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THE RACE BETWEEN EDUCATION AND TECHNOLOGY REVISITED  ‡

Extending the Race between Education and Technology†  

By David Autor, Claudia Goldin, and Lawrence F. Katz*

A great economic divide has emerged between 
college-educated workers and those with less 
education.  Ever since 1980, educational wage 
differentials have greatly expanded, and soaring 
income inequality has deeply marked the US 
economy. But that wasn’t the way it always was 
in America.

The mid-twentieth century saw broadly shared 
prosperity, little change in wage inequality, and 
a relatively stable college wage premium. And 
the first half of the twentieth century, particu-
larly the 1940s, saw actual declines in inequality 
and reductions in educational wage differentials. 
High school graduates in the early twentieth 
century were an elite group. But by 1940, the 
median youth had become a high school gradu-
ate. College going was next to take off. But, at 
some point, educational advances slowed. 

Educational wage gains and overall wage and 
income inequality have closely followed changes 
in educational attainment against a backdrop of 
increased relative demand for more-educated 
workers from skill-biased technological change 
(SBTC). The implicit framework is one of a race 
between education and technology (RBET). The 
notion was first expounded by Tinbergen (1974) 
and later built on and applied to the US case 

by Katz and Murphy (1992), Goldin and Katz 
(2008), and Autor (2014), among others.  

The RBET framework, according to Goldin 
and Katz (2008), neatly explains changes in US 
educational wage differentials across the twen-
tieth century. The idea is that there is secular 
growth in the demand for more-educated work-
ers from SBTC and there is rapid, but variable, 
growth of the relative supply of more-educated 
workers. An acceleration in relative supply 
growth from the high school movement reduced 
the high school wage premium in the first half of 
the twentieth century. Fast educational growth 
kept skill differentials in check during the 
mid-twentieth century. But from 1980 to 2005, 
a slowdown in relative education supply growth 
contributed to a soaring college wage premium.

But there’s more to US history. What occurred 
in the most recent 15 years, and what happened 
during the industrially revolutionary nineteenth 
century? We extend the RBET for the last 200 
years to assess its strengths and limitations.

I.  Long-Run Changes in US Educational Wage 
Differentials

We have undertaken the Herculean task of 
mapping out US educational wage differentials 
from 1825 to 2017. Figure 1 plots the evolution 
of these wage differentials.

We combine data from the Iowa State Census 
of 1915 (Goldin and Katz 2010), the first repre-
sentative microsample with educational attain-
ment and earnings, with more traditional US 
Census and March Current Population Survey 
(CPS) microsamples (Flood et al. 2018). To 
expand the series before 1914, we use occupa-
tional wage differentials and compare the earn-
ings of those doing clerical work (a typical high 
school position) to the earnings of those doing 
production work (more typical of the less edu-
cated). For the earliest period shown, 1825 to 
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1875, data on clerical and production workers 
are obtained from civilian hires of the US mili-
tary (Katz and Margo 2014). For 1890 to 1959, 
various series on the wage of clerks to produc-
tion workers are used.

The long-term series on occupational wage 
differentials show rising education wage gaps 
across the nineteenth and early twentieth 
centuries, suggesting increased demand for 
more-educated workers with the emergence 
of large-scale enterprises but modest supply 
growth due to a lack of access to high school. 
White-collar workers were a noncompeting 
group through the early twentieth century. 
Rising educational wage differentials charac-
terized the period from the 1820s to 1914, not 
unlike that in more recent history.

The high school movement, starting around 
1910, then produced a large decline in the high 
school wage premium from 1914 to 1960. The 
college wage premium also narrowed from 1914 
to 1950. But then, in a real roller coaster ride, the 
college wage premium rebounded in the 1950s 
and 1960s, narrowed in the 1970s, and then 
soared post-1980. The college wage premium 
today exceeds its high level of 1914.

The long-run increase in educational wage 
differentials has occurred despite large increases 
in the supply of more-educated workers. These 
large educational advances are illustrated in 

Figure 2, which gives the schooling attainment 
of each US birth cohort (1876 to 1987), mea-
sured at age 30.

The rise of mass secondary schooling in the 
first part of the twentieth century and the devel-
opment of a flexible system of higher education 
led to enormous increases in years of education 
(Goldin and Katz 2008). Educational attainment 
rose rapidly for cohorts born between 1876 and 
1951. Mean years of schooling increased by 
5.9 years (from 7.3 to 13.2 years), or by 0.79 
years per decade. Each successive generation 
of Americans had two more years of schooling 
than its parents.

Then the series hit a plateau, with educational 
attainment barely changing for cohorts born 
from 1951 to 1966. It began to rise again but at a 
slower pace than previously. Educational attain-
ment for the 1951 to 1987 birth cohorts rose by 
1.1 years up to a level of 14.3 years, a rate of 
increase of just 0.29 years per decade.

How much did this slowdown in the growth of 
educational attainment contribute to the recent 
rise in the college wage premium?

II.  The Race between Education and Technology: 
1914 to 2017

We follow Katz and Murphy (1992), Goldin 
and Katz (2008), and Autor, Katz, and Kearney 
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Figure 1. Educational and Occupational Wage 
Differentials: 1825 to 2017

Notes: Clerical/production worker series for 1825 to 1875 
is based on Katz and Margo (2014, table 1.5), and that for 
1890 to 1959 is from Goldin and Katz (2008, table 2.2). 
High school wage premium series is from Goldin and 
Katz (2008, table D.1). College wage premium series from 
Goldin and Katz (2008, table 8.2) updated to 2017. See the 
online Appendix.
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Figure 2. Mean Years of Schooling at Age 30 for the 
US Born, 1876 to 1987 Birth Cohorts

Notes: US Census IPUMS data from 1940 to 2000 and CPS 
Merged Outgoing Rotation Groups (MORG) data from 
2005 to 2018. The figure updates Goldin and Katz (2007, 
figure 7). See the online Appendix.
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(2008) in modeling changes in educational 
wage differentials as a race between the supply 
of skills (driven by changes in the educational 
attainment of the work force) and demand for 
skills (driven by SBTC). We apply this approach 
to the evolution of the college wage premium 
from 1914 to 2017.

Our framework postulates a CES production 
function for aggregate output Q with two fac-
tors, skilled workers (S) and unskilled work-
ers (U) who perform imperfectly substitutable 
tasks:

(1)  ​​Q​t​​ = ​​[​​ ​​α​t​​​(​a​t​​ ​L​​S​t​​​​)​​​ ρ​ + ​(1 − ​α​t​​)​​​(​b​t​​ ​L​​U​t​​​​)​​​ ρ​​]​​​​ 
​ 1 _ ρ ​ 

​​,

where ​​L​​S​t​​
​​​ and ​​L​​U​t​​

​​​ are the quantities of skilled 
labor and unskilled labor employed in period 
t, ​​a​t​​​ and ​​b​t​​​ represent skilled and unskilled labor 
augmenting technological change, and ​​α​t​​  ​is a 
time-varying technology parameter indexing 
the share of work activities allocated to skilled 
labor. The production function parameter ρ is 
related to ​​σ​SU​​​, the aggregate elasticity of substi-
tution between skilled and unskilled labor, such 
that ​​σ​SU​​ =  1/​(1 − ρ)​​ . Skill-neutral technolog-
ical improvements raise at and bt by the same 
proportion. Increases in ​​​​(​​a​t​​/​b​t​​​)​​​​ or in ​​α​t​​ ​both rep-
resent SBTC. We focus on the college and high 
school divide so that skilled workers (S) are 
“college equivalents” (college graduates plus 
half of those with some college) and unskilled 
workers (U) are “high school equivalents” 
(those with 12 or fewer years of schooling and 
half of those with some college).

Under the assumption that college and high 
school equivalents are paid their marginal prod-
ucts, we can use equation (1) to solve for the 
ratio of the marginal products of the two skill 
groups, yielding a relationship between relative 
wages and relative skill supplies in t given by

(2)	​ ln​(​ 
​w​​S​t​​​​ ___ ​w​​U​t​​​​

 ​)​ = ​  1 ____ ​σ​SU​​ ​​[​D​t​​ − ln​(​ 
​L​​S​t​​​​ ___ ​L​​U​t​​​​

 ​)​]​​,

where ​​D​t​​​, measured in log quantity units, 
depends on the SBTC parameters and indexes 
relative demand shifts favoring college equiva-
lents. The terms in brackets in equation (2) show 
how the evolution of the college wage premium 
depends on a race between the relative demand 
for and supply of skills. The aggregate elastic-
ity of substitution between college and high 

school equivalents ​​​(​​​σ​SU​​​)​​​​ determines how much 
changes in skill supplies affect the college wage 
premium.

How important are supply and demand shifts 
for the evolution of the college wage premium 
since 1914, as shown in Figure 1? We estimate 
equation (2) for the US college wage premium 
on the relative supply of college equivalents to 
high school equivalents for 1914 to 2017 with 
demand shifts given by smooth time trends and, 
in some specifications, an allowance for institu-
tional wage setting in the 1940s. The estimates 
are presented in online Appendix Table A1.

The core findings are of a substantial pos-
itive secular trend in the relative demand for 
college workers and a strong negative impact of 
increases in the relative supply of college work-
ers on the college wage premium. A 10 percent 
increase in the relative supply of college equiv-
alents reduces the college wage premium by 
around 6 percent. The implication is that ​​σ​SU​​​ is 
approximately 1.62 (using the estimate in col-
umn 2 of Table A1), similar to other estimates 
in the literature, typically in the 1 to 2.5 range. 
Figure A1 plots the actual college wage pre-
mium and the predicted college wage premium 
based on column 2 of Table A1.

Figure A1 reveals that a model with smooth 
secular relative demand trends favoring college 
workers, together with fluctuations in relative 
supply, does a fine job of fitting the long-run 
path of the college wage premium. There are 
exceptions to this stark representation. These 
include the large decline in the 1940s (likely 
driven by strong unions, tight labor markets, and 
government wage pressures), continued decline 
in the late 1970s (likely due to union wage gains 
and minimum wage increases), and sharp rise in 
the early 1980s. But, by and large, the RBET 
framework performs well.

The model’s results do divulge a puzzling 
slowdown in the trend demand growth for col-
lege equivalents starting in the early 1990s. 
Rapid and disruptive technological change from 
computerization, robots, and artificial intelli-
gence is not to be found—though the impact of 
these technologies may not be well captured by 
this two-factor setup. The large rise in the col-
lege wage premium since 1980 is driven more 
by slower relative supply growth than by an 
acceleration in SBTC. A comparison of the two 
periods, 1979 to 2017 and 1939 to 1979, illus-
trates the point (as seen in Table A2).
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The log college wage premium increased by 
0.274 from 1979 to 2017 (from 0.4 to 0.674, 
or by 0.072 per decade). Compare that to the 
change from 1939 to 1979 when the premium 
declined by 0.088 (by 0.022 per decade). The 
rate of growth of the log relative supply of col-
lege equivalents was 0.31 per decade (or 3.1 
percent per annum) from 1939 to 1979. But it 
decreased to 0.213 per decade (2.13 percent per 
annum) from 1979 to 2017.

The slowdown in relative supply growth 
accounts for 62 percent (0.058) of the 0.094 per 
decade increase in the growth rate of the col-
lege wage premium post-1979 relative to 1939 
to 1979, under the assumption that ​​σ​SU​​​ = 1.62. 
The implied acceleration in the growth of log 
relative demand for college equivalents of 0.058 
per decade explains 38 percent (0.036) of the 
surge in the college wage premium after 1970, 
as compared with the pattern of modest decline 
in the mid-twentieth century.

A key question is why the secular trend terms 
in the estimated version of equation (2) should 
be interpreted as reflecting relative demand 
shifts favoring college graduates from SBTC. 
For example, the implied faster relative demand 
growth post-1979 as compared with 1939 to 
1979 could partially reflect institutional factors 
omitted from the framework, such as stronger 
unions and more egalitarian wage norms in the 
earlier period.

In the late twentieth century these eroded 
with declining union density, a decreased real 
minimum wage, and a more market-based wage 
setting. But much evidence does favor a pri-
mary role for SBTC in the trend terms. Large 
within-industry and within-firm shifts to more 
educated workers in the face of rising educa-
tional wage differentials strongly suggest SBTC 
(Katz and Murphy 1992).

III.  Wage Inequality since 1980

How much of the overall rise in wage inequal-
ity since 1980 can be attributed to the large 
increase in educational wage differentials? We 
follow Goldin and Katz (2007) and provide an 
intuitive answer using data from the 1979 to 
2018 CPS MORG samples (National Bureau of 
Economic Research 2019).

We first estimate modified cross-section 
Mincerian human capital earnings regres-
sions with log hourly wages as the dependent 

variable. We include a linear spline in years 
of schooling (with break points after 12 and 
16 years); a quartic in potential labor market 
experience, race, region, gender, and year 
dummies; and interactions of gender and the 
experience quartic. The linear spline in educa-
tion allows the “returns” to an additional year 
of schooling to differ for K–12, college, and 
post-bachelor’s degree schooling. The estima-
tion is done for 1980 (1979 to 1981 pooled), 
2000 (1999 to 2001), and 2017 (2016 to 2018).

We examine the role of changing education 
returns from 1980 to 2017 by first imposing 
the 2017 returns to schooling on 1980, adjust-
ing individual wages in 1980. We then compare 
the distributions of actual and adjusted wages in 
1980 to determine what wage inequality would 
have been with education returns at 2017 levels. 
Wages in 2017 are then adjusted by imposing 
the 1980 education returns. We use the average 
of the two simulations. We repeat for 1980 to 
2000 and for 2000 to 2017. The results are sum-
marized in Table A3.

The earnings regressions for 1980, 2000, and 
2017 imply that the returns to post-secondary 
schooling greatly increased to 2017 and simul-
taneously convexified. Returns to a year of K–12 
schooling show little change since 1980. But 
returns to a year of college rose by 6.5 log points, 
from 0.076 in 1980, to 0.126 in 2000, to 0.141 
in 2017. The returns to a year of post-college 
education (graduate and professional) rose by a 
whopping 10.9 log points, from 0.067 in 1980, 
to 0.131 in 2000, and to 0.176 in 2017.

Our simulations imply that the increase in 
post-secondary schooling returns increased the 
variance of log hourly wages by 0.070 from 1980 
to 2017. Thus, 57 percent of the increase in vari-
ance (of 0.123, from 0.250 in 1980 to 0.373 in 
2017) can be accounted for by increased school-
ing returns. The rise in returns to schooling sim-
ilarly accounts for 57 percent of the increase in 
the 90–10 log hourly wage differential of 0.305 
over the full period.

Wage inequality increased at about the same 
rate from 1980 to 2000 as from 2000 to 2017. But 
the college wage premium increased far more 
rapidly in the first period than in the second. The 
rise in the returns to college education explains a 
far larger share of the increased log hourly wage 
variance from 1980 to 2000 than it does from 
2000 to 2017, accounting for 75 percent in the 
first period but just 38 percent more recently.
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The canonical two-skill model of the RBET 
explains the lion’s share of the enormous 
increase in wage inequality from 1980 to 2000, 
when the slowdown in the growth of the relative 
supply of college workers produced a sharp rise 
in the college wage premium.

But most of the recent rise in wage inequality 
has occurred within, rather than between, educa-
tion groups. The largest part of increased wage 
variance in the twenty-first century comes from 
rising inequality among college graduates, with 
almost no change in wage inequality since 2000 
for noncollege workers.

Comprehending rising wage inequality in the 
2000s requires a better understanding of growing 
wage inequality among college graduates and of 
the stagnant earnings of middle-wage workers. 
The RBET framework remains relevant in the 
twenty-first century but needs some tweaks.
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