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1812: job stealing
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2017: Huh?

Construction, agriculture, truck drivers, forklift drivers, dairy farms,  meat packing ... 



The economy can absorb 
large shocks to labor market



Baby boomers

Bureau of Labor Statististics

https://www.bls.gov/opub/mlr/2012/10/art1full.pdf


Women entering the (paid) labor force

Dept of Labor

https://www.dol.gov/wb/stats/facts_over_time.htm


Spreadsheet apocalypse

Wall Street Journal

https://www.wsj.com/articles/wesurvived-spreadsheets-and-well-survive-ai-1501688765


Video rental clerks



Jobs and tasks



Automation, jobs and tasks

Automation doesn’t generally eliminate jobs.  Automation generally eliminates dull, 
tedious, and repetitive tasks.

● Manual: washing clothes, drying dishes, mowing lawn, digging holes, 
chopping wood

● Cognitive: making change for purchase, memorizing maps, adding columns 
of numbers

If you eliminate all the tasks associated with a job, you have eliminated a job.  But 
this is rare.



Tasks and jobs

There were 270 detailed occupations listed in the 1950 US 
Census.   Only 1 has been eliminated due to automation. 

Quartz article based on Jim Bessen’s work

https://qz.com/932516/over-the-last-60-years-automation-has-totally-eliminated-just-one-us-occupation/
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2690435


Tasks or jobs?

There were 270 detailed occupations listed in the 1950 US 
Census.   Only 1 has been eliminated due to automation. 

 Elevator operator

Quartz article based on Jim Bessen’s work

https://qz.com/932516/over-the-last-60-years-automation-has-totally-eliminated-just-one-us-occupation/
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2690435


Even elevator operators had other tasks...

● Operation
○ Safety monitor
○ Security monitor
○ Greeter
○ Provide answers to questions
○ Provide services to residents
○ Announced special prices or offers

● Many such tasks were folded into other jobs (reception, security)
● Most jobs are more complicated than we think...

                           WikipediaInterview

https://en.wikipedia.org/wiki/Elevator_operator
https://www.nytimes.com/2017/04/28/jobs/elevator-operator-carlyle-hotel.html?_r=0


Groundskeeper tasks:  O*NET
● Gather and remove litter.
● Use hand tools, such as shovels, rakes, pruning saws, saws, hedge or brush trimmers, 

or axes.
● Operate vehicles or powered equipment, such as mowers, tractors, twin-axle vehicles, 

snow blowers, chain-saws, electric clippers, sod cutters, or pruning saws.
● Water lawns, trees, or plants, using portable sprinkler systems, hoses, or watering 

cans.
● Prune or trim trees, shrubs, or hedges, using shears, pruners, or chain saws.
● Mix and spray or spread fertilizers, herbicides, or insecticides onto grass, shrubs, or 

trees, using hand or automatic sprayers or spreaders.
● Care for established lawns by mulching, aerating, weeding, grubbing, removing thatch, 

or trimming or edging around flower beds, walks, or walls.
● Follow planned landscaping designs to determine where to lay sod, sow grass, or plant 

flowers or foliage.
MORE

https://www.onetonline.org/


Groundskeeper tasks, continued
● Trim or pick flowers and clean flower beds.
● Attach wires from planted trees to support stakes.
● Plant seeds, bulbs, foliage, flowering plants, grass, ground covers, trees, or shrubs and apply 

mulch for protection, using gardening tools.
● Mow or edge lawns, using power mowers or edgers.
● Rake, mulch, and compost leaves.
● Decorate gardens with stones or plants.
● Provide proper upkeep of sidewalks, driveways, parking lots, fountains, planters, burial sites, or 

other grounds features.
● Shovel snow from walks, driveways, or parking lots and spread salt in those areas.
● Maintain irrigation systems, including winterizing the systems and starting them up in spring.
● Plan or cultivate lawns or gardens.
● Install rock gardens, ponds, decks, drainage systems, irrigation systems, retaining walls, fences, 

planters, or playground equipment.



Robots and tasks

Could we build a robotic groundskeeper?  

● You could likely automate any single task with enough money and time
● But automating them all would be very challenging

Robots work best with standardized environment and repetitive tasks.

● We have been optimizing the assembly line with humans for 100 years
● It’s not surprising that this environment is (relatively) easy to automate
● Half of all industrial robots are in auto plants

A heterogeneous environment is much more difficult, even when each task is 
relatively simple.   Generally, we have seen machines that augment humans, not 
replaced them.



Ideal environment for robot gardener



Hotel housekeeper   O*NET
● Carry linens, towels, toilet items, and cleaning supplies, using wheeled carts.
● Disinfect equipment and supplies, using germicides or steam-operated sterilizers.
● Clean rooms, hallways, lobbies, lounges, restrooms, corridors, elevators, stairways, 

locker rooms, and other work areas so that health standards are met.
● Empty wastebaskets, empty and clean ashtrays, and transport other trash and waste to 

disposal areas.
● Observe precautions required to protect hotel and guest property and report damage, 

theft, and found articles to supervisors.
● Replenish supplies, such as drinking glasses, linens, writing supplies, and bathroom 

items.
● Clean rugs, carpets, upholstered furniture, and draperies, using vacuum cleaners and 

shampooers.
● Dust and polish furniture and equipment.
● Keep storage areas and carts well-stocked, clean, and tidy.
● Wash windows, walls, ceilings, and woodwork, waxing and polishing as necessary.
● Move and arrange furniture and turn mattresses.
● Hang draperies and dust window blinds.

https://www.onetonline.org/


Ideal environment for housekeeper robot 



Orchards



Traditional orchard v modern orchard

Make the environment as homogeneous as possible (like the assembly line).  

Source: Goodfruit

https://www.goodfruit.com/is-your-orchard-robot-ready-video/


Easier for humans and robots



Can we replace humans with humanoid robots?

First invasion of the machines (1880s)

● Washing machines, dryers, dishwashers, 
vacuum cleaners, sewing machines

● None of these work like humans
● Key to eliminating routine labor  is to 

standardize environment and eliminate 
routine work

● Airplanes don’t fly by flapping their wings, 
cars don’t walk, boats don’t swim



Can we replace humans with humanoid robots?

First invasion of the machines (1880s)

● Washing machines, dryers, dishwashers, 
vacuum cleaners, sewing machines

● None of these work like humans
● Key to eliminating routine labor  is to 

standardize environment and eliminate 
routine work

● Airplanes don’t fly by flapping their wings, 
cars don’t walk, boats don’t swim

● With a few exceptions...



Routine v Nonroutine work

Jobs Involving Routine Tasks Aren't Growing

https://www.stlouisfed.org/on-the-economy/2016/january/jobs-involving-routine-tasks-arent-growing


From Henry Ford to Elon Musk

“In mass production there are no fitters.”   Henry Ford 1929

“Yes, excessive automation at Tesla was a mistake. To be precise, my 
mistake. Humans are underrated.” Elon Musk 2018

“In final assembly, robots can apply torque consistently—but they don’t detect 
and account for threads that aren’t straight, bolts that don’t quite fit, fasteners 
that don’t align or seals that have a defect. Humans are really good at this. 
Have you wondered why Teslas have wind-noise problems, squeaks and 
rattles, and bits of trim that fall off? Now you have your answer.” Bernstein 
2018

Heterogeneity is still a problem….

https://books.google.com/books?id=9H3tHKUFcfsC&pg=PA122&lpg=PA122&dq=ford+in+mass+production+there+are+no+fitters&source=bl&ots=lUK4sV4Kd_&sig=_f-qyjCfY2wTHFwT4KA1Xh9Y8hY&hl=en&sa=X&ved=0ahUKEwjtybmene3aAhUmw1QKHar5A04Q6AEIRTAC#v=onepage&q=ford%20in%20mass%20production%20there%20are%20no%20fitters&f=false
https://qz.com/1252986/elon-musk-and-mark-zuckerberg-are-suddenly-acknowledging-the-value-of-human-beings/
https://qz.com/1261214/how-exactly-tesla-shot-itself-in-the-foot-by-trying-to-hyper-automate-its-factory/
https://qz.com/1261214/how-exactly-tesla-shot-itself-in-the-foot-by-trying-to-hyper-automate-its-factory/


Tasks and jobs

● What tasks can be automated?
● How will tasks associated with 

jobs change?
● What jobs can be automated?
● What fraction does it make 

economic sense to automate?
● Depends what and who you ask...



Other estimates

Technology Review

https://www.technologyreview.com/s/610005/every-study-we-could-find-on-what-automation-will-do-to-jobs-in-one-chart/?utm_source=newsletters&utm_medium=email&utm_content=2018-01-26&utm_campaign=the_download


Ten largest occupations in US
Retail salesperson, cashier, food preparation, office clerk, registered 
nurse, customer service representative, waiter/waitress, laborer, 
administrative assistant, and janitor. 

1. These 10 jobs account for 21% of total employment. 
2. All are in services (which is 80% of private US employment.) 
3. Mean income: $47,230. Registered nurse: $69,790; food 

preparation workers make an average of $19,110
4. Most of these jobs are too difficult for robots, but many of the 

tasks could be automated to a degree.

Quartz

https://qz.com/194264/sales-and-related-jobs-account-for-11-american-jobs/


Work week across time and space



What happens if we do become ultra productive?

If automation increases productivity  by 25%, we can accomplish in 4 days 
what now takes 5.  How does work change?

● Work less each (day, week, lifetime) 
● Consume more each (day, week, lifetime)



Workweek

Economic History Assoc and OECD

Year Hours

1850 66

1870 62

1890 60.0

1900 59.6

1910 57.3

1920 51.2

1930 50.6

1940 37.6

1955 38.5

Country Hours
Belgium 35.2

Denmark 32.1

France 36.1

Germany 34.5

Italy 35.5

Mexico 45.2

Netherlands 29.1

Spain 36.5

Sweden 35.9
United Kingdom 36.5

United States 38.6

Time Space

https://eh.net/encyclopedia/hours-of-work-in-u-s-history/
https://stats.oecd.org/Index.aspx?DataSetCode=ANHRS


What do people want?
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What do people want?

“More jobs and less work”

And that’s exactly what technology can deliver.

Everybody loves a 3 day weekend!

So why not make it permanent...



Education and training



Bureau of Labor Statistics

https://www.bls.gov/emp/ep_chart_001.htm


Fallacy of composition for education
It’s good for any individual to be more educated, but it is good for everyone 
to become more educated?   Who will do the jobs that don’t require much 
education?  There will still be jobs for groundskeepers and hotel maids.  
However, some tasks will be automated and training will be necessary.

● Routine work: machines
● Exception handling: humans.

The best way to acquire training is on the job.

● Lower opportunity cost
● More relevant
● More focused
● Higher motivation



Delivery of instruction and training

Can technology help deliver on-the-job job skills?

Not only can technology deliver this, it already does!

There are 1 billion views a day of “how to videos” on 
YouTube

This is unprecedented in human history.   

https://www.thinkwithgoogle.com/intl/en-aunz/advertising-channels/video/educational-content-youtube-learning/


How to videos on YouTube:  cognitive

Math by subject

● Early math
● Arithmetic
● Pre-algebra
● Algebra
● Geometry
● Trigonometry
● Precalculus
● Statistics & probability
● Calculus
● Differential equations
● Linear algebra
● Math for fun and glory

CS by subject

● Intro to algorithms
● Binary search
● Asymptotic notation
● Selection sort
● Insertion sort
● Recursive algorithms
● Towers of Hanoi
● Merge sort
● Quick sort
● Graph representation
● Breadth-first search
● Further learning

Khan Academy

https://www.khanacademy.org/math
https://www.khanacademy.org/math/early-math
https://www.khanacademy.org/math/arithmetic-home
https://www.khanacademy.org/math/pre-algebra
https://www.khanacademy.org/math/algebra-home
https://www.khanacademy.org/math/geometry-home
https://www.khanacademy.org/math/trigonometry
https://www.khanacademy.org/math/precalculus
https://www.khanacademy.org/math/statistics-probability
https://www.khanacademy.org/math/calculus-home
https://www.khanacademy.org/math/differential-equations
https://www.khanacademy.org/math/linear-algebra
https://www.khanacademy.org/math/math-for-fun-and-glory
https://www.khanacademy.org/math
https://www.khanacademy.org/computing/computer-science/algorithms/intro-to-algorithms
https://www.khanacademy.org/computing/computer-science/algorithms/binary-search
https://www.khanacademy.org/computing/computer-science/algorithms/asymptotic-notation
https://www.khanacademy.org/computing/computer-science/algorithms/sorting-algorithms
https://www.khanacademy.org/computing/computer-science/algorithms/insertion-sort
https://www.khanacademy.org/computing/computer-science/algorithms/recursive-algorithms
https://www.khanacademy.org/computing/computer-science/algorithms/towers-of-hanoi
https://www.khanacademy.org/computing/computer-science/algorithms/merge-sort
https://www.khanacademy.org/computing/computer-science/algorithms/quick-sort
https://www.khanacademy.org/computing/computer-science/algorithms/graph-representation
https://www.khanacademy.org/computing/computer-science/algorithms/breadth-first-search
https://www.khanacademy.org/computing/computer-science/algorithms/algorithms-more-learning


How to videos on You Tube: manual 
● how to sweat copper pipe
● how to install a prehung door
● how to care for mums
● how to do planks
● how to weld cast iron
● how to remove a stripped bolt
● how to shorten blinds
● how to clean glass pipe
● how to program a garage door 

opener
● how to get a stripped screw out

● how to remove a stripped 
screw

● how to clean a pipe
● how to shingle a roof
● how to tig weld
● how to solder copper pipe
● how to weld aluminum
● how to mig weld
● how to balance a ceiling fan
● how to install a storm door

https://www.google.com/#q=how%20to%20sweat%20copper%20pipe
https://www.google.com/#q=how%20to%20install%20a%20prehung%20door
https://www.google.com/#q=how%20to%20care%20for%20mums
https://www.google.com/#q=how%20to%20do%20planks
https://www.google.com/#q=how%20to%20weld%20cast%20iron
https://www.google.com/#q=how%20to%20remove%20a%20stripped%20bolt
https://www.google.com/#q=how%20to%20shorten%20blinds
https://www.google.com/#q=how%20to%20clean%20glass%20pipe
https://www.google.com/#q=how%20to%20program%20a%20garage%20door%20opener
https://www.google.com/#q=how%20to%20program%20a%20garage%20door%20opener
https://www.google.com/#q=how%20to%20get%20a%20stripped%20screw%20out
https://www.google.com/#q=how%20to%20remove%20a%20stripped%20screw
https://www.google.com/#q=how%20to%20remove%20a%20stripped%20screw
https://www.google.com/#q=how%20to%20clean%20a%20pipe
https://www.google.com/#q=how%20to%20shingle%20a%20roof
https://www.google.com/#q=how%20to%20tig%20weld
https://www.google.com/#q=how%20to%20solder%20copper%20pipe
https://www.google.com/#q=how%20to%20weld%20aluminum
https://www.google.com/#q=how%20to%20mig%20weld
https://www.google.com/#q=how%20to%20balance%20a%20ceiling%20fan
https://www.google.com/#q=how%20to%20install%20a%20storm%20door


Cognitive assistance
It used to be that being a... 

● ...cashier required knowing how to make change
● ...writer required knowing how to spell
● ...taxi driver meant knowing city streets
● ...a hospitality worker in an international you know a bit of foreign languages
● ...gardener, you needed to recognize plants
● ...veterinarian  how to recognize dog breeds

Where there is a skills gap, you can bring the worker’s skills up to the requirement, or 
bring the job down to workers’ competencies.   Cognitive assistances helps people get 
jobs, by reducing the tasks they need to master.

● In 1880 machines offered manual assistance
● In 2018 machines offer cognitive assistance.

https://www.youtube.com/watch?v=OYMw96NPy0w
https://norvig.com/spell-correct.html
https://www.google.com/maps
https://translate.google.com/
https://www.youtube.com/watch?v=neB1S0UPJFw
http://www.gapksforpc.win/download-dog-lens--recognise-breed-for-pc/com.achandratre.doglens/


Summary of bots

● Demand for labor and supply of labor are both important
● Automation commonly replaces tasks, rarely replaces jobs
● Historically this has led to more jobs and less work
● Most jobs are more complex than intellectuals recognize
● Job training is ideally provided on the job
● Technology can help deliver training as needed
● Cognitive assistance helps match skills to jobs by 1) educating 

workers 2) educating  machines
○ Training spinners or build a spinning jenny
○ Training taxi drivers or GPS system



Tots: demography



Productivity

output/person = output/hour   x   hours/worker   x   workers/person

                       =  productivity  x   employment    x   participation
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decliningfullanemic



Growth in productivity 

Source: Fernald and Wang, “The Recent Rise and Fall of 
Rapid Productivity Growth”, SF Fed, Feb 2015

http://www.frbsf.org/economic-research/files/el2015-04.pdf
http://www.frbsf.org/economic-research/files/el2015-04.pdf


 Growth in productivity 

Source: Fernald and Wang, “The Recent Rise and Fall of 
Rapid Productivity Growth”, SF Fed, Feb 2015

http://www.frbsf.org/economic-research/files/el2015-04.pdf
http://www.frbsf.org/economic-research/files/el2015-04.pdf


Growth of the labor force



Demography is destiny

Bureau of Labor Statististics

https://www.bls.gov/opub/mlr/2012/10/art1full.pdf


Immigration



Labor force participation rates

Bureau of Labor Statistics

http://www.businessinsider.com/us-labor-force-projections-2016-10/#many-economists-expect-the-labor-force-participation-rate-to-keep-falling-5


Where will labor shortage be worst?

The Conference Board

https://www.conference-board.org/blog/post.cfm?post=5344&blogid=1


Growth in population and labor force

Decade Population
growth

Labor Force
growth

2010 18.4% 7.7%

2020 10.5% 6.5%

2030 10.3% 5.5%

2040 9.3% 7.5%

2050 8.2% 8.1%

● US labor market is already beginning to 
tighten

● Expect a tight labor market for the next 
15-25 years

● Retirees continue to consume
● Labor supply is growing more slowly 

than labor demand. 
● Old intuitions no longer helpful
● Countervailing forces

○ 2000: 3% of 65+ working
○ 2016: 12.4% of 65+ working

Gad Levanon, Conference Board

https://hcexchange.conference-board.org/blog/post.cfm?post=5344&mkt_tok=eyJpIjoiTnpRellqRmpOV0ZtTURNeiIsInQiOiJFdzBxQmhsZ1NQNlcrdk5LSjlRdm1zQXZCd3ZaQkV4Y3VQSHdDWTZtVDJ5dU1scHlzWk1cLzd6YlJyY01KMXN1SFBtVDBUWXQ0XC82MVBYVTBOZVF1cVFFYnpCc0ZJXC85YXpCNHNoc1FFTG1KOVFpOE1oSXVicmhqenFLQVY4YTFqZSJ9


US is in good shape compared to many countries

OECD

https://data.oecd.org/pop/elderly-population.htm


And the US birth rate is at an 
all-time low!

“This dearth of births could exacerbate 
the problems of America’s aging population. 
Many baby boomers are in or are near retirement, 
leaving a smaller share of young workers to pay 
into Social Security and Medicare. 

That is creating  a funding imbalance that strains 
the social safety net that supports the elderly.”

Source: WSJ, May 17, 2018

https://www.wsj.com/articles/elderly-in-u-s-are-projected-to-outnumber-its-children-for-first-time-1520967362?mod=article_inline
https://www.wsj.com/articles/u-s-births-hit-lowest-number-since-1987-1526529661


Why is US birth rate low?

Source: New York Times, July 5, 2018

https://www.nytimes.com/2018/07/05/upshot/americans-are-having-fewer-babies-they-told-us-why.html


Robots per 10,000 workers

Countries with bad 
demographics are 
investing in robots.  See 
Acemoglu and Restrepo 
[2017, 2018] for detailed 
analysis.



Workforce aging and increased industrial automation

Source: Acemoglu and Restrepo (2018)

http://www.nber.org/digest/jul18/jul18.pdf


Bots v Tots: which is bigger effect?

● Boston Consulting Group (2015) aggressive scenario + Acemoglu-Restrepo 
(2017) : employment/population ratio declines by 1.76% in next decade

● Bureau of Labor Statistics (2006): employment/population ratio declines by 
2.7% based on demography in next decade

● Net: demographic effect is 53% larger than than the automation effect!
○ Tight labor markets
○ Rising wages
○ Increased incentive for employers to economize on labor
○ Increase incentive workers to  provide more labor (part time, flexwork, delayed retirement)

● Suggestion
○ Estimated impact of automation should be compared to demographic realistic baseline, not a 

zero baseline
○ Both demand and supply matter!

https://circabc.europa.eu/sd/a/b3067f4e-ea5e-4864-9693-0645e5cbc053/BCG_The_Robotics_Revolution_Sep_2015_tcm80-197133.pdf
https://voxeu.org/article/robots-and-jobs-evidence-us
https://voxeu.org/article/robots-and-jobs-evidence-us
https://www.bls.gov/opub/mlr/2006/11/art3full.pdf


As retirees age, they become more costly

Fact sheet: Aging in the United States

● People over 65 in US today:  46 million, 15 percent

● People over 65 in US in 2060:    98 million, 24 percent

● People with Alzheimer’s today:     5 million

● People with Alzheimer’s 2050:   14 million

Productivity growth in 2015: 

● 1.3% productivity growth implies GDP will be 78% larger in 2060 than today

● Population over 65 doubles, Alzheimer’s triples, and GDP only goes up by 78% 

● If productivity growth were 1.6% we would could cover the doubling of the elderly                       

Harnassing automation for a future that works, McKinsey

http://www.prb.org/Publications/Media-Guides/2016/aging-unitedstates-fact-sheet.aspx
http://www.bls.gov/lpc/prodybar.htm
http://www.mckinsey.com/global-themes/digital-disruption/harnessing-automation-for-a-future-that-works


THE END


