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Abstract

Among better-educated employed men, the fraction of full-time full-year (FTFY) workers is quite high

and stable—around 90 percent—over time in the U.S. Among those with lower education levels, however,

this fraction is much lower and considerably more volatile, moving within the range of 62–82 percent

for high school dropouts and 75–88 percent for high school graduates. These observations suggest that

the composition of unobserved skills may be subject to sharp movements within low-educated employed

workers, while the scale of these movements is potentially much smaller within high-educated ones. The

standard college-premium framework accounts for the observed shifts between education categories, but

it cannot account for unobserved compositional changes within education categories. Our paper uses

Heckman’s two-step estimator on repeated Current Population Survey cross sections to calculate a relative

supply series that corrects for unobserved compositional shifts due to selection into and out of the FTFY

status. We find that the well-documented deceleration in the growth rate of relative supply of college-

equivalent workers after mid-1980s becomes even more pronounced once we correct for selectivity. This

casts further doubt on the relevance of the plain skill-biased technical change (SBTC) hypothesis. We

conclude that what happens to the within-group unobserved skill composition for low-educated groups is

critical for fully understanding the trends in the relative supply of college workers in the United States.

We provide several interpretations to our selection-corrected estimates.
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1 Introduction

The college premium in the U.S. increased substantially after the late 1970s until mid-1980s.

Researchers investigating the sources of this increase have built their analyses on a framework

featuring the interactions between the relative demand for skills and the relative supply of

skills. This “market” framework has been influential in explaining the U.S. data until the late

1980s, as, in this period, the relative supply of college-equivalent workers increased sharply and

steadily, implying a similar upward trend in the relative demand. This phenomenon has been

hypothesized as the existence of a steady technological progress—the skill-biased technical

change (SBTC)—in the U.S. labor markets, corresponding to a shift in the relative demand

for labor favoring the skilled over unskilled.1 Based on this definition, the SBTC is associated

with increased investment in computerized technologies.

After the late 1980s, however, the rate of increase in the relative supply of college-equivalent

workers decelerated, which was accompanied by a parallel slowdown in the rate of increase in

the college premium. According to the predictions of the canonical college-premium equation,

the relative demand for skilled workers should also have slowed down after the mid-1980s

in the U.S. However, this is in stark contrast with the story linking SBTC to computer

investments. In fact, the computer investments have continued to grow even more rapidly

during the 1990s, while the college-premium equation implies the opposite. This observation

led to the consensus in the literature that the pure “market” explanation fails to fully capture

the evolution and determinants of college premium in the U.S. The role of “non-market”

(or institutional) factors has been investigated with the hope of providing an alternative

explanation [Bound and Johnson (1992)]. Specifically, the decline in real minimum wages

is argued to account for how wage inequality has evolved after the mid-1980s in the U.S.2

Other factors such as business fluctuations [Hoynes, Miller, and Schaller (2012)] and foreign

outsourcing of less-skilled jobs [Feenstra and Hanson (1999)] are also argued to affect the

1See Davis and Haltiwanger (1991), Mincer (1991), Katz and Murphy (1992), Krueger (1993), and Autor, Katz, and Krueger
(1998) for different versions of this hypothesis. See also Katz and Autor (1999), Violante (2008), and Acemoglu and Autor (2011)
for extensive surveys of the related literature.

2See Lee (1999), Card and DiNardo (2002), Lemieux (2006), and Autor, Katz, and Kearney (2008). See also DiNardo, Fortin,
and Lemieux (1996) for a different line of research summarizing the effects of institutional factors other than real minimum wages.
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trends in college premium. These findings have led the literature toward the conclusion that

market and non-market factors jointly determine the college premium.

The key construct in the traditional college premium analysis is the variable describing the

supply of college equivalent workers relative to the supply of high school equivalent workers.

This variable is called the relative supply index and it enters the wage inequality estimations

as the key regressor. Roughly speaking, the supply of college-equivalent workers is calculated

from the aggregate hours supplied by full-time full-year (FTFY) workers sorted into the follow-

ing three education categories “weighted” by the mean wage—in the entire data horizon—for

the corresponding education category: (i) workers with graduate education (COL+), (ii) col-

lege graduates (COL), and (iii) some college education (SC2) who earn more than the median

wage within the some college category. The supply of high school equivalent workers, on the

other hand, is calculated from the aggregate hours worked by workers sorted in the remain-

ing three education levels “weighted” by the mean wage—in the entire data horizon—for the

corresponding education category: (i) high school dropouts (HSD), (ii) high school graduates

(HSG), and (iii) workers with some college education (SC1) who earn less than the median

wage within the some college category.3 The ratio of these two aggregates gives the relative

supply of college-equivalent workers.

The weighting procedure captures the basic “efficiency units” idea in the sense that an hour

supplied by a relatively higher educated worker counts more than an hour supplied by a

lower educated worker. This setup successfully addresses the effect of the observed changes

in the educational composition of the working population on wage inequality.4 But it has two

deficiencies: first, most papers focus only on the FTFY workers (i.e., those who self-select into

the FTFY status)5 and, second, it does not capture the potential changes in the efficiency

units (i.e., relative efficiency of college hours versus high school hours) over time, since the

weights are fixed.

3Katz and Murphy (1992) and Autor, Katz, and Kearney (2008) explain the construction of this index in great detail. See
also our data appendix [Appendix B].

4For example, an increase in the fraction college educated workers with a parallel decline in the fraction of lower educated
workers implies an increase in the relative supply index.

5For example, Autor, Katz, and Kearney (2008) and many others focus only on the FTFY workers. Katz and Murphy (1992)
focus on full-time workers and provide only a partial treatment of the part-year workers.
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Figure 1: Fraction of the FTFY workers by education categories.

Our main purpose in this paper is to develop a method to revise the relative supply index in

such a way that these two issues are corrected. To achieve this goal, we use Heckman’s two-

step estimator on repeated Current Population Survey cross sections to calculate a relative

supply series that corrects for unobserved compositional shifts due to selection into and out

of the FTFY status. Why do we do this? Our starting point is the observation that most

studies in the U.S. wage inequality literature focus on the FTFY workforce, i.e., the ones who

self-select into the FTFY status. Among employed workers, selection into the FTFY status

has exhibited distinct trends between education categories since the late 1960s [see Figure (1)].

The fraction of the FTFY status among high-skill workers stays in a narrow range around 90%

over the data horizon. The fraction of the FTFY status among low-skill workers, on the other

hand, exhibits significant time variation. For example, among high school dropouts, around

80% of the employed workers have had FTFY status in the late 1960s, while the FTFY ratio

has sharply gone down to 60% and made a double-dip in 1982 and 1992. Then it has picked

up and reached to 70% in 2007. Similar trends are also observed for other less-skilled workers,

including the high school graduates and workers with some college education who earn less

than the median wage. These divergent patterns between low-and high-skill workers in terms

of the labor supply patterns on the FTFY margin motivate this study.
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These patterns raise some concerns that the existing estimates may be misrepresenting the

evolution of the relative supply series. The first step in our analysis is to investigate if a

significant selection bias exists or not. We calculate a selection-corrected relative supply series.

We then compare this corrected series with the uncorrected series. We find that selectivity

is significant and that, under selection-correction, the rate of growth in the relative supply of

college workers is even sharper before the mid-1980s and it is even slower afterwards; that is,

the deceleration is even more pronounced after correcting for selectivity. This suggests that

the predicted SBTC slowdown is even more mysterious.

At the second step, we investigate the sources of this bias. To perform this task, we take a

deeper look at the composition of the bias across education and experience groups. We show

that selectivity operates over the lower educated and less experienced workers. More precisely,

we find that high-school dropouts and the workers with 0–9 years of experience select into the

FTFY status until late 1980s and they select out afterwards. The same tendencies have been

reported for the high-school graduates and the workers with 10–19 years of experience, though

in a much weaker magnitude. There are signs of selectivity also for the more skilled workers,

but their patterns of selectivity do not change over time; that is, they do not affect the trends

in the relative supply. To sum up, accounting for selectivity alters the trends in the relative

supply of skills and the main source of these changes is the shift in the self-selection patterns

of the low-skill workers. This suggests that low-skill workers are overrepresented in the FTFY

workforce before the mid-1980s and they are underrepresented afterwards. Correcting for

these patterns makes the trend in the relative supply of skills steeper before the mid-1980s

and flatter after the mid-1980s. As a result, the deceleration in the relative supply of skills

after the mid-1980s is sharper under selection correction.

We then question what triggers the shifts in the selectivity patterns of the low-skill workers.

We conjecture that the interaction between the (endogenous) direction of technical change [see,

e.g., Acemoglu (1998)] and the minimum wage laws is potentially the triggering mechanism.

Profit generating motives by producers endogenously determine the amount of innovative effort

(i.e., R&D expenditures, patents etc.) to be devoted to different factors of production. These
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factors of production include skilled and unskilled labor. Thus, the direction of technical

progress can lead to unskill-bias (e.g., England in the eighteenth and nineteenth centuries) or

skill-bias (e.g., Unites States after World War II). Institutions (i.e., the non-market factors)

can lead to amplification or attenuation of the strength of the technical change. To understand

this mechanism better, think of the following example. Suppose that the relative supply of

college workers grows at a constant rate. The government raises the level of real minimum

wages permanently. This makes unskilled labor more expensive, triggering investments in

skilled-labor favoring technologies. This raises the relative returns to college education leading

the society to invest in college education at a faster rate. The reverse logic holds when real

minimum wages are reduced permanently. The trends in real minimum wages in the U.S.

perfectly fit the self-selection structure that we document. We conclude that the real minimum

wage can affect wage inequality not only directly, but through its observed and unobserved

effects on the relative supply of college workers.

The plan of the paper is as follows. Section 2 compares our paper to the related papers in

the literature. Section 3 describes the theoretical framework, outlines how the relative supply

measure is computed from the CPS data, and explains how we calculate the selection-corrected

relative supply series. Section 4 presents our empirical results along with an in-depth discussion

of the potential effects of real minimum wages and several related policy implications. Section

5 concludes.

2 Related Literature

This paper directly contributes to the U.S. college-premium (or skill-premium) literature, the

main point of which is to show that rising college education in the U.S. is a consequence of

a steady technological progress—called the SBTC—favoring the demand for skilled workers

over the unskilled ones. Thus, rising U.S. wage inequality—defined in terms of the wage gap

between skilled and unskilled workers—is a by product of this relationship. There is no need

to review this literature, as there are already quite comprehensive literature surveys including
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Katz and Autor (1999), Violante (2008), and Acemoglu and Autor (2011).

The SBTC hypothesis has substantially affected the direction toward which growth, education,

and inequality literatures have moved in the past 20 years.6 The main problem with this

hypothesis is that, based on the standard college-premium framework, we should have observed

a slowdown in the growth rate of demand for skilled workers after the mid-1980s; however, the

main proxies to measure the demand for skilled workers, such as the pace of computerization

in manufacturing, say the opposite. This remains as a puzzle in the literature—although there

is some room for explanations featuring the role of institutional, or the so-called “non-market”

factors.

This paper establishes that the traditional method used to measure the relative supply of

college workers—which is a key construct in the empirical analysis of SBTC and wage in-

equality—is subject to selection bias. Then, the big question is: will the SBTC puzzle be

resolved after correcting for selectivity? Our answer is no, the break in the estimated SBTC

trend becomes even more pronounced after correcting for selectivity. We discuss the potential

implications of this result on SBTC and wage inequality further in Section 4.

The idea that assuming fixed efficiency labor supply units in the construction of the relative

supply series may lead to miscalculations is related to Carneiro and Lee (2011) and Bowlus

and Robinson (2012). Carneiro and Lee (2011) argue that time variation in school quality

may be used as a proxy to endogenize the fixed efficiency units. They show that quality

of college education in the U.S. has been declining over time; thus, an hour supplied by a

worker received college education in, say, 1980s produces more output than an hour supplied

by a worker received college education more recently. As a result, the fixed efficiency units

setup overestimates the growth rate of relative supply of college workers, which means that the

slope of the SBTC trend has been overestimated in the literature. Bowlus and Robinson (2012)

show that estimating the changes in the efficiency units over time poses a serious challenge of

identification.7 They find that both quality and quantity changes are important and should

6See, e.g., Acemoglu (1998, 1999), Ciccone and Papaioannou (2009), and Iranzo and Peri (2009).
7Separating the changes in quality from those in quantity has been a difficult identification problem in the empirical human

capital literature [Weiss and Lillard (1978)]. Bowlus and Robinson (2012) develop an identification strategy motivated by a
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be accounted for.

Our paper is similar to both of these papers in the sense that we also argue that ignoring time

variation in the efficiency units may lead to miscalculations. Different from these papers, we

obtain time variation through an explicit self-selection framework that allows for unobserved

compositional changes within education categories. In particular, we argue that the bias term,

which characterizes the unobserved traits diffusing into the labor supply decisions, changes

over time. This term is often interpreted in the literature as a form of unobserved ability or

worker “quality.”8 Thus, we proxy quality with this bias term, while Carneiro and Lee (2011)

use school quality and Bowlus and Robinson (2012) estimate the quality dimension within a

life-cycle human capital accumulation model.

One important difference between Carneiro and Lee (2011) and Bowlus and Robinson (2012)

is that the former find that the relative quality of skilled workers have been almost mono-

tonically declining over time, meaning that the college-premium framework overestimates the

SBTC trend, while the latter document that the relative quality of skilled labor has been

monotonically going up, suggesting that the college premium literature underestimates the

SBTC. In terms of the results, our results differ from these two papers in that the quality ad-

justments that our model produces are nonmonotonic. In particular, our selection-correction

procedure implies that the relative quality has improved before the mid-1980s and it has de-

teriorated afterwards. This suggests that the college-premium framework underestimates the

SBTC trend before the mid-1980s, while it overestimates the SBTC trend afterwards.

The idea that selection into and out of the FTFY status might be affecting wage inequal-

ity has been introduced by Mulligan and Rubinstein (2008). They focus on the changes in

women’s self-selection into the FTFY status, correct for selectivity using Heckman’s two-step

estimator, and propose this mechanism as an explanation for closing gender wage gap in the

U.S. Although we have been motivated by the method they develop, we apply it to an entirely

version of the Ben-Porath (1967) model of the human capital investments over the life course. The main motivation behind their
strategy is that the efficiency units ought to behave on a flat path toward the end of the working life. Along this range, changes
in wages are assumed to fully reflect changes in quality and, thus, the quality dimension can be identified this way. Carneiro and
Lee (2011) uses school quality as an auxiliary factor in their identification strategy. In this paper, we use the selectivity terms as
auxiliary factors in identifying quality adjustments.

8See, e.g., Willis and Rosen (1979) and Heckman, Lochner, and Taber (1998).
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different area: the college-premium framework. As Figure (1) suggests, concentrating on male

workers, we document that there are systematic differences between the FTFY choices of the

low-skill and high-skill workers. To be concrete, we show that the FTFY fraction is stable for

high-skill employed workers, while it fluctuates wildly for the low-skill ones.

Although our results do not produce direct implications for the effect of non-market factors,

we argue that the non-market factors might have generated the differential selectivity patterns

across the skill categories. We focus on a particular institutional factor: the real minimum

wage. The idea that the movements in the real minimum wage may have triggered substantial

unobserved compositional changes in the workforce is closely related to Lemieux (2006). He

argues that movements in the real value of the minimum wage can be linked to the movements

in the extent of residual inequality in the U.S. More specifically, he shows that the magnitude

of residual inequality is negatively related to the real minimum wage. Similar to his work,

we also discuss the potential effects of the real minimum wage on the composition of the

workforce. Different from Lemieux (2006), we argue that the real value of the minimum wage

may have led to unobserved compositional changes in the workforce that affect the relative

supply of college-equivalent workers in the U.S. In other words, we say that real minimum

wages have indirect as well as direct effects on the structure of the U.S. college premium.

Overall, our paper makes three contributions to the related literature. First, we develop a

method that can be used to adjust for the changes in the relative quality of skilled versus

unskilled workers “within” the standard college-premium framework. Other papers, including

Carneiro and Lee (2011) and Bowlus and Robinson (2012), either employ different models or

auxiliary equations to correct for quality adjustments. Performing these adjustments within

the college-premium framework is desirable, because the strongest aspect of this framework

is that it provides an intuitive platform using which one can jointly understand the empiri-

cal and theoretical underpinnings of the skill-premium concept.9 Second, Carneiro and Lee

(2011) and Bowlus and Robinson (2012) present conflicting results: the former shows that

the relative quality of skilled workers has deteriorated, while the latter documents that it has

9Section 3 clearly presents the links between the theoretical and empirical aspects of the skill-premium problem.

9



improved. Both papers find that quality adjustments are almost monotonic over time. Our

paper is the first to document non-monotonic effects; that is, we show that the relative quality

of skilled workers has improved before the mid-1980s, while it has deteriorated afterwards.

Finally, we argue that this non-monotonicity might be related to institutional factors. The

literature argues that changes in the relative supply trend might be due to the changes in

non-market factors—such as the changes in the minimum wage laws. Our paper says that the

institutional factors might also be driving the selectivity patterns and, thus, the unobserved

quality adjustments over time.

3 The Analytical Framework

3.1 Theory

Existing research on the U.S. skill premium relies on a simple aggregate production model with

two basic assumptions: (1) the aggregate production function is of the Constant Elasticity of

Substitution (CES) form with two factors; college equivalent labor and high school equivalent

labor, and (2) college and high school equivalents are paid their marginal products.10 The

standard practice is to derive a college-premium (or college-high school wage gap) equation and

to perform empirical analysis based on this equation. The goal is to capture the movements in

the wage premium paid to skills in the labor market. The labor market is assumed to consist

of two types: the skilled and the unskilled. The former is defined by the college-equivalent

workers and the latter by the high school equivalents. In this framework, the skill premium

can be thought of as a proxy of how the labor market values skills.11

The aggregate production model is of the following CES form:

Yt = At

[
φt (atCt)

σ−1

σ + (1− φt) (btHt)
σ−1

σ

] σ
σ−1

, (3.1)

where Ct and Ht are college and high school equivalents employed at time t, At is the Hicks-

10See, for example, Katz and Murphy (1992), Katz and Autor (1999), Autor, Katz, and Krueger (1998), Card and Lemieux
(2001), and Autor, Katz, and Kearney (2008).

11See Acemoglu and Autor (2011) for an excellent discussion of the foundations of this framework.
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neutral technical change, at and bt respectively correspond to skilled and unskilled labor-

augmenting technical change, φt is the time-varying weight parameter characterizing the work

load allocated to skilled labor, and σ ≥ 0 is the elasticity of substitution between college and

high school equivalents. Wages are determined based on the assumption that college and high

school equivalents are paid their marginal products. We first calculate the marginal products

of Ct and Ht using the production function described by Equation (3.1), then we equate wages

to the corresponding marginal products and, finally, we take the ratio of these two decision

rules. Taking the natural logarithms of this final ratio yields the following skill-premium

equation:

ln

(
wC,t

wH,t

)
= ln

(
φt

1− φt

)
+

σ − 1

σ
ln

(
at
bt

)
−

1

σ
ln

(
Ct

Ht

)
, (3.2)

which can be rearranged as

ln

(
wC,t

wH,t

)
=

1

σ

[
Dt − ln

(
Ct

Ht

)]
, (3.3)

where Dt collapses the time-varying skilled labor augmented relative demand shifts into a

single variable measured in logs [Katz and Murphy (1992) and Autor, Katz, and Kearney

(2008)]. Equation (3.3) says that college premium is determined by the combined effect of

the relative demand measure, Dt, the relative supply measure, ln(Ct/Ht), and the elasticity

of substitution between high school and college equivalents, σ.

Following Autor, Katz, and Kearney (2008), we formulate the relative demand measure as

Dt = β0 + β1t+ β2 ln(RMWt), (3.4)

where t represents the SBTC trend and RMW denotes real minimum wages.12 This structure

says that the relative demand shifts favoring the skilled against unskilled workers have two

components: SBTC and changes in log real minimum wages, where the expected signs of

β1 and β2 are positive and negative, respectively. Thus, the final equation that we estimate

12The U.S. federal minimum wage is deflated by the personal consumption deflator.
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becomes

ln

(
wC,t

wH,t

)
= β0 + β1t+ β2 ln(RMWt) + β3 ln

(
Ct

Ht

)
+ εt, (3.5)

where β0 is a constant term, εt is an error term, and β3 provides an estimate of 1/σ. Note that

there may be additional institutional factors—other than the real minimum wage—that can

potentially diffuse into the process determining the relative demand for skills. These factors

include, but are not limited to, business cycles and foreign outsourcing of jobs with low skill

requirements. For simplicity and for the purpose of compliance with Autor, Katz, and Kearney

(2008), we focus on real minimum wages as the only institutional factor driving the demand

for skills. The key problem in this setup is the formulation of ln(Ct/Ht), the relative supply

measure (or index), which we describe next.

3.2 The Relative Supply Measure

The conventional relative supply measure used in the wage inequality literature is calculated

as follows. There are five education categories: high school dropouts (HSD), high school

graduates including the GEDs (HSG), some college (SC), college graduates (COL), and post

college graduates (COL+). The SC category is further divided into two categories: SC1 and

SC2. SC1 describes those who earn less than the median wage in the SC category, while

SC2 describes those who earn more than the median wage in the SC category.13 In our

notation, J ∈ {HSD,HSG, SC1, SC2,COL,COL+}. Two more general education categories

are constructed from these six categories: high school equivalents (HSD + HSG + SC1) and

college equivalents (SC2 + COL + COL+). We denote the labor supplies of high school

equivalents and college equivalents by H and C, respectively. Roughly speaking, H and C

are calculated by aggregating the hours supplied for the respective categories weighted by the

“efficiency units.” The details of how we construct the related series are described in the data

appendix [Appendix B]. But, to understand the basic logic, it is possible to simply consider

13Some papers use mean rather than median. But the choice of the division criterion is not critical at all for the results.
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the main mechanism as follows. We formulate

Jt = ω̄JhJ
t , (3.6)

where Jt denotes the weighted hours supplied by the education category J , hJ
t is the total

hours of work for the education category J at time t, and ω̄J is a weight parameter for category

J calculated using the following formula:

ω̄J =
1

T

T∑

t=1

∫
IJ

ln(w)Ji,tdFJ,t(i)∫
IHSG

ln(w)HSG
i,t dFHSG,t(i)

. (3.7)

Here ln(w)Ji,t is the log real wage for individual i, i ∈ IJ , belonging to the category J at

time t, t = 1, ..., T , where T is the length of the sample period, and IJ is the support for

the relevant population in the corresponding education category. FJ,t(i) describes the cdf of

individual-level wage observations at time t. Note that the weight ω̄J is calculated relative

to the real mean wage for the benchmark education category, which is high school graduates

(HSG), at time t. To put it differently, the fixed weight ω̄J is incorporated to capture the fact

that higher educated workers supply larger efficiency labor units per unit of time than the

lower educated workers do. The efficiency units of labor supply are calculated by multiplying

the total hours supplied with this fixed weight. Based on this logic, one can simply construct

Ht =
∑

J=HSD,HSG,SC1

Jt and Ct =
∑

J=SC1,COL,COL+

Jt. (3.8)

Finally, the relative supply measure is constructed by calculating the ratio Ct/Ht and, then,

taking the natural logarithm of this ratio to get ln(Ct/Ht). We would like to emphasize at

this stage that all the calculations are carried out for the workers reporting a FTFY status.

In this paper, our main focus is on the efficiency units, ω̄J . Under this formulation, there are

six efficiency unit coefficients, one for each education category. The one for the HSG category

is 1 due to the normalization described above. These coefficients capture the standard idea

that the labor units supplied by skilled workers per unit of time is larger than the labor units

supplied by unskilled workers per unit of time. For example, ωJ is expected to be greater
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than 1 for college educated workers, because their wages are, on average, larger than the

wages earned by typical high school graduates, which means that the market assigns a greater

value to the labor hours supplied by the higher educated workers than those supplied by the

lower educated ones. The opposite is true for high school dropouts, i.e., for them, ωJ < 1 is

expected. This logic has been frequently used in many different contexts in economics.14

Although, the fixed efficiency units idea is a good first approximation, it misses how the relative

labor supply contributions of each education category evolve over time. This is particularly

important for the point we make in this paper. We mainly argue that the share of the

FTFY status fluctuates within education categories over time, which suggests that there may

be unobserved compositional shifts due to selection into and out of the FTFY status. The

literature focuses exclusively on the FTFY workers without dealing with this issue. Accounting

for these unobserved compositional changes can alter the estimated trends in the relative

supply of college equivalent workers and, thus, can have implications on the analysis of wage

inequality.

3.3 Incorporating Selectivity

This subsection introduces a simple selection-correction algorithm to account for the unob-

served compositional shifts due to selection into and out of the FTFY status. Since we deal

with time variation in the compositional factors that are “unobserved” to the econometrician,

it is possible to interpret our method as an attempt to control for the variation in the unob-

served quality or skill level in the worker population over time. Such an exercise hasn’t been

performed in the traditional college-premium literature and our main purpose is to explore

whether accounting for these shifts can alter the results featured in the literature. Below we

describe our method in two steps: first, we explain the intuition behind our method by a

simple example and, then, we describe the details of the econometric procedure we employ.

14See Browning, Hansen, and Heckman (1999) for an excellent discussion of the efficiency units idea.
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3.3.1 Intuition

Suppose that we want to calculate the trends in the relative supply of skilled versus unskilled

workers in a country. We have access to nationally-representative repeated cross-section data

for T consecutive years. There is publicly available information on education levels, hours

worked (h), and wages (w). For simplicity, assume that there are two worker types: high-

educated (s) and low-educated (u), which means that we proxy skills with education level. So,

we observe hs,t, hu,t, ws,t, and wu,t. Think of these quantities as the yearly averages of micro-

level observations, where t = 1, . . . , T . Let w̄s = (1/T )
∑T

t=1 ws,t and w̄u = (1/T )
∑T

t=1 wu,t

denote the means of ws,t and wu,t, respectively. Let ω = w̄s/w̄u describe the relative efficiency

of skilled versus unskilled hours supplied. Clearly, ω > 1.

In calculating the trends in the relative supply of skilled workers, the literature compares the

evolution of skilled hours supplied, ωhs,t, versus that of the unskilled hours supplied, hu,t.

Obviously, ω serves as a level shifter and it does not affect the trends in the log series. There

are two problems with this setup. First, ω does not evolve over time; that is, this setup

does not account for the fact that the relative efficiency of skilled versus unskilled workers

may have changed over time. And, second, ω is a noisy measure of relative efficiency due to

potential selectivity bias, since most papers in the traditional literature restrict their samples

to the FTFY workers only. As Figure (1) suggests, different skill categories have potentially

exhibited different selectivity patterns over time. This means that ω = ωtrue + ωbias. Our

purpose is to calculate ωbias and then subtract this from ω to approximate the corrected

efficiency weight ωtrue. The method we develop performs this correction in such a way that

ωbias is calculated for each year in our sample, i.e., it is time-varying. Thus, when we adjust

ω with these time-varying bias terms, the resulting corrected weights become time varying

too. So, we propose a joint solution to these two problems. Next we present the full details

of the econometric method we develop to account for the potential biases that can arise from

focusing on the FTFY wages in the weighting procedure.
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3.3.2 Method

Let w∗
i denote the real hourly wages received by a worker under the FTFY status. The

empirical wage equation can be characterized simply as

ln(w∗
i ) = x

′
iβ

∗ + ǫ∗i , (3.9)

where ǫ∗i is normally distributed with zero mean and non-zero variance σ2 and it is i.i.d across

individuals. The binary variable Di describes the labor force status of the workers in the

sample. Di = 1 if the worker has a FTFY status and Di = 0 otherwise (i.e., if the worker

is employed, but has a part-time part-year, part-time full-year, or full-time part-year status).

The FTFY wage ln(w∗
i ) is observed only if Di = 1 and is latent otherwise. In fact, a wage is

observed under part-time and/or part-year status, but it is not the FTFY wage and, therefore,

we assume that the FTFY wage is latent even though the worker is employed part-time and/or

part-year.

To formulate the choice, the worker is assumed to observe two offers: one for the FTFY job

(ln(w∗
i )) and the other for a non-FTFY job (ln(wi)). He chooses Di = 1 if ln(w∗

i ) > ln(wi)

and Di = 0 if ln(w∗
i ) ≤ ln(wi). Let the latent wage equation be ln(wi) = x

′
iβ + ǫi. Then, the

first-step (choice) regression can be formulated as (i subscripts are suppressed)

P[D = 1|x, z] = P[ln(w∗) > ln(w)|x, z]

= P[η > −z
′γ]

= Φ

(
z
′γ

ση

)
, (3.10)

where x is the restricted version of the z (i.e., z is a vector of regressors in the choice equation,

while x is that in the outcome equation), γ = β∗ − β, η = ǫ∗ − ǫ, and ση is the standard
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deviation of η.15 The second-step (outcome) equation is therefore

E[ln(w∗)| ln(w∗) > ln(w)] = x
′β∗ +

σ∗

ση

λ

(
−
z
′γ

ση

)
, (3.11)

where σ∗ is the covariance between ǫ∗ and η, and λ is the inverse Mills ratio. The selection-

corrected version can either be estimated via the full-information maximum likelihood method

or the two-step estimator developed by Heckman (1979). If there is no selection bias, the

estimated wage equation takes the form

E[ln(w∗)|x] = x
′β∗. (3.12)

However, if selectivity is statistically significant, then the wage regressions pick up the bias

term expressed in Equation (3.11). In our context, the term

Λ =
σ∗

ση

λ

(
−
z
′γ

ση

)
(3.13)

is the component of the FTFY wages due to the correlation between the unobserved deter-

minants of choices and outcomes. We let this term represent the evolution of the unobserved

compositional factors driven by self-selection in and out of the FTFY status.

Note that Λ consists of two components: (i) the selectivity component, λ
(
−z

′γ

ση

)
, character-

izing the systematic correlation between the FTFY choice and wage outcomes and (ii) the

coefficient σ∗/ση—can be positive or negative depending on the sign of the covariance σ∗—that

converts the selectivity component into wage units. In other words, Λ is a part of the wage

equation and it measures how big the selectivity bias is. The conventional college-premium

literature have ignored the role of Λ in calculating the trends in the relative supply of skills;

that is, the literature ignores the potential selection bias—measured by Λ—due to selection

into and out of the FTFY status. Below, we demonstrate the details of our attempt to remove

15The vector of regressors z describes the variables that affect the worker’s decision of whether to work or not, while the
variables in x describe the factors affecting earnings of the worker, given that she has chosen to work. These variables often
overlap, but there are some classical examples for typical variables in z and x. In the typical Mincerian earnings equations,
the years of schooling and years of work experience are the typical variables in x, while variables like marital status, number of
children, or the number of employed individuals in the household are typical variables in z, but not in x. See Heckman (1974)
for an in depth discussion of this issue.
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the selectivity problem.

Let Λ̂J
i,t denote the predicted inverse Mills ratio (for individual i in education category J ob-

served at time t) multiplied by its estimated coefficient. To calculate these predicted values, we

run separate year-by-year regressions for each of the six education categories. This means that

the predicted selectivity term captures the year-by-year differences in labor market conditions

that affect the decision to work FTFY or not. It also captures the possibility that workers with

different capabilities make the FTFY decision differently. Based on this structure, selectivity

is incorporated by employing the following formula:

ω̄J
t = ω̄J −

∫
IJ

Λ̂J
i,tdFJ,t(i)

∫
IHSG

Λ̂HSG
i,t dFHSG,t(i)

. (3.14)

To understand the intuition behind this equation, remember the formula that we use to cal-

culate ω̄J [see Equation (3.7)]. Equation (3.7) gives us six numbers, which are fixed over time,

describing the relative efficiency of skilled versus unskilled hours. This is the baseline setup

used in the college-premium literature. The observed wages used to calculate ω̄J embody

selectivity, so they are potentially biased. The direction of the selectivity is governed by the

sign of the coefficient σ∗/ση, which can differ across years and education categories. So, if

there is positive (negative) selection embodied in ω̄J at time t, then our correction exercise

subtracts (adds) this bias term to obtain the corrected weight.

In this exercise, we make two related, but distinct, assumptions: symmetry and separability.

The symmetry assumption suggests that the aggregate selectivity term is calculated in the

same way as we calculate ω̄J [i.e., compare Equation (3.7) with the second term in Equation

(3.14)]. To impose symmetry, we have to assume that the observed wage component ω̄J

and the aggregate selectivity term are additively separable. Notice that the predicted Λ̂J
i,t

terms are used to adjust the fixed efficiency weights (ω̄J) in such a way that, in the end,

we obtain time varying weights that can account for the effect of unobserved compositional

shifts on efficiency units. The time varying efficiency weights, ω̄J
t , are then used to calculate

the “corrected” relative supply measure. Notice also that the aggregate selectivity term is
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measured in wage units, which is ensured via multiplying the inverse Mills ratios by their

coefficients in the corresponding wage equations. Hence, we are comparing apples with apples

in Equation (3.14).

It is worthwhile to mention at this stage that the symmetry and separability assumptions

are invoked to demonstrate the main intuition behind the selection-correction exercise in a

clear way and they do not otherwise affect the main results of the paper qualitatively. The

symmetry assumption is not restrictive at all and, in fact, it ensures that our formulation is

internally consistent. The separability assumption might be more delicate. To check robust-

ness, Appendix A relaxes the separability assumption and shows that the qualitative results

remain almost unaltered.

To summarize, we use the standard latent variable selection-correction methods to control

for selection into and out of the FTFY status. The main motivation was given in Figure

(1). We observe a lot of variation in the FTFY fraction among low-skill workers, whereas the

FTFY fraction among the high-skill workers is quite stable. This variability is potentially due

to discrepancies in the labor supply decisions across different skill groups. The fixed weight

is just a mean relative wage estimated by the OLS. We mechanically incorporate the mean

relative inverse Mills ratio’s—multiplied by the respective coefficients to convert them into

wage units—to capture what is going on selection-wise. A similar approach has been adopted

by several papers in different contexts in the labor economics literature [see Section 2 for

details]. However, this is the first paper in the college-premium literature to implement this

strategy to test the role of the FTFY choice on the trends in relative skills and wage inequality.

The next section provides a detailed presentation of our estimates along with a careful com-

parison of the results with and without selection-corrected relative supply series.
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4 Results and Discussion

4.1 Estimates

We first compare the estimated relative supply series with and without selectivity. The version

with no selection-correction is identical to the estimates provided by Autor, Katz, and Kearney

(2008). The selection-corrected version controls for self-selection in and out of the FTFY

status. Before discussing the results, it will perhaps be useful to discuss the identification

of selection patterns. There are three main practical methods to obtain selection-corrected

estimates. First, if there exists a variable affecting the choice but not the outcome, then this

variable might serve as an exclusion restriction (or instrument). Second, if the data offer

no exclusion restriction, then one can still perform selection correction exercise and calculate

the inverse Mills ratios. However, the source of identification in this case will rely on the

functional form of the error structure, which is assumed to be distributed normally. Finally,

one can employ an “identification at infinity” strategy, which relies on the existence of an

independent variable, which is almost fully correlated with the individuals’ choice. In other

words, it requires focusing on a group of workers who would anyway choose D = 1 under any

circumstance. See also Mulligan and Rubinstein (2008) for a discussion of these alternative

methods.

The third method is proposed by Chamberlain (1986) and Heckman (1990), and is often

regarded as the most reliable of the three methods summarized above. The main disadvantage

is that finding such a group of individuals is very hard and, even if such a group exists, the

sample size will be extremely small. The problem we study necessitates working with the

full sample, since we study relative education trends in the entire U.S. So, we drop the third

strategy so as not to pick up new biases in exchange for eliminating the selection bias.

To calculate the selection-corrected series, we run the algorithm described in Section 3: ba-

sically, we run year-by-year probit regressions of the FTFY choice for each of the education

categories. Then, we use the predicted inverse Mills ratios to adjust the efficiency units in

wage regressions so as to correct for selectivity. We obtain the predicted inverse Mills ratios

20



‐0.7

‐0.5

‐0.3

‐0.1

0.1

0.3

0.5

0.7

1967 1973 1979 1985 1991 1997 2003 2009

Uncorrected

Corrected

Figure 2: Uncorrected versus corrected relative supply series.

with the first and second methods mentioned above. To be specific, first we use the variable

“being married or not” as an instrument affecting the choice of the FTFY status but not

affecting the wages. This is one of the standard instruments often utilized in the correction

exercises performed using the CPS data. And, second, we do not use an exclusion restriction

and instead we rely on identification through functional form. Since the second exercise is

restrictive due to the normality of the error structure, we try alternative monotone transfor-

mations of the inverse Mills ratios as suggested by Moffitt (1999) and Newey (1999). We find

that both methods yield very similar results.16

Figure (2) compares the relative supply series with and without selection correction. The

dashed line plots the corrected series, while the solid line plots the uncorrected series. Clearly,

the corrected series is steeper than the uncorrected series before 1982. After 1982, however,

it is flatter.

16This similarity can be interpreted in two ways. First, it might suggest that our results are robust. And, second, the similarity
might be due to a coincidence. However, since we try monotone transformations of the inverse Mills ratios, and the results have
not changed much, we believe that the probability of such a coincidence is very small. So, we interpret the consistency of the
results obtained through employing these two distinct methods as a sign of robustness.
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We start our discussion with the uncorrected series. The observed deceleration in the uncor-

rected series is argued to point out a puzzle in the literature [see Autor, Katz, and Kearney

(2008)]. In terms of the mechanisms that the canonical college-premium equation features,

the deceleration in the relative supply series brings together a puzzling deceleration in the

relative demand for skilled workers. This is a consequence of the slowing of the growth of

overall wage inequality. But, given the fact that computerized technologies have been in-

vested heavily during the 1990, the slowing of the SBTC trend is a source of confusion in

the literature. The consensus is that the canonical supply-demand framework motivating the

college-premium framework falls short of explaining the trends after mid 1980s. A strand

of the literature, called the “revisionists”, highlighted the importance of several institutional

factors in explaining this puzzle. The real minimum wage is often pronounced as a key factor

driving these results.

The corrected series tell a somewhat different story. We still observe a decline in the growth

rate of the relative supply of skills after 1982. But the growth rate until 1982 is sharper and

the deceleration after 1982 is more pronounced. This is because of the selection-correction

procedure we follow. The motivation is provided in Figure (1), which plots the fraction of the

FTFY workers among all employed workers by each education category. The data reveal that

the fraction of the FTFY status is quite stable around 90 percent among the high-educated

employed workers. In other words, better-educated workers tend to work full-time full-year

and this tendency does not vary a lot over time.

For lower-educated workers, however, the fraction of FTFY exhibits a time-varying pattern.

In particular, we observe that the fraction of FTFY status declines until 1982 and it picks up

thereafter. To interpret these trends, it is instructive to think of distributions of unobserved

ability (or productivity) for each education category. FTFY status is a choice and a change

in the fraction of the FTFY status can be related to systematic changes in the distribution

of unobserved skills over time. To understand the structure of selectivity, suppose that the

demand for part-time and/or part-year jobs is constant over time. When the demand for

college education is high, there will be an increased transition from high-school to college

22



education among those who prefer to work FTFY. These are the more able guys and they are

the ones who are more likely to succeed in college. As a result, as the FTFY fraction goes

down among the low-educated workers, the mean unobserved ability also goes down.

This suggests that the uncorrected series underestimate the growth rate of the relative supply

series before 1982. The reason is that the skill gap should be higher in this period after

correcting for selectivity. The opposite logic should hold after 1982; that is, a rise in the

FTFY status among low-educated workers suggests that the more able ones among FTFY

status choose to stay low educated (due to decreased demand for college education). As a

result, the deceleration in the relative supply series is even more pronounced after correcting

for self-selection due to choices in and out of the FTFY status.

What is the explanation? Observe that selection operates through the unobserved ability

composition of the low educated. This suggests that we should focus on factors affecting the

lower tail of the wage distribution in seeking a suitable explanation for the selectivity patterns.

The real minimum wage is a good candidate. Lemieux (2006) argues that trends in the real

minimum wage can potentially generate compositional effects. Our findings suggests that

changes in minimum wage laws may be the driving force behind the unobserved compositional

shifts. To be specific, we think that the interaction between the direction of endogenous

technical change [see, e.g., Acemoglu (1998)] and the minimum wage laws is potentially the

triggering mechanism. Profit generating motives by producers endogenously determine the

amount of innovative effort (i.e., R&D expenditures, patents etc.) to be devoted to different

factors of production. These factors of production include skilled and unskilled labor. Thus,

the direction of technical progress can lead to unskill-bias (e.g., England in the eighteenth and

nineteenth centuries) or skill-bias (e.g., Unites States after World War II). Institutions (i.e.,

the non-market factors) can lead to amplification or attenuation of the strength of the technical

change. To understand this mechanism better, think of the following example. Suppose that

the relative supply of college workers grows at a constant rate. The government raises the level

of real minimum wages permanently. This makes unskilled labor more expensive, triggering

investments in skilled-labor favoring technologies. This raises the relative returns to college
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education leading the society to invest in college education at a faster rate. The reverse logic

holds when real minimum wages are reduced permanently. The trends in real minimum wages

in the U.S. perfectly fit the self-selection structure that we document. We conclude that the

real minimum wage can affect wage inequality not only directly, but through its effect on the

relative supply of college workers.

The following three main points should perhaps be re-emphasized. First, that the deceleration

in the relative supply series is more pronounced after correcting for selectivity suggests that

the slow down in the SBTC trend is even sharper, which makes the puzzle deeper. Second,

the selectivity patterns do not explain the puzzle; instead, it offers a mechanism that amplifies

the deceleration. Finally, the relative supply series can itself be affected from the institutional

factors.

The next question is: how does the correction exercise affect the estimates that the college

premium equation yields. Table (1) reports the estimates for both the corrected and uncor-

rected relative supply series. The first column reports the estimates using the uncorrected

relative supply series for the 1967 to 2009 period. The estimated elasticity of substitution is

2.75 (1/0.363) and the estimated trend growth in the wage gap is 1.5% per annum. These

are in line with the literature. The second column—which we estimate using the selection-

corrected relative supply series—gives an estimated elasticity of substitution 3.73 (1/0.268)

and an estimated trend growth in the wage gap of 1.3% per annum. Thus, the uncorrected

series understate the substitutability of skilled and unskilled workers. This pattern also im-

plies that the relative demand growth is stronger when the uncorrected series is used. This

suggests that, when the selection-corrected weights are used, the slowdown in the SBTC trend

is more pronounced.

The role of minimum wages is examined in the third and the fourth columns. The natural

logarithm of the real minimum wage has additional explanatory power as suggested by Card

and DiNardo (2002) and Autor, Katz, and Kearney (2008). But the inclusion of this variable

does not alter our main conclusion that the literature overestimates the relative demand
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Figure 3: Educational attainment trends in the United States measured by the log relative supply of college
equivalents. Panels (a), (b), (c), and (d) plot the specific trends for experience groups 0–9, 10–19, 20–29, and
30–39, respectively.

growth. Thus, our conclusion is robust to the inclusion of non-market (i.e., institutional)

factors. We also observe that the estimated coefficients of the real minimum wage supports

the story we explain above. Before the correction exercise, the coefficient of the minimum wage

is relatively large and statistically significant, while the magnitude gets smaller and the degree

of its statistical significance diminishes after correcting for selectivity. This suggests that the

developments in the real minimum wage are correlated with the unobserved compositional

shifts and, thus, the magnitude of the effect of the real minimum wage on skill premium gets

smaller once we correct for selectivity. In other words, the changes in the relative (unobserved)

quality of the skilled versus unskilled workers are partly driven by institutional factors. This

result can be observed in all of our regressions [see Tables (1)–(4)].

It is well-known that the college premium has significantly varied by age/experience groups

over recent decades, with the rise in the skill gap concentrated among less experienced workers

in the 1980s [Autor, Katz, and Kearney (2008)]. The return to college education has increased

much more substantially since 1980 for younger workers than for older ones. Card and Lemieux

(2001) utilize these differences to construct a model in which workers with similar education
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but with different experience levels enter as imperfect substitutes into the production technol-

ogy. To take this idea into account, we follow [Autor, Katz, and Kearney (2008)] and modify

the college premium equation by estimating a model which includes own experience group

relative skill supplies. Specifically, the modified model is

ln

(
wC,t,e

wH,t,e

)
= β0 + β1t+ β2 ln(RMWt) + β3

[
ln

(
Ct,e

Ht,e

)
− ln

(
Ct

Ht

)]
+ β4 ln

(
Ct

Ht

)
+ εt,

(4.1)

where e indexes experience groups. There are four experience groups: those with 0–9, 10–19,

20–29, and 30–39 years of experience. This specification can be derived from a model in which

the aggregate inputs are themselves CES subaggregates of college and high school workers by

experience group as in Card and Lemieux (2001). In this specification, 1/β3 represents the

aggregate elasticity of substitution, and 1/β4 describes the partial elasticity of substitution

between different experience groups within the same education group. We run this regression

for both corrected and uncorrected aggregate series.

Table (2) presents the estimates for regressions in which experience groups are pooled and

Tables (3) – (4) presents the results of the regressions for each experience category. Table (2)

shows that both own-group and aggregate relative supply indices have significant effects on

the college premium. Estimates for both the aggregate elasticity of substitution the partial

elasticity of substitution between experience groups are larger than the aggregate estimates

presented in Table (1). This suggests that accounting for the substitutability of experience

groups can potentially alter the results. To sum up, estimates by experience groups commu-

nicate important messages. First, for almost all experience groups, the correction exercise

makes the college and high-school workers more substitutable; therefore, leaves less room for

SBTC trend to operate. Second, the increase in substitutability is more pronounced for less-

experienced group (i.e. for workers with 0–9 and 9–19 years of experience). Finally, the effect

is much less pronounced in high-experience groups. We conclude that the selectivity operates

through the less-experienced workers (see Figure (3).

26



5 Concluding Remarks

In this paper, we argue that the canonical college premium framework has two disadvantages.

First, most papers in the literature focus on the labor hours supplied by only those who self

select into working full-time full-year (FTFY). FTFY is a choice variable and this procedure

may bias the estimates. Second, it assumes fixed efficiency units of labor supply. In other

words, it assumes that the relative efficiency of an hour worked by a college graduate versus

an hour worked by a high school graduate is constant in the entire sample period (1967 – to

date). This assumption ignores potential changes in the quality dimension.

We are interested in the question how these two strong assumptions affect the estimates

reported in the U.S. wage inequality literature. We employ a standard Heckman selection-

correction procedure to model FTFY as a choice variable. We find that ignoring this choice

may bias the results. In particular, we find that the fraction of FTFY workers remains

stable—around 90 percent—for high-educated workers along the data horizon, while it signif-

icantly fluctuates over time for the low-educated. This suggests that the selectivity operates

over the low-educated workers. We also show that, among the low educated, the fraction of

the FTFY status declines until mid-1980s and it picks up afterwards. This means that the

direction of selectivity is reversed after mid-1980s.

We then use the inverse Mills ratios—the output from the selection correction procedure—and

use them as if they were the time-varying components of the efficiency units. In other words,

we assume that the differential selection in and out of the FTFY status can describe how

efficiency units might have moved over time. A new relative supply series is constructed based

on the selectivity-corrected estimates. The new series is more steeper than the old one before

mid-1980s and is flatter afterwards. This suggests that the relative efficiency of college units

increased until mid-1980s and it declines later. In terms of the SBTC hypothesis, this suggests

the well-known deceleration observed in the relative supply of college workers after 1980s is

even more pronounced after correcting for selectivity. This result casts further doubt on the

relevance of the plain SBTC story. Finally, we ask what may be triggering the changes in the
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selectivity patterns. We conjecture that the interaction between the (endogenous) direction

of technical change and the minimum wage laws is potentially the triggering mechanism. In

other words, institutional changes affect wage inequality not only directly, but also through

its indirect effects on the relative supply of college workers.

28



References

Acemoglu, D. (1998): “Why Do New Technologies Complement Skills? Directed Technical

Change and Wage Inequality,” Quarterly Journal of Economics, 113, 1055–1090.

——— (1999): “Changes in Unemployment and Wage Inequality: An Alternative Theory and

Some Evidence,” American Economic Review, 89, 1259–1278.

Acemoglu, D. and D. Autor (2011): “Skills, Tasks, and Technologies: Implications for

Employment and Earnings,” in Handbook of Labor Economics, ed. by O. Ashenfelter and

D. Card, New York, NY: Elsevier, vol. 4, chap. 12, 1043–1171.

Autor, D. H., L. F. Katz, and M. S. Kearney (2008): “Trends in U.S. Wage Inequality:

Revising the Revisionists,” Review of Economics and Statistics, 90, 300–323.

Autor, D. H., L. F. Katz, and A. B. Krueger (1998): “Computing Inequality: Have

Computers Changed the Labor Market?” Quarterly Journal of Economics, 113, 1169–1213.

Ben-Porath, Y. (1967): “The Production of Human Capital and the Life Cycle of Earn-

ings,” Journal of Political Economy, 75, 352–365.

Bound, J. and G. Johnson (1992): “Changes in the Structure of Wages in the 1980’s: An

Evaluation of Alternative Explanations,” American Economic Review, 82, 371–392.

Bowlus, A. J. and C. Robinson (2012): “Human Capital Prices, Productivity, and

Growth,” American Economic Review, 102, 3483–3515.

Browning, M., L. P. Hansen, and J. J. Heckman (1999): “Micro Data and General

Equilibrium Models,” in Handbook of Macroeconomics, ed. by J. B. Taylor and M. Woodford,

Elsevier, vol. 1A, chap. 8, 543–633.

Card, D. and J. E. DiNardo (2002): “Skill-Biased Technical Change and Rising Wage

Inequality: Some Problems and Puzzles,” Journal of Labor Economics, 20, 733–783.

Card, D. and T. Lemieux (2001): “Can Falling Supply Explain the Rising Return to

College for Younger Men? A Cohort-Based Analysis,” Quarterly Journal of Economics,

116, 705–746.

29



Carneiro, P. and S. Lee (2011): “Trends in Quality Adjusted Skill Premia in the United

States, 1960–2000,” American Economic Review, 101, 2309–2349.

Chamberlain, G. (1986): “Asymptotic Efficiency in Semiparametric Models with Censor-

ing,” Journal of Econometrics, 32, 189–218.

Ciccone, A. and E. Papaioannou (2009): “Human Capital, the Structure of Production,

and Growth,” Review of Economics and Statistics, 91, 66–82.

Davis, S. J. and J. C. Haltiwanger (1991): “Wage Dispersion Between and Within

U.S. Manufacturing Plants, 1963–1986,” Brookings Papers on Economic Activity: Microe-

conomics, 1991, 115–180.

DiNardo, J. E., N. M. Fortin, and T. Lemieux (1996): “Labor Market Institutions

and the Distribution of Wages, 1973-1992: A Semiparametric Approach,” Econometrica,

64, 1001–1044.

Feenstra, R. C. and G. H. Hanson (1999): “The Impact of Outsourcing and High-

Technology Capital on Wages: Estimates for the United States, 1979–1990,” Quarterly

Journal of Economics, 114, 907–940.

Heckman, J. J. (1974): “Shadow Prices, Market Wages, and Labor Supply,” Econometrica,

42, 679–694.

——— (1979): “Sample Selection Bias as a Specification Error,” Econometrica, 47, 153–161.

——— (1990): “Varieties of Selection Bias,” American Economic Review, 80, 313–318.

Heckman, J. J., L. J. Lochner, and C. Taber (1998): “Explaining Rising Wage In-

equality: Explorations With A Dynamic General Equilibrium Model of Labor Earnings With

Heterogenous Agents,” Review of Economic Dynamics, 1, 1–58.

Hoynes, H. W., D. L. Miller, and J. Schaller (2012): “Who Suffers During Reces-

sions?” Journal of Economic Perspectives, 26, 27–48.

Iranzo, S. and G. Peri (2009): “Schooling Externalities, Technology, and Productivity:

Theory and Evidence from U.S. States,” Review of Economics and Statistics, 91, 420–431.

30



Katz, L. F. and D. Autor (1999): “Changes in the wage structure and earnings inequality,”

in Handbook of Labor Economics, ed. by O. Ashenfelter and D. Card, New York: Elsevier,

vol. 1, 1463–1555.

Katz, L. F. and K. M. Murphy (1992): “Changes in Relative Wages, 1963-87: Supply

and Demand Factors,” Quarterly Journal of Economics, 90, 35–78.

Krueger, A. B. (1993): “How Computers have Changed the Wage Structure: Evidence

from Microdata, 1984–1989,” Quarterly Journal of Economics, 108, 33–60.

Lee, D. S. (1999): “Wage Inequality During the 1980s: Rising Disperison or Falling Minimum

Wage?” Quarterly Journal of Economics, 114, 977–1023.

Lemieux, T. (2006): “Increasing Residual Wage Inequality: Composition Effects, Noisy

Data, or Rising Demand for Skill?” American Economic Review, 96, 461–498.

Mincer, J. (1991): “Human Capital, Technology, and the Wage Structure: What Do Time

Series Show?” NBER Working Paper #3581.

Moffitt, R. A. (1999): “New Developments in Econometric Methods for Labor Market

Analysis,” in Handbook of Labor Economics, ed. by O. Ashenfelter and D. Card, New York,

NY: Elsevier, vol. 3A, 1367–1397.

Mulligan, C. B. and Y. Rubinstein (2008): “Selection, Investment, and Women’s Rela-

tive Wages over Time,” Quarterly Journal of Economics, 123, 1061–1110.

Newey, W. K. (1999): “Consistency of Two-Step Sample Selection Estimators Despite

Misspecification of Distribution,” Economics Letters, 63, 129–132.

Park, J. H. (1994): “Estimation of Sheepskin Effects and Returns to Schooling Using the

Old and the New CPS Measures of Educational Attainment,” Industrial Relations Section

WP#338, Princeton University.

Violante, G. L. (2008): “Skill-Biased Technical Change,” in The New Palgrave Dictionary

of Economics, ed. by L. E. Blume and S. N. Durlauf, New York, NY: MacMillan, 2 ed.

31



Weiss, Y. and L. A. Lillard (1978): “Experience, Vintage, and Time Effects in the

Growth of Earnings: American Scientists, 1960-1970,” Journal of Political Economy, 86,

427–447.

Willis, R. J. and S. Rosen (1979): “Education and Self-Selection,” Journal of Political

Economy, 87, S7–S36.

32



A Robustness Check

In this appendix, we relax the separability assumption that we invoke in constructing Equation

(3.14). Upon relaxing this assumption, the Equation (3.14) can be reformulated as follows:

ω̄J
t =

∫
IJ

ln[(w∗)Ji,t]dFJ,t(i)−
∫
IJ

Λ̂J
i,tdFJ,t(i)

∫
IHSG

ln[(w∗)HSG
i,t ]dFHSG,t(i)−

∫
IHSG

Λ̂HSG
i,t dFHSG,t(i)

, (A.1)

where T is the sample period. The advantage of using Equation (3.14) instead of (A.1) is

that it offers an intuitive comparison between ω̄J , the weight that the traditional literature

uses, and our selectivity-corrected weight ω̄J
t . This alternative formula corrects for selectivity

on a year-by-year basis, while Equation (3.14) performs this task over averages. We use our

dataset to check whether using Equation (3.14) versus (A.1) makes any difference. Figure (4)

displays the results—the figure basically plots the relative supply series calculated using (A.1)

as an additional line over Figure (2). Comparing the black dashed line [the corrected series

based on Equation (3.14)] to the green line [the corrected series based on Equation (A.1)], we

observe that the qualitative results are almost unaltered. The black dashed line provides even

a more conservative estimate than the green line; that is, the slow down in the growth rate

of the relative supply of skills is even more pronounced when this alternative formula is used.

As a result, we prefer to advertise Equation (3.14) as our main equation since (i) it is more

intuitive and (ii) it provides more conservative estimates.
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Figure 4: Uncorrected versus corrected relative supply series: An alternative formula.
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B Data Appendix

We use the March Annual Social and Economic (ASEC) Supplement of the Current Population

Survey (CPS) data for earnings years 1967 to 2009 (referring to raw March files from 1968

to 2010). Since data of a given year is published the next year and labeled with the year of

publication, the survey data in one year actually belongs to the year before. Taking this into

account, we address the actual year that the data belongs to whenever we mention years. We

choose 1967 as the starting year because the content of the survey changed in 1967.

The CPS is a monthly survey conducted among the civilian, non-institutional population in

every state of the United States and the District of Columbia. The survey data are collected

monthly by interviewing about 60,000 households. Each household is interviewed once a month

for four months in turn every year, then interviewed again during the same four months next

year. The survey is designed to collect detailed information on employment, earnings, and

hours of work in the U.S. It also provides information on a variety of demographic charac-

teristics of the population including age, sex, race, marital status, number of children, area

of living, and educational attainment. Over time, supplemental inquiries on special topics

have been added to the survey for particular months. Among these supplemental surveys,

the ASEC, which constitutes a primary source of detailed information on income and work

experience, is the most widely used in the literature. The labor force and work experience

data from this survey are used to profile the U.S. labor market.

The CPS data contain three different records: household, family, and person. Each row in

the data matrix consists of one of these records while each column characterizes one digit.

Therefore, a person’s record is reported in the corresponding row by the columns that are

determined via the length of the related statistic. The way that the data is arranged can

be described as follows. The record for a household is followed by a family record, which in

turn is followed by each person’s record in that family. Then, related subfamilies, unrelated

subfamilies, and non-relatives are recorded as family records, followed by person records under

each category. Once the data regarding every family under the same household are collected,
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a new household record begins. In this study, we utilize only person records. Household and

family records are linked to person records whenever necessary.

Our data involve male workers of age 16 to 64, with 0 to 39 years of potential labor market

experience. Years of potential labor market experience are calculated by the Mincerian for-

mula: age minus assigned years of education minus 6. We have limited our sample to full-time,

full-year workers defined as those who worked at least 35 hours per week and 40-plus weeks

in the previous year. We also exclude from the sample those living in group quarters, working

part year due to school, retirement, military service, self-employed, or working without pay.

The wage measure that we use is the average weekly wages and salary income. The annual

wage and salary income entries in the March CPS are reported in a top coded single variable

before March 1987. The top coded values are rearranged by multiplying 1.45 with the reported

maximum value of the variable for the corresponding years. However, wage and salary incomes

start to be reported in two separate earnings variables: primary and secondary earnings after

1987. Therefore, we impute the top coded values as 1.45 times the maximum top coding value

separately for primary and secondary earnings after this year. After correcting for top coding,

these values are summed to calculate total wage and salary income. Then the annual wage

and salary incomes are deflated to 2000 values using the personal consumption expenditure

(PCE) deflator from National Income and Product Accounts (NIPA). Full-time weekly wage

and salary income is computed as the natural logarithm of annual earnings divided by the

number of weeks worked during the reference year. We drop from the sample workers with

weekly earnings below half of the real minimum wage in 1982 ($67/week in 1982 dollars or

$112/week in 2000 dollars).

One important point in the computation of weekly wages is that the number of weeks worked

during the reference year start to be reported as its exact number only after 1975. Before this

year, the number of weeks worked entry is given as a value from 1 to 7 denoting a number

of weeks in each group. Therefore, in order to recode the actual number of weeks worked

for the previous years to create data in harmony with the post-1975 period, we calculate an
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average number of weeks for each category using values for 1975, 1976, and 1977, weighted

by March Supplement Weights. We use an imputed measure of weeks worked: 22.2 for 14-26

weeks category, 34.4 for 27–39 weeks category, 43.3 for 40–47 weeks category, 48.3 for 48–49

weeks category and 51.9 for 50–52 weeks category.

The definition of data on educational attainment experiences a few changes in its coding

within our period of analysis. However, the crucial change occurs in 1991. Before this year,

two different questions in the survey provide data on education variable, one is the highest

grade or year of regular school attended and other is whether that grade (year) is completed

or not. An individual’s educational attainment is assumed to be his or her last fully completed

year of education. If an individual did not complete his or her last year of school, the years of

education are considered without that year. However, beginning in 1991, the survey starts to

collect data on educational attainment by combining the two questions mentioned above into

the question that ask the highest level of school or degree received. This change in coding

means that educational attainment variable starts to focus on the degree received rather than

the years of education. In the revised description of the new variable, several years of education

of the lower grade levels are grouped into a single category while some new categories start

to be used and college degrees begin to be recorded by type. Since the new question revision

allows for a more accurate definition of educational attainment, the comparison of the data

collected before 1991 with the one belong to subsequent years becomes a bit tricky. In order to

make a precise comparison of educational categories across years, we use the general approach

proposed in the literature. We construct five different categories of educational attainment.

Individuals who have fewer than 12 years of completed schooling are defined as high school

dropouts (less than high school category). High school graduates are considered to be those

having 12 years of completed schooling. Those with any schooling beyond 12 years and

less than 16 completed years are classified in some college category. College graduates are

assumed to complete 16 years of schooling while those having more than 16 years of education

are counted as college plus graduates.

As we mention above, we calculate years of potential labor market experience for each person.
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While doing that, we use the average years of completed schooling derived from the revised

educational attainment data following Park (1994). It suggests that calculating potential

experience in this way is one of the best options to handle with the revised education variable.

Using the CPS data described above, we basically construct two samples: one is a wage sample

representing college-high school log relative weekly wages overall and by age groups, and the

other is measure, again overall and by age groups. Our wage sample contains average weekly

wages for high school and college graduate categories in each year from 1967 to 2009. The

logarithm of the ratio of the average weekly wage of college graduates to the average weekly

wage of high school graduates provides us college-high school log relative weekly wages.

The sample that we use to measure log relative supply of college-high school is constructed

following Katz and Murphy (1992) and Autor, Katz, and Kearney (2008). We form two differ-

ent components to compute this measure. The first one is a “quantity sample” which refers to

total hours of work of all workers in each five education category (high school dropouts, high

school graduates, workers with some college, college graduates, and college plus graduates)

for each year. Total hours of work are computed by multiplying the imputed weeks of work

by the usual weekly hours for each worker in each year and then by summing them up over

all workers. The second part of our relative supply measure is a “price sample” including

average weekly wages for all workers in each of the five education groups for each year. The

construction of these average wages used for a “price sample” is described above. Then, we

normalize these average weekly wages for each education group in each year by the average

weekly wage (over all periods) of high school graduates. This normalization provides a relative

wage measure for a given group in each year. We use these normalized relative wage values

(derived from a “price sample”) as weights that are merged to total hours of worked (derived

from a “quantity sample”), which in turn creates an “efficiency units” measure of labor supply.

(We calculate year-by-year relative wages and five-year moving averages for relative wages as

the weights).

Following Katz and Murphy (1992), Card and Lemieux (2001), and Autor, Katz, and Kearney

(2008), we use the relative quantity of college equivalent and high school equivalent workers
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as our relative supply measure. The aggregate high school equivalent labor supply is defined

as the total efficiency units of labor supplied by high school graduates (total hours worked

by high school graduates), plus the total efficiency units of labor supplied by high school

dropouts (total hours worked by high school dropouts weighted by average wage of this group

relative to high school graduates), plus a fraction of the hours of workers with some college

(total hours supplied by the resultant share of some college workers weighted by average wage

of this group relative to high school graduates). The way that we allocate those with some

college between high school and college equivalents is as follows: workers in the some college

category are sorted on the basis of their weekly wages in each year. We assign those who earns

below the median wage as high school equivalents. Similarly the workers receiving above the

median wage are merged to college equivalents. The aggregate college equivalent labor supply

is described as the total efficiency units of labor supplied by college graduates (total hours

worked by college graduates weighted by average wage of this group relative to high school

graduates), plus the total efficiency units of labor supplied by college-plus workers (total hours

supplied by post college workers weighted by average wage of this group relative to high school

graduates), plus the appropriate fraction of the hours of workers with some college (total hours

supplied by the corresponding share of those with some college weighted by average wage of

this group relative to high school graduates). The natural logarithm of the amount of supply

of college equivalents relative to supply of the high school counterpart yields our college-high

school log relative supply indicator.

38



Dependent variable: Log College/High School Hourly Wage Gap
[1] [2] [3] [4]

Constant 0.125*** 0.191*** 0.309*** 0.312***
(0.021) (0.013) (0.100) (0.097)

Time 0.015*** 0.013*** 0.015*** 0.013***
(0.001) (0.001) (0.001) (0.001)

Log Relative Supply (uncor.) -0.363*** -0.390***
(0.043) (0.044)

Log Relative Supply (cor.) -0.268*** -0.277***
(0.029) (0.030)

Log Real Min. Wage -0.103* -0.065
(0.055) (0.052)

Observations 43 43 43 43
R-squared 0.92 0.92 0.92 0.92

Table 1: Regression results: This table documents the effect of the correction exercise on the estimates
that the main college premium equation [i.e., the Equation (3.5)] yields. Robust standard errors are reported
in parentheses. ***, **, and * refer to 1%, 5%, and 10% significance levels, respectively.

Dependent variable: Log College/High School Hourly Wage Gap by Experience Groups
Pooled Regressions

[1] [2] [3] [4]

Constant 0.210*** 0.256*** 0.371*** 0.376***
(0.019) (0.013) (0.093) (0.093)

Time 0.012*** 0.011*** 0.012*** 0.010***
(0.001) (0.001) (0.001) (0.001)

Aggregate Relative Supply (uncor.) -0.262*** -0.286***
(0.039) (0.041)

Aggregate Relative Supply (cor.) -0.194*** -0.203***
(0.028) (0.029)

Own Minus Aggregate Relative Supply -0.040*** -0.040*** -0.042*** -0.042***
(0.014) (0.014) (0.015) (0.015)

Log Real Min. Wage -0.090* -0.064
(0.051) (0.050)

Observations 172 172 172 172
R-squared 0.70 0.70 0.71 0.71

Table 2: Regression results (experience groups as imperfect substitutes): This table documents
the effect of the correction exercise on the estimates that the alternative college premium equation [i.e.,
the Equation (4.1)] yields. This alternative setup assumes that workers in different experience groups are
imperfectly substitutable. Robust standard errors are reported in parentheses. ***, **, and * refer to 1%, 5%,
and 10% significance levels, respectively.
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Dependent variable: Log College/High School Hourly Wage Gap by Experience Groups
Experience-Group-Specific Regressions

[0–9] [10–19]
[1] [2] [3] [4]

Constant 0.715*** 0.673*** 0.453*** 0.448***
(0.154) (0.156) (0.137) (0.137)

Time 0.014*** 0.012*** 0.018*** 0.015***
(0.002) (0.002) (0.002) (0.001)

Aggregate Relative Supply (uncor.) -0.291*** -0.526***
(0.072) (0.060)

Aggregate Relative Supply (cor.) -0.211*** -0.369***
(0.047) (0.042)

Own Minus Aggregate Relative Supply 0.073 -0.025 -0.250*** -0.172***
(0.108) (0.118) (0.078) (0.076)

Log Real Min. Wage -0.320*** -0.249*** -0.183*** -0.130*
(0.090) (0.088) (0.075) (0.073)

Observations 43 43 43 43
R-squared 0.89 0.88 0.90 0.90

Table 3: Regression results by experience groups 0–9 and 10–19: This table documents the effect
of the correction exercise on the “experience-group-specific estimates” that the alternative college premium
equation [i.e., the Equation (4.1)] yields. The first two columns focus on the workers with 0–9 years of
experience, while the last two columns focus on those with 10–19 years of experience. Robust standard errors
are reported in parentheses. ***, **, and * refer to 1%, 5%, and 10% significance levels, respectively.

Dependent variable: Log College/High School Hourly Wage Gap by Experience Groups
Experience-Group-Specific Regressions

[20–29] [30–39]
[1] [2] [3] [4]

Constant 0.018 0.036 0.479*** 0.464***
(0.140) (0.140) (0.166) (0.170)

Time 0.011*** 0.010*** 0.003 0.003
(0.001) (0.001) (0.002) (0.002)

Aggregate Relative Supply (uncor.) -0.214*** -0.060
(0.061) (0.073)

Aggregate Relative Supply (cor.) -0.162*** -0.048
(0.043) (0.055)

Own Minus Aggregate Relative Supply -0.091 -0.084 0.091 0.063
(0.079) (0.075) (0.088) (0.093)

Log Real Min. Wage 0.120 0.131* -0.021 -0.020
(0.078) (0.077) (0.084) (0.082)

Observations 43 43 43 43
R-squared 0.79 0.80 0.44 0.44

Table 4: Regression results by experience groups 20–29 and 30–39: This table documents the effect
of the correction exercise on the “experience-group-specific estimates” that the alternative college premium
equation [i.e., the Equation (4.1)] yields. The first two columns focus on the workers with 20–29 years of
experience, while the last two columns focus on those with 30–39 years of experience. Robust standard errors
are reported in parentheses. ***, **, and * refer to 1%, 5%, and 10% significance levels, respectively.
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