than for
the earlier period. The fraction with some college and the portion of high school
dropouts remain flat, instead. These patterns are consistent with the analysis of many
other authors, such as Topel (1997, Figure 3), Card and Lemieux (2001, Figure 9.4),
Carneiro and Heckman (2003, Figures 1-3), Topel (2005, Figure 2), Goldin and
Katz (2008, Figures 7.1, 7.2 and 9.2). These stylized facts are also evident if we
do not restrict attention to full-time and full-year workers but, instead, consider the
population of white males at large.

2.2 Education Earnings Premiums
Figure 1b shows the evolution of education earnings premiums over time (not

cohort). We define education earnings premiums as the coe�cients in year-by-
year cross-sectional regressions of individual-level log weekly earnings on a full
set of dummies for potential experience and dummies for education groups. The
education earnings premiums are defined relative to the group with a high school
degree. The relative wage of an individual with a four-year college degree increased

6

Note the oddity: we want to explain the rise in schooling 1950-70
with the slight rise in the college premium
But we ignore the massive rise in the college premium after 1980
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Data: test scores

A well-known decline in test scores after the 1950 cohort (SAT,
ACT).
What is actually used is the only consistently recorded test score
series available: ITBS

I administered to 95% of Iowa 8th graders since

Why is there no graph of the test score time series in the paper?
Because the deline is not the entire story...
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Test scores

Source: Bishop (1989)
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Model Outline

Partial equilibrium
A person is born with learning ability θ and h7

He must stay in school until age 17
After that, students choose between 4 stopping dates (school
durations Sj)
Schooling is a Ben-Porath technology

ha+1 = θhγ
axφ

a + (1−µ)ha (9)

After schooling, ha/h7+Sj evolves according to a quadratic.
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School choice

Agents maximize discounted utility

A

∑
a=17

β
a ln(ca) + σ

(
ξ

j
i + ξ̄

j
)

(10)

The ξ are preference shocks (type I extreme value)
Static expectations over future wages.
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Characterization

Perfect credit markets => closed form solution for consumption.
The agent effectively cares about log lifetime earnings.

Type I extreme value shocks => closed form solutions for choice
probabilities.
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Calibration: skill prices

I tricky, because no longer directly observed
I assume time invariant quadratic experience profiles of h
I then one can identify skill prices up to a linear trend from

wage data
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Skill prices

sample selection criteria. This approach, which is consistent with our theoretical
setup, allows us to increase the number of data points used to estimate the growth
rate of skill prices over time. The sample used to estimate equation (4.4) has 2,623
cohort-time observations for each schooling level j.

Figure 3 displays the series of skill prices relative to the skill price associated
with a high-school diploma, or w

j
t /w

3
t , across calendar years. These ratios are

normalized to take a value of one in 1949, and pertain to the version of the model
with static expectations.36
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Figure 3: Skill Prices (relative to high school)

The evolution of the estimated skill prices is qualitatively consistent with the
evidence from Figure 1b. The dynamics of the relative skill price associated with
a four-year college degree may also be summarized in three sub-periods. First, it
increases relative to high school in the 1950s and early 1960s. Second, it stagnates
starting in the mid-1960s and during the 1970s. Third, after 1980, the relative skill
price of individuals with a four-year college degree increases dramatically.

36As mentioned in the text, the skill price series cannot be estimated completely outside of the
model because in the regression equation (4.4) only the sum � j1 + ↵

j
0 is identified and not the two

components individually. To compute the series of skill prices we need to calibrate the full model
(see Step 3). The skill price series corresponding to the version of the model under perfect foresight
are similar to those in Figure 3. They are available upon request.

23

These are (oddly) not the skill prices implied by the model.
Linear trends are invented.
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Calibration

Ben-Porath parameters are taken from a different paper: You
(2014)

I magic!

Calibrated:

I preference shocks,
I wage intercepts and linear trend growth rates
I average learning ability in 1953 (mean θ)
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Calibration targets

1. Fraction in each school group (first and last cohorts)
2. Wage premiums for 27 year olds (first and last cohorts)
3. Aggregate wage growth
4. Standard deviation of log wages (1932 cohort; net of factor for

shocks)
5. Tuition (not important)
6. Test score decline between 1953 and 1963 cohorts (0.36 std

dev)
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Test scores in the model

Assume: Test score = β0 + β1 lnh15

Then 0.36 std dev drop in mean test scores implies

I mean log h15 dropped by 0.36 std dev log h15

This breaks down when test scores are not perfect measures of
human capital.
Given how central the test scores are, one would have expected
more attention to them.
It looks like test scores outside of the 1953-63 period are free
parameters
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Identification

Key items to identify:

1. How responsive is schooling to wages?

1.1 Nothing in the data used seems to provide information on this

2. How much do test scores affect school choices?

2.1 Why not use test scores of college / non-college students?
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Results

Relative abilities of school groups essentially don’t change over time
Problem:

I test scores are assumed to measure h15 perfectly
I there is big time divergence in test scores between college and

non-college students (Hendricks and Schoellman, 2014)
I how does that fit together?
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Results
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(a) Attainment (perfect foresight)
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(b) Education Premiums (perfect foresight)
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(c) Attainment (static)
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(d) Education Premiums (static)

Figure 5: Predictions of the model with static expectations and the model with
perfect foresight; model (solid, 4-year college highlighted with +) vs data (dashed).

cohorts that is almost the opposite of the data. The model’s college graduation rates
display the slowest growth for the 1932–1948 cohorts, at a pace of 0.17 percentage
points per cohort, and the fastest for the 1948–1972 cohorts, at a pace of 0.39
percentage points per cohort (Figure 5a). Moreover, according to the model, the
1948–1960 cohorts should have achieved the fastest growth in graduation rates.

33

Main result is a breakdown of the rise in schooling into the various
driving forces.
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Thoughts

It’s hard to take the quantitative results very seriously.
The model does not fit anything.

I Is there any way to “test” it?

The calibration does not seem to provide much info about key
parameters.
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Other stories in the literature

One could take the test score story more seriously

I the time series of test scores actually lines up reasonably with
that of average years of schooling

School choice changes from “income is important” to “cognitive
skills are important”

I Hendricks et al. (2015)
I are early cohorts borrowing constrained?
I the rise of standardized testing?

Better college preparation?

I the high school curriculum has changed dramatically
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