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Information technology has 
been the main source of 

innovation in the US economy 
for at least three decades. 
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• As the new economy has developed, intangible
assets and high-technology investments are
playing an increasingly important role.

• Because firms invest heavily in R&D, software,
brands, and other intangible assets—at a rate
close to that of tangible assets—changes in
measured GDP, which does not include all
intangible investments, understate the actual
changes in total output.
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Technology is widely considered 
the main source of economic 

progress, but it has also 
generated cultural anxiety 

throughout history.
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The Luddite Rebellion

“Between 1811 and 1877, a group of English
textile workers whose jobs threatened by the
automated looms of the first Industrial
Revolution rallied around a perhaps mythical,
Robin Hood-like figure named Ned Ludd and
attacked mills and machinery before being
suppressed by the British government.”

(Brynjolfsson and McAfee, 2014, p. 173)

6



7



Many writers conceded possibly negative effects 
of machinery on employment in the short run, 

they typically distinguished short-run 
dislocations from possible long-run effects.
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“We are being afflicted with a new disease of
which some readers may not have heard the
name, but of which they will hear a great deal in
the years to come—namely, technological
unemployment.”

(Keynes, 1930, Economic Possibilities for Our Grandchildren)
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The Triple Revolution Report (1964)

“A new era of production has begun. Its principles
of organization are as different from those of the
industrial era as those of the industrial era were
different from the agricultural. The cybernation
revolution has been brought about by the
combination of the computer and the automated
self-regulating machine. This results in a system of
almost unlimited productive capacity which
requires progressively less human labor.”

(Brynjolfsson and McAfee, 2014, p. 174-175)
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In recent years, there has been 
a revival of public concerns 
about technological change 

destroying jobs. 
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Skill-biased technical change has
increased the relative demand for highly
educated workers while reducing
demand for less workers whose jobs
frequently involve routine cognitive and
manual tasks.
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The US middle class was built on routine
work (both physical, like staffing an
assembly line in a factory, and cognitive,
like handling payroll for the factory) and
this work has been rapidly automated in
recent decades.
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Capital-biased technological changes
that encourage substitution of capital
for labour have increased the profits
earned by capital owners and reduced
the share of income going to labour.
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17Karabarbounis, L., Neiman, B. 2014. “The Global Decline of the Labor Share" Quarterly Journal of Economics, 129(1): 61-103.



Robots are taking human jobs

Note: A man shakes hands with a humanoid robot during the International Conference on Humanoid Robots in
Madrid November 19, 2014. REUTERS/Andrea Comas
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Androids, such as this one directing shoppers in Tokyo, will replace
humans in many service occupations in the next 10–20 years.

19
Source: https://www.nature.com/news/track-how-technology-is-transforming-work-1.21837
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A robot delivers takeaway food to customers in a trial in London

Source: https://www.nature.com/news/track-how-technology-is-transforming-work-1.21837



Large-scale automation entering the 
workplace and affecting people’s wage 

and employment prospects.
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What will happen to jobs as more 
tasks are done by robots? 

Will mass unemployment ensue, 
or will humanity adjust as it has to 

new technologies in the past? 
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Symposium: Automation and Labor Markets
• Autor, David H. 2015. "Why Are There Still So Many Jobs?

The History and Future of Workplace Automation." Journal
of Economic Perspectives, 29(3): 3-30.

• Mokyr, Joel, Chris Vickers, and Nicolas L. Ziebarth. 2015.
"The History of Technological Anxiety and the Future of
Economic Growth: Is This Time Different?" Journal of
Economic Perspectives, 29(3): 31-50.

• Pratt, Gill A. 2015. "Is a Cambrian Explosion Coming for
Robotics?" Journal of Economic Perspectives, 29(3): 51-60.
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What types of labour will be replaced by
machines, and what types of labour will
be in greater demand?

Two potential – very different- labour
market implications:
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1. Enabling: they complement and increase the
productivity of certain types of skills (e.g., CAD for
design workers, laptops for managers and workers
specialising in problem-solving, scanners for
cashiers).

2. Replacing: they take over tasks previously
performed by labour (e.g., assembly tasks,
switchboard operation, mail sorting, packing, stock
trading, dispensing cash, operating machines, etc.).
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The share of U.S. employment by sector, 1800-2000
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Why have so many 
manufacturing jobs been 

lost in the richest countries 
in recent decades? 
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The Rise of China

Acemoglu et al. (2016) estimate that 2.0-
2.4 million people in the US lost their
jobs as a result of increasing Chinese
import competition during 1999-2011.

Source: Acemoglu, D., Autor, D. H., Dorn, D., Hanson, G. H., and Price, B. (2016), “Import competition and the great US employment sag of the 2000s”, 
Journal of Labor Economics, 34(S1), S141-S198.
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Horse, Mules, and Tractors in Farms: 1910-1960
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Source: Manuelli, R. E., and Seshadri, A. (2014), “Frictionless Technology Diffusion: The Case of Tractors”, American Economic Review,
104(4), 1368-1391.



Machines replaced horses, why 
not labour?

Horses don’t have comparative advantage in 
tasks, but human labour does.
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Two key ideas
• During most times, there is a continuous process

of tasks previously performed by labour being
mechanised and automated, while at the same
time, new employment opportunities for labour
are created.

• New employment opportunities come mostly
from the introduction of new and more complex
tasks in which labour has a comparative
advantage relative to capital.
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These two key building blocks imply that one
should consider the dynamics of modern labour
markets in advanced economies as being
characterised by a race between two
technological forces:

• automation on the side of machines

• the creation of new complex tasks on the side of 
man
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The measure of tasks used in production remains at 1.

A new (more complex) task replaces or upgrades the lowest-index task.

As N increases the set of feasible tasks shifts to the right, and only tasks above N-1 remain compatible with and
combined with those currently in use.



• If the first force outpaces the
second, there will be a declining
share of labour in national income
and technological non-employment.
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• If the first force outpaces the second,
there will be a declining share of labour
in national income and technological
non-employment.

• If the second force outpaces the first,
the reverse will happen – there will be a
greater share of labour in national
income and rising employment.
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On the implications of automation for inequality

• When different workers have different amounts of
skills, both automation and the creation of new tasks
may lead to greater inequality:

1. because machines compete more strongly against less
skilled labour

2. because the more skilled workers have greater
competitive advantage than the less skilled in new complex
tasks.

47



The final sentence of the paper

“Finally, and perhaps most importantly, our
model highlights the need for additional
empirical evidence on how automation
impacts employment and wages (which
we investigate in Acemoglu and Restrepo,
2017) and how the incentives for
automation and the creation of new tasks
respond to policies, factor prices and
supplies.”
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• There is no guarantee that firms would choose
to automate; that would depend on the costs
of substituting machines for labor and how
much wages change in response to this threat.
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• There is no guarantee that firms would choose
to automate; that would depend on the costs
of substituting machines for labor and how
much wages change in response to this threat.

• The labour market impacts of new technologies
depend not only on where they hit but also on
the adjustment in other parts of the economy.
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Acemoglu and Restrepo
analyse the effect of the
increase in industrial robot
usage between 1990 and 2007
on US local labour markets.
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Industrial robot as defined by ISO 8373:2012:

An automatically controlled, 
reprogrammable, multipurpose 
manipulator programmable in 

three or more axes, which can be 
either fixed in place or mobile for 

use in industrial automation 
applications.



• Reprogrammable: designed so that the programmed 
motions or auxiliary functions can be changed 
without physical alteration;

• Multipurpose: capable of being adapted to a 
different application with physical alteration;

• Physical alteration: alteration of the mechanical 
system (the mechanical system does not include 
storage media, ROMs, etc.)

• Axis: direction used to specify the robot motion in a 
linear or rotary mode
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• Textile looms, 
• elevators, 
• cranes, 
• transportation bands,
• coffee makers 

are not industrial robots 

as they have a unique purpose, cannot be
reprogrammed to perform other tasks, and/or
require a human operator.
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Their measure also excludes 
“dedicated industrial robots”

• Equipment dedicated for loading/unloading of machine tools

• Dedicated assembly equipment, e.g. for assembly on printed circuit 
boards

• Automated storage and retrieval systems 

• Integrated Circuit Handlers (pick and place)

• Automated guided vehicles (AGVs)

Although dedicated industrial robots might have a similar impact as industrial
robots, the IFR does not collect data on their numbers.
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Examples of dedicated 
industrial robots not to be 
included in the statistics
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by mechanical structure:

• Cartesian robot: robot whose arm has three prismatic joints
and whose axes are coincident with a Cartesian coordinate
system

• SCARA robot: a robot, which has two parallel rotary joints to
provide compliance in a plane

• Articulated robot: a robot whose arm has at least three
rotary joints

• Parallel robot: a robot whose arms have concurrent prismatic
or rotary joints

• Cylindrical robot: a robot whose axes form a cylindrical
coordinate system
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Examples articulated 
robots
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Examples of applications 
of articulated robots
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The US trends are closely mirrored by the
30th percentile of robot usage among the
European countries in their data.
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Acemoglu and Restrepo
analyse the effect of the
increase in industrial robot
usage between 1990 and 2007
on US local labour markets.
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CZs are particularly suitable for analysis
of local labour markets because they
cover the entire US continental territory
except for Alaska and Hawaii,
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CZs are particularly suitable for analysis
of local labour markets because they
cover the entire US continental territory
except for Alaska and Hawaii, are based
primarily on economic geography rather
than incidental factors such as minimum
population, and can be consistently
constructed using Census Public Use
Micro Areas (PUMAs).



Commuting Zones
CZs were first developed in the 1980s as ways to better
delineate local economies.

County boundaries are not always adequate confines for a local
economy and often reflect political boundaries rather than an
area’s local economy.

A local economy and its labor market are bounded not by the
nearest county line, but by interrelationships between buyers
and sellers of labour.

CZs are clusters of U.S. counties: geographic units of analysis
intended to more closely reflect the local economy where
people live and work.
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Commuting zones vary in their 
distribution of industrial 

employment, making some 
commuting zones more exposed 
to the use of robots than others.
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• Robots compete task-by-task against labour.

• Increase in the share of tasks performed by
robots displaces labour from some tasks, but
also raises productivity.

• The impact of robots on employment and
wages in a labour market can be estimated by
regressing the change in these variables on
the exposure to robots.
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• Constructing measure of exposure to robots using
data from the IFR on the increase in robot usage in
19 industries (roughly at the two-digit level outside
manufacturing and at the three-digit level within
manufacturing) and their baseline employment
shares from the Census before the onset of recent
robotic advances.
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The IFR only reports the overall stock of
robots for North America. Though this
aggregation introduces noise in our
measures of US exposure to robots, this is
not a major concern, since the US accounts
for more than 90% of the North American
market, and their IV procedure should
purge the US exposure to robots from this
type of measurement error.



• A major concern with their empirical strategy
is that the adoption of robots in a given US
industry could be related to other trends
affecting that industry
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• A major concern with their empirical strategy
is that the adoption of robots in a given US
industry could be related to other trends
affecting that industry or to economic
conditions in the commuting zones that
specialise in that industry.
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Both possibilities would confound the impact of
robots.
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To address this concern, they use the
industry-level spread of robots in
other advanced economies—meant to
proxy improvements in the world
technology frontier of robots—as an
instrument for the adoption of robots
in US industries.
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This strategy allows them to focus on the
variation that results solely from
industries in which the robots has been
concurrent in most advanced economies.
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• The industries that adopted more
robots in Europe between 1993 and
2007 also adopted more robots in
the United States between 2004 and
2007.
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• With a few exceptions (basic metals,
metal machinery and other
manufacturing), the industries that
adopted more robots in Europe
between 1993 and 2007 also
adopted more robots in the United
States between 2004 and 2007.
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The scatter plot of the change in the number of robots per thousand workers in Europe between 1993 and 2007 and in the
US between 2004 and 2007.

The solid line corresponds to the 45o line. Marker size indicates the share of US employment in the corresponding industry.



• They first ignore any interaction between local 
labour markets (commuting zones), and then 
enrich this framework by introducing trade 
between CZs.
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Their estimates remain negative and significant when they control for

• broad industry composition (including shares of 
manufacturing, durables, and construction)

• detailed demographics

• competing factors impacting workers in CZs:

i. exposure to imports from China 
ii. exposure to imports from Mexico
iii. the decline in routine jobs following the use of software to 

perform information processing tasks
iv. offshoring of intermediate inputs
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The automobile industry, which uses the largest number of robots per worker,
is not driving the results.
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101
Marker size indicates the share of the 1990 US working age population in the corresponding commuting zone.

Relationship between the exposure to robots and employment



102
Marker size indicates the share of the 1990 US working age population in the corresponding commuting zone.

Relationship between the exposure to robots and wages



• The employment effects of robots are most
pronounced in manufacturing, and in particular,
in industries most exposed to robots; in routine
manual, blue collar, assembly and related
occupations; and for workers with less than
college education.

• The effects of robots on men and women are
similar, though the impact on male employment
is more negative.
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• No trade between CZs:
(i.e., each CZ can consume only its own production of each good)

each additional robot per thousand 
workers reduces aggregate employment to 
population ratio by 0.37 percentage points 
and aggregate wages by about 0.73%.
(one new robot reducing employment by 6.2 workers)
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• No trade between CZs:
each additional robot per thousand 
workers reduces aggregate employment to 
population ratio by 0.37 percentage points 
and aggregate wages by about 0.73%.
(one new robot reducing employment by 6.2 workers)

• Trade between CZs:
one additional robot per thousand workers 
now reduces aggregate employment to 
population ratio by 0.34 percentage points 
and aggregate wages by 0.5%.
(one new robot reducing employment by 5.6 workers)
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• If they focus only on declines in employment in
heavily-robotized manufacturing, and presume
that employment losses in other sectors are due
to local demand and will not directly translate
into national effects, these effects can be as low
as 0.18 percentage points for employment and
0.25% for wages.
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Because there are relatively few robots
in the US economy, the number of jobs
lost due to robots has been limited so
far
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Because there are relatively few robots
in the US economy, the number of jobs
lost due to robots has been limited so
far (ranging between 360,000 and
670,000 jobs, equivalent to a 0.18-0.34
percentage point decline in the
employment to population ratio).
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CONCLUDING REMARKS
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Work in progress…

• Acemoglu, Daron, and Pascual Restrepo. 2017. 
“Demographics and Robots: Theory and 
Evidence.” Unpublished. 

• Countries experiencing more rapid aging are 
the ones that have been at the forefront of 
the adoption of one important type of 
automation technology: industrial robots.
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Acemoglu, Daron, and Pascual Restrepo. 2017. "Secular Stagnation? The Effect of Aging on Economic Growth in the Age of 
Automation." American Economic Review, 107(5): 174-79. 



POLICY IMPLICATIONS
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• What is the scope and rate of change of
the key technologies, especially AI?

• Which technologies are already
eliminating, augmenting or transforming
which types of jobs?

• What new work opportunities are
emerging, and which policy options
might create jobs in this context?
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As massive technological innovation 
radically reshapes our world, we need 
to develop new business models, new 

technologies, and new policies that 
amplify our human capabilities, so 
every person can stay economically 

viable in an age of increasing 
automation.
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Students can now declare a joint major in computer 
science and economics.

The major is the first joint computer science and 
economics major in the country, “as far as we know,” 
Constantinos Daskalakis, associate professor of electrical 
engineering and computer science, said in an interview 
with The Tech.

“The first in the history of the universe, as far as we know,” 
David Autor, professor of economics, added, laughing. 

(https://thetech.com/2017/06/08/6-14-major-announced)
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RECENT NEWS FROM MIT:


