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Labor Force Participation of U.S. Adults Has Risen in 
All but Two Decades of the Last 130 Years
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This Rise Reflects Two Offsetting Forces: Rising Female, 
and Declining Male Labor Force Participation
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Why are there still so 
many jobs?
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Bank Tellers Employment Rose as ATMS Rolled Out
Source: Jam

es Bessen, 2015
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tently in developed economies—and these losses are offset by 
growth in other occupations. 

Yet all is not well with the workforce. The average worker 
has seen stagnant wages, and employers report difficulty hir-
ing workers with needed technical skills. As technology cre-
ates new opportunities, it creates new demands as well, and 
training institutions are slow to adapt. Although some econo-
mists deny that there are too few workers with needed skills, 
a careful look at the evidence below suggests we face a sig-
nificant challenge building a workforce with the knowledge 
needed to use new technologies. Until training institutions 
and labor markets do catch up, the benefits of information 
technology will be limited and not widely shared. 

Automation ≠ unemployment
I focus on information technology because this technology 
has brought dramatic change to a large portion of the work-
force. Some people see computers automating work and 
conclude that technological unemployment is inevitable. A 
recent study (Frey and Osborne, 2013) looks at how com-
puters can perform different job tasks. It concludes that 47 
percent of U.S. employment is in occupations that are at high 
risk of being automated during the next decade or so. Does 
that mean nearly half of all jobs are about to be eliminated?

Not likely. Just because computers can perform some job 
tasks does not mean that jobs will be eliminated. Consider 
bank tellers. Automated teller machines (ATMs) were first 
installed in the United States and other developed economies 
in the 1970s. These machines handle some of the most com-
mon tasks bank tellers performed, such as dispensing cash 
and taking deposits. Starting in the mid-1990s, banks rapidly 
increased their use of ATMs; over 400,000 are installed in the 
United States alone today. 

One might expect such automation to decimate the ranks 
of bank tellers, but in fact the number of bank teller jobs 
did not decrease as the ATMs were rolled out (see Chart 1). 
Instead, two factors combined to preserve teller jobs. 

First, ATMs increased the demand for tellers because they 
reduced the cost of operating a bank branch. Thanks to the ATM, 
the number of tellers required to operate a branch office in the 
average urban market fell from 20 to 13 between 1988 and 2004. 
But banks responded by opening more branches to compete for 
greater market share. Bank branches in urban areas increased 43 
percent. Fewer tellers were required for each branch, but more 
branches meant that teller jobs did not disappear. 

Second, while ATMs automated some tasks, the remain-
ing tasks that were not automated became more valuable. As 
banks pushed to increase their market shares, tellers became 
an important part of the “relationship banking team.” Many 
bank customers’ needs cannot be handled by machines—par-
ticularly small business customers’. Tellers who form a per-
sonal relationship with these customers can help sell them 
on high-margin financial services and products. The skills of 
the teller changed: cash handling became less important and 
human interaction more important. 

In short, the economic response to automation of bank tell-
ers’ work was much more dynamic than many people would 

expect. This is nothing new. Automation during the Industrial 
Revolution did not create massive technological unemploy-
ment. During the 19th century, for example, power looms 
automated 98 percent of the labor needed to weave a yard of 
cloth. Yet the number of factory weaving jobs increased over 
this period. Less labor cost per yard meant a lower price in 
competitive markets; a lower price meant sharply increased 
demand for cloth; and greater demand for cloth increased the 
demand for weavers despite the drop in labor needed per yard. 
Furthermore, while technology automated more and more 
weaving tasks, weavers’ remaining skills, such as those needed 

to coordinate work across multiple looms, became increasingly 
valuable. Weavers’ wages rose sharply compared with those of 
other workers during the late 19th century. 

The economy responds dynamically in other ways as well. 
In some cases, new jobs are created in related occupations. 
Desktop publishing meant fewer typographers but more 
graphic designers; automated company phone systems meant 
fewer switchboard operators but more receptionists who took 
over the human interaction tasks switchboard operators previ-
ously performed. In each case, the new jobs required new and 
different skills. Sometimes new jobs appear in entirely unre-
lated sectors. For example, as agricultural jobs disappeared, 
new jobs arose in the manufacturing and service sectors. 

Thus computer automation does not necessarily imply 
imminent and massive technological unemployment; new 
technology can also increase the demand for workers with new 
skills. To measure the actual effect of computer technology on 
jobs overall, we must look at major occupational groups to 

Bessen, corrected, 1/20/2015

Chart 1

Dispensing jobs 
As more ATMs were installed in the United States, the number 
of tellers employed did not drop.
(thousands) 

Sources: Ruggles and others, Integrated Public Use Microdata Series: Version 5.0; Bureau of 
Labor Statistics, Occupational Employment Survey; and Bank for International Settlements, 
Committee on Payment and Settlement Systems, various publications.
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Harvesting Productivity: Falling U.S. Agricultural 
Employment Share, 1860 – 2010 

Johnston 2012
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The Emergence of 
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Where Does New Work Come From?

1. Uber effects
– Productivity gains create new work

2. Walmart effects
– Price declines free income, spur consumption

3. Network effects
– Productivity growth in one industry raises 

demand in customer and supplier industries
4. Invention of new work
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Walmart Effects – A Fall In the Cost of 
Necessities Frees Income for Luxuries



Over the 20th Century, the Share of Household Income 
Spent on Necessities Fell from 85% to 55%

68

100 Years of U.S. Consumer Spending

away from home.  Boston family food
expenditure patterns were different,
with 66.1 percent of food spending al-
located for food at home and 33.5 per-
cent allocated for food eaten away from
home.

By the 21st century, however, the
average U.S. family allocated just 58.1
percent of food spending for food eaten
at home and 41.9 percent for food eaten
away from home.  Similar patterns ex-
isted in New York City and in Boston:
the allocations in New York City were
54.4 percent and 45.6 percent, respec-
tively; in Boston, they were 58.7 per-
cent and 41.3 percent.

Changes in diets also occurred over
the 100-year period.  In 1901, New York
City families allocated 40.4 percent of
their grocery expenditures for meat,
poultry, fish, and eggs; 16.3 percent for
dairy products; 14.5 percent for fruits
and vegetables; and 11.0 percent for
cereals and bakery products.  Among
Boston families, the allocations for
these four categories of items were 48.4

percent, 17.5 percent, 8.3 percent, and
9.2 percent, respectively.

By 2002–03, grocery expenditure
shares for meat, poultry, fish, and eggs
had decreased to 28.3 percent in New
York City and to 27.2 percent in Bos-
ton. Shares for dairy products had de-
creased to 10.4 percent in New York City
and 10.8 percent in Boston; shares for
fruits and vegetables had increased to
19.2 percent in New York City and 17.0
percent in Boston; and shares for cere-
als and bakery products had increased
to 15.0 percent in both cities.

Home ownership shifted markedly.
In 1901, 19 percent of Americans owned
their home, while in 2002–03, 67 per-
cent of  U.S. families did.  In 2002–03,
56 percent of New York City households
owned their home, while in Boston, the
share was greater: 59 percent.

With greater home ownership and
higher housing costs, in the 1960s fam-
ily spending for housing became the
most significant item in household bud-
gets, displacing spending on food.

Spending for shelter constituted the
single largest segment of the average
family’s housing expenditures: 62.5 per-
cent in the country as a whole, 62.7 per-
cent in New York City, and 66.8 percent
in Boston.

Forty years later, in 2002–03, shelter
costs represented 19.3 percent of total
household expenditures in the coun-
try as a whole, 24.6 percent in New York
City, and 24.3 percent in Boston.  In
other words, 1 out of every 4 dollars
spent by New York City and Boston
families went for shelter.

With the rise in expenditures for
shelter came an increase in spending
for utilities.  In the 1970s, the average
U.S. family allotted 4.9 percent of total
spending for utilities; the average New
York City family, 3.8 percent; and the
average Boston household, 4.9 per-
cent.  By 2002–03, shares of total
spending for utility costs were 6.7 per-
cent, 6.1 percent, and 6.4 percent.

Over the 100-year period, expendi-
ture shares for clothing steadily de-
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– Price declines free income, spur consumption
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Tons of progress: Labor Hours Needed to 
Produce a Ton of Steel Fell by 85% since 1980

Person Hours Required to Produce One Ton of Steel



Network Effects: <400K Jobs in Metal-Making, 
More than 4 Million Jobs in Metal-Using Industries
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The Invention of New Work

Frontier Jobs Wealth Work Last Mile Jobs

Autor and Salomons, 2019



Frontier Jobs Added to U.S. Census, 1980 – 2016

Supervisor, Word Processing (1980)
Circuit Layout Designer (1990)
Artificial Intelligence Specialist 
(2000)
Echocardiographer (2000)
Wind Turbine Technician (2010)
Computing Services Director 
(2106)

George Jetson at Work

Autor and Salomons, 2019



The Invention of New Work

Frontier Jobs Wealth Work Last Mile Jobs

Autor and Salomons, 2019



Wealth Work Jobs Added to U.S. Census, 1980 – 2016

Gift wrapper (1980)
Fingernail former (1990)
Horse exerciser (2000) 
Oyster preparer (2000)
Sommelier (2010)
Golf cart mechanic (2016)

George Jetson @Home

Autor and Salomons, 2019



The Invention of New Work

Frontier Jobs Wealth Work Last Mile Jobs

Autor and Salomons, 2019



Last Mile Jobs Added to Census, 1980 - 2016

Tamale-machine feeder (1980)
Vending-machine attendant 
(1990)
Chat room host/monitor (2000) 
Underground utility cable locator 
(2010)
Teleprompter (2016)

Winder, Robotic Football 
Players (on the Jetsons)

Autor and Salomons, 2019
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The Economist Says: Nothing to Worry About!
7/31/2019 AFURVV WKH ULFK ZRUOG, aQ H[WUaRUGLQaU\ MREV ERRP LV XQGHU Za\ - WRUNLQJ LW

KWWSV://ZZZ.HFRQRPLVW.FRP/EULHÀQJ/2019/05/23/aFURVV-WKH-ULFK-ZRUOG-aQ-H[WUaRUGLQaU\-MREV-ERRP-LV-XQGHU-Za\ 1/11

;SVOMRK MX

AcroWW Xhe rich [orld, an e\Xraordinar] jobW boom iW Ynder [a]

MaR] TSTYPaV TeVceTXMSRW abSYX XLe QSdeVR PabSYV QaVOeX aVe [VSRg

T

ME] 23VH 2019 ` MALAGA, 7A2 F6A2CI7C3 A2D 83K=3

PVinX ediXiSn ` BVie�ng

Le WecSRd ZSPYQe Sf sM] SXVYggPet, KaVP OZe KRaYWgaaVdqW eRSVQSYW, QaddeRMRg, bVMPPMaRX aYXSbMSgVaTLMcaP

RSZePW, cSRXaMRW WSQe deTVeWWMRg PMfe adZMce. sIf I LaZe PeaVRed SRe XLMRg,t Le WMgLW, sMX MW XLe fSPPS[MRg: dSRqX

bePMeZe ]SY aVe aR]bSd]. DSRqX bPSSd] bePMeZe ]SY aVe WSQebSd]wDS RSX bePMeZe XLaX ]SYqVe aR]XLMRg WTecMaP. DS RSX

bePMeZe XLaX ]SYqVe [SVXL aR]XLMRg, becaYWe ]SY aVeRqX.t We PMOe XS XePP SYVWePZeW XLaX [e deWeVZe SYV WYcceWWeW, MV

KRaYWgaaVdqW bSSO WYggeWXW, ]eX XLe] aVe PaVgeP] XLe TVSdYcX Sf fSVceW SZeV [LMcL [e LaZe RS cSRXVSP. WLeR Le [VSXe

XLSWe [SVdW Le TVSbabP] [aW RSX XLMROMRg abSYX XLe bSaWXW Sf TSPMXMcMaRW MR XLe Secd, a cPYb QaMRP] Sf VMcL cSYRXVMeW,

abSYX XLeMV NSbW QaVOeXW. BYX Le QMgLX aW [ePP LaZe beeR.

sUReQTPS]QeRX RYQbeVW beWX MR 51 ]eaVW. WS[!t X[eeXed DSRaPd TVYQT, AQeVMcaqW TVeWMdeRX, PaWX QSRXL. TLeVeWa

Ma], XLe BVMXMWL TVMQe QMRMWXeV, bVagged MR FebVYaV] XLaX seQTPS]QeRX MW aX a ReaV-VecSVd LMgL aRd YReQTPS]QeRX aX a

ReaV-VecSVd PS[.t TLe QSRXL befSVe, ScSXX MSVVMWSR, AYWXVaPMaqW TVMQe QMRMWXeV, cVS[ed XLaX sQSVe XLaR 730 NSbW [eVe

cVeaXed eZeV] da] PaWX ]eaV YRdeV SYV gSZeVRQeRX.t AVSYRd XLe WaQe XMQe LMW JaTaReWe cSYRXeVTaVX, SLMR^S Abe, PeX MX

be ORS[R XLaX sXLe eQTPS]QeRX VaXe fSV ]SYRg TeSTPe MW aX a PeZeP WYVTaWWMRg aPP TVeZMSYW VecSVdW.t HeRce XLe W[aggeV

7YFWGVMFI ;IPGSQI

7/31/2019 AFURVV WKH ULFK ZRUOG, aQ H[WUaRUGLQaU\ MREV ERRP LV XQGHU Za\ - WRUNLQJ LW

KWWSV://ZZZ.HFRQRPLVW.FRP/EULHÀQJ/2019/05/23/aFURVV-WKH-ULFK-ZRUOG-aQ-H[WUaRUGLQaU\-MREV-ERRP-LV-XQGHU-Za\ 2/11

T ] ] g T T T g T gg

Sf TSPiXiciaRW, [hS bePieZe XhaX Xhe] aVe WTeciaP. BYX Xhe] aVe RSX. JSbW abSYRd becaYWe Sf fSVceW XhaX PaVgeP] haZe

RSXhiRg XS dS [iXh XheQ.

ARd abSYRd Xhe] dS. AcVSWW Xhe SIcd a NSbW bSRaR^a iW YRdeV [a]. IR Xhe TaWX ¤Ze ]eaVW Xhe gVSYT haW added 43Q NSbW.

The YReQTPS]QeRX VaXeoXhe RYQbeV Sf TeSTPe PSSOiRg fSV [SVO aW a WhaVe Sf Xhe XSXaP PabSYV fSVceoiW aX iXW PS[eWX iR

decadeW (Wee chaVX 1). NSX eZeV] QeQbeV caR cePebVaXe. UReQTPS]QeRX iR IXaP], STaiR aRd GVeece VeQaiRW higheV XhaR

befSVe Xhe ¤RaRciaP cViWiW Sf 2008-09. AQeVicaqW VaXe Sf PabSYV-fSVce TaVXiciTaXiSR iW WXiPP [ePP S� iXW aPP-XiQe high. BYX

QSWX caR. IR 2018, Xhe eQTPS]QeRX VaXe aQSRg TeSTPe Sf [SVOiRg age [aW Xhe higheWX eZeV iR BViXaiR, CaRada,

• “The Zeitgeist has lost touch with the 
data”

• “Many popular perceptions about the 
modern labour market are wrong”

• “The despondency might be justified were 
not popular perceptions about the world of 
work so obviously wrong”



MIT Work of the Future Task Force Disagrees
• “Work is a central human activity, critical to self-realization and social 

cohesion
• Public concern about the future of work is neither ill-informed nor 

misguided 
• The last four decades of economic history show that technological 

progress will likely deliver rising productivity
• But there is no certainty that the fruits of this bounty will reach the 

typical worker”
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The Parallel and then Diverging Path of Productivity 
and Earnings in the U.S., 1948 – 2017 
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Market from 1980 to Present



Specialized jobs: Growing
• Professional, technical, and 

managerial jobs
Commodified jobs: Growing

• Personal services —
cleaning, security, 
recreation, health aides

Middle-skill jobs: Shrinking
• Production work, 

office/clerical, and sales

The Polarization of Work: 
Specialized vs. Commodified Jobs



Polarization of Work: European Union, 1993 – 2010
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Productivity Growth Slowed
in Most Rich Countries after 2004

Source: Syverson, 2017

Challenges to Mismeasurement Explanations for the US Productivity Slowdown     173

Figure 1 
Change in Labor Productivity Growth versus Information and Communication 
Technology (ICT) Intensity

Source: Data for both figures are from OECD. See text for details. 
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A: Labor Productivity Growth Change between 1995–2004 and 2005–2015 versus 
Share of Households with Broadband Access (N = 25 OECD countries) 

B: Labor Productivity Growth Change between 1995–2004 and 2005–2015 versus 
ICT’s Share of Value Added (N = 24 OECD countries) 
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1. Raising Skills at the Pace of Technological 
Advancement

it barely budged for the better part of the next
30 years. Among young females, the deceleration
in supply was also unmistakable, although not as
abrupt or as complete as for males.
The counterpart to this deceleration in the

growth of supply of college-educated workers
is the steep rise in the college premium com-
mencing in the early 1980s and continuing for
25 years. Concretely, when the influx of new
college graduates slowed, the premium that a
college education commanded in the labor mar-
ket increased. The critical role played by the
fluctuating supply of college education in the
rise of U.S. inequality is documented in Fig. 3B,
which plots the college wage premium from
1963 through 2012 (blue line). This premium
fluctuated in a comparatively narrow band dur-
ing the 1960s and 1970s, as rising demand for
educated workers was met with rapidly rising
year-over-year increases in supply. In 1981, the
average college graduate earned 48% more per
week than the average high school graduate—a
significant earnings gap but not an earnings
gulf. When the supply deceleration began in
1982, however, the college premium hit an in-
flection point. This premium notched remark-
ably rapid year-over-year gains from 1982 forward,
reaching 72% in 1990, 90% in 2000, and 97% in
2005 (21, 22). Thus, the average earnings of college
graduates were 1.5 times those of high school

graduates in 1982 but were double those of high
school graduates by 2005.
Why is this deceleration in supply relevant

to the college premium? After all, although the
growth of supply slowed in 1982, it was still
rising. A likely answer is that the demand for
college workers rose in the interim. Through-
out much of the 20th century, successive waves
of innovation—electrification, mass production,
motorized transportation, telecommunications—
have reduced the demand for physical labor
and raised the centrality of cognitive labor in
practically every walk of life. The past three
decades of computerization, in particular, have
extended the reach of this process by displac-
ing workers from performing routine, codifiable
cognitive tasks (e.g., bookkeeping, clerical work,
and repetitive production tasks) that are now
readily scripted with computer software and
performed by inexpensive digital machines. This
ongoing process of machine substitution for rou-
tine human labor complements educated work-
ers who excel in abstract tasks that harness
problem-solving ability, intuition, creativity, and
persuasion—tasks that are at present difficult
to automate but essential to perform. Simulta-
neously, it devalues the skills of workers, typ-
ically those without postsecondary education,
who compete most directly with machinery in
performing routine-intensive activities. The net

effect of these forces is to further raise the de-
mand for formal education, technical expertise,
and cognitive ability (23–27).

Bringing the Supply-Demand
Framework to the Data

The persistently rising demand for educated
labor in advanced economies was first noted
by the Nobel Prize–winning economist Jan
Tinbergen (28) and is often referred to as the
“education race” model (19). Its primary im-
plication is that if the supply of educated labor
does not keep pace with persistent outward
shifts in demand for skills, the skill premium
will rise. In the words of the Red Queen in
Lewis Carroll’s Alice inWonderland, “…it takes
all the running you can do, to keep in the same
place.” Thus, when the rising supply of edu-
cated labor began to slacken in the early 1980s,
a logical economic consequence was an increase
in the college skill premium.
To more formally account for the impact of

the fluctuating growth rate of supply of college-
educated workers on the college wage differen-
tial, Fig. 3B depicts the fit of a simple regression
model that predicts the college wage premium
in each year as a function of two factors: (i) the
contemporaneous supply of college graduates,
and (ii) a time trend, which serves as a proxy for
the secularly rising demand for college-educated

15

20

25

30

35

40

45

50 percent

1964 1970 1976 1982 1988 1994 2000 2006 2012

35

45

55

65

75

85

95

105 percent

1964 1970 1976 1982 1988 1994 2000 2006 2012

The supply of college graduates and the U.S. college/high school premium, 1963–2012 
College share of hours worked (%), 1963–2012: 
All working-age adults

College versus high school 
wage gap (%)

BA
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Fig. 3. The supply of college graduates and the U.S. college/high school
premium, 1963–2012. (A) College share of hours worked in the United
States, 1963–2012: All working-age adults. Figure uses March CPS data for
earnings years 1963 to 2012.The sample consists of all persons aged 16 to
64 who reported having worked at least 1 week in the earnings years,
excluding those in the military. Following an extensive literature, college-
educated workers are defined as all of those with four or more completed
years of college plus half of those with at least 1 year of completed college.
Non-college workers are defined as all workers with high school or less
education, plus half of those with some completed college education. For
each individual, hours worked are the product of usual hours worked per
week and the number of weeks worked last year. Individual hours worked

are aggregated using CPS sampling weights. (B) College versus high school
wage gap. Figure uses March CPS data for earnings years 1963 to 2012.The
series labeled “Measured Gap” is constructed by calculating the mean of
the natural logarithm of weekly wages for college graduates and non–
college graduates, and plotting the (exponentiated) ratio of thesemeans for
each year.This calculation holds constant the labor market experience and
gender composition within each education group. The series labeled
“Predicted by Supply-Demand Model” plots the (exponentiated) predicted
values from a regression of the log college/noncollege wage gap on a
quadratic polynomial in calendar years and the natural log of college/
noncollege relative supply. See text and supplementary material for further
details.
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2. Aligning Incentives to Invest in 
Both Human and Physical Capital

20     Journal of Economic Perspectives

demand to decouple from productivity. Cumulatively, changes in the task content of 
production reduced labor demand by 10 percent during this period.

The middle and bottom panels of Figure 5 show that, relative to the earlier 
period, the change in task content is driven by a deceleration in the introduction 

Productivity effect
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Substitution effect
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Source: Authors’ calculations.
Note: The top panel presents the decomposition of wage bill divided by population between 1987 and 
2017. The middle and bottom panels present our estimates of the displacement and reinstatement 
effects for the entire economy and the manufacturing sector, respectively. See text for the details of the 
estimation of the changes in task content and displacement and reinstatement effects.  

Figure 5 
Sources of Changes in Labor Demand, 1987–2017

Source: Acemoglu and Restrepo, 2019



3. Addressing Labor Scarcity by 
Raising Productivity, Improving Job Quality
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U.S. will face persistent shortage 
of workers in service & care jobs
1. Aging Baby Boom cohorts

2. Low and falling fertility

3. Declining immigration

4. Rising educational 
attainment

Japan as the extreme scenario 
– a huge challenge



E.U. Old-Age Dependency Ratio Rising Steeply 
(100 × Age 65+ Adults ÷ Age 15–65 Adults ) 

2018 2050

Source: Eurostat: 2.4.2-r2163-2018-08-17 (PR
O

D
)
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Figure 1 
Change in Labor Productivity Growth versus Information and Communication 
Technology (ICT) Intensity

Source: Data for both figures are from OECD. See text for details. 
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A: Labor Productivity Growth Change between 1995–2004 and 2005–2015 versus 
Share of Households with Broadband Access (N = 25 OECD countries) 

B: Labor Productivity Growth Change between 1995–2004 and 2005–2015 versus 
ICT’s Share of Value Added (N = 24 OECD countries) 

4. Steering Innovation Towards Raising Productivity, 
not Simply Displacing Labor

Source: Syverson, 2017

Productivity Fell Steeply 
Growth in Most Rich 
Countries after 2004
• No universally agreed 

explanation

• AI and robotics not yielding 
miracles so far

• Perhaps these technologies 
are mis-directed

• ‘So-so’ technologies



Conclusion: 
The Future Will Not 
Take Care of Itself
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The Work of the Future: 
Shaping Technology and Institutions

1. The challenge ahead is not scarcity of jobs

2. Abundant jobs do not guarantee abundant 
good jobs

3. Abundant technology does not guarantee 
fast productivity growth or shared prosperity

4. The future will not take care of itself



Thank you


