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William Lee invented the stocking frame 
knitting machine in 1589, and approached 
Queen Elizabeth I for patent protection. 
“Consider thou what the invention could do to 
my poor subjects. It would assuredly bring to 
them ruin by depriving them of employment, 
thus making them beggars.” 
 - Queen Elizabeth I 

William was forced out of 
England by the guilds’ 
opposition to his invention. 



Will new technologies threaten the historical pattern of 
employment resisting technological change? 

In 1900, 40% of US 
workers were farmers; in 
1999, the figure was 2%.  
 
In 1900, unemployment 
was 5%; in 1999, it was 
4.2%. 



We also consider the question of which jobs 
are most vulnerable to technological change.  
 
 
 
 
 
“the idea that technological advances favor 
more skilled workers is a twentieth-century 
phenomenon.” - Acemoglu (2002a, p. 7)  



Morning snack Lunch 

Judges are 
significantly more 
lenient after a 
food break 
(Danziger et al 
2011). 

What’s different now? Machine 
Learning is the study of algorithms that 
can learn and act.  



Algorithms are increasingly a cheaper 
alternative to human work. 

[The Hamilton Project, Brookings] 
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Innovation makes technology affordable.3.
Most people don’t think about disk drives but they store, search, 
and retrieve almost limitless amounts of information today 
and now, with cloud computing, can be accessed wirelessly. I 
used to say that you have now the Library of Congress on your 
computer. Now you have the ability to access almost all the 
world’s information in your pocket.

—Glenn Hutchins, Co-Founder and Co-Chief Executive, 
Silver Lake 

Consumer technologies like personal computers and mobile 
devices make all of our lives easier, allowing us to quickly 
connect with people across the world and retrieve information 
regardless of our location. The price of these technologies has 
decreased rapidly, even more so than the sticker price would 
indicate, because new computers are so much more powerful 
than older iterations. The latest computer may be more 
expensive than the previous model but relative to what the 
computer has to offer, the cost is lower. If the typical worker 
in 1982 wanted to purchase something with computing power 
of an iPad2, it would have cost more than the 360 years worth 
of wages.

FIGURE 3. 

Cost of Computing Power Equal to an iPad 2

Note:  The iPad2 has computing power equal to 1600 million instructions per second (MIPS).  Each data point represents the cost of 1600 MIPS of computing power based on the power  

and price of a specific computing device released that year. 

Source:  Moravec n.d..

I .  The Benefits of Innovation



We live in the age of big data. 

Source: UC Berkeley School of Information, 2003;  Cisco Visual Networking Index, 2011 

All printed material  
in the world 

200 petabytes  
(2 x 1017 bytes) 

All words ever spoken 
by human beings 

5 exabytes  
(5 x 1018 bytes) 

Predicted internet traffic 
in 2015 

960 exabytes  
(1 x 1021 bytes) 



Big data is leading to algorithms for 
increasingly sophisticated tasks, including 
translation. 



Retail and sales jobs will be increasingly 
affected by automation.  



Levy and Murnane (2004): “it is hard to 
imagine discovering the set of rules that can 
replicate a driver's behaviour”.  
 
 
 
 
 
In 2012, Nevada issued a driving license to a 
fully autonomous Google car. 



The automation of mass-market cars 
just requires the right algorithm.  



Cars will be recording their environment 
constantly, having consequences for 
insurance, law, and meteor detection. 



Many logistics tasks are now being 
automated with the use of machine learning 
and mobile robotics technologies. 



So, if machines can drive, serve 
customers, and look through data, for 
what are humans still good? In short, 

and social 
intelligence. 

creativity 



Autonomous manipulation is also hard, 
largely due to the difficulties involved in 
perception.  



Precisely, manipulation in unstructured 
environments is difficult to automate. 



We expect social intelligence, creativity and 
perception to be bottlenecks to 
computerisation. 
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Figure 1. Bottlenecks to Computerisation.

Note: This figure provides a sketch of how the probability of computerisation might vary as a function of bottleneck variables.
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We used a dataset of 702 occupations, giving job 
features (e.g. requirements for finger dexterity and 
persuasion) to predict automatability by 2030.  



Occupation Label Probability 

Data Entry Keyers 1 0.99 

Tax Preparers 0.99 

Umpires and Referees 0.98 

Industrial Truck Operators 1 0.94 

Waiters and waitresses 0 0.94 

Slaughterers 0.60 

Economists 0 0.43 

Funeral Attendants 0.37 

Clergy 0 0.01 

Choreographers 0.00 



USA



UK



We find creative jobs to be non-automatable. 

Part I

Figures
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Table 1: UK creative employment (with a creative probability greater than 0.7) by the risk of computerisation.

Low risk Medium risk High risk

3,228,389 475,684 0
87% 12% 0%

2

87% 
low  
risk 

12% 
medium 

risk 

0% 
high 
risk 

Creative 
jobs 



Some industries are at high risk. 



We predict that high-skilled jobs are relatively 
resistant to computerisation. 



Source: LinkedIn 

New jobs are being created.  



Source: LinkedIn 

New jobs are being created.  



Only 0.5% of the US workforce is employed in 
new industries created in the 21st century. 

Detailed industry % of US Employment % with college degree Avg. Wages ($) 

Internet publishing and broadcasting 0.06 69.6 81,138 

Electronic shopping 0.08 49.7 45,372 

Data processing, hosting, and related 
services  

0.08 48.0 64,729 

Electronic auctions 0.01 52.2 47,257 

Source: Berger & Frey (2014) 

New industries have emerged. 



Emerging occupations Description Current US 
employment 

Projected new 
jobs by 2022 

Wind energy engineers Design underground or overhead 
wind farm collector systems 

133,000 29,500 

Solar energy installation 
managers 

Direct work crews installing solar 
photovoltaic 

546,000 187,100 

Nanotechnology engineers Implement production processes 
for nanoscale designs to produce 
or modify materials, devices, or 
systems 

68,000 14,600 

Informatics nurse specialists Apply knowledge of nursing to 
assist in the design of computerized 
health care systems 

521,000 209,600 

Source: O*Net & BLS 

Investment in skills and new job creation is 
essential for the long-run. 
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