
The Rise of an Educated Workforce

45

50

e 14 ld l

15

20

25

30

35

40

fo
rc
e
 p
ar
ti
ci
p
at
io
n
 r
at
e 14‐year‐old males

14‐year‐old females

Illiteracy rate

0

5

10

15

1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970

La
b
o
r 
f

J. Parman (College of William & Mary) American Economic History, Spring 2012 April 24, 2012 1 / 26
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FIGURE 1 
SECONDARY SCHOOL ENROLLMENT AND GRADUATION RATES: 

ENTIRE UNITED STATES 

Notes: Enrollment figures are divided by the number of 14 to 17-year olds; graduation figures are 
divided by the number of 17-year olds. The total includes both males and females in public and private 
schools. 
Source: U.S. Department of Education, 120 Years, tables 9 and 19. 

to the U.S. federal population census.4 But contemporaneous evidence on 
graduation and enrollment allows one to obtain educational flow data for 
periods when the stock equivalents do not exist, and of equal importance, 
they enable checks on the stock data for the native-born population. Such 
data can be obtained from the reports of schools, school districts, and states 
and are those on which I primarily rely. They reveal that the growth of U.S. 
secondary schooling from 1910 to 1940, known as the period of the "high 
school movement," was considerably faster in certain regions than Figure 1 
shows for the entire United States.5 They are also used to expose various 
deficiencies in the stock data derived from the 1940 U.S. population census. 

4 Only the Iowa (1915, 1925) and South Dakota (1915) state censuses asked questions on the 
educational stock before 1940. 

5 The term "movement" might make the increase in secondary schools appear to be a coordinated 
crusade. Those who use the term today and in the past-it was used in many state school reports in the 
1 910s and 1920s-may ascribe to such a belief and various national associations (such as the National 
Educational Association and college associations) did spread the "gospel" of secondary school 
education and helped coordinate curriculum change. But in 1910 the more than 125,000 school districts 
in America (U.S. Bureau of the Census, Historical Statistics, series H 412) engaged primarily in a grass- 
roots level change. It was clearly affected by national propaganda and facilitated by various state laws, 
but its spread was less coordinated than the term "movement" would imply. 
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The Effects of Rising Educational Attainment

Remember our growth accounting from the start of the
semester

We can decompose the growth in output per worker,
gy , into the components due to growth in natural
resources per worker (s), capital per worker (k) and
technology (A):

gy = gA + a · gk + c · gs

a and c are the shares of payments to capital and
natural resources relative to national income,
respectively

Human capital is actually another crucial input to the
economic growth and should be in this equation
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The Effects of Rising Educational Attainment

To think about incorporating human capital, lets ignore
growth in natural resources (a very small term in the
20th century) and focus on capital and labor

Labor isn’t what matters, it’s effective labor that
matters

Letting L be the number of workers and E be labor in
efficiency units:

Y = AK 1−α(L · E )α

Y

L
= AK 1−αEαLα−1

Y

L
= A

(
K

L

)1−α

Eα

y = AEαk1−α
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The Effects of Rising Educational Attainment

y = AEαk1−α

ln(y) = ln(A) + αln(E ) + (1 − α)ln(k)

∆ln(y) = ∆ln(A) + α∆ln(E ) + (1 − α)∆ln(k)

gy = gA + αgE + (1 − α)gk

When economists didn’t account for gE , its effects were
being swallowed by gA

If we incorporate gE into our growth accounting, sources
of growth in the twentieth century look a bit different
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The Effects of Rising Educational Attainment

i l

Educational Growth Accounting, 1915-2005

Annual percentage change in:
Fraction of growth 

Period
Output per 

worker
Human capital 

per worker
1915-40 2.45 0.50 0.143 1.38
1940-60 2.92 0.49 0.118 1.52
1960-80 2.41 0.59 0.171 1.93
1980-2005 2.18 0.37 0.119 1.08
1915-2005 2 47 0 48 0 136 5 91

explained by 
human capital

Change in mean 
years of education

1915-2005 2.47 0.48 0.136 5.91
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The Increased Demand for Education

So a decent chunk of the increased output per worker
we attributed to increased technology is actually coming
from increased human capital

Where did this increase in human capital come from?

This is where we weren’t entirely wrong to be focused
on technology

The basic story is that the technological innovations
associated with industrialization created a greater
demand for or supply of educated workers

Possible mechanisms for this:

Technology displaced skilled craftsmen, to get jobs they
needed to get more education (greater supply of
educated workers)
Technology required educated workers to be effective
(greater demand for educated workers)
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Technology and an Educated Workforce
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Technology and an Educated Workforce

Foxconn is adding one million ABB Frida robots over the next three years.
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What Drove Demand for Education?

So far, we’ve talked about industrialization replacing
skilled workers with machines and unskilled workers

This is why we see groups like the Luddites protest the
early stages of industrialization (and modern aspects of
industrialization)

It would seem then that industrialization increases
demand for unskilled workers, not highly educated
workers

It turns out that this is only partially true

J. Parman (College of William & Mary) American Economic History, Spring 2012 April 24, 2012 12 / 26



What Drove Demand for Education?

Industrialization was causing a “hollowing out” of the
occupational distribution

It created unskilled positions (tending machines,
assembly line work) and positions requiring highly
educated workers (engineers, white collar workers, etc.)

It did away with certain skilled blue collar jobs in the
middle of the occupational distribution

For the remaining blue collar jobs, education was
becoming increasingly important (eg. understanding
technical manuals)

As a consequence, the path to higher income
increasingly depended on education
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Changes in the Occupational Distribution

708	 QUARTERLY JOURNAL OF ECONOMICS

TABLE II
PERCENTAGE HIGH SCHOOL GRADUATES BY INDUSTRY, 18 To 34-YEAR OLD MALE

BLUE-COLLAR WORKERS: 1940

Three-digit SIC
manufacturing 	 % H.S. Number

industries 	 grad. of obs.

Three-digit SIC
manufacturing	 % H.S. Number

industries 	 grad. of obs.

High-education industries (from high
to low)

7bp 20% by employment

Low-education industries (from low
to high)

Bottom 20% by employment

Aircraft and parts 52.7 541 Cotton manufac-
tures

10.8 1512

Printing and pub-
lishing

44.7 1289 Tobacco 11.6 144

Office machinery 43.7 166 Logging 11.7 706
Petroleum refining 43.3 415 Sawmills and

planing mills
14.1 1941

Dairy products 43.2 417 Not specified textile
mills

15.6 128

Scientific and photo-
graphic equipment

40.8 227 Silk and rayon
manufactures

16.6 350

Electrical machinery 40.5 977 Carpets and rugs 16.9 107
Misc. nonmetallic

mineral products
36.2 135 Misc. fabricated

textiles
17.0 94

Paints and varnishes 35.9 107 Cut-stone and stone
products

17.1 101

Clocks, watches,
jewelry

34.7 197 Misc. textile goods 17.6 117

Shipbuilding 34.4 528 Structural clay
products

18.8 271

Miscellaneous
machinery

33.5 1669 Cement and con-
crete, gypsum, and
plaster products

19.2 263

Nonferrous metals 33.1 342 Hats, except cloth
and millinery

20.5 60

Dyeing and finishing
textiles

20.6 191

Misc. wooden goods 21.4 475
Footwear industries

except rubber
22.9 680

Woolens and
worsteds

23.1 368

The sample is limited to 18 to 34-year old, currently employed males in blue-collar occupations (craft,
operative, laborer, service) in manufacturing. The mean for the entire sample of 31,531 is 27.6 percent. The
industry names are those given in ICPSR [1984]. High-education (low-education) industries are obtained by
ranking industries by their share of 18 to 34-year old, male, blue-collar workers with twelve or more years of
schooling and selecting off industries from the top (bottom) until 20 percent of manufacturing employment (for
all workers) is represented. The 1940 PUMS sampling weights are used in all calculations.

Source. 1940 Public Use Micro-data Sample, 1/100; ICPSR [1984].
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Changes in the Occupational Distribution
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Skill-biased Technological Change and Education

Goldin and Katz emphasize “skill-biased technological
change” in the 20th century (but not 19th century)

The idea is that the improvements in technology
required educated workers to implement

This drives up the demand for highly educated workers
relative to less educated workers

Increased demand for educated workers means
potentially higher wages for educated workers

The loss of certain skilled blue collar jobs plus the
increased returns to education increased the supply of
educated workers

This leads to an ambiguous net effect on worker welfare
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The Race Between Education and Technology

So whether the wages of educated/skilled workers rise
relative to other workers depends on whether demand is
shifting out faster than supply

This is what Goldin and Katz refer to as the race
between education and technology

If the supply of educated workers expands faster than
technology, wages of educated workers relative to other
workers will fall

If the supply can’t keep up with changes in technology,
wages of educated workers will rise

The outcome of this race has been changing over the
past century

J. Parman (College of William & Mary) American Economic History, Spring 2012 April 24, 2012 23 / 26



The Race Between Education and Technology
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