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This study examines changes in returns to formal education and cog-
nitive skills over the past 20 years using the 1979 and 1997 waves of
the National Longitudinal Survey of Youth. We show that cognitive
skills had a 30%–50% larger effect on wages in the 1980s than in the
2000s. Returns to education were higher in the 2000s. These devel-
opments are not explained by changing distributions of workers’ ob-
servable characteristics or by changing labor market structure. We
show that the decline in returns to ability can be attributed to differ-
ences in the growth rate of technology between the 1980s and 2000s.

I. Introduction

Families and policy makers implement various strategies to enhance an
individual’s capacity to succeed in the labor market. Investment in an in-
dividual’s human capital is one of the most important channels to achieve
this goal. A large literature documents that workers with higher educational
attainment have higher earnings and that this wage differential has been in-
creasing over time. The standard estimates show that between the 1980s and
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2000s, therewas an increase in returns to education in the range of 20%–50%
ðsee, e.g., Goldin and Katz 2007Þ. Many studies argue that this growth was
more rapid in the first half of the 1980s. There is also a debate about the in-
terpretation of the rising return to schooling: whether it is due to an increase
in the return to formal education or a rising return to cognitive ability. This
debate focuses on developments in the 1980s and concludes that the increase
in return to cognitive ability explains much of the increase in return to ed-
ucation in the 1980s ðsee, e.g., Cawley et al. 1998Þ. In this study, we examine
changes in wage structure between the 1980s and 2000s and show that the
return to cognitive skills has declined substantially over this period while the
return to schooling has increased.
Using data from the 1979 and 1997 National Longitudinal Surveys of

Youth ðNLSY79 and NLSY97, respectivelyÞ, we evaluate to what extent
schooling and cognitive skills, as captured by performance on the Armed
Services Vocational Aptitude Battery ðASVABÞ tests,1 affect the wages of
18–28-year-old men and women and how this relationship has changed
between the 1980s and 2000s.2 We show that during these 2 decades the
return to cognitive ability declined by 30%–50% for men and women. We
also show that the slowdown in the growth rate of return to education after
the 1990s is less pronounced when controlling for ability. These changes in
returns are persistent across various demographic groups and are robust to
use of alternative ability measures and econometric specifications.
We consider various channels that could lead to such large declines in the

ability premium in the 2000s. First, we examine changes in the distributions
of demographic characteristics and assess how the returns to education and
ability would have changed if observable characteristics remained constant
between the 1980s and 2000s. We reweight the samples to match NLSY79
and NLSY97 age and family background distributions, and we find that
changing demographics cannot explain the decrease in return to cognitive
ability. Second, wematch distributions of occupations and industries across
surveys, and we show that changes in the labor market structure do not
explain the results. Third, we examine the role of measurement error in test
scores and show that it cannot explain our findings.
To further study skill prices in the 1980s and 2000s, we examine changes in

wage dynamics. In the 1980s estimations, returns to education decline with
experience and returns to ability increase with experience. These relation-
ships are weaker in the 2000s for men and women. In the dynamic model,
the returns to cognitive skills for entry wages are similar across cohorts,
which suggests that changing wage dynamics explain the overall decline in

1 The ASVAB scores are extensively used in the literature as a measure of
cognitive achievement, aptitude, and intelligence. See, e.g., Carneiro and Heckman
ð2002Þ and Belley and Lochner ð2007Þ.

2 The data are from the 1980–91 waves in NLSY79 and the 1999–2008 waves in
NLSY97.
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returns to cognitive skills. We address these outcomes within two frame-
works, human capital accumulation theory, as in Ben-Porath ð1967Þ, and
the employer-learning model ðsee, e.g., Farber and Gibbons 1996; Altonji
and Pierret 2001Þ. Within the Ben-Porath framework, changing coefficients
of the dynamic wage equation reflect how changing technology and struc-
tural changes in the labor market affect human capital accumulation. Using
this framework, we examine the Nelson-Phelps hypothesis, which posits
that skills are most valuable when workers are adapting to a changing en-
vironment but that as the rate of technological change slows down, formal
education becomes relatively more important for labor market outcomes.
Within the employer-learning framework, changing wage dynamics reflect
changes in signaling, screening, and learning mechanisms that are associated
with reforms in the education system following technological innovations.
Both explanations are consistent with a changing state of workplace tech-
nology. We construct technology growth indexes employing the Cummins
and Violante ð2002Þ methodology and show that there was a slowdown in
growth starting in the late 1990s ðGreenwood and Yorokoglu ½1997� and
Katz ½2000� show similar trendsÞ. We also argue that changing technology
has led to reforms in the schooling system, which has resulted in a more
relevant and merit-oriented education.
Previous studies that examine changes in returns to cognitive skills focus

on developments in the 1980s and find an increasing or weakly increasing
trend.For example,BlackburnandNeumark ð1993Þuse1979–87wavesof the
NLSY79 and report that the rise in return to education during that period
was concentrated among those with both high education and high ability.3

Grogger and Eide ð1995Þ, using 1970s to 1980s data, find that controlling
for ability reduces the rising return to schooling.4 Bishop ð1991Þ, using the
1981–86 waves of NLSY79, finds that the return to cognitive skills rose in
cross-sectional data but finds mixed results using panel data. All the above
studies decompose the increasing return to schooling using panel data or
repeated cross-sections data and therefore cannot simultaneously identify
age, cohort, and time effects. These studies require further parametric as-
sumptions to conclude whether the estimated increase in return to ability is
due to changes in the value of cognitive skills or because ability becomes
more valuable with work experience. Heckman and Vytlacil ð2001Þ provide
an extensive study using a large number of specifications and demonstrate
the sensitivity of the results to such assumptions.

3 Blackburn and Neumark ð1993Þmeasure cognitive ability using an average score
of three subtests in the ASVAB.

4 Grogger and Eide ð1995Þ use the National Longitudinal Study of the High
School Class of 1972 ðNLS72Þ survey and the High School and Beyond ðHSBÞ
survey. Cognitive skills are measured by standardized test scores and high school
grades. They use a math test, a vocabulary test, and a “mosaic” test that measures
perceptual speed and accuracy.
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Murnane, Willett, and Levy ð1995Þ solve the identification problem by
examining two different cohorts. They draw from the NLS72 and High
School and Beyond surveys to compare wages of 24-year-old males in 1978
and1986.Theyconclude that 38%of the rise in the return to educationduring
this period can be attributed to a rise in the return to ability ðmeasured by
scores on a math testÞ. There is still a question of whether their results are
unique to the age they choose and the 2 years they analyze.
An alternative to estimating the trend in the return to cognitive ability ðas

measured by scores on standardized testsÞ is to examine patterns of wage
dispersion. For example, Juhn, Murphy, and Pierce ð1993Þ attribute the in-
creasing variance of wage residuals in the 1980s to an increase in the de-
mand for unobserved skill. Chay and Lee ð2000Þ examine the changing dis-
tributional patterns and show that the return to unobserved skills were
increasing in the 1980s, but they argue that it cannot be large enough to
account for the full increase in the return to schooling. Taber ð2001Þ finds
that an increase in the demand for unobserved ability could play amajor role
in the growing college premium.
Our study extends the previous work by using cross-decade compar-

isons of the returns to schooling and cognitive ability. Using two NLSY
cohorts allows us to identify age, cohort, and time effects. Whereas pre-
vious studies have focused on developments in the 1980s and early 1990s,
we examine the 1980s–2000s period and document a large decline in the
return to cognitive skills and an increase in the return to schooling.
This article proceeds as follows. Section II describes the data sets in

detail. Our main empirical results are reported in Section III. In this sec-
tion, we examine the changing roles of cognitive skills and formal edu-
cation in wage determination. We also perform sensitivity analysis to eval-
uate whether differences in demographics and test-taking conditions can
explain the outcomes. Section IV explores the dynamics of wages and eval-
uates findings within the human capital and employer-learning theories.
Here we also document the developments in the state of technology over
the 20 years. Section V concludes the article.

II. Data

The data are from the 1979 and 1997 waves of the National Longitudinal
Survey of Youth ðNLSYÞ. NLSY79 provides a nationally representative
sample of 12,686 youngmen andwomenwhowere 14–22 years old in 1979,
and NLSY97 samples 8,984 individuals who were 12–16 years old in 1997.
We employ both cross-sectional and supplemental samples ðexcluding the
military supplementÞ and use the base year weights provided by the Bureau
of Labor Statistics ðBLSÞ to achieve representativeness of the population.5

5 For some estimations we construct alternative sets of weights to evaluate effects
of changing distributions of demographic characteristics on labor market outcomes.
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We pool observations for 1980–91 for NLSY79 and for 1999–2008 for
NLSY97.
The data contain detailed information on individuals, including mea-

sures of cognitive ability, education, labor market activity, and other family
and personal characteristics. Many of these variables are compatible across
the 1979 and 1997 cohorts, but some require further adjustments to facili-
tate comparison across samples. Altonji, Bharadwaj, and Lange ð2012Þ pro-
vide a detailed analysis of each data set and suggest methods to achieve com-
patibility.We follow their methodologywhere applicable.6

Individuals enrolled in school and in military service are excluded from
the analysis. We consider individuals who have achieved their highest de-
gree, work at least 20 hours per week, and earn real hourly wages within the
range of $3–$100 ðin 2007 prices, deflated using the CPIÞ. We exclude in-
dividuals with missing information on key variables. Since the oldest in-
dividual in the NLSY97 turned 28 in the 2008 wave of data, we limit our
analysis to the 18–28 age group.7 The final samples of men contain 25,491
observations in the 1979 cohort and 12,458 in the 1997 cohort. The number
of individuals in each cohort is 5,021 and 3,009, respectively. Women sam-
ples contain 21,603 observations in the NLSY79 and 10,887 observations in
NLSY97, pooling information on 4,863 and 2,892 respondents, respectively.
Table 1 summarizes the key variables. The statistics are calculated using

the standard BLS weights and also using constructed weights to match the
age distribution of NLSY97 to that of NLSY79.8 Comparison of the age
statistics in the NLSY79 and NLSY97 samples shows the main effect of the
age-reweighting procedure. The mean age is lower in NLSY97 when using
the standard weights due to a higher concentration of young workers. The
age statistics are practically identical when adjusting the NLSY97 sample to
have the age distribution of NLSY79. Other variables that are sensitive to
the choice of weights are hourly wage, work experience, and education. The
means of these variables increase when the age-reweighted NLSY97 sample
is used.
Both data sources contain comparable measures of ability, captured by

the ASVAB, which is a sequence of tests that cover basic math, verbal, and
manual skills. Math skills are measured by scores on the Arithmetic Rea-
soning,NumericalOperations, andMathematicsKnowledge sections of the
ASVAB. Verbal skills are measured by the scores on the Word Knowledge

6 Some studies have raised a concern regarding the representativeness of the
NLSY97. These issues are discussed in detail by Altonji et al. ð2012Þ, and we adopt
their assumption that when using the survey weights, the available data are rep-
resentative of the 1997 and 1979 populations. Altonji et al. ð2012Þ also argue that
attrition patterns do not constrain the analysis.

7 A very small number of respondents were age 29 at the time of the 2008 wave
of the NLSY97.

8 The reweighting procedure is discussed in detail in Subsec. III.A.
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and Paragraph Comprehension sections of the ASVAB. We construct the
Armed Forces Qualifications Test ðAFQTÞ score using the definition from
NLSY79, which is based on scores from Arithmetic Reasoning, Numerical
Operations, Word Knowledge, and Paragraph Comprehension tests. We
also define Math and Verbal measures using the relevant tests in ASVAB.
“Math” is defined as an average of the Arithmetic Reasoning, Mathematics
Knowledge, and Numerical Operations sections. “Verbal” ability is mea-
sured by averaging the scores on the Word Knowledge and Paragraph
Comprehension sections of the ASVAB.
We address two important compatibility issues that arise due to differ-

ences in survey and test methodologies between the NLSY79 andNLSY97.
First, participants in the NLSY79 took the ASVAB exam in the summer of
1980 when they between 15 and 23 years old. For the NLSY97 cohort, the
test was administered when individuals were between 12 and 17 years old.
Second, the NLSY79 cohort was administered a pencil-and-paper ðP&PÞ
version of the ASVAB, while the NLSY97 participants took a computer-
assisted test ðCATÞ format. For NLSY97, we use ASVAB scores provided
by Daniel Segall, who develops a mapping that assigns scores to equalize
percentiles on the various subtests of the P&P and the CAT. The mapping
procedure is described in detail in Segall ð1997Þ. To adjust the scores by age,
we follow a procedure described in Altonji et al. ð2012Þ.9 For the NLSY79
andNLSY97, we apply an equipercentile mapping to age 16 of the scores of
respondents who took the test at other ages, exploiting the overlap in the
test-taking age across cohorts.
Figure 1 shows the distributions of ability measures for each cohort.

Table 1 provides means and standard deviations of the measures. The AFQT
score can take values between 70 and 280, but actual scores fall within the
80–220 range. Math and verbal test scores can range within 20 and 80, with
actual scores fallingwithin the 20–70 interval.We use normalized test scores
in estimations, such that the relevant sample mean is zero and the standard
deviation is one.
The ASVAB scores are widely used in the literature as a measure of cog-

nitive achievement, aptitude, and intelligence. Some studies argue that hu-
man capital investments affect AFQT scores, which may constrain the iden-
tification of education and ability effects on earnings ðsee, e.g., Neal and
Johnson ½1996� or Cascio and Lewis ½2006�Þ. To address this issue, we per-
form robustness tests using a subgroup of individuals who took the AFQT
when they were 16 years old ðthe overlap age in the two samplesÞ and at-
tended the ninth grade. Another concern is that individuals with higher
AFQT scores are more likely to be more educated and that such selection
into schooling could change over time.We find that the correlation between
the AFQT scores and years of schooling is fairly stable, 0.56 inNLSY79 and

9 We thank Joseph Altonji, Prashant Bharadwaj, and Fabian Lange for help with
the ASVAB data.
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0.53 in NLSY97 for males and 0.52 versus 0.56 for females ðusing the age
reweighted sampleÞ, which allows us to compare returns to cognitive skills
and education across cohorts.
Table 1 documents an increase in the schooling level, which is more

pronounced when using the age-reweighted NLSY97 sample. The average
of years of schooling in the NLSY79 sample is 12.3 for men and 12.7 for
women. In the NLSY97 sample, the averages are 12.6 for men and 13.1 for
women. In the age-reweighted NLSY97 sample, the averages are 12.7 and
13.3 for men and women, respectively. On the other hand, it takes longer for
the 1997 cohort to complete their degrees. For example, an average 25-year-
old college graduate has 15.9 years of schooling in NLSY79 but 16.5 years
in NLSY97. Therefore, in our main estimations, we use indicators of school-
ing levels that show similar patterns as the continuous schooling variable.
Work experience is defined as age minus schooling minus 6; the average

experience is slightly lower for the NLSY97 cohort ðage-reweighted sam-
pleÞ. Hourly wage rates ðin 2007 dollarsÞ increase over time if using the age-
reweighted samples. To control for changing macroeconomic conditions,
we use the unemployment rate. Finally, the proportion of black workers is
higher in theNLSY97 sample. This is partially due to samplingmethodology
and partially due to higher attrition of black workers in the earlier waves of
the survey. This issue is discussed in more detail in Altonji et al. ð2012Þ.
Table 1 also summarizes information on the family background of re-

spondents: parental education, family structure, and family income. The

FIG. 1.—Ability measures. Both populations are weighted using the BLS weights
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NLSY79 and NLSY97 record family income in early survey years; we use
average family income ðin 2007 dollarsÞ when participants were 16–17
years old, excluding those not living with their parents at that time.10 Mean
family income is fairly constant over time, but its dispersion has risen. Fam-
ily structure information is provided by an indicator variable for whether
both parents were living with the child when he or she was 14 years old in
the NLSY79 and in 1997 ði.e., ages 13–17Þ in the NLSY97. There are more
single-parent households in the later cohort. Finally, table 1 shows statistics
on parental years of schooling, which are higher in the 2000s.

III. Estimation

We estimate wage functions for men and women using the NLSY79 and
NLSY97. The tables summarize selected results; full tables are provided in
the appendix, available in the online version of Journal of Labor Econom-
ics.11 To evaluate the changes in effects of schooling and cognitive skills on
earnings, we estimate

ln wageit 5 bT
1 EDUCi 1 bT

2 ABILITYi 1 bT
3 EXPit

1 bT
4 EXP2

it 1 bT
5 Xit 1 εit;

ð1Þ

where wageit is the real hourly wage rate paid to an individual i at time t,
EDUCi is a vector of education dummy variables, ABILITYi measures cog-
nitive skills using the AFQT score, the average Math score or the average
Verbal score, EXPit corresponds to labor market experience, Xit is a vector
of personal characteristics and family background variables. Superscripts on
the coefficients denote the cohort,T ∈ fNLSY79; NLSY97g. The term εit is
a vector of unobserved factors that affect wages ðe.g., ambition or luckÞ. We
assume that correlations between εit and control variables do not change
over time ðallowing for zero correlationÞ. This assumption allows us to com-
pare the coefficients of equation ð1Þ across cohorts. The plausibility of this
assumption is to some extent explored in our estimations that include ability
measures and detailed vectors of controls.
The data sets pool information for individuals over time. Therefore, the

coefficients of education and ability may reflect not only prices of these
skills but also the effects of human capital depreciation and on-the-job
training or learning-by-doing. We discuss the interpretation of the coef-
ficients in the next subsection, where we estimate the returns to formal
schooling and test scores in a dynamic wage model.
The results are reported in table 2. Columns 1 and 2 show the estimated

effects of education on wages without controlling for test scores. Returns

10 The family income measure is available for the younger cohorts of NLSY79,
those born between 1961 and 1964. When income is available only for age 16 or age
17 and not both, we use the available measure.

11 For more details, see the notes of each table.
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to education in this specification display modest increases over time for
men and women. Columns 3–8 display estimation results that include the
ability measures. We document a significant decline in return to ability, b2,
over the 20 years. The differences between the coefficients on ability mea-
sures are statistically significant at the 1% confidence level in all specifi-
cations. For men, an increase in the AFQT score by one standard deviation
is associated with a 9.6% increase in hourly wage for the 1979 cohort, but
only with a 3.3% increase for the 1997 cohort. For women, the effect of
one standard deviation increase in AFQT score on the real wage rate drops
from 10.8% to 6.2%. Similar large declines in the returns to cognitive skills
are documented when using alternative measures; the coefficient of Math
ðVerbalÞ score has declined by 59% ð72%Þ for men and by 38% ð39%Þ for
women.
The increase in the return to education is more pronounced when

controlling for test scores. For instance, if not controlling for ability, the
return to a bachelor’s degree ðcompared to high school dropoutsÞ for men
is 14% higher in the 2000s than in the 1980s, and this difference increases
to 43% if controlling for AFQT ðfor women these changes are 8% and
27%, respectivelyÞ. These outcomes also imply that the ability bias is larger
when estimating the wage equation for the 1980s.12

Table 3 reports estimation results of the wage equation controlling for
additional characteristics, as well as by education level and by race. Includ-
ing family background controls ðmodel 1, panel AÞ such as family income,
parental education, and intact family indicator reduces the coefficient of the
AFQT score. Adding occupation and industry indicators ðmodel 2, panel AÞ
reduces the coefficients of AFQT further. However, the proportional de-
cline in the AFQT coefficient does not change much when including ad-
ditional controls, and the differences in the returns to cognitive skills be-
tween the 1980s and 2000s are statistically significant for men and women.
Returns to ability by education level are reported in panel B of table 3.

These results show that the decrease in the returns to ability occurred
within and between different education levels for men and women. The
differences in the ability coefficients across cohorts are statistically sig-
nificant at the 1%–5% level in all specifications. The same pattern is ob-
served in panel C, table 3, which records estimation results by race. The
returns to ability decrease for white and black men and women, although
the magnitude of the decline is higher for white workers. The differences
are significant at the 1% level for men and at the 5%–10% level for women.
Equation ð1Þ is also estimated using the alternative definition of the

schooling variable. Columns 1, 2 and 5, 6 in table 7 report estimation re-
sults using years of schooling ðhighest grade completedÞ for men and

12 Returns to experience for both cohorts do not change significantly when
controlling for the AFQT scores. See table A1 in the online appendix.
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Table 3
Returns to AFQT, Standard Weights, Ordinary Least Squares, with Additional
Controls, by Education and by Race

Men Women

AFQT R2 ðAdjustedÞ N AFQT R2 ðAdjustedÞ N

Panel A:
Model 1:
NLSY79 .0683 .2396 9,396 .0952 .2783 7,788

ð.0121Þ ð.0132Þ
NLSY97 .0248 .1593 8,432 .0682 .2856 7,480

ð.0101Þ ð.0108Þ
Model 2:
NLSY79 .0608 .3113 9,387 .0742 .3659 7,775

ð.0110Þ ð.0121Þ
NLSY97 .0224 .3054 8,408 .0479 .4139 7,467

ð.0089Þ ð.0093Þ
Panel B: by education:
High school dropouts:
NLSY79 .1134 .0940 5,875 .0665 .0410 2,826

ð.0196Þ ð.0190Þ
NLSY97 .0199 .0474 1,846 .0528 .0237 1,284

ð.0173Þ ð.0194Þ
High school diploma:
NLSY79 .0836 .0816 16,297 .1017 .0755 14,993

ð.0108Þ ð.0088Þ
NLSY97 .0316 .0658 8,496 .0661 .0463 6,835

ð.0094Þ ð.0092Þ
Bachelor’s:
NLSY79 .1594 .1044 2,346 .1639 .1360 2,476

ð.0249Þ ð.0275Þ
NLSY97 .0404 .0404 1,066 .0648 .0203 1,377

ð.0386Þ ð.0282Þ
Panel C: by race:
White:
NLSY79 .0901 .1464 15,956 .1038 .2236 13,815

ð.0106Þ ð.0092Þ
NLSY97 .0276 .1380 6,762 .0567 .2753 5,507

ð.0105Þ ð.0109Þ
Black:
NLSY79 .1213 .1356 6,439 .1401 .1777 5,250

ð.0143Þ ð.0144Þ
NLSY97 .0700 .1356 3,137 .0985 .2896 3,146

ð.0136Þ ð.0120Þ

NOTE.—All statistics are weighted by the cross-sectional weights. Wages are inflation adjusted to 2007
using the CPI-U. Test scores are normalized to have zero mean and standard deviation one. Other con-
trols: education dummies ðsee table 2 noteÞ, experience, experience2, black, unemployment, metro status.
Coefficients and standard errors presented. Model 1 specifications include family background variables.
Model 2 specifications include family background variables and industry and occupation dummies. For
full results, see tables A3, A4, A5, and A6 in the online appendix. Respondents are clustered at the primary
sampling unit, and robust standard errors are reported in parentheses.
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women. In these specifications, the AFQT coefficient drops from 0.077 to
0.030 for men and from 0.091 to 0.070 for women.

A. Measurement Errors

We provide robustness and sensitivity analysis of our results. First, we
check whether measurement error in test scores can explain the outcomes.
Second, we estimate equation ð1Þ using weights to adjust the age and other
characteristics distributions that vary across samples. Third, we estimate
returns to skills while reweighting the NLSY97 sample to match labor mar-
ket structure in the 1980s.
Section II describes the procedure to adjust the scores for the test format

and for differences in the test-taking age. To eliminate measurement errors
associated with the age adjustments, we estimate equation ð1Þ for re-
spondents who took the ASVAB test when they were 16 years old. Results
in table 4 show a significant decline in returns to ability over the 20 years for
men and women. The differences are statistically significant at the 5% level
for men and at the 1% level for women.13

To further examine the role of potential measurement errors, we perform
TSLS estimations using the SAT score to instrument for the AFQT score.14

The two-stage least squares ð2SLSÞ results, along with the ordinary least
squares ðOLSÞ results for the subsample of respondents with valid SAT
scores, are reported in table 5. Thefirst stage result s showa strong correlation
between the SAT and AFQT scores, which did not change much over time.
The second stage results show larger effects of AFQT on earnings than the
OLS results, suggesting that the measurement error might be important. On
the other hand, the proportional decline between the coefficients forNLSY79
and NLSY97 cohorts remains above 50% and is statistically significant.
The amount of financial compensation to participate in ASVAB was

lower for the later cohort and could affect test performance through in-
centives and motivation.15 We address these motivation effects on test
performance using information on reason to take the ASVAB, which is
recorded in the NLSY97. Respondents chose one of the following options:

13 Further constraining the sample to include only respondentswhowere 16 years
old and had completed the ninth grade at the time of the test delivers very similar
estimates. These results are reported in table A8 in the online appendix.

14 The SAT is a standardized test for college admissions in the United States. In
the NLSY79, the SAT score is collected in 1980, 1981, and 1983 in the high school
transcript survey, and it was available for 950 respondents. The majority of these
individuals were expected to graduate high school in the survey year. In theNLSY97,
SAT scores are also available in the transcript surveys of 1999–2000 and 2004 waves
for 1,407 respondents who graduated high school or had reached 18 and were no
longer enrolled.

15 Respondents in NLSY79 were paid $50 ðequivalent to $97 in 1997Þ, and
respondents in NLSY97 were paid $75.
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Table 4
Returns to Schooling and AFQT, Standard Weights, 16 Years Old
at Time of Test

Men Women

NLSY79 NLSY97 NLSY79 NLSY97 NLSY79 NLSY97 NLSY79 NLSY97
ð1Þ ð2Þ ð3Þ ð4Þ ð5Þ ð6Þ ð7Þ ð8Þ

AFQT .0894 .0317 .1299 .0451
ð.0203Þ ð.0191Þ ð.0236Þ ð.0171Þ

High
school .1387 .1916 .0834 .1705 .2538 .2332 .1604 .1975

ð.0433Þ ð.0442Þ ð.0453Þ ð.0465Þ ð.0464Þ ð.0282Þ ð.0474Þ ð.0301Þ
Associate’s .4076 .5662 .3237 .5374 .5097 .4728 .3855 .4131

ð.0890Þ ð.0866Þ ð.0852Þ ð.0882Þ ð.0768Þ ð.0611Þ ð.0799Þ ð.0671Þ
Bachelor’s .5341 .6986 .4119 .6508 .7476 .6979 .5726 .6310

ð.0649Þ ð.0580Þ ð.0701Þ ð.0629Þ ð.0698Þ ð.0447Þ ð.0739Þ ð.0515Þ
Master’s .6844 1.0505 .5227 1.0008 .5882 .9684 .4131 .8958

ð.1470Þ ð.1726Þ ð.1515Þ ð.1706Þ ð.2369Þ ð.1017Þ ð.2413Þ ð.1034Þ
R2

ðadjustedÞ .2105 .2137 .2355 .2166 .2699 .2500 .3077 .2569
N 3,086 2,906 3,086 2,906 2,572 2,679 2,572 2,679

NOTE.—All statistics are weighted by the cross-sectional weights. Wages are inflation adjusted to 2007
using the CPI-U. Test scores are normalized to have zero mean and standard deviation one. Education
variables: high school 5 1 for high school graduates and 0 otherwise, associate’s 5 1 for individuals with
an associate degree, bachelor’s 5 1 for bachelor’s degree holders, and master’s 5 1 for individuals with a
master’s degree or higher. Other included controls: experience, experience2, black, unemployment, metro
status. For full results, see table A7 in the online appendix. Respondents are clustered at the primary
sampling unit, and robust standard errors are reported in parentheses.

Table 5
Two-Stage Least Squares Using SAT Scores, Workers with 12
or More Years of Schooling

Men Women

NLSY79 NLSY97 NLSY79 NLSY97

OLS .1588 .0611 .0760 .0436
ð.0448Þ ð.0285Þ ð.0308Þ ð.0282Þ

2SLS .2158 .0992 .1926 .0547
ð.0557Þ ð.0433Þ ð.0445Þ ð.0448Þ

First stage results:
SAT .4588 .5097 .5182 .5104

ð.0155Þ ð.0133Þ ð.0132Þ ð.0128Þ
N 1,221 1,456 1,729 1,606

NOTE.—All statistics are weighted by the cross-sectional weights. Wages are inflation adjusted to 2007
using the CPI-U. Test scores are normalized to have zero mean and standard deviation one. Sample
includes individuals with 12 or more years of schooling and valid SAT scores. Other controls: education
dummies ðsee table 2 noteÞ, experience, experience2, black, unemployment, metro status. For full results,
see tables A9 and A10 in the online appendix. Respondents are clustered at the primary sampling unit, and
robust standard errors are in parentheses.
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ðiÞ Because it’s an important study; ðiiÞ To see what it’s like to take a test
on a computer; ðiiiÞ To see how well I could do on the test; ðivÞ To learn
more about my interests; ðvÞ Family member wanted me to take it; ðviÞ To
get the money; ðviiÞ I had nothing else to do today. We split the NLSY97
sample into two groups, those who chose i–iv are the “motivated” group
and those with v–vii are the “nonmotivated” group.16

Table 6 reports estimation results for each subgroup. The estimated test
score coefficient is higher for the “motivated” group. We partly attribute
this difference to measurement error in test scores. Test scores are likely to
be less informative about the true cognitive ability of a respondent who puts
lower effort into the test. This result may also suggest that there is a corre-
lation between unobservable personal characteristics that affect both wages
and the reason to take the test. However, including the motivation indicator
as a control in equation ð1Þ does not affect the estimated returns to school-
ing and cognitive skills ðsee table A12 in the online appendixÞ. In table 6 the
estimated return to cognitive ability is two to six times larger in the 1980s
than in the 2000s for any subgroup. The differences are statistically sig-
nificant at the 1% level. There is no statistically significant difference in the
returns to schooling between the “motivated” and “nonmotivated” samples
ðsee table A11 in the online appendixÞ.

B. Estimation of Propensity Scores and Reweighting

We reweight the NLSY97 sample to match NLSY79 distributions of
observable characteristics. To construct the weights, we follow the meth-
odology developed in DiNardo, Fortin, and Lemieux ð1996Þ. We pool data
from both surveys and use Probit models to estimate the probability that an
observation is in theNLSY79, conditional on the variables of interest.17The
estimated probabilities are used to construct the weights:

wðZÞ5
Pðd1979jZÞ

12 Pðd1979jZÞ
;

where Z is the vector of variables of interest, d1979 ∈ f0; 1g equals 1 when
an observation is taken from the NLSY79, and Pðd1979|ZÞ is the condi-
tional probability of appearing in the NLSY79 conditional on observable
characteristics Z. The weight function, wðZÞ, is used to reweight the ob-
servations in the NLSY97 to obtain nearly equal distributions of the vari-
ables of interest across the two surveys. Estimation results of equation ð1Þ

16 The results are not very sensitive to the division of individuals into subgroups.
For example, estimating eq. ð1Þ using only individuals who chose answer iv vs.
those who chose answer vii provides very similar estimates.

17 These probability estimations use sampling weights provided by the BLS to
achieve population representative samples.
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using the reweighted data are reported in tables A13 and A14 in the online
appendix.
To reweight the NLSY97 by age we generate weights using Z 5 ðage,

age2, age3Þ. Table 1 reports summary statistics before and after the re-
weighting. Age reweighting has a small effect on the estimated returns to
skills, return to ability declines substantially, and return to education in-
creases between the 1980s and 2000s. We also construct a set of weights
using a model that includes age variables, mother’s and father’s education,
family income, intact family indicator, number of siblings, and an indicator
for Hispanic origin. The results suggest that changing distributions of fam-
ily characteristics do not explain the decline in returns to cognitive skills.
Finally, we test how the returns to cognitive ability and schooling

would have changed if there was no shift in the distributions of industries
and occupations over time.18 We find that the effect of structural change
on the estimates is relatively small for men and women.

IV. Wage Dynamics and Returns to Cognitive Skills

Weestimate equation ð1Þ and document a substantial decline in the return
to cognitive skills and an increase in the return to formal education between
the 1980s and 2000s. Here we estimate a dynamic wage specification, al-
lowing for differential effects of education and ability by work experience.

Table 6
Returns to AFQT, Standard Weights, Ordinary Least Squares, by Reason
to Take the Test

NLSY79 NLSY97

All All Motivated Nonmotivated

Men:
AFQT .0956 .0328 .0464 .0162

ð.0088Þ ð.0079Þ ð.0105Þ ð.0125Þ
R2 ðadjustedÞ .1661 .1535 .1753 .1351
N 25,491 12,458 6,445 5,743

Women:
AFQT .1078 .0624 .0645 .0571

ð.0077Þ ð.0079Þ ð.0095Þ ð.0140Þ
R2 ðadjustedÞ .2257 .2713 .2865 .2488

21,603 10,887 6,506 4,202

NOTE.—All statistics are weighted by the cross-sectional weights. Wages are inflation adjusted to 2007
using the CPI-U. Test scores are normalized to have zero mean and standard deviation one. Other
controls: education dummies ðsee table 2 noteÞ, experience, experience2, black, unemployment, metro
status. See Sec.III.A for definitions of “motivated” and “nonmotivated” test-takers. For full results, see
table A11 in the online appendix. Respondents are clustered at the primary sampling unit, and robust
standard errors are reported in parentheses.

18 Many studies argue that structural changes in the labor market played an
important role in the changing wage structure ðsee, e.g., Acemoglu 2002Þ.
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For each cohort, T ∈ fNLSY79; NLSY97g, we estimate

ln wageit 5 hT
1 EDUCi 1 hT

2 ABILITYi

1 hT
3 ðEXPit � EDUCiÞ1 hT

4 ðEXPit �ABILITYiÞ

1 hT
5 EXPit 1 hT

6 EXP2
it 1 hT

7Xit 1 qit;

ð2Þ

assuming that the term qit has similar properties as εit in equation ð1Þ.
In the estimations of equation ð2Þ the NLSY79 sample is weighted using

the BLS sampling weights, and the NLSY97 sample is weighted using
constructed weights to match the age distribution of the NLSY79. Table 7
reports the key results. Columns 1, 2, 5, and 6 report results obtained using
equation ð1Þ, where schooling is defined as a continuous variable. These re-
sults are quite similar to those reported in table 2, and they show significant
declines in the returns to cognitive skills over the 20 years and higher re-
turns to education in the 2000s.
Columns 3 and 4 report estimation results of equation ð2Þ for men. The

coefficients hT
3 and hT

4 are lower ðin absolute valueÞ and not significantly
different from zero in the NLSY97. Incorporating dynamics into the
model reduces the coefficient on AFQT for NLSY79, h79

2 , and results in no
significant difference between the returns to ability at entry wages in the
1980s and 2000s. Columns 7 and 8 report the results for women. Introducing
wage dynamics into the model yields very similar returns to AFQT at entry
wages across cohorts. The coefficient hT

4 is lower in the NLSY97, while the
decline in returns to education with experience, measured by hT

3 , is more
substantial in the 2000s. The results suggest that changing wage dynamics
explain most of the decline in the returns to cognitive skills for men and
women.
We interpret these findingswithin two alternative frameworks,which use

similar empirical specifications, human capital accumulation theory and
employer-learning theory. The human capital hypothesis, as in Ben-Porath
ð1967Þ, suggests that ability may affect postschooling investments in human
capital and that formal education may become obsolete over time. Within
this theory, the coefficients in equation ð2Þ are affected by changing tech-
nology and by structural changes in the labor market. The employer-
learning theory posits that wages are determined by the expected value of
theworker’s productivity conditional onobservable characteristics andpast
performance. In this framework, employee’s education is an important ini-
tial signal to the employer about his or her potential unobserved produc-
tivity. As the worker accumulates experience in the labor market, the em-
ployer obtains more information on actual productivity and returns to
schooling decrease while the returns to unobserved ability increase.Within
this framework, changing estimates of equation ð2Þ reflect changes in sig-
naling and learning mechanisms.
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In a conventional model of human capital accumulation, potential earn-
ings increase with acquired skills and individuals allocate their time between
work and on-the-job training. We rely on empirical findings by Veum
ð1993Þ and assume that cognitive ability makes workers more trainable and
more able workers receive more training.19 We also assume that techno-
logical change may affect investments in training. For example, Bartel and
Sicherman ð1998Þ use the NLSY79 data from 1987 through 1992 and find
that production workers in manufacturing industries with higher rates of
technological change are more likely to receive formal company training.
Gashi, Pugh, and Adnett ð2008Þ reach a similar conclusion using an ad-
ministrative German data set.
To add formality to the discussion, assume in any period t that the stock

of human capital,Ht, is given byHt 5Qt 1 ð12 dÞHt21, whereQt denotes
human capital produced in the current period t ðinvestmentÞ and d is the
depreciation rate. Formal schooling is denoted byH0, which is the level of
human capital upon entry to the labor market. A higher depreciation rate
implies a faster depletion of formal and acquired on-the-job human cap-
ital. Human capital produced in the current period, Qt, is assumed to pos-
itively depend on personal ability level, the current stock of human capital
and technology.
Using this human capital framework, the coefficient on the interaction

between education and experience in equation ð2Þ, hT
3 , picks up the de-

preciation of schooling and may also capture the complementarity be-
tween schooling and experience. Human capital investment and on-the-
job training are reflected in coefficients on experience, hT

5 and hT
6 , and the

interaction between ability and experience, hT
4 . The results in table 7 show

a weaker relationship between the returns to cognitive skills and experi-
ence in the 2000s relative to the 1980s for men and women. This suggests
that the role of on-the-job training declined over time. The 2000s results
for men do not show a statistically significant decline in returns to edu-
cation with experience: the interaction coefficient, hT

3 , is not different from
zero, compared to 20.005 in 1980s. This suggests that the depreciation
rate of formal schooling is lower in the 2000s or that the complementarity
between schooling and experience increased over time. The increase in
the coefficient on EXP2 is also consistent with a declining depreciation
rate in the 2000s. The results for women also show a weaker relationship
between returns to ability and work experience in the 2000s but do not
showan overall decline in the role of on-the-job training.On the other hand,
female labor market and labor force participation went through many

19 Rubinstein and Tsiddon ð2004Þ also show that in times of rapid technological
change, individuals invest more on the job. They also show that during such
transitions innate ability contributes more to the wage growth within each edu-
cation group than during times of a low rate of technological progress.
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changes not captured by the simple specification of equation ð2Þ. We at-
tribute the differences between male and female outcomes to developments
in the labor market.20

We also examine the empirical findings in table 7 within the employer-
learning theory. This theory argues that upon labor market entry worker’s
education conveys an important signal to the employer about his or her
potential productivity. With labor market experience, as the employer grad-
ually obtains more accurate information on the productivity of an em-
ployee, the return to schooling decreases and the return to unobserved
ability increases.21 Equation ð2Þ is similar to the empirical strategy de-
veloped in Altonji and Pierret ð2001Þ, and our findings for the 1980s are
comparable: the returns to ability increase with experience, and the re-
turns to education decrease with experience. We find weaker evidence of
employer learning in the 2000s: the returns to ability do not increase with
experience for men and women. Within the employer-learning theory,
these outcomes suggest that between the 1980s and 2000s there were ad-
vances in signaling about ability: in the 2000s employers obtain more in-
formation about employees’ productivity from observing their formal ed-
ucation.
Within the human capital accumulation framework, the estimates are

consistent with Nelson and Phelps’s ð1966Þ hypothesis, which posits that
skills are most valuable when workers are adapting to a changing environ-
ment, but as the rate of technological change slows down, the relative pro-
ductivity of formal education increases. A rapidly changing technological
environment also implies a higher depreciation rate of human capital.22

Within the employer-learning framework, the results are consistent with
changing signaling and screeningmechanisms associatedwith reforms in the
education system following technological innovations.
Was technological change more rapid in the 1980s than in the 2000s? To

obtain a measure of technological change, we follow the methodology that
was proposed in Cummins and Violante ð2002Þ and implemented in many

20 Among many others, Blundell, Bozio, and Laroque ð2011Þ document the
changes over time in the labor market participation of men and women. For exam-
ple, labor force participation of 27-year-old men in the United States was above
85% in both 1977 and 2007 and did not change much over time. For women these
rates are around 55% and 70%, respectively.

21 This theory was empirically tested by Farber and Gibbons ð1996Þ and Altonji
and Pierret ð2001Þ using the NLSY79 data. Both studies argue that employer learn-
ing about workers’ ability plays an important role in wage dynamics.

22 This interpretation is also consistent with findings reported in panel B of
table 3. Those with a bachelor’s degree have around 7% higher return to AFQT
than high school graduates in the 1980s, but there is no difference in the 2000s.
Given that college graduates are more likely to receive training ðsee Veum 1993Þ,
the drop in the difference in the return to AFQT can be explained by the decline in
training required to adapt to the changing work environment.

704 Castex/Kogan Dechter

This content downloaded from 130.064.011.153 on February 21, 2018 07:11:10 AM

All use subject to University of Chicago Press Terms and Conditions (http://www.journals.uchicago.edu/t-and-c).



other studies. Cummins and Violante measure the speed of technical change
for each capital good in equipment and software category ðE&SÞ as the dif-
ference between the growth rate of constant-quality consumption and the
growth rate of the good’s quality-adjusted price. We use two measures of
real equipment prices, National Income and Product Accounts ðNIPAÞ
official price index of E&S and the price of computers and peripheral
ðC&PÞ equipment.23 Figure 2 shows a substantial decline in technical
change in the 2000s. Average annual growth rates in the overall E&S in-
dexes are 5%–7% in the 1980s and 1990s and drop to 1% in the 2000s. The
C&P index grows by 19%–21% on average in the 1980s and 1990s and by
10% in the 2000s.
Prices reflect both consumption- and investment-specific shocks, as well

as changing competitive conditions, and therefore only partially measure
technological innovations. For example, Aizcorbe, Oliner, and Sichel ð2008Þ
decompose detailed semiconductor price indexes and show that swings in
price-cost markups account for a considerable part of the price dynamics
over the past 15 years.24 However, their findings are weaker when using
aggregate semiconductor prices, and they do not examine relative aggregate
equipment and software prices or relative aggregate computer prices.We in-
fer that relative aggregate price indexes are less susceptible to shocks asso-
ciated with changing markups.
Existing literature offers more evidence on the changing pace of tech-

nological progress. For example, Goldin and Katz ð2007Þ show that relative
demand growth for college workers was more rapid in the 1980s but has
slowed down since the 1990s. The authors conclude that technology has
been racing ahead of education, especially in the 1980s.25 Katz ð2000Þ sug-
gests that the maturing of the computer revolution led to the slowdown in
growth of the relative demand for skill since the late 1980s. Greenwood and
Yorokoglu ð1997Þ argue that technological changes were more pronounced
at the beginning of the 1980s. Hornstein, Krusell, and Violante ð2005Þ show
that at times of technological acceleration the average age of capital declines:
firms scrap their machines earlier in response to a faster obsolescence rate.

23 The NIPA official price index of E&S is not fully quality adjusted, although a
significant effort has been made by the Bureau of Economic Analysis ðBEAÞ to
reduce the quality bias. The latter is a reliable constant-quality price index. We re-
trieve data from table 5.3.4. of the NIPA series. For further discussion on NIPA
and BEA indexes, see Cummins and Violante ð2002Þ and Bureau of Economic Anal-
ysis ð2003Þ.

24 In contrast, Pillai ð2012Þ uses growth of microprocessor performance ðinstead
of semiconductor pricesÞ and shows that it increased during the 1990–2000 period
and decreased subsequently.

25 Using National Science Foundation ðNSFÞ data we document a similar trend
in the proportion of R&D scientists and engineers in manufacturing companies.
This proportion increased by 72% during the 1981–91 period and by 22% during
1997–2007.
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Following their methodology and using data from the Bureau of Economic
Analysis, table 2.10, we find that the average age of capital has increased
from 8.5 years in the 1980s to more than 10 years in the 2000s, consistent
with a slowdown in the rate of technological growth.
A changing technological environment not only leads to changes in train-

ing policies but also affects productivity signaling, screening, and monitor-
ing mechanisms. Technological change was followed by reforms in the edu-
cation system in terms of fields of study, implementation and development
ofnewteachingapproaches,andaccess toeducation.Forexample,McPherson
and Schapiro ð1998Þ document a positive trend inmerit-oriented student aid
policies, which provided higher-skilled individuals with opportunities to
achieve more and higher-quality education. Kinsler and Pavan ð2011Þ show
that forhigher-ability students, the effect of family incomeontheprobability
of attending a top-quartile school decreased significantly across the two
waves of the NLSY. Castex ð2010Þ and Lovenheim and Reynolds ð2011Þ
show that college nonattendance decreased substantially over time, partic-
ularly for high-ability students. Goldin and Katz ð2007Þ argue that the in-
creasing relevance of educational institutions to market needs starting in the
late 1990s could have provided youngworkerswith better skills for the jobs.
Such adjustments in the education system should improve the screening

FIG. 2.—Aggregate measures of investment-specific technical change. SOURCE:
Cummins andViolante ð2002Þ,www.econ.nyu.edu/user/violante/Journals/Cummins
-Violante-Data.xls; National Income and Product Accounts.
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process; that is, schooling degrees and grades immediately provide more
accurate information on the true productivity of an individual in the 2000s
than in the 1980s.

V. Conclusion

Returns to cognitive skills have declined by 30%–50% for men and
women between the 1980s and the 2000s, while returns to formal education
have increased. The changes in the returns are persistent across education
groups, hold for different ability measures, and are robust in various speci-
fications. Changing distributions of various observed characteristics ðage
and family backgroundÞ and changing labor market structure cannot ex-
plain the decrease in the returns to cognitive ability between the 1980s and
2000s. Additionally, we examine potential biases associated with measure-
ment errors in test scores and conclude that they do not explain the de-
clining coefficients.
We examine the changes in skill prices over the 20 years in a dynamic

wage model. We show that wage growth in the 1980s was positively asso-
ciated with cognitive ability, but we do not find such a relationship in the
2000s. We analyze these outcomes within human capital accumulation and
employer-learning frameworks. We show that the changes in wage dy-
namics, and therefore the overall decline in the returns to ability, can be at-
tributed to the changing work environment and adoption of new technol-
ogies. We argue that more rapid technological growth in the 1980s raised
the importance of on-the-job training and therefore raised returns to cog-
nitive skills. In the 2000s, technological change has slowed down, leading to
a more stable work environment. Within employer-learning theory, we ar-
gue that advances in signaling and learning about workers’ productivity be-
tween the 1980s and 2000s can explain the changing wage dynamics. In
particular, we conclude that employers obtain more information about em-
ployees’ productivity from observing their formal education in the 2000s
than in the 1980s.

References

Acemoglu, Daron. 2002. Technical change, inequality, and the labor market.
Journal of Economic Literature 40, no. 1:7–72.

Aizcorbe, Ana, and Stephen D. Oliner, and Daniel E. Sichel. 2008.
Shifting trends in semiconductor prices and the pace of technological
progress. Business Economics 43, no. 3:23–39.

Altonji, Joseph G., Prashant Bharadwaj, and Fabian Lange. 2012. Changes
in the characteristics of American youth: Implications for adult out-
comes. Journal of Labor Economics 30, no. 4:783–828.

Altonji, Joseph G., and Charles R. Pierret. 2001. Employer learning and
statistical discrimination.Quarterly Journal of Economics 116, no. 1:313–50.

Education and Ability in Wage Determination 707

This content downloaded from 130.064.011.153 on February 21, 2018 07:11:10 AM

All use subject to University of Chicago Press Terms and Conditions (http://www.journals.uchicago.edu/t-and-c).



Bartel, Ann P., and Nachum Sicherman. 1998. Technological change and
the skill acquisition of young workers. Journal of Labor Economics 16,
no. 4:718–55.

Belley, Philippe, and Lance Lochner. 2007. The changing role of family
income and ability in determining educational achievement. Journal of
Human Capital 1, no. 1:37–89

Ben-Porath, Yoram. 1967. The production of human capital and the life
cycle of earnings. Journal of Political Economy 75, no. 4:352–65.

Bishop, John H. 1991. Achievement, test scores, and relative wages. In
Workers and their wages: Changing patterns in the United States, ed.
MarvinH.Kosters.Washington,DC:American Enterprise Institute Press.

Blackburn, McKinley L., and David Neumark. 1993. Omitted-ability bias
and the increase in the return to schooling. Journal of Labor Economics 11,
no. 3:521–44.

Blundell, Richard, Antoine Bozio, and Guy Laroque. 2011. Labour supply
responses and the extensive margin: The US, UK, and France. Unpub-
lished manuscript, Institute for Fiscal Studies, University College London.

Bureau of Economic Analysis. 2003. Fixed assets and consumer durable
goods in the United States, 1925–97. http://www.bea.gov/national/pdf
/Fixed_Assets_1925_97.pdf.

Carneiro, Pedro, and James J. Heckman. 2002. The evidence on credit
constraints in post-secondary schooling. Economic Journal 112, no. 482:
705–34.

Cascio, Elizabeth, andEthanLewis. 2006. Schooling and theArmedForces
Qualifying Test: Evidence from school entry laws. Journal of Human
Resources 41, no. 2:294–318.

Castex, Gonzalo. 2010. Accounting for changes in college attendance pro-
file: A quantitative life-cycle analysis. Unpublished manuscript, Eco-
nomic Research Department, Central Bank of Chile.

Cawley, John, James J. Heckman, Lance Locher, and Edward Vytlacil.
1998. Understanding the role of cognitive ability in accounting for the
recent rise in the economic return to education.Unpublishedmanuscript,
Department of Economics, University of Rochester.

Chay, Kenneth Y., and David S. Lee. 2000. Changes in relative wages in
the 1980s returns to observed and unobserved skills and black-white
wage differentials. Journal of Econometrics 99, no. 1:1–38.

Cummins, Jason G., and Giovanni L. Violante. 2002. Investment-specific
technical change in the United States ð1947–2000Þ: Measurement and
macroeconomic consequences. Review of Economic Dynamics 5, no. 2:
243–84.

DiNardo, John, Nicole M. Fortin, and Thomas Lemieux. 1996. Labor
market institutions and the distribution of wages, 1973–1992: A semi-
parametric approach. Econometrica 64, no. 5:1001–44.

708 Castex/Kogan Dechter

This content downloaded from 130.064.011.153 on February 21, 2018 07:11:10 AM

All use subject to University of Chicago Press Terms and Conditions (http://www.journals.uchicago.edu/t-and-c).



Farber, Henry S., and Robert Gibbons. 1996. Learning and wage dy-
namics. Quarterly Journal of Economics 111, no. 4:1007–47.

Gashi Ardiana N., Geoff Pugh, and Nick. Adnett. 2008. Technological
change and employer-provided training: Evidence from German estab-
lishments. Economics of Education Working Paper Series 26, University
of Zurich.

Goldin, Claudia, and Lawrence F. Katz. 2007. The race between educa-
tion and technology: The evolution of U.S. educational wage differ-
entials, 1890 to 2005. NBERWorking Paper no. 12984, National Bureau
of Economic Research, Cambridge, MA.

Greenwood, Jeremy, and Mehmet Yorokoglu. 1997. 1974. Carnegie-
Rochester Conference Series on Public Policy 46:49–95.

Grogger, Jeff, and Eric Eide. 1995. Changes in college skills and the rise in
the college wage premium. Journal of Human Resources 30, no. 2:280–
310.

Heckman, James, and Edward Vytlacil. 2001. Identifying the role of
cognitive ability in explaining the level of change in the return to
schooling. Review of Economics and Statistics 83, no. 1:1–12.

Hornstein, Andreas, Per Krusell, and Giovanni L. Violante. 2007.
Technology-policy interaction in frictional labour-markets. Review
of Economic Studies 74, no. 4:1089–1124.

Juhn, Chinhui, Kevin M. Murphy, and Brooks Pierce. 1993. Wage in-
equality and the rise in returns to skill. Journal of Political Economy 101,
no. 3:410–42.

Katz, Lawrence F. 2000. Technological change, computerization, and the
wage structure. In Understanding the digital economy, ed. Erik Bryn-
jolfsson and Brian Kahin, 217–44. Cambridge, MA: MIT Press.

Kinsler, Josh, and Ronni Pavan. 2011. Family income and higher educa-
tion choices: The importance of accounting for college quality. Journal
of Human Capital 5, no. 4:453–77.

Lovenheim, Michael F., and C. Lockwood Reynolds. 2011. Changes in
postsecondary choices by ability and income: Evidence from the Na-
tional Longitudinal Surveys of Youth. Journal of HumanCapital 5, no. 1:
70–109.

McPherson, Michael S., and Morton Owen Schapiro. 1998. The student
aid game: Meeting need and rewarding talent in American higher ed-
ucation, Princeton, NJ: Princeton University Press.

Murnane, Richard J., John B. Willett, and Frank Levy. 1995. The growing
importance of cognitive skills in wage determination. Review of Eco-
nomics and Statistics 77, no. 2:251–66.

Neal, Derek A., and William R. Johnson. 1996. The role of premarket
factors in black-white wage differences. Journal of Political Economy
104, no. 5:869–95.

Education and Ability in Wage Determination 709

This content downloaded from 130.064.011.153 on February 21, 2018 07:11:10 AM

All use subject to University of Chicago Press Terms and Conditions (http://www.journals.uchicago.edu/t-and-c).



Nelson, Richard R., and Edmund S. Phelps. 1966. Investment in humans,
technological diffusion, and economic growth. American Economic Re-
view 56, no. 1:69–75.

Pillai, Unni. 2012. A model of technological progress in the micropro-
cessor industry. Unpublished manuscript, College of Nanoscale Science
and Engineering, University at Albany.

Rubinstein, Yona, and Daniel Tsiddon. 2004. Coping with technological
progress: The role of ability in making inequality so persistent. Journal
of Economic Growth 9, no. 3:305–46.

Segall, Daniel O. 1997. Equating the CAT-ASVAB. In Computerized
adaptive testing: From inquiry to operation, ed. W. A. Sands, B. K. Wa-
ters, and J. R. McBride, 81–198. Washington, DC: American Psycho-
logical Association.

Taber, Christopher R. 2001. The rising college premium in the eighties:
Return to college or return to unobserved ability? Review of Economic
Studies 68, no. 3:665–91.

Veum Jonathan R. 1993. Training among young adults: Who, what kind,
and for how long? Monthly Labor Review 116, no. 8:27–32.

710 Castex/Kogan Dechter

This content downloaded from 130.064.011.153 on February 21, 2018 07:11:10 AM

All use subject to University of Chicago Press Terms and Conditions (http://www.journals.uchicago.edu/t-and-c).


