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College Share of U.S. Hours Worked (%), 1963 – 2012
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College Share of Hours Worked in the U.S. 1963 - 2012: Males
and Females with <10 Years of Potential Experience

Autor 2014
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Card and Lemieux 2001: “Can Falling Supply Explain the
Rising Return to College for Younger Men?”

College/High-School Wage Diffs for Younger and Older Men in the U.S

C
ard and Lem

ieux 2001, Q
JE
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Figure 1: Estimated College-High School Wage Differentials for Younger and
Older Men



College/High-School Wage Diffs for Younger and Older Men in
the U.K.
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College/High-School Wage Diffs for Younger and Older Men in
Canada

Card and Lemieux 2001, QJE
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College Premium: Young v. Experienced Workers in U.S.

Acemoglu and Autor 2011

!

Figure'21b'

!

Figure'21a!

!
Source:'March'CPS'data'for'earnings'years'1963;2008.'See'note'to'Figure'22.'Log'college/high;school'weekly'wage'ratio'
for'0;9'and'20;29'years'of'potential'experience'is'plotted'for'males'and'females.'



Age Profile of College/High-School Premium: 1958-1996

Card and Lemieux 2001, QJE
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Figure 2: Age Profiles of the College-High School Wage Gap



Age-Group Specific Relative Supplies

Card and Lemieux 2001, QJE
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Figure 3: Age-Group Specific Relative Supplies of College-Educated Labor
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Figure 3: Age-Group Specific Relative Supplies of College-Educated Labor
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Card-Lemieux 2001: Formalization

Nested, two-level CES model

• Upper level: Identical to simple Katz-Murphy model

• Output a f’n of Ht , Lt ,AHt ,ALt

• Lower level: Supplies of each education group are themselves CES
aggregates of the labor supply of different age groups

• Aggregate education supplies Ht , Lt depend on age-group specific

supplies Hjt , Ljt



Card-Lemieux 2001: Formalization

Education supplies (lower level of CES model)

Ht =

∑
j

αjH
η
jt

1/η

and Lt =

∑
j

βjL
η
jt

1/η

• σA = 1/(1− η) is the elasticity of subst across age groups j

• αj and βj are efficiency parameters, assumed fixed by age group (do

not vary across cohorts or over time)

• Hjt , Ljt are age-group specific supplies of H and L workers in period t

• Note: if η = 1→ σA =∞, age groups are perfect

substitutes—though they may have different efficiencies, given by

αj , βj



Card-Lemieux 2001: Aggregate Output

Aggregate output

• Determined by total H and L supply and time-varying efficiency

parameters AHt ,ALt

Yt = f (Ht , Lt ,AHt ,ALt)

• Assume Y (·) is also CES

Yt = (AHtH
ρ
t + ALtL

ρ
t )1/ρ

with σ = 1/(1− ρ), where σ is the aggregate elasticity of subst

btwn H and L workers



Card-Lemieux 2001: Wages

Competitive wage setting — Wages equal marginal products

• Economy operates on the demand curve

wjt =
∂Yt

∂Ljt
=

∂Yt

∂Lt
× ∂Lt
∂Ljt

= ALtL
ρ−η
t πt × βjLη−1jt

where

πt = (ALtL
ρ
t + AHtH

ρ
t )1/ρ−1,

and similarly for the wages of college graduates

• Provided that η < 1, the age-specific wage (by education) is

declining in age-specific supply



Card-Lemieux 2001: Relative wages

Relative wages of H versus L workers in same cohort

ln

(
wH
jt

wL
jt

)
≡ rjt = ln(AHt/ALt) + ln(αj/βj)−

1

σ
ln (Ht/Lt)

− 1

σA
[ln(Hjt/Ljt)− ln(Ht/Lt)] + ejt

The relative H/L wage ratio for cohort j depends on four factors

1 The technology parameters AHt/ALt

2 The age-specific efficiency parameters αj/βj

3 The aggregate supply of Ht/Lt

4 Gap btwn the relative supply of Hjt/Ljt (in a cohort) and aggregate

overall supply ln(Ht/Lt), written as ln(Hjt/Ljt)− ln(Ht/Lt))



Card-Lemieux 2001: Cohort effects

How could this generate ‘cohorts effects?’

• Suppose that the log relative supply (not wage ratio) of workers who

are age j in year t consists of

ln (Hjt/Ljt) = λt−j + φj

(1) A cohort effect for the group λt−j (t − j is cohort’s birth year)

(2) An age effect φj = αj/βj that is common across cohorts

• λt−j is cohort specific relative supply of H versus L labor, and φj is

an age effect

• Age effects φj allows relative supply term to vary with age, but age

profile constant across cohorts

• Assumption: λt−j is fixed for a cohort—cohorts do not obtain

(much) additional education after labor market entry
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Card-Lemieux 2001: Estimation

Rewrite equation above in estimable form as

ln

(
wH
jt

wL
jt

)
≡ rjt = ln(AHt/ALt) + ln(αj/βj)−

1

σA
φj

+

(
1

σA
− 1

σ

)
ln (Ht/Lt)−

1

σA
λt−j + ejt

1 Year-specific factors, common across age groups:

ln(AHt/ALt) +

(
1

σA
− 1

σ

)
ln (Ht/Lt)

2 Age-group specific factors, common across years: ln(αj/βj)− 1
σA
φj

3 Cohort-specific constants: − 1
σA
λt−j

4 And a residual: ejt



Two Important Special Cases

When will cohort effects not be evident?

ln

(
wH
jt

wL
jt

)
≡ rjt = ln(AHt/ALt) + ln(αj/βj)−

1

σ
ln (Ht/Lt)

− 1

σA
[ln(Hjt/Ljt)− ln(Ht/Lt)] + ejt

1 When 1/σA ≈ 0, (σA →∞) the cohort effects will be ignorable

2 When ln(Hjt/Ljt)− ln(Ht/Lt) is approximately constant

• If 1
σA

[ln(Hjt/Ljt)− ln(Ht/Lt)] constant: cohort effects equal for all

cohorts—present but not identifiable

• If ln(Hjt/Ljt)− ln(Ht/Lt) varies with time, then rjt will exhibit

’cohort effects’



Special Case May Be Relevant From 1900-1945 Birth Cohorts!

Card and Lemieux 2001, QJE
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Figure 4: Relative Supply of College-Educated Workers by Cohort



Existence of Cohort Effects?

C-L want to estimate

rjt = bj + Ct−j + dt + ejt

• What’s the problem?



Existence of Cohort Effects?

C-L want to estimate

rjt = bj + Ct−j + dt + ejt .

• Not estimable—cohort effects are a linear combination of the bj′s
and the dt′s

• Even if we believe that age, cohort and time effects exist, cannot

identify them

Workaround

• Restrict the cohort effects to be the same for the 10 oldest cohorts

• Allows identification of the age effects along with the cohort effects

for younger ages

• Identification by assumption, but it may be reasonable.



Estimating Age, Time and Cohort Effects—Restricting Oldest
10 Cohorts to Same Cohort Effect: United States
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Estimating Age, Time and Cohort Effects—Restricting Oldest
10 Cohorts to Same Cohort Effect: US, UK, and Canada
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Estimating Substitutability Among Cohorts

Taking parametric model to the data

• Estimate age-group specific elasticities of substitution with

rjt = bj + dt − (1/σA) ln(Hjt/Ljt) + ejt

• Notes

• b̂j = ln(αj/βj)

• d̂t = ln(AHt/ALt) − ( 1
σ
− 1

σA
) ln(Ht/Lt)

• Structure of the CES model allows us to estimate σA while absorbing

the main effects of σ and H/L.



Estimating σA
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Want to Estimate the Full Model: What’s Missing?

Now, construct a measure of aggregate and cohort specific supply

• One ingredient still missing: estimates of age-specific efficiency

parameters αj , βj

C-L estimate by fitting

ln(wL
jt) +

1

σ̂A
Ljt = ln(ALtL

ρ−η
t ψt) + lnβj + ej

ln(wH
jt ) +

1

σ̂A
Hjt = ln(AHtH

ρ−η
t ψt) + lnαj + e′j

Estimated for each skill group, pooling across all time periods t

• ln(AHtH
ρ−η
t ψt), is absorbed by a set of year dummies

• Efficiency parameters αj and βj are estimated with age dummies



Second State Estimation

We’ve estimated σA and the αj and βj . We don’t have

1 σ, the overall elasticity of substitution between H and L

2 Evolution of skill demands ∆ lnAHt/ALt

3 We don’t know how much of ‘cohort effects’ explained by

acceleration/decelerations of supply



Second State Estimation

Given estimates of αj , βj , σA we can do the grand estimation

rjt = ln(AHt/ALt) + ln(αj/βj)−
1

σ
ln (Ht/Lt)

− 1

σA
[ln(Hjt/Ljt)− ln(Ht/Lt)] + ejt

Notice: C-L include two supply measures as regressors

1 Aggregate supply measure ln (Ht/Lt). Coefficient provides an

estimate of 1/σ

2 Deviation of the cohort supply measure from the aggregate measure,

ln(Hjt/Ljt)− ln (Ht/Lt). Coefficient provides another estimate of

1/σA

3 C-L also estimate 2nd stage models where constructed supply index,

ln(Ĥt/L̂t), incorporates estimates of σA and α′js, β
′
j s



C-L Main Estimates for US

Card and Lemieux 2001, QJE



U.S. Time Series: Young Workers <10 Years Experience

College/High-School Supply and Wage Gap for Men and Women with

<10 Years Experience

Acemoglu-Autor 2011
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U.S. Time Series: Older Workers 20-29 Years Experience

College/High-School Supply and Wage Gap for Men and Women with

20-29 Years Experience

Acemoglu-Autor 2011
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C-L Main Estimates for UK and Canada
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Including Women and Men: Makes a Big Difference
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So Much More Schooling – Has Quality Been Diluted?

Goldin and Katz 2008



Carneiro-Lee 2011: Want to Estimate ‘Quality-Adjusted’
Changes in College/HS Wage Premium, 1960-2000

Secular ∆’s in college-going create shifts in cohort supply

• Might also create differences in the cohort quality of education

• ’Lower-quality’ individuals go on to college

• Quality of education deteriorates when there is a large influx of

students (or both)

• How this might affect the wage structure—specifically, the measured
college/high-school gap?

• Clear for wage level

• Non-obvious for wage gap



Cross-State Scatters: SAT Scores vs. SAT Test Taking Rates

Carneiro and Lee, 1011

2335CARNEIRO AND LEE: TRENDS IN QUALITY-ADJUSTED SKILL PREMIAVOL. 101 NO. 6

school graduates taking the SAT (92 percent), while North Dakota had the fifth 
highest verbal score (590) and the lowest SAT test taking rate in the US (4 percent). 
Figure 3 does not control for other possible confounding factors. For example, some 
states use mainly the SAT, whereas other states use mainly the ACT. To carry out 
a more formal analysis, we have collected average verbal and math SAT scores for 
high school seniors graduating in each state from 1993 to 2004. Our main explana-
tory variable is the proportion of high school seniors taking the SAT in each state 
and year (as opposed to the proportion of college graduates among those graduating 
from high school, since we observe SAT scores for those taking the SAT, regard-
less of whether they attend college or not). For the years we are analyzing, the 
proportion of SAT takers is very strongly correlated with the fraction of high school 
graduates graduating from four year colleges, but not as much correlated with the 
fraction graduating from two year college (perhaps because the SAT is needed for 
enrollment in four but not two year colleges).

Using this dataset, we run a regression of SAT math and verbal test scores on the 
percentage of high school seniors taking the test. Our specification is quite demand-
ing, since we control for both year and state dummies. The estimation results reported 
in Table 7 show exactly the same pattern reported in Figure 3. We find that an increase 
in the proportion of high school seniors taking the SAT is significantly associated with 
lower math and verbal scores. This provides additional direct evidence that increases 
in college attainment lead to declines in the quality of college attendees.

Second, we consider the International Adult Literacy Survey (IALS), which is a 
literacy survey administered in several OECD countries. The US sample consists of 
a random sample of adults aged 16–65 surveyed in 1994–1995. Three literacy tests 
were administered: Quantitative, Document, and Prose. The survey also collects 
data on individual schooling attainment, among many other variables (see OECD 
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Figure 3. SAT Scores and Participation Rates

Note: The figure displays average verbal and math SAT scores by state (in 2004) against the percentage of high 
school graduates who take the SAT in each state.



Cross-State Regressions: SAT Scores vs. SAT Test Taking
Rates

Table 7: Regression of SAT Scores on the Percentage of High School Graduates Taking SAT, with
Year and State Dummies - 1993/2004 (except 1995 and 1998)

(1) (2)

SAT Math SAT Verbal
Percentage of High School -16.503 -26.268
Graduates Taking SAT [7.275]** [6.629]***
Observations 510 510
R-squared 0.99 0.99

Included Dummy Variables

(Year)
√ √

(State)
√ √

Notes: Robust standard errors in brackets, clustered on the region of residence-schooling-year cell. * significant at

10%; ** significant at 5%; *** significant at 1%.

Table 8: Regression of Quantitative Literacy on Proportion in College

(1) (2) (3)
Variable College High School All

Proportion in College -1.248 0.604 -0.112
[0.581]** [0.533] [0.384]

College 0.977
[0.047]***

Age 0.101 0.001 0.037
[0.024]*** [0.019] [0.013]***

Age Squared -0.001 0.000 0.000
[0.000]*** [0.000] [0.000]***

Constant -0.794 -0.651 -1.050
[0.416]* [0.444] [0.295]***

Observations 962 1503 2465
R-squared 0.03 0.00 0.22

Notes: The dependent variable is the standardized quantitative literacy score of individuals aged 25-60 in the US

sample of the International Adult Literacy Survey. Proportion in college is the percentage of individuals with some

college or more and is computed for each cohort. The variable “College” is a dummy variable for individuals with

some college or more. Robust standard errors in brackets, clustered at the cohort level. * significant at 10%; **

significant at 5%; *** significant at 1%.

46

Table 7: Regression of SAT Scores on the Percentage of High School Graduates Taking SAT, with
Year and State Dummies - 1993/2004 (except 1995 and 1998)

(1) (2)

SAT Math SAT Verbal
Percentage of High School -16.503 -26.268
Graduates Taking SAT [7.275]** [6.629]***
Observations 510 510
R-squared 0.99 0.99

Included Dummy Variables

(Year)
√ √

(State)
√ √

Notes: Robust standard errors in brackets, clustered on the region of residence-schooling-year cell. * significant at

10%; ** significant at 5%; *** significant at 1%.

Table 8: Regression of Quantitative Literacy on Proportion in College

(1) (2) (3)
Variable College High School All

Proportion in College -1.248 0.604 -0.112
[0.581]** [0.533] [0.384]

College 0.977
[0.047]***

Age 0.101 0.001 0.037
[0.024]*** [0.019] [0.013]***

Age Squared -0.001 0.000 0.000
[0.000]*** [0.000] [0.000]***

Constant -0.794 -0.651 -1.050
[0.416]* [0.444] [0.295]***

Observations 962 1503 2465
R-squared 0.03 0.00 0.22

Notes: The dependent variable is the standardized quantitative literacy score of individuals aged 25-60 in the US

sample of the International Adult Literacy Survey. Proportion in college is the percentage of individuals with some

college or more and is computed for each cohort. The variable “College” is a dummy variable for individuals with

some college or more. Robust standard errors in brackets, clustered at the cohort level. * significant at 10%; **

significant at 5%; *** significant at 1%.

46

Table 7: Regression of SAT Scores on the Percentage of High School Graduates Taking SAT, with
Year and State Dummies - 1993/2004 (except 1995 and 1998)

(1) (2)

SAT Math SAT Verbal
Percentage of High School -16.503 -26.268
Graduates Taking SAT [7.275]** [6.629]***
Observations 510 510
R-squared 0.99 0.99

Included Dummy Variables

(Year)
√ √

(State)
√ √

Notes: Robust standard errors in brackets, clustered on the region of residence-schooling-year cell. * significant at

10%; ** significant at 5%; *** significant at 1%.

Table 8: Regression of Quantitative Literacy on Proportion in College

(1) (2) (3)
Variable College High School All

Proportion in College -1.248 0.604 -0.112
[0.581]** [0.533] [0.384]

College 0.977
[0.047]***

Age 0.101 0.001 0.037
[0.024]*** [0.019] [0.013]***

Age Squared -0.001 0.000 0.000
[0.000]*** [0.000] [0.000]***

Constant -0.794 -0.651 -1.050
[0.416]* [0.444] [0.295]***

Observations 962 1503 2465
R-squared 0.03 0.00 0.22

Notes: The dependent variable is the standardized quantitative literacy score of individuals aged 25-60 in the US

sample of the International Adult Literacy Survey. Proportion in college is the percentage of individuals with some

college or more and is computed for each cohort. The variable “College” is a dummy variable for individuals with

some college or more. Robust standard errors in brackets, clustered at the cohort level. * significant at 10%; **

significant at 5%; *** significant at 1%.

46

Carneiro and Lee, 2011



Evidence from IALS: Cohorts with More College Grads Have
Lower Quantitative Literacy Among College Grads

Table 7: Regression of SAT Scores on the Percentage of High School Graduates Taking SAT, with
Year and State Dummies - 1993/2004 (except 1995 and 1998)

(1) (2)

SAT Math SAT Verbal
Percentage of High School -16.503 -26.268
Graduates Taking SAT [7.275]** [6.629]***
Observations 510 510
R-squared 0.99 0.99

Included Dummy Variables

(Year)
√ √
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Notes: Robust standard errors in brackets, clustered on the region of residence-schooling-year cell. * significant at

10%; ** significant at 5%; *** significant at 1%.
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Age Squared -0.001 0.000 0.000
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Constant -0.794 -0.651 -1.050
[0.416]* [0.444] [0.295]***

Observations 962 1503 2465
R-squared 0.03 0.00 0.22

Notes: The dependent variable is the standardized quantitative literacy score of individuals aged 25-60 in the US

sample of the International Adult Literacy Survey. Proportion in college is the percentage of individuals with some

college or more and is computed for each cohort. The variable “College” is a dummy variable for individuals with

some college or more. Robust standard errors in brackets, clustered at the cohort level. * significant at 10%; **

significant at 5%; *** significant at 1%.
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Table 7: Regression of SAT Scores on the Percentage of High School Graduates Taking SAT, with
Year and State Dummies - 1993/2004 (except 1995 and 1998)

(1) (2)

SAT Math SAT Verbal
Percentage of High School -16.503 -26.268
Graduates Taking SAT [7.275]** [6.629]***
Observations 510 510
R-squared 0.99 0.99

Included Dummy Variables

(Year)
√ √

(State)
√ √

Notes: Robust standard errors in brackets, clustered on the region of residence-schooling-year cell. * significant at

10%; ** significant at 5%; *** significant at 1%.
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[0.000]*** [0.000] [0.000]***
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[0.416]* [0.444] [0.295]***
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R-squared 0.03 0.00 0.22
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sample of the International Adult Literacy Survey. Proportion in college is the percentage of individuals with some
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Carneiro-Lee 2011: Want to Estimate ‘Quality-Adjusted’
Changes in College/HS Wage Premium, 1960-2000

Challenge for Carneiro-Lee: hypothesis almost isomorphic to

Card-Lemieux ’01

• Both predict that education ’returns’ rise differentially for young

college grads when the supply of young college grads decelerates

• In the Card-Lemeiux view, it stems from a slowdown in the supply of

young college adults

• In the Carneiro-Lee view, it could alternatively stem from an

improvement in the quality of college relative to non-college adults



Carneiro-Lee 2011: Estimation Approach

Carneiro-Lee draw on technique from Card and Krueger 1992 JPE

• To identify the effect of cohort quality on earnings...

• Regress wages of workers working outside of their home region (9

Census regions) on educational composition of birth cohort

• Assumes cross-region moves are exogenous to wages—though there

are fixes



Carneiro-Lee 2011: Estimation Approach

Write the wage of college worker i as lnw c
iatrb :

lnw c
iatrb = γatr + γab + γtb + φ

(
P̃t−a,b

)
+ eciatrb.

• a is current age

• t is year

• r is the region of work

• b is the region of birth

• super-script c refers indicates that i is a college worker

Coefficient of interest is φ

• Odds of proportion of cohort that attended college

P̃t−a,b = Pt−a,b/ (1− Pt−a,b)



Carneiro-Lee 2011: Estimation Approach

Estimating equation for log college wage

lnw c
iatrb = γatr + γab + γtb + φ

(
P̃t−a,b

)
+ eciatrb

• γatr is a full set of interactions between age, year and region of work.

Absorb average wage levels of all college workers by age in year t in

each region

• γab takes out average wage levels of workers by each region-of-birth

by age group

• γtb takes out average wages of workers by each region of birth by

year



Carneiro-Lee 2011: Estimation Approach

• Wages vary across schooling × year × age × residence-region ×
birth-region cells

• Weeks worked (for labor supply models) vary across schooling ×
year × age × residence-region cells

• Composition varies across schooling × year × age × birth-region

lnw c
iatrb = γatr + γab + γtb + φ

(
P̃t−a,b

)
+ eciatrb

What’s left?

• Cohort by birth-region variation in wage levels, ID’d by individuals

born in regions b but working in regions r 6= b

• Paper also attempts to address the selective migration issue with

parametric corrections, none perfect



College Premium in Region of Residence (by Cohort) vs.
College Proportion in Region of Birth (by Cohort)

Carneiro and Lee, 2011
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 intrinsically unobserved) with shifts in the proportion of cohort-specific college 
enrollment by region of birth.1

Our main empirical challenge is to separate changes in the supply of college labor 
from changes in the quality of college graduates, because the two variables gener-
ally move together. We start by assuming that all individuals in a given age group 
and working in the same regional labor market (in the same year) face the same 
skill prices, even if they were born and schooled in different regions. However, 
their wages differ because they have heterogeneous quantities of skill, which can 
be attributed to differences in composition across regions of birth. Therefore, by 
comparing (within labor market) wages of individuals born in regions with differ-
ent fractions of college enrollment (and therefore, with a different average quality 
of college participants), we are able to identify the effect of quality on wages. We 
control for differences across regions of birth using region of birth dummies, which 
are allowed to vary with year and with age.

Figure 1 illustrates the intuition behind our procedure. Using US Census data 
between 1960 and 2000, we group individuals into year-age-region of birth-region 
of residence cells. For each cell we compute the college premium, and we estimate 
the proportion of college participants for each cohort and region of birth, and the 
proportion of college participants for each year, age, and region of residence.2 Each 

1 Therefore we use the terms quality and composition interchangeably. In Section V, we present direct evidence 
of the decline in the quality of college workers due to the increase in college enrollment.

2 We consider white males aged 25–60 only, grouped into 5 year age groups. We consider 9 regions of residence 
and 9 regions of birth (Census regions). The college premium is the difference in average log wages of those with 
exactly 16 years of schooling and those with 12 years of schooling. The quality variable is the proportion of indi-
viduals with at least some college.

Figure 1—College Premium in Region of Residence as a Function of Proportion College  
in Region of Birth

Notes: Using US Census data between 1960 and 2000, the figure graphs the college premium in each (year) × (age) × (region of birth) × (region of residence) cell against the proportion in college by cohort and 
region of birth, after grouping individuals into three sets of regional labor markets: those with a high share of col-
lege educated workers (30–40 percent), those with a medium share (20–30 percent), and those with a low share (10–20 percent).
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Carneiro-Lee Reduced From and Structural Estimates For
College Earnings as a Function of Supply and ‘Quality’

Table 1: Regression of Wages on Labor Supply and the Odds of Proportion in College

(1) (2) (3)
Reduced-Form Structural Structural

Model Model Model
(Controlling for (Controlling for (Without Controlling

Quality) Quality) for Quality)

Panel A - College

Odds of Proportion in College -0.086 -0.092
[0.036]** [0.032]***

Quality-Adjusted Log Weeks -0.110
[0.022]***

Log Weeks -0.188
[0.019]***

Observations 2598 2598 2598

Panel B - High School

Odds of Proportion in College -0.032 -0.023
[0.022] [0.024]

Quality-Adjusted Log Weeks -0.091
[0.012]***

Log Weeks -0.090
[0.012]***

Observations 2692 2692 2692

Included Explanatory Variables

(Year)×(Age)×(Region of Residence)
√

(Year)×(Region of Residence)×(Region of Birth)
√ √ √

(Age)×(Common Linear Time Trends)
√ √

(Year)×(Region of Birth)
√ √ √

(Age)×(Region of Birth)
√ √ √

(Observed Migration Probability)
√ √ √

(Observed Migration Probability)2
√ √ √

(Staying Probability)
√ √ √

(Staying Probability)2
√ √ √

(Observed Migr. Prob.)×(Staying Prob.)
√ √ √

Notes: The dependent variable is log weekly wage in each cell. The variable “Odds of Proportion in College” is

the odds of going to college for cohort t − a born in region b. The variable “Quality-Adjusted Log Weeks” is the

logarithm of the labor supply multiplied by the average quality. All regressions are weighted by the inverse of the

sampling variance of average log wages in each cell. Robust standard errors in brackets, clustered on the region of

residence-schooling-year cell. * significant at 10%; ** significant at 5%; *** significant at 1%.
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Panel B - High School
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Quality-Adjusted Log Weeks -0.091
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(Staying Probability)
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√ √ √

(Observed Migr. Prob.)×(Staying Prob.)
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Notes: The dependent variable is log weekly wage in each cell. The variable “Odds of Proportion in College” is

the odds of going to college for cohort t − a born in region b. The variable “Quality-Adjusted Log Weeks” is the

logarithm of the labor supply multiplied by the average quality. All regressions are weighted by the inverse of the

sampling variance of average log wages in each cell. Robust standard errors in brackets, clustered on the region of

residence-schooling-year cell. * significant at 10%; ** significant at 5%; *** significant at 1%.
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Carneiro-Lee Reduced From and Structural Estimates For
High-School Earnings as a Function of Supply and ‘Quality’

Table 1: Regression of Wages on Labor Supply and the Odds of Proportion in College

(1) (2) (3)
Reduced-Form Structural Structural

Model Model Model
(Controlling for (Controlling for (Without Controlling

Quality) Quality) for Quality)

Panel A - College

Odds of Proportion in College -0.086 -0.092
[0.036]** [0.032]***

Quality-Adjusted Log Weeks -0.110
[0.022]***

Log Weeks -0.188
[0.019]***

Observations 2598 2598 2598

Panel B - High School

Odds of Proportion in College -0.032 -0.023
[0.022] [0.024]

Quality-Adjusted Log Weeks -0.091
[0.012]***

Log Weeks -0.090
[0.012]***

Observations 2692 2692 2692

Included Explanatory Variables

(Year)×(Age)×(Region of Residence)
√

(Year)×(Region of Residence)×(Region of Birth)
√ √ √

(Age)×(Common Linear Time Trends)
√ √

(Year)×(Region of Birth)
√ √ √

(Age)×(Region of Birth)
√ √ √

(Observed Migration Probability)
√ √ √

(Observed Migration Probability)2
√ √ √

(Staying Probability)
√ √ √

(Staying Probability)2
√ √ √

(Observed Migr. Prob.)×(Staying Prob.)
√ √ √

Notes: The dependent variable is log weekly wage in each cell. The variable “Odds of Proportion in College” is

the odds of going to college for cohort t − a born in region b. The variable “Quality-Adjusted Log Weeks” is the

logarithm of the labor supply multiplied by the average quality. All regressions are weighted by the inverse of the

sampling variance of average log wages in each cell. Robust standard errors in brackets, clustered on the region of

residence-schooling-year cell. * significant at 10%; ** significant at 5%; *** significant at 1%.
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Notes: The dependent variable is log weekly wage in each cell. The variable “Odds of Proportion in College” is

the odds of going to college for cohort t − a born in region b. The variable “Quality-Adjusted Log Weeks” is the
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‘Quality-Adjusted’ College Wage Premiums (Carneiro-Lee ’11)

2339CARNEIRO AND LEE: TRENDS IN QUALITY-ADJUSTED SKILL PREMIAVOL. 101 NO. 6

panel (dashed line). The largest decline in quality from 1970 to 1980 corresponds to 
the largest increase in college enrollment in the same period and relatively modest 
decreases in quality in both 1980–1990 and 1990–2000 are associated with a slow-
down in the growth in college attainment in those periods.
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Figure 4. Quality-Adjusted College and Age Premia

Note: This figure shows quality-adjusted and unadjusted college and age premia.
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Carneiro-Lee 2011: Interpretation

Interpreting the coefficient of −0.086 (Panel A of Table 1) on P̃

• If college enrollment rises from 50% to 60%, P̃ increases from 1 to
1.5

• Implies a fall in college wages of 0.0425

If wage declines due to fall in quality of marginal college-goers

• Let w1 be the average log wage of inframarginal students

• If marginal students are 17% = 10/60 of college goers, then the

observed college wage is:

∆w̄ = − (0.084× 0.5) = 0.83w1 + 0.17w2 − w1

− (0.084× 0.5) = 0.17(w2 − w1)

w1 − w2 = 0.247

• Implies that the marginal college-goers are 25% less skilled than the

inframarginal college-goers
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