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Can We Predict the Jobs & Skills
Needed for the Al Era?

By Adam Thierer

New technological capabilities will give society
new business models, new professions, and new
roles—but likely many that experts are not likely
able to currently envision or plan for today.

Executive Summary

In an effort to better plan for the economy of the future, many academics and
policymakers regularly attempt to forecast the jobs and worker skills that will be
needed going forward. Driving these efforts are fears about how technological
automation might disrupt workers, skills, professions, firms and entire industrial
sectors. The continued growth of artificial intelligence, robotics, and other
computational technologies exacerbate these anxieties.

Yet, the limits of both our collective knowledge and our individual imaginations
constrain well-intentioned efforts to plan for the workforce of the future. Past
attempts to assist workers or industries have often failed for various reasons.
However, dystopian predictions about mass technological unemployment persist,
as do retraining or reskilling programs that typically fail to produce much of value

for workers or society. As public efforts to assist or train workers move from general

to more specific, the potential for policy missteps grows greater. While transitional
support mechanisms can help alleviate some of the pain associated with fast-
moving technological disruption, the most important thing policymakers can do is
clear away barriers to economic dynamism and new opportunities for workers.
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Introduction: The Endless Automation Panic

It is the sort of panicky headline that is all too common these days: “Automation’s
Really Here; Jobs Go Scarce—POINT OF NO RETURN FOR EVERYBODY.”! In this case,
however, the headline appeared six decades ago on a 1963 cover of LIFE magazine
(Figure 1). Two years prior, Time magazine published a 1961 report on “The

Automation Jobless,” which noted that job experts of the time were worried that Figure 1: LIFE Magazine
July 19, 2023
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“technological unemployment”) are timeless.? By its very nature, technological Five Die but Judg

“automation may prevent the economy from creating enough new jobs” and that

“the hard core of permanently unemployed will continue to rise.”?

Fears about how machines might displace our jobs, skills, and livelihoods (aka,

Son Goes Free

change always disrupts the economic and social status quo, which is why innovation
has created many opponents throughout history.*

The expanding “computational revolution” of modern times is intensifying those
concerns.® Artificial intelligence, robotics, and other automated systems are giving rise
to various anxieties—some old, some new. That Al and robotics will upend some jobs,
skills and industries is a given. But which ones, and in what measure are questions
that remain unanswered. The result of these questions has been continuous crystal v o

ball-gazing exercises by academics and policymakers who look to predict the jobs or TR v On.
skills that will be needed as technological systems grow ever more advanced.

. . . Source: “LIFE Magazine July 19, 1963,”
There has been a flood of articles, books and hearings related to these concerns in Original Life Maggzmes’ |as‘{ accessed Jan.

19, 2023. https://www.originallifemagazines.

recent years. It is understandable that many experts engage in prophesying about com/product life-magazine-july-19-1963.

the jobs and worker needs of the future. After all, it is better that people think
about how to plan sensibly for the future instead of trying to stop it altogether. On
the other hand, the limits of our knowledge regarding the future will often foil
many of our best-laid plans. For instance, many agree on the need for “upskilling”
the American workforce and preparing workers for the future, but there is far

less agreement on how to accomplish that. Beyond some obvious broad-based
educational strategies and labor market reforms, we should understand that

a degree of learning-by-doing will become the most common individual and
organizational response to our uncertain technological future. Clearing away
barriers to economic dynamism and worker mobility will make that transition easier
and should be the nation’s top policy priority.

We Often Lack a Vocabulary to Describe Future Jobs

From past efforts to forecast the jobs or skills of the future, we can learn that market
forecasters are typically inaccurate. To borrow the famous adage: “It’s tough to make
predictions, especially about the future.”®

1. “LIFE Magazine July 19, 1963,” Original Life Magazines, last accessed Jan. 19, 2023. https://www.originallifemagazines.com/product/life-magazine-july-19-1963.
“The Automation Jobless,” Time, Feb. 24, 1961. https://content.time.com/time/subscriber/article/0,33009,828815,00.html.

3. Joel Mokyr, Chris Vickers, and Nicolas L. Ziebarth, “The History of Technological Anxiety and the Future of Economic Growth: Is This Time Different?” Journal of
Economic Perspectives, 29: 3 (Summer 2015), pp. 31-50. https://www.aeaweb.org/articles?id=10.1257/jep.29.3.31.

4.  Calestous Juma, Innovation and Its Enemies: Why People Resist New Technologies (Oxford University Press, 2016).

5. Adam Thierer, “Al Eats the World: Preparing for the Computational Revolution and the Policy Debates Ahead,” Medium, Sept. 10, 2022. https://medium.com/@
AdamThierer/ai-eats-the-world-preparing-for-the-computational-revolution-and-the-policy-debates-ahead-d608cdaba87.

6.  “It’s Difficult to Make Predictions, Especially About the Future,” Quote Investigator, last accessed Jan. 19, 2023. https://quoteinvestigator.com/2013/10/20/no-
predict.
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An examination of past Bureau of Labor Statistics (BLS) reports from the Monthly
Labor Review, a journal BLS has published for over a century, offers some important
lessons for ongoing efforts to predict the future of labor markets. Some BLS articles
document just how wrong past predictions were.

In one such article from 1981, the Assistant Commissioner for Economic Growth and
Employment Projections for BLS, discussed various BLS projection errors from the
1970s and explained how,

differing assumptions can change the results, that underlying data and methods can cause
errors, and that estimates should be carefully reviewed to take into account subsequent
developments which could not be anticipated at the time the projections were prepared.’

The commissioner concluded with a humorous observation drawn from a 1977
article, stating: “[g]ive them a number or give them a date, but never both.”® While
humorous, this serves as a reminder of how economic forecasting often has more in
common with sorcery than with science.

The reality of unstable economic forecasting is important to keep in mind when we
turn to questions about potential labor market disruptions associated with modern
technological change, especially fears surrounding Al and robotics. The challenge is
even more formidable than BLS reports suggest because, beyond their inability to
offer an accurate combination of numbers and dates, forecasters often do not possess
the proper vocabulary with which to describe the jobs or workforce needs of a fast-
moving future.

A 2020 report by a MIT blue ribbon commission on The Work of the Future: Building
Better Jobs in an Age of Intelligent Machines found that, “In 2018, 63% of jobs in new
occupational titles had not yet been ‘invented’ as of 1940.”° Importantly, “[m]any of
these new jobs are directly enabled by technology,” the report noted, and most of those
new job descriptions would been hard to comprehend just a few generations ago.°

Consider what modern job boards teaches us about the ability of experts to predict
the technological future. Glassdoor regularly publishes a list of best jobs in America,
based on a mix of job openings, high work satisfaction and earning potential. What is
most interesting about their list is how most of them would not have made any sense
to economists or policymakers even a few decades ago. For example, Table 1 shows
Glassdoor’s 2022 best jobs list includes job titles such as: Full Stack Engineer, Dev Ops
Engineer, Machine Learning Engineer, Software Engineer, and Java Developer.'!

Returning to the old BLS reports from the 1970s and 1980s, one finds no mention

of any jobs even remotely resembling those seen in Table 1. Unsurprisingly, reading
through the BLS’s mammoth 1969 report on “Tomorrow's Manpower Needs,” there
is also no mention of anything of the sectors or jobs that would eventually give us the
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Table 1: Glassdoor's 10 Best
Jobs in America for 2022

Job Median

Rank Title Salary

#1 Enterprise $144,997
Architect

#2 Full Stack $101,794
Engineer

#3 Data $120,000
Scientist

#4 Devops $120,095
Engineer

#5 Strategy $140,000
Manager

#6 Machine $130,489
Learning
Engineer

#7 Data $113,960
Engineer

#8 Software $116,638
Engineer

#9 Java $107,099
Developer

#10 Product $125,317
Manager

Source: “50 Best Jobs in America for

2022, Glassdoor, last accessed Jan. 19,
2023. https://www.glassdoor.com/List/
Best-Jobs-in-America-LST_KQO0,20.htm.

7.  Ronald E. Kutscher, “New Economic Projections Through 1990—An Overview,” Monthly Labor Review (August 1981), p. 16. https://www.bls.gov/opub/

mlr/1981/08/art2full.pdf.

8.  Edgar R. Fiedler, “The Three R’s of Economic Forecasting—Irrational, Irrelevant, and Irreverent,” Across the Board (June 1977), pp. 62-3.
9. David Autor et al., The Work of the Future: Building Better Jobs in an Age of Intelligent Machines, Nov. 17, 2020, p. 11. https://workofthefuture.mit.edu/research-

post/the-work-of-the-future-building-better-jobs-in-an-age-of-intelligent-machines.
10. Ibid.

11. Glassdoor, “50 Best Jobs in America for 2022,” last accessed Nov. 21, 2022. https://www.glassdoor.com/List/Best-Jobs-in-America-LST_KQO0,20.htm.
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Digital Revolution.’ While some government reports and academic papers from the
early 1980s contain passing mention of the need for “computer skills,” they often did
so without offering much detail about what specific skills might be needed.

That is understandable because the analysts and forecasters of those eras did not
possess an adequate mental frame to understand the nature of the skills or jobs
that would be important in the future. Glassdoor’s job titles would mean nothing
to a labor market analyst or economist in 1980 attempting to forecast the future.
They might have thought that a Full Stack Engineer was just a fancy name for a
train conductor or factory engineer. Therefore, it should not be surprising that any
predictions made today about the jobs or skills of the future will be off the mark
when the future rolls around.

Why Isn’t Everyone Already Unemployed?

Unfortunately, these realities have not slowed the steady stream of ominous media
headlines and book titles like Humans Need Not Apply and Rise of the Robots, which
suggest a lot of technologically induced unemployment is likely on the way.!* Pundits
and policymakers have responded by proposing extreme solutions like “robot taxes”
and a new Federal Automation and Worker Protection Agency, which former New
York City mayor Bill de Blasio floated to “oversee automation and safeguard jobs and
communities” through a permitting process for any company seeking to increase
automation that would displace workers.'

An MIT economist asks: “should we not be somewhat surprised that technological
change hasn’t already wiped out employment for the vast majority of workers?”**
After all, many companies and sectors have been automating at an astonishing pace
over the past decade. According to the International Federation of Robotics World

Robotics 2022 report (Figure 2) worldwide installations of industrial robots grew by 31

percent in 2021 and they have doubled since 2015.%¢

However, there has been no obvious correlation between robotics and
unemployment.'” Instead, the use of robots in many firms and sectors has been
accompanied by significant job increases. Amazon recently published a 10-year
review of its use of robotics throughout its business operations.*® The company’s
report notes that “speculation was rampant that Amazon was replacing people with

robots [... but] We have more than 520,000 robotic drive units, and have added over a

million jobs, worldwide.”*
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Figure 2: Annual
Installations of
Industrial Robots
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12. Bureau of Labor Statistics, “Tomorrow's Manpower Needs: National Manpower Projections and a Guide to Their Use as a Tool in Developing State and Area

Manpower Projections,” Bulletin of the United States Bureau of Labor Statistics, No. 1606 (1969).

13. Jerry Kaplan, Humans Need Not Apply: A Guide to Wealth and Work in the Age of Artificial Intelligence (New Yale University Press, 2015); Martin Ford, Rise of the

Robots: Technology and the Threat of a Jobless Future (Basic Books, 2015).

14. Bill de Blasio, “Why American Workers Need to Be Protected from Automation,” Wired, Sept. 5, 2019. https://www.wired.com/story/why-american-workers-need-
to-be-protected-from-automation; Adam Thierer, “The Worst Regulation Ever Proposed,” AEIR, Sept. 8, 2019. https://www.aier.org/article/the-worst-regulation-

ever-proposed.

15. David H. Autor, “Why Are There Still So Many Jobs? The History and Future of Workplace Automation,” Journal of Economic Perspectives 29: 3 (Summer 2015), p. 6.

https://www.aeaweb.org/articles?id=10.1257/jep.29.3.3.

16. “World Robotics 2022,” International Federation of Robotics, October 2022. https://ifr.org/downloads/press2018/2022_WR_extended_version.pdf.

17. Autor, p. 6. https://www.aeaweb.org/articles?id=10.1257/jep.29.3.3.

18. “10 Years of Amazon Robotics: How Robots Help Sort Packages, Move Product, and Improve Safety,” Amazon, June 21, 2022, https://www.aboutamazon.com/

news/operations/10-years-of-amazon-robotics-how-robots-help-sort-packages-move-product-and-improve-safety.

19. Ibid.
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The same pattern holds for many other firms and sectors that have adopted more
automation technologies.? “Technological change is simultaneously replacing existing
work and creating new work. It is not eliminating work altogether,” concluded the
MIT Work of the Future report.?! This finding should not be surprising because,

as the report also noted, “[n]Jo compelling historical or contemporary evidence
suggests that technological advances are driving us toward a jobless future,” rather,
the report concluded, “in the next two decades, industrialized countries will have

more job openings than workers to fill them, and that robotics and automation Gloomy Predictions

will play an increasingly crucial role in closing these gaps.”?> The most recent large Proven Wrong

survey of the use of automation technologies found ambiguous effect on aggregate Both the information and
manufacturing sectors, forecasted

employment but a clearer influence in terms of raising skill requirements.? The to experience major job losses, were

authors note this result is “in line with the theory, which suggests that the use of adding jobs over the past decade as

.. . automation technologies expanded.
advanced technologies involves a reassignment of labor from automated tasks to

other complementary roles.”* And such roles could include the “maintenance, 201 2021
programming, and operation of specialized machinery.”? b ‘—)
The information sector
Unfortunately, many forecasts and media reports continue to ignore these insights added )
and place greater weight on worst-case scenarios. Even recent BLS predictions have 158,000 JObS'
continued to be off the mark and overly pessimistic in this regard. In 2015, BLS Théénaraufacturing sector
d e

published its job projections for the decade between 2014-2024.%° Two of the five
sectors in which the agency forecasted major job losses were the information sector
(27,000 predicted losses) and manufacturing (814,000 predicted losses).?” Many pundits
took those forecasted job losses as an article of faith. “Even though technology is
revolutionizing many businesses,” one Brookings Institution analyst argued, “it is doing
so by transforming operations, not by increasing the number of jobs.”?

620,000 jobs.

Yet, contrary to these recent BLS forecasts and the gloomy predictions of many
pundits, both the information and manufacturing sectors were adding jobs over

the past decade as automation technologies expanded. Between 2011 and 2021,

the information sector added 158,000 jobs while the manufacturing sector added
620,000 jobs.?® These job totals might have been much higher if not for the COVID
lockdowns and the challenges many employers are having finding workers to fill
positions. The increased use of automation technologies by many firms both here
and abroad often has more to do with a shrinking workforce brought on by various
contributing factors, including population declines, changing demographics, and new
work patterns.*® The COVID lockdowns also led more workers to explore alternative

20. Sarah Chaney Cambon and Gwynn Guilford, “Laid Off Tech Workers Quickly Find New Jobs,” Wall Street Journal, Dec. 27, 2022. https://www.wsj.com/articles/laid-
off-tech-workers-quickly-find-new-jobs-11672097730.

21. Autor et al., p. 4. https://workofthefuture.mit.edu/research-post/the-work-of-the-future-building-better-jobs-in-an-age-of-intelligent-machines.
22. lbid.

23. Daron Acemoglu et al., “Automation and the Workforce: A Firm-Level View from the 2019 Annual Business Survey,” NBER Working Paper (Feb. 2022). https://www.
nber.org/papers/w30659.

24. Ibid., p. 30.
25.  Ibid., p. 30.

26. Bureau of Labor Statistics, “Employment Projections—2014-24,” News Release, USDL-15-2327, Dec. 8, 2015, USDL-15-2327. https://www.bls.gov/news.release/
archives/ecopro_12082015.pdf.

27. Ibid.
28. Darrell M. West, The Future of Work: Robots, Al, and Automation (Brookings Institution Press: 2018), pp. 69-70.

29. Bureau of Labor Statistics, “Employment by Major Industry Sector,” last accessed Oct. 24, 2022, https://www.bls.gov/emp/tables/employment-by-major-industry-
sector.htm.

30. Craig Webster, “Demography as a Driver of Robonomics,” Robonomics: The Journal of the Automated Economy 1 (2021). https://journal.robonomics.science/index.
php/rj/article/view/12.
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employment options and more remote work.3! Meanwhile, across the entire
economy, manufacturing employment has risen in 11 of the last 12 years.3?

An additional element for consideration is the ongoing productivity slowdown. The
economic expansion between 2007-2020 was one of the longest in history, but this
period also saw the slowest productivity growth of any expansion. Thus, for whatever
reason, not only are robots not taking our jobs, but they are also not doing so when
we might most expect it and perhaps even need it.

The result of these and other social and economic factors has meant that many firms
simply cannot find enough workers fast enough to fill their needs, even as they invest
more in automation technologies.* For example, retailing giant Walmart has been
ramping up its Al and robotic capabilities recently while simultaneously offering
generous inducements to attract human workers for traditional jobs.?* In 2022, the
retailing giant created a program to attract and train new store managers with a
promised starting wage of at least $65,000 a year.3> Many current store managers
already make more than $200,000 a year, according to the firm. Walmart is also
offering truck drivers between $95,000 and $110,000 in their first year in an effort

to meet a massive shortfall of long-haul drivers nationwide.*® Many other firms of all
sizes have been offering workers better salaries and other inducements to attract or
retain them.*” Finally, in late 2022, with concerns about the low labor participation
rate becoming more of a political issue, the Biden Administration proposed new
policy steps to encourage more workers to take unfilled jobs.3®

Mistaken Recent Predictions about Al and Automation

These unexpected market dynamics help explain why even the best forecasters can be
off the mark with predictions about automation and employment. In the 2015, experts
published a report predicting that as many as 45 percent of jobs (representing about
S2 trillion in annual wages) “can be automated by adapting currently demonstrated
technologies.” That ominous forecast received plenty of media attention, with
headlines lamenting that, “Robots May Shatter the Global Economic Order within a
Decade.”* Just two years later, however, those same analysts revised their models and
found that, “[g]iven currently demonstrated technologies, very few occupations—less
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There has been no obvious
correlation between robotics
and unemployment.

dle
WE ARE
HIRING!

& _‘l
The result of certain social and
economic factors has meant that

many firms simply cannot find enough
workers fast enough to fill their needs,
even as they invest more in automation
technologies

31. EliLehrer, “On Working from Home,” National Affairs (Summer 2022). https://www.nationalaffairs.com/publications/detail/on-working-from-home.
32. Ed Gresser, “U.S. Manufacturing Has Risen in 11 of the Last 12 Years,” PPI’S Trade Fact of the Week, Dec. 7, 2022. https://www.progressivepolicy.org/blogs/ppis-

trade-fact-of-the-week-u-s-manufacturing-employment-has-risen-in-11-of-the-last-12-years.

33. Christopher Mims, “Meet the Army of Robots Coming to Fill in for Scarce Workers,” Wall Street Journal, Oct. 15, 2022. https://www.wsj.com/articles/meet-the-

army-of-robots-coming-to-fill-in-for-scarce-workers-11665806451.

34. Russell Redman, “Walmart to Automate All Regional Distribution Centers,” Supermarket News, May 23, 2022. https://www.supermarketnews.com/retail-financial/

walmart-automate-all-regional-distribution-centers.

35. Sarah Nassauer, “Walmart Anticipates a Store Manager Shortage Despite $200,000-a-Year Pay,” Wall Street Journal, May 15, 2022. https://www.wsj.com/articles/

walmart-cant-find-enough-store-managers-even-at-200-000-a-year-11652619602.

36. Melissa Repko, “Walmart Says It Is Raising Truckers’ Pay and Starting a Training Program as It Grapples with a Driver Shortage,” CNBC, Apr. 7, 2022. https://www.

cnbc.com/2022/04/07 /walmart-says-it-is-raising-pay-for-truck-drivers-starting-training-program.html.

37. Gabriel T. Rubin and Sarah Chaney Cambon, “Stay for Pay? Companies Offer Big Raises to Retain Workers,” Wall Street Journal, Jan. 2, 2023. https://www.wsj.com/

articles/stay-for-pay-companies-offer-big-raises-to-retain-workers-11672607138.

38. Annie Linskey, “White House Looks at Benefits to Lure Americans Back into Workforce,” Wall Street Journal, Dec. 20, 2022. https://www.wsj.com/articles/white-

house-looks-at-increasing-benefits-to-lure-americans-back-into-workforce-11671574992.

39. Michael Chui et al., “Four Fundamentals of Workplace Automation, McKinsey Digital, Nov. 1, 2015. https://www.mckinsey.com/capabilities/mckinsey-digital/our-

insights/four-fundamentals-of-workplace-automation.

40. Ambrose Evans Pritchard, “Robots May Shatter the Global Economic Order within a Decade,” The Telegraph, Nov. 5, 2015. https://www.telegraph.co.uk/finance/

economics/11978542/Robots-may-shatter-the-global-economic-order-within-a-decade.html.
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than 5 percent—are candidates for full automation.”*! It’s easy to get a case of whiplash
from watching such rapid reversals of job loss estimates, but the analysts deserve credit
for at least revising their projections to take other factors into account.

Other predictions of pending automation-induced job dislocations continued to

be cited regularly despite clearly being quite wrong. In 2013, researchers at the
University of Oxford published a widely discussed study the surveyed hundreds of
occupations and considered how likely it was they would be automated in coming
decades due to computerization.*> They analyzed 702 professions and estimated that
47 percent of U.S. jobs were at high risk of automation.

However, nine years later, those dour predictions have not come to pass. The
president of the Information Technology and Innovation Foundation, argues that, in
some ways, the opposite of what the Oxford publication predicted came true. Since
2013, the U.S. economy has added 16 million jobs and the unemployment rate was
falling. Meanwhile, the profession that the Oxford report said faced the highest risk
of technological disruption—insurance underwriters—instead saw employment grow
16.4 percent since 2013 while the occupation they said would be the least likely to be
automated—recreational therapist—saw a decline of 8.9 percent. In reality, overall

there was a negative correlation between the risk of job loss from computerization and
actual job loss [...] but it was quite modest at 0.26. In other words, occupations with higher
computerization risk scores were only slightly more likely to see job loss.*

Despite this, the tendency to forecast technological doomsday scenarios remains

the dominant narrative in government and media even when they know what the
historical data says. For example, in 2016, the Obama administration released a report
titled Preparing for the Future of Artificial Intelligence, which included the admonition
that, “[t]he track record of technology forecasts, in general, and Al forecasts, in
particular,” makes it very difficult to accurately predict the direction and velocity of
Al-driven change.* The administration specifically referenced a 2012 report from a
government contracting firm. This report evaluated over 1,000 science and technology
forecasts from academia, industry, government, and other sources.* The meta-
survey found an average success rate of just 33 percent, with short-term forecasts (35
percent) faring only slightly better than long-term predictions (27 percent).*® Ironically,
the roughly 200 forecasts for computer technology or robotics technology had among
the highest success rates, yet neither group topped 40 percent.

Drawing on these findings, the Obama administration concluded that, “forecasts with
time horizons beyond 10 years were rarely better than coin-flips.”%” Just two months
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later, however, the Obama administration published a second major report on Artificial
Intelligence, Automation, and the Economy, and used the Oxford report’s pessimistic
forecasts as the basis of its analysis and recommendations.*® This reflects the persistent
tendency of policymakers to stress worst-case forecasts over real-world evidence.

Learning by Doing Remains Underappreciated

The question remains as to why, specifically, predictions about the future of jobs and
skills so often wrong. More generally, it is also curious that so many people continue
to believe the story that machines are going to do us in. Not only are the recent
forecasts disproven by data, but several previous waves of automation that took
place over the past 150 years give us other reasons to be humble when it comes to
predicting the effects of technological change on employment.

From the early days of steam engines and mechanized looms, to the era of
interchangeable parts and machine tools, on through to the electrification of factories
and the mechanization of the assembly line, fears about automation were generally
unwarranted in each past technological era. A recent study examined the effects

of another type of automation technology—computer numerical control (CNC)
machinery—on the workforce in the 1970s and beyond. The authors found that total
employment rose and that “[w]orkers in exposed industries returned to school and
relevant degree programs expanded.”* Automation did indeed replace some manual
tasks, but those workers learned new skills to produce even better CNC tools.

And yet still today, “journalists and even expert commentators tend to overstate

the extent of machine substitution for human labor and ignore the strong
complementarities between automation and labor that increase productivity,

raise earnings, and augment demand for labor.”*° The fault lies in the simplifying
assumptions forecasters make about skills, industries, technologies and the ways that
they all might evolve in the future.

Worse still is a repeated underappreciation for the ways humans have consistently
met adversity. People and organizations do not sit still in the face of technological
change; they adapt. Where some see an ominous threat, many others sense an
opportunity. “Historically, as some tasks have been automated. . . the freed-up labor
has been redeployed to producing new goods and services or new, more effective
production processes.”*! The process can be messy and gut wrenching for many
people and professions, but people muddle through thanks to constant trial-and-error
experimentation with new and better ways of doing and making things, including jobs
and skills themselves.>?

This is the central lesson of a 2015 publication, in which the author, James Bessen,
digs deep into the process of how technological change affects economic growth
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broadly and workers more specifically.>® The crucial part of the process is the
continuous learning that happens as workers acquire new knowledge and skills in the
face of technological change and evolving societal demands. The author admits this
can be “a slow and difficult process,” but there is no getting around it.>*

Recounting his own struggles growing a desktop publishing business in the early
1980s, Bessen notes how, “[m]ost of the knowledge we gained was specific to

the technology, the applications, and the organizations involved. Little of it could

be obtained in classrooms; it had to be learned on the job.”*® That insight can be
magnified across the entire modern economy. It is what countless organizations and
individual workers have been doing increasingly for decades in response to a more
fast-moving and globally connected economy.

Not only did economic forecasters in the 1960s and 70s not possess a vocabulary

to describe the new sectors and jobs that came about during the 1980s and 90s,

but Bessen suggests they also did not possess the foresight to envision the skills or
programs that could teach us everything workers needed to know. Instead, firms

and workers needed to figure out these things in real-time, and they have done so
repeatedly throughout history. “Learning is the product of experience,” a Nobel Prize-
winning economist observed, and “can only take place through the attempt to solve a
problem and therefore only takes place during activity.”*®

As Bessen argues, this simple but continuously underappreciated finding, “challenges
a popular view that faster technical change is more likely to eliminate jobs.”*” Because
human needs and wants are infinite, and because we go on adapting to meet those
needs and wants through incessant experimentation, people find creative and often
unexpected ways to create new jobs and skills—or reinvent old ones—over time.

Human-Machine Collaboration in the Real World

This insight explains why it is important to move away from abstract theorizing about
automation and instead spend more time examining real-world case studies to
figure out what we can learn about how workers and organizations can better adapt
to technological change. That is what a new book on Working with Al: Real Stories

of Human-Machine Collaboration does. The text presents dozens of detailed case
studies of firms integrating algorithmic technologies in the workplace and repeatedly
show how organizations are “practicing augmentation, not large-scale automation.”*®

Further, they find that “there is no immediate or impending threat of large-scale
automation and a corresponding large-scale displacement of human labor on the
horizon.” Instead, the authors reiterate how the trend today swings in the opposite
direction, as “many firms are struggling to find human employees.”*®
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Working with Al repeatedly returns to the theme of collaboration as the key to the
process of firms and workers finding new positions, skills, and market opportunities.
The common theme across the book’s many case studies is: “they involve highly
complex collaborations across a number of different groups and actors, both inside
and outside a particular organization.”®® Complex collaborations represent a powerful
learning process with many positive feedback loops. Humans building machines,
improving them, and then learning from those systems is the formula that will power
successful firms and entire economies in coming years. As the authors note, “the final
output is usually better with the combination of human and machine expertise.”®*

These complex collaborations often require a melding of the business management
and IT workers and teams within organizations. Organizational leaders and their “tech”
people come together and figure out how to learn from each other and then from the
powerful computational machines they increasingly integrate into their workplaces.

Consider how Cleveland Clinic doctors and scientists are already using Al and machine
learning to improve patient care and save lives.®? The Clinic’s doctors and researchers
are now able to share information from tissue samples with much larger teams of
medical experts, who can—with the help of algorithmic systems—work together at

a distance to better understand and use all the information they will have at their
fingertips. They have also developed better Al-driven methods to detect irregular
heartbeats and strokes, and diagnose degenerative brain disease (Alzheimer’s,
dementia, Parkinson’s).%® Everyone in the Clinic from management on down through
the ranks has been learning in real-time how to use new algorithmic systems.

The only way to take full advantage of the explosion of medical knowledge gained
from this process is with the power of machine reading and learning technologies. As
the National Cancer Institute summarizes,

what scientists are most excited about is the potential for Al to go beyond what humans
can currently do themselves. Al can ‘see’ things that we humans can’t and can find
complex patterns and relationships between very different kinds of data.®

Sophisticated medical research centers like the Cleveland Clinic and the Mayo Clinic
are on the cutting-edge of this field and are using complex collaborations of humans
and machines to improve public health in a meaningful way and then also offering new
types of care both at their facilities and with others at a distance. This is the future of
medicine and patient care, but it would have been very hard to plan four decades ago.

Chess grandmaster Garry Kasparov wrote an excellent book about the benefits of
this sort of human-machine collaboration. In 1997, he suffered the most humiliating
human defeat to a machine in history when he lost a closely watched chess match
with IBM’s “Deep Blue” supercomputer. Though bitter at the time, Kasparov went on
to document how human-machine collaboration was improving the game of chess
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and human’s playing capabilities. Al has also been shown to have improved human
capabilities at the game of Go.%

In his 2017 book, Deep Thinking: Where Machine Intelligence Ends and Human
Creativity Begins, Kasparov went beyond chess to explore how creative collaborations
with machines would increasingly become the norm in the future. “Every profession
will eventually feel this pressure, and it must, or else it will mean humanity has ceased
to make progress,” he argued.®® “Romanticizing the loss of jobs to technology is little
better than complaining that antibiotics put too many grave diggers out of work.”®’
Yet, many concerned pundits look at Al and automation only as labor substituting
instead of considering how it might be labor complimenting or enhancing.

The Challenge of Reskilling

It is unclear how we can make any safe predictions about future jobs or needed skills Reskilling: The Potential
or how society can prepare for a future riddled with so much uncertainty. Although for Policy Missteps
long-term technological unemployment has been proven a misguided fear, short-term 0 Experts could pick
technological disruption is a reality—and a politically sensitive one. Few policymakers the wrong skills.

will ever be comfortable with waiting to see how things adjust even though in many A& Scholars do not agree on

cases that might be the best course of action. the nature of the skills gap.

Reskilling or upskilling seem like the one thing everyone agrees on, but such efforts face

A NOJ
e Others question the

many context-specific challenges. The risk also exists that experts will pick the wrong existence of a gap at all.

skills when looking to help dislocated workers. Many scholars do not agree on the nature
or extent of the skills gap. As one expert notes, “the evidence highlights [...] just how
difficult it is to measure worker skills, especially those relating to new technology.”®®

Others go further and question whether such a gap exists at all, or if society is
focused on the wrong problems. An assistant professor in the School of Labor and
Employment Relations at the University of Illinois at Urbana-Champaign, says that
the way most people look workforce issues today, “encourages us to believe that the
root of all labor-market problems lies in the low quality of labor supply—that is, in
workers’ lack of skills.”®® That is the wrong problem to focus on, he argues:

The danger is not that we will run out of tasks humans can usefully perform or that

required skill levels will be catastrophically high; it’s that misguided anxiety about skill gaps

will lead us to ignore the need to improve coordination between workers and employers.
It’s this bad coordination—not low-quality workers—that presents the real challenge.”

If this professor is correct, then the potential for policy missteps is even greater because,
“pushing students and new workers to unilaterally make expensive investments in
generic skill categories” will likely result in “inefficient investments, mistaken choices,
and a large number of dead-end paths.””* Regardless of where one stands on the
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question of how real the skills gap is, the professor is certainly correct when asserting
that, “economists and labor-market experts don’t know the exact mix or level of skills
that particular occupations demand.””? Again, this suggests the need for policy humility.

Unfortunately, that humility has been sorely lacking throughout history. Past
government retraining efforts have not fared well, yet policymakers have expanded The Need for Policy Humility
them continuously.” One journalist asked “Why is the U.S. So Bad at Worker
Retraining in a 2018 article.” This journalist highlights some of the notable retraining
failures like the Job Training Partnership Act (JTPA) of 1982, the Workforce Investment
Act of 1998 (WIA), the Workforce Innovation and Opportunity Act of 2014, and the
many dozens that came before and after. Indeed, she states that “[a]s soon as one
federal job-training program expires, another replaces it—despite history showing
that large-scale efforts are all but impossible to pull off.”7®

Part of the problem, she notes, is that “policymakers often talk about a single
workforce,” when, in reality, there are many differences between white- and blue-

collar workers and the many professions and skills among them. Unsurprisingly, this Regardless of where one stands on
leads to both excessive overlap and a lack of coordination among federal training the question of how real the skills
. . . . gap is, the assertion that “economists
programs. A 2019, the U.S. Government Accountability Office (GAO) identified 47 and labor-market experts don’t know
federal employment and training (E&T) programs and “found that 44 had overlap the exact mix or level of skills that
ith at | h in that th ided simil . imil particular occupations demand" is
with at least one other program in that they provided similar services to a similar certainly correct.

population.””® Unfortunately, the Department of Labor “continues to lack a strategic
plan for E&T evaluations over a multi-year period,” and the agency, “does not know
whether actions to manage overlap are successful” the GAO reported.”” Furthermore,
“government job training programs (with the exception of apprenticeships) appear

to be largely ineffective,” concluded a 2019 report from the Trump administration’s
Council of Economic Advisers.”

There exists another potential problem with transitional strategies or restraining
assistance that is even harder to measure or predict in advance. If such efforts are
overly generous or poorly targeted, they could act as a disincentive for disrupted
firms or workers to seek out alternative business or employment opportunities in
fields that experts cannot identify in advance.

Consider another real-world example of how experts completely missed the boat
when it came to predicting the high-tech jobs or skills of the future and what it
means for reskilling efforts. In the post-World War Il period, there existed an entire
profession known as calculators. The 2016 film Hidden Figures depicted many such
human calculators working in the space program. With the help of their trusty slide
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rules, these workers did the hard math for those companies and government agencies
that required exceptional computational capabilities.

Then mainframes and microchips came along, and mechanical calculators replaced
the human ones very quickly. Those mechanical calculators then went from being
massive (mainframe computers that took entire buildings) to desktop sized (handheld
calculators and personal computers) to miniature (first as nerdy wristwatches and
now as smartphone apps). In the process, society stopped referring to a profession
called “calculators” and today only refer to machines as such. It looks like a classic
case of technological unemployment.

But the remarkable part of this story is what happened to those original “calculators.”
Once those displaced human calculators no longer had to work out hard math
problems by hand, their time and abilities could be spent building better calculating
machines. The result was the revolution in personal computing and digital
technologies that continues today—and which produced the countless innovative
American digital technology firms that are now dominant players in the modern
global economy. In addition, the computing and information technology sector
provides some of the best-paying jobs in the modern economy.

Now, put yourself in the position of a policymaker in the 1960s and ask how much
transitional assistance or reskilling programs should have been provided for those
human “calculators” who gradually lost their old jobs to computers over time.
Moreover, could government retraining programs have identified the specific skills
and professions that those human calculators ended up doing after machines took
their jobs? At the time, government officials were more focused on assisting the more
visible (and politically well connected) union jobs of the iron and steel era. The human
calculators were out of luck and had to adjust faster. And they did.

Flexibility, Mobility & Dynamism are Crucial

Technological dislocations will still happen and will drive many policymakers to

call for some sort of policies to help, at least in the short-term. Some transitional

One researcher, correctly observes
support mechanisms can help alleviate some of the pain associated with fast-moving that we are in a new world in which
“it’s clear many workers are on the
cutting edge of a new reality: work and
level of unemployment assistance will always be needed to cushion that blow. learning must exist side by side."

technological change and help keep the door open to ongoing innovation. A certain

As public assistance moves from general to more targeted, however, it is hard to have
much faith in the ability of politicians (or even skilled economists) to identify with
much precision what “reskilling” or retraining should actually entail in practice. The
track record for past programs is not encouraging. One scholar notes that “throwing
more money at, or creating yet another new program to address, the challenges
facing today’s American workers promises to create higher costs and more distortions,
not alleviate the concerns that are today mistakenly blamed on the ‘free market’””®

Another researcher, correctly observes that we are in a new world in which “it’s
clear many workers are on the cutting edge of a new reality: work and learning must

79. Scott Lincicome, Empowering the New American Worker: Market-Based Solutions for Today’s Workforce (Cato Institute, 2022). https://www.cato.org/empowering-
new-american-worker.
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exist side by side.”®° There is no more one-and-done college degree or occupational
credential that will necessarily cover a worker for life. Once again, ongoing learning
will be crucial, even for very recent college graduates.®* Further, this researcher notes,
“[pleople aren’t retrained once, but instead many times during the course of their
working lives.”.® Yet it is clear that “the way we are accustomed to thinking about
education and training is getting in the way of the solutions we need.”®

The right mix of needed policies probably comes down to some combination of
improved STEM funding/programs, tax deductions for worker retraining efforts,®* better
online learning programs, technical recertification programs (especially more flexible

retraining partnerships facilitated through community colleges), portable benefits Removing barriers to
economic dynamism is
essential.

solutions,®® and a renewed appreciation of how creative vocational apprenticeship
models can advance real-time learning by doing. Many of these proposals have been
floated for decades, including in a massive 1989 Department of Labor blue ribbon
commission reports, which was formed during the presidency of Ronald Reagan.?®

Removing barriers to economic dynamism is essential. Unfortunately, there has been
a well-documented decline in economic dynamism recently, which refers to “the rate
and pervasiveness of change across industries, geographies, and the labor market in
an economy.”® If policymakers want to facilitate greater real-time learning by doing
to prepare workers for the future, then they must act to remove barriers to flexible

work and labor mobility quickly.
If policymakers want to facilitate

Labor dynamism—movement from job to job, profession to profession, or from one greater real-time learning by doing to

. . . . . prepare workers for the future, then
geographic region to another—is particularly important to workers and the economy they must act to remove barriers to
because it creates higher wages and better job opportunities.®® An important recent flexible work and labor mobility quickly.

study found that,

wages grow more over the life-cycle in countries where job-to-job mobility is more
common. A life-cycle theory of job shopping and accumulation of skills on the job
highlights that a more fluid labor market allows workers to faster relocate to jobs where
they can better use their skills, incentivizing accumulation of skills. Lower labor market
fluidity reduces life-cycle wage growth by 20 percent and aggregate labor productivity by
nine percent across the OECD relative to the US.*®

One study identified several factors holding back economic dynamism and worker
opportunities.®® The report found that, since the 1980s, the new business startup rate
has been trending downwards and the number of Americans employed in startups
has fallen by one-half. There is less churn in many sectors, too, with incumbent firms
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even-new-grads-need-to-reskill-for-the-future.
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85. Eli Lehrer, “The Future of Work,” National Affairs (Summer 2016). https://www.nationalaffairs.com/publications/detail/the-future-of-work.
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holding onto positions of dominance longer. And until the COVID pandemic hit,

the job reallocation rate had been steadily falling, with most workers staying put in
current jobs (and in their current geographic locations) longer than in the past. While
the authors note that many factors are at work, the relationship between excessive
red tape and declining dynamism deserves special attention. “[Regulatory] complexity
is a gift to large incumbents and vested interests all the same,” they find.** This
report, along with many other books and articles, highlights how

sclerosis and gatekeeping are detrimental because they prevent people from accessing
economic opportunity. They raise the cost of building things—literally and figuratively—
in the United States, diminishing the pace of progress and restricting how broadly the
benefits of progress can spread.”*?

Occupational licensing rules are one of the most serious impediments to economic
and labor dynamism because such rules limit new startup formation and flexible work
patterns. In 2015, the Obama administration released a major report on the costs of

Occupational licensing rules are one

occupational licensing rules, which identified how such rules impose a hidden tax on of the most serious impediments to
consumers of between roughly 3 and 16 percent.” That report also documented how economic and labor dynamism because
. . . . e " . . . such rules limit new startup formation
licensing rules limit economic mobility by “creating barriers to workers moving across and flexible work patterns.

State lines and inefficiencies for businesses and the economy as a whole.”?* That
Obama report summarized the massive body of research documenting how excessive
occupational licensing requirements impose such costs on businesses, workers, and
consumers.®® Reducing the costs of starting and operating a business will help free

up more time and resources to devote to finding new business models and worker
positions.’® Greater operating flexibility can also help boost wages and other benefits.

Fortunately, reforming archaic or ineffective regulatory policies and labor market
restrictions is a highly non-partisan issue.”” A New York Times columnist worries
about “Why We Can’t Build,” while popular pundits speak of the need for a “new
industrialist” movement and an “abundance agenda.”?® There is broad-based
agreement among these Left-leaning pundits on the need for policy reforms

that could help strengthen the workforce of the future, including various tax and
immigration policy reforms, and comprehensive permitting/licensing relaxation.
Even if experts can’t agree on things like reskilling efforts or safety net programs,
they should at least be able to work together to remove existing barriers to worker
mobility and new startup formation.
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Conclusion: The Case for Humility
(and Optimism) in the Age of Al

When it comes to preparing workers for the future, the great lesson of history is that
policymakers cannot plan for every contingency or easily devise policies or programs
to address every potential need. A certain degree of humility remains essential
because our “epistemic ignorance,” or hubris concerning the limits of our knowledge,
remains a chronic problem.” “We are demonstrably arrogant about what we think
we know,” and therefore, “[w]e overestimate what we know, and underestimate
uncertainty.”1%

The equally chronic problem with technological forecasting, as a science fiction

author noted twenty years ago, is its “tendency to excess” and “crisisization .
There is another

reason why
humility is
essential: Many
Al and robotic
Humility is needed in a more general sense. Advice like “do not go into professions applications are

of everything possible.”*°! Pessimistic bias runs deep in our veins and leads us

to assume only the worst will happen. Yet, history proves that pessimism is
generally unwarranted. Instead, “it is important to acknowledge the limits of our
imaginations.”10?

that could get completely automated” sounds sensible until we try determining failing.
exactly how much automation we can accurately foresee in certain fields. For
instance, an oft-cited 2013 study predicted that artists were one of the most future-
proof jobs, after all. Recently, however, powerful Al foundational models like Dall-E
and Stable Diffusion have given anyone the ability to generate works of art just by
typing a few words into a suggestion box. One such Al-generated artwork even won
first prize at the Colorado State Fair’s annual art competition earlier this year.1% This
led to a slew of articles with titles like, “Will Al make artists obsolete?”1%* and, “Your
Creativity Won’t Save Your Job From Al.”% On the other hand, the good news is that
people are already discovering how to create unique new forms of art with those Al
tools and opening new opportunities for humans to explore their inner creativity.®
Once again, complex collaborations will likely take us by surprise.

There is another reason why humility is essential: Many Al and robotic applications
are failing. Out of the gates, there was a lot of hype about driverless cars and delivery
robots or drones, but also plenty of fears about how these automated technologies
might affect professional drivers or pilots. Yet, the technologies have been slow

to market for a variety of reasons.'” Both Amazon and FedEx recently announced
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they were scaling back their robotic delivery pilot programs.'® Meanwhile, on the
driverless car front, Bloomberg reported in late 2022 that, “Even After $100 Billion,
Self-Driving Cars Are Going Nowhere.”'* Policy uncertainty is one roadblock to these
automation tools, but social and technological challenges also limit their potential.
Meanwhile, despite the fears of the Teamsters union, which for years has fought
federal efforts to pass driverless cars legislation, driverless trucks from developers like
Waymo still have “autonomous specialists” (aka, human programmers) in the driver’s
seat.!’® Therefore, even as truck drivers take their hands off the wheel increasingly

to let machines do more of the driving, they will likely be moving their hands to
keyboards to improve those systems further.

In sum, the future remains as uncertain as ever, and the relationship between

humans and their machine creations continues to be dynamic and unpredictable.

Many will cast this inherent uncertainty in a negative light, but it is why we should The future remains as uncertain as
ever, and the relationship between

be optimistic about the future. Al and automation could help revolutionize work : ; .

humans and their machine creations
for the better in ways that most of us cannot currently imagine. New technological continues to be dynamic and
capabilities will give society new business models, new professions, and new roles— unpredictable.

but likely many that experts are not likely able to currently envision or plan for today.

In the meantime, even a cursory review of the record of failed prognostications and
forecasts from the past half century should make us wonder how so many smart people
could have gotten things so wrong when predicting the future. Apparently, the only
professions that have not benefited much from learning by doing are all the economists
and consultants who apparently never learn anything from their endless string of poor
predictions about technology and the future of markets and the workforce.
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