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ANXIETY ABOUT TECHNOLOGY

“What worries many job experts more is that automation may
prevent the economy from creating enough new jobs. . . ”

The Automation Jobless. TIME
magazine story dated February 24,
1961.

“The basic fact is that technology eliminates jobs, not work.”

Bowen, 1966. Report of the National
Commission on Technology,
Automation, and Economic Progress.
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QUESTION ABOUT FOOD FROM 1950S PERSPECTIVE.
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QUESTION ABOUT FOOD FROM 1950S PERSPECTIVE.

A consumer can perceive goods to be substitutes or complement

Choosing between goods:

Substitutes: very sensitive to price

Complements: less sensitive to price change
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SUBSTITUTES AND COMPLEMENTS

Choosing between goods:

Substitutes: very sensitive to price

Complements: less sensitive to price change

Can bundle substitutes into a category, but not complements.

Do consumers perceive automated goods to
be substitutes or complements?

Does price and market power matter?
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UK EXPENDITURE DATA 2016
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SECTOR-WISE RELATIVE WAGE IN UK, 2000-2018
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PRODUCTION: MACHINES VERSUS HUMANS

Machines Humans

Repetitive tasks Copycats

Require explicit pathways Contrarians

Problem interfacing humans

substitutes or complements

does skill-adjusted wage play a role
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KASPAROV VERSUS IBM’S DEEP BLUE
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KISSINGER’S CONSTRUCTIVE AMBIGUITY
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1645
Vacuum pump invented by
Otto von Guericke

1679
Pressure cooker invented by
Denis Papin

1687
Newton, Principia: Newton’s
physics formed the foundation
of modern science

1698
Steam engine invented by
Thomas Savery

1705
Steam piston engine invented
by Thomas Newcomen

1708
Jethro Tull invents mechanical
(seed) sower

1769
Steam engine invented by
James Watt

1779
First steam powered mills
automate the weaving process

1799
Oliver Evans invents the
conveyer belt

1804
Locomotive invented by
Richard Trevithick

1814
Steam Locomotive (Blucher)
invented by George Stephenson

1816
Miner’s safety lamp invented
by Humphry Davy

1821
Faraday demonstrates the
principle of the electric motor

1830
Lawn mower invented by
Edwin Beard Budding

1831

Faraday discovers electro
magnetic current, making
possible generators and electric
engines

1834
Refrigerator invented by Jacob
Perkins

1846
Sewing machine invented by
Elias Howe

1849
Safety pin invented by Walter
Hunt

1862
Isaac Singer commercialises
the sewing machine

1873
James Clerk Maxwell states
the laws of electro-magnetic
radiation

1876
Gasoline carburettor invented
by Daimler

1878
Cathode ray tube invented by
William Crookes

1878
Edison invents the
incandescent lamp

1885

Benz develops first automobile
to run on internal–combustion
engine

1885

Motor cycle invented by
Gottlieb Daimler and Wilhelm
Maybach

1891 Rudolf Diesel invents diesel

1895
Diesel engine invented by
Rudolf Diesel

1900
Planck develops quantum
theory

1901
Vacuum cleaner invented by
Hubert Booth

1903
Powered airplane invented by
Wright Brothers

1905
Einstein writes the Theory of
Relativity

1907
Helicopter invented by Paul
Cornu

1908
Henry Ford mass-produces the
Model T

1926
Robert Goddard experiments
with liquid-fueled rockets

1937
Jet engine invented by Frank
Whittle and Hans von Ohain

1943

Aqua-Lung invented by
Jacques-Yves Cousteau and
Emile Gagnan

1945 The atomic bomb

1

1642
Adding machine invented by
Blaise Pascal

1820

Arithmometer, the first
mass-produced calculator
invented by Charles Xavier
Thomas1822

Charles Babbage designs his
first mechanical computer

1835
Morse code invented by Samuel
Morse

1837
Electric telegraph invented by
Charles Wheatstone & Samuel
Morse

1843
Typewriter invented by
Charles Thurber

1873
Christopher Sholes invents the
Remington typewriter

1877
Microphone invented by Emile
Berliner

1888 Hertz produces radio waves

1893
Wireless communication
invented by Nikola Tesla

1895
Radio signals were invented by
Guglielmo Marconi

1907
Radio amplifier invented by
Lee DeForest

1919
James Smathers develops the
first electric typewriter

1923
Sound film invented by Lee
DeForest

1927
Philo Farnsworth invents video
camera tube

1924
Electro Mechanical television
system invented by John Logie
Baird

1937

Alan Turing develops the
concept of a theoretical
computing machine

1943
Alan Turing develops the the
code-breaking machine
Colossus

1943
Adolf Hitler uses the Enigma
encryption machine

1958
First silicon chip produced by
Jack Kilby & Robert Noyce

1961
Optical disc invented by David
Paul Gregg

1963
Computer mouse invented by
Douglas Engelbart

1971
E-mail invented by Ray
Tomlinson

1971
Floppy Disk invented by David
Noble with IBM

1973
Ethernet invented by Bob
Metcalfe and David Boggs

1973
Personal computer invented by
Xerox PARC

1990
World Wide Web invented by
Tim Berners-Lee

1
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1820 The first mass-produced calculator invented by Charles Xavier Thomas

1822 Charles Babbage designs his first mechanical computer

1835 Morse code invented by Samuel Morse

1837 Electric telegraph invented by Charles Wheatstone & Samuel Morse

1873 Christopher Sholes invents the Remington typewriter

1877 Microphone invented by Emile Berliner

1888 Hertz produces radio waves

1893 Wireless communication invented by Nikola Tesla

1895 Radio signals were invented by Guglielmo Marconi

1919 James Smathers develops the first electric typewriter

1923 Sound film invented by Lee DeForest

1924 Electro Mechanical television system invented by John Logie Baird

1927 Philo Farnsworth invents video camera tube

1937 Alan Turing develops the concept of a theoretical computing machine

1971 E-mail invented by Ray Tomlinson

1973 Ethernet invented by Bob Metcalfe and David Boggs

1973 Personal computer invented by Xerox PARC

1990 World Wide Web invented by Tim Berners-Lee
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TECHNOLOGICAL PROGRESS

Dynamic complementarities: when complementarities between inputs
span across time

realising the full benefits from one invention relies on other
seemingly unrelated invention

1873 Christopher Sholes invents the Remington typewriter

1877 Microphone invented by Emile Berliner

1919 James Smathers develops the first electric typewriter

1923 Sound film invented by Lee DeForest

1924 Electro Mechanical television system invented by John Logie Baird

1927 Philo Farnsworth invents video camera tube

1937 Alan Turing develops the concept of a theoretical computing machine

1971 E-mail invented by Ray Tomlinson

1973 Personal computer invented by Xerox PARC

1990 World Wide Web invented by Tim Berners-Lee
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HONING THE HUMAN CAPITAL

Chetty (2014)

Duflo (2001)

Heckman and Cunha’s framework:

Self-productivity channel

Dynamic complementarity

Early broad based education allows workers to be more flexible to
move across jobs.
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OUTPUT PER WORKER AND WAGE

US manufacturing 

 output per worker

US real wage 
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Data source: Core Econ, Unit 17
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OUTPUT PER WORKER AND WAGE, UK

Service TOTAL INDUSTRIES Transportation and Storage Wholesale + Motor
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MARKUP OVER WAGE

A measure to capture the role human labour plays in the
production process.

Markup over wage =
Output per worker − wage

wage

Easier to compute if firm level data is not available.
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MARKUP OVER WAGE FOR UK

Service TOTAL INDUSTRIES Transportation and Storage Wholesale + Motor

Education Information + Communication Manufacturing Professional + Scientific

Accommodation + Food Agriculture Arts + Recreation Construction
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OUTPUT PER WORKER AND WAGE, US

Service TOTAL INDUSTRIES Transportation and Storage Wholesale + Motor

Education Information + Communication Manufacturing Scientific + Technical Admin
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MARKUP OVER WAGE FOR US

Service TOTAL INDUSTRIES Transportation and Storage Wholesale + Motor
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MARKUP OVER WAGE: US VERSUS UK
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MARKUP OVER WAGE: US VERSUS FRANCE
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MARKUP OVER WAGE: US VERSUS EURO AREA
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MARKUP OVER WAGE: US VERSUS SWEDEN

Service TOTAL INDUSTRIES Transportation and Storage Wholesale + Motor

Education Information + Communication Manufacturing Scientific + Technical Admin
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MARKUP OVER WAGE: US VERSUS PORTUGAL

Service TOTAL INDUSTRIES Transportation and Storage Wholesale + Motor
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MARKUP OVER WAGE: WORLD
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MARKUP OVER WAGE: WORLD

Service TOTAL INDUSTRIES Transportation and Storage Wholesale + Motor
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MARKUP OVER WAGE: WORLD

Service TOTAL INDUSTRIES Transportation and Storage Wholesale + Motor

Education Information + Communication Manufacturing Scientific + Technical Admin

Accommodation + Food Agriculture Arts + Recreation Construction
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END

Technological progress comes in waves through micro and macro
innovations and build into crescendos

Technology leaders acquire market power in period of accelerated
change

Human skills and their self-learning capacity are set in stone
through early education

Consumers choose between human and machine intensive goods

Multiple equilibria in the economy
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