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MIT TASK FORCE ON THE  

WORK OF THE FUTURE 

MIT President Rafael Reif convened the MIT Task Force on the Work of the Future 

in the spring of 2018. Its goals are to understand the relationships between emerg-

ing technologies and work, and to explore strategies to enable a future of shared 

prosperity. The Task Force is co-chaired by Professors David Autor and David Min-

dell, with Dr. Elisabeth Reynolds as Executive Director; its members include more 

than twenty faculty drawn from twelve departments, as well as a dozen graduate 

students. The Task Force has also been advised by boards of key stakeholders from 

industry, academia, education, labor and philanthropy. For the past year, the Task 

Force has been working to bring grounded, empirical understanding and insight into 

the ongoing debate about what is occurring today and what we can expect in the 

next decade.

Alarmist rhetoric animates today’s public conversation about technology and work:  

Robots are taking our jobs. AI will mean the end of work. Three-fourths of all jobs will be 

automated. Prepare for mass unemployment. Robots can’t take your job if you’re retired. 

These forecasts may be unduly grim, but they reflect valid underlying concerns. 

Technological and economic shifts have created social pain in wide swaths of in-

dustrialized economies. The last four decades of U.S. history showed that even if 

technological advances deliver rising productivity, there is no guarantee that the 

fruits of this bounty will reach the typical worker—and the uncertainty is great-

er still for women and minorities. These discouraging facts may help to explain 

why, despite the tightest U.S. labor market in decades, a substantial majority 

of people believe that emerging technologies will magnify inequality and make 

high-paying jobs harder to find. 

With these uncomfortable truths in mind, MIT’s Task Force on the Work of the 

Future aims to identify a constructive path forward—grounded in evidence of 

what is happening today, deploying deep expertise in technology and the social 

sciences, and applying reasonable assumptions and extrapolations to anticipate 

what might happen tomorrow. 

This report will not provide definitive answers, but instead aims to enable deci-

sion-makers to ask the right questions. Due to the urgency of the topic, we offer 

preliminary insights that may help to frame public debate and public policy as 

Task Force members conduct deeper analyses and deliver a final report.  



4  •  THE WORK OF THE FUTURE: SHAPING TECHNOLOGY AND INSTITUTIONS   

CONTENTS

MIT Task Force on the Work of the Future. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  3 

Introduction. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  6

1. �Why We Should Care About the Work of the Future. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8

2. �The Paradox of the Present. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9

	 2.1	 A Firm Foundation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                        10

	 2.2 	 The Case for Concern. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                    12

	 2.3 	 The Case Against Fatalism. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                15

	 2.4 	 Investing in Job Quality not Job Quantity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                  17

3. �Technology and Work: A Fraught History. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  20

4. Is This Time Different?. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  22

	 4.1	 Employment Polarization. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                 22

	 4.2 	 ‘So-So’ Technologies. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                     24

	 4.3 	 Different but not Altogether Better. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                        26

5. �Workplaces of the Future: Automation, Robotics, and Artificial Intelligence. .  .  .  .  .  .  .  .  .  .  27

	 5.1	 The Robots are Coming, but Slowly. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                         27

		  Industrial Robots . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                         27

		  Collaborative Robots and Augmented Intelligence. . . . . . . . . . . . . . . . . . . . . . . . . . .                           28

		  Beyond the Factory Floor. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                 28

		  The Importance of Scale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                  29

	 5.2	� Artificial Intelligence and Machine Learning: Deep Strengths,  

Narrow Capabilities. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                      31

		  Learning to Use Machine Learning. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                         32



5  •  THE WORK OF THE FUTURE: SHAPING TECHNOLOGY AND INSTITUTIONS   

	 5.3	 Autonomous Vehicles: A Leading Use Case. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                 33

6. �WorkIng for the Future: Investments, Incentives, and Institutions. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  35

	 6.1 	� The Skills of the Future: Attaining Excellence in Education, Training,  

and Ongoing Learning. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                    36

		  The Role of Community Colleges . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                           37

		�  The Role of Work-Based Learning Programs  

and Sectoral Employment Programs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                       38

		  The Role of Online Learning. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                               38

		  The Role of Advances in the Science of Learning. . . . . . . . . . . . . . . . . . . . . . . . . . . .                            39

		  The Role of Innovation and Experimentation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                               40

	 6.2 	� Shaping the Work of the Future Towards Innovation,  

Productivity Growth, and Economic Security. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                41

		  Rebalancing Fiscal Policies. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                41

		  Recognizing Workers as Stakeholders. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                      41

		  Fostering Innovation to Complement Workers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                              43

		  Restoring Technological Leadership. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                       44

		  Economic Growth. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                       44

		  Beneficial Leadership . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                    45

7. �Conclusion: Shaping Technology and Institutions for the Work of the Future. .  .  .  .  .  .  .  .  .  46

Acknowledgements . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  56



6  •  THE WORK OF THE FUTURE: SHAPING TECHNOLOGY AND INSTITUTIONS   

INTRODUCTION

Technological change has been reshaping human life and work for centuries. The mechani-

zation that began with the Industrial Revolution enabled dramatic improvements in human 

health, well-being, and quality of life—not only in the developed countries of the West, 

but increasingly throughout the world. At the same time, economic and social disruptions 

often accompanied those changes, with painful and lasting results for workers, their fami-

lies, and communities. Along the way, valuable skills, industries, and ways of life were lost. 

Ultimately new and unforeseen occupations, industries, and amenities took their place. But 

the benefits of these upheavals often took decades to arrive. And the eventual beneficia-

ries were not necessarily those who bore the initial costs.

The world now stands on the cusp of a technological revolution in artificial intelligence and 

robotics that may prove as transformative for economic growth and human potential as 

were electrification, mass production, and electronic telecommunications in their eras. New 

and emerging technologies will raise aggregate economic output and boost the wealth of 

nations. Will these developments enable people to attain higher living standards, better 

working conditions, greater economic security, and improved health and longevity? The 

answers to these questions are not predetermined. They depend upon the institutions, 

investments, and policies that we deploy to harness the opportunities and confront the 

challenges posed by this new era. 

How can we move beyond unhelpful prognostications about the supposed end of work 

and toward insights that will enable policymakers, businesses, and people to better nav-

igate the disruptions that are coming and underway? What lessons should we take from 

previous epochs of rapid technological change? How is it different this time? And how can 

we strengthen institutions, make investments, and forge policies to ensure that the labor 

market of the 21st century enables workers to contribute and succeed? 

To help answer these questions, and to provide a framework for the Task Force’s efforts 

over the next year, this report examines several aspects of the interaction between work 

and technology. We begin in Section 1 by stating an underlying premise of our project: 

work is intrinsically valuable to individuals and to society as a whole, and we should seek 

to improve rather than eliminate it. The second section introduces the broader concerns 

that motivated the Task Force’s formation. Here we address a paradox: despite a decade of 

low unemployment and generally rising prosperity in the United States and industrialized 

countries, public discourse around the subject of technology and work is deeply pessimis-

tic. We argue that this pessimism is neither misguided nor uninformed, but rather a reflec-

tion of a decades-long disconnect between rising productivity and stagnant incomes for 

the majority of workers. 
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In Section 3, we provide some historical perspective on the relationship between technolog-

ical change and work. This enables us in Section 4 to address what we believe is distinctive 

about the current era.  

Section 5 presents our framing of how the current digital age—specifically, automation, robot-

ics, and artificial intelligence—are affecting the modern workplace and altering skill demands 

and job opportunities for current and future workers. Armed with this perspective, Section 6 

turns to the subject of potential policy responses, identifying four broad areas, in addition to 

education and training, where we believe forward-looking investments, institutions, and incen-

tives could help shape the future of work to generate greater economic security for workers, 

higher productivity for firms, and broader opportunity for all members of society. Developing 

these ideas in more detail will be the major focus of the Task Force’s next efforts that will cul-

minate in a final report. 

* * * * *
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1. �WHY WE SHOULD CARE ABOUT THE WORK OF 

THE FUTURE

Work has meaning and importance, for individuals and for society as a whole, that transcend 

the merely economic or financial. Work is a central human activity, critical to self-realization 

and social cohesion.

Work is a central human activity, critical to self-realization and 

social cohesion.

Countries that productively employ the great majority of their people are better off for it.1 

Work enables people to achieve self-sufficiency, support families, contribute to broader  

communities, and raise children prepared to do the same.2 Through work, people apply their 

capacities to public and private endeavors, provide for others through their own generosity, 

and save for an uncertain future. Workers fund public goods through their tax payments  

and contribute toward the claims they will make during infirmity or retirement. A society is  

unhealthy when all material needs are met by the state with no reciprocal contribution, or 

when most people live off the surplus provided by a sliver of ultra-wealthy workers and  

capital owners.

Of course, not all work is good work: witness the horrendous legacies of slavery, indentured 

servitude, and child labor, enduring race and gender discrimination, and dangerous, exploitive, 

and demeaning work today. Nevertheless, the economic history of the 20th century shows 

that a healthy labor market can serve as the foundation, if not the entire basis, for  

shared prosperity. 

Because work provides, in the best case, purpose, community, and esteem to those who engage 

in it, we must address not only the number of jobs available to future workers, but also the 

quality of those jobs. How can we strengthen and build institutions, make investments, and 

forge policies that ensure that work remains a rewarding and economically viable avenue for 

most adults to prosper?
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2. �THE PARADOX OF THE PRESENT

The industrialized world is undergoing rapid employment growth. A May 2019 cover story 

in the Economist magazine declared that “most of the rich world is enjoying a jobs boom of 

unprecedented scope.” Nonetheless people throughout the industrialized world are pessimistic 

about the future of work. In 2018, the Pew Research Center found that between 65 and 90 per-

cent of those surveyed in advanced economies believe that robots and computers will proba-

bly or definitely take over many jobs now done by humans.3 

The possibility that machines may eliminate jobs is not bad news if these technologies deliver 

higher living standards.4 But the Pew survey makes clear that people do not expect to benefit: 

most people believe that automation will greatly exacerbate inequality between rich and poor 

while making jobs harder to find. Less than one third of those surveyed believe that new,  

better-paying jobs will emerge.5 

Why, after a decade of rising employment, are people pessimistic about job prospects? One 

possibility is that the avalanche of alarmist “end of work” newspaper articles, books, and expert 

reports have overwhelmed the facts. Perhaps, in the words of the Economist, “the zeitgeist 

has lost touch with the data.” 

Alternatively, public pessimism may reflect the hard-learned lessons of recent history. People  

may worry that the introduction of new technologies with human-like capabilities will generate  

enormous wealth for a minority while diminishing opportunity, upward mobility, and shared 

prosperity for the rest of us. 

Economic history confirms that this sentiment is neither ill-informed nor misguided. There  

is ample reason for concern about whether technological advances will improve or erode  

employment and earnings prospects for the bulk of the workforce.6 

New and emerging technologies will raise aggregate economic output and boost the wealth of 

nations. Accordingly, they offer the potential for people to realize higher living standards, bet-

ter working conditions, greater economic security, and improved health and longevity. 

But whether nations and their populations realize this potential depends on the institutions of 

governance, societal investment, education, law, and public and private leadership to transform  

aggregate wealth into greater shared prosperity instead of rising inequality. By taking bold actions 

to invest in its people, lead in innovation, and protect and augment workers, the United States 

can cultivate this historic opportunity to generate broadly shared prosperity. 
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The basis for our argument rests on four empirical pillars evidenced below: 

1.	 A firm foundation: In the postwar decades between 1940 and 1980, rapid technological 

advances and well-functioning institutions in the United States delivered rising productivity 

and rapid, relatively evenly distributed wage gains to the vast majority of workers. This 

history provides a case for optimism.

2.	 The case for concern: This virtuous dynamic broke down in the decades from 1980 to the 

present. During this period, even though wage growth tracked productivity growth on 

average, the distribution of gains was so highly skewed that earnings for the typical  

(median) worker stagnated. Only those workers with four-year college and graduate 

degrees saw sustained earnings growth. 

3.	 The case against fatalism: The failure of the U.S. labor market to deliver broadly shared 

earnings gains despite rising productivity was not an inevitable byproduct of current 

technologies or free markets. Countries shape their trajectories of productivity growth 

and income distribution through their educational systems, labor market regulations, 

collective bargaining regimes, financial markets, public investments, and tax and transfer 

policies. Industrialized countries with access to comparable technologies, skills, and  

trading opportunities as the United States—including Germany, Canada, Japan, Korea, 

and the U.K.—distributed the gains from rising productivity far more equally than the 

United States without sacrificing economic growth or reducing the odds that children 

rise from “rags to riches.”7 

4.	 The case for investing in job quality not job quantity: Contrary to the conventional 

narrative in which automation renders jobs increasingly scarce, we anticipate that, due 

to slowing labor force growth rates, rising ratios of retirees to workers, and increasingly 

restrictive immigration policies, over the next two decades industrialized countries will 

be grappling with more job openings than able-bodied adults to fill them. While these 

demographic changes herald many fiscal, social, and generational challenges, they also 

offer opportunities: countries that make well-targeted, forward-looking investments in 

education and skills training should be able to deliver jobs with favorable earnings and 

employment security to the vast majority of their workers—and not exclusively to those 

with elite educations.

2.1	 A Firm Foundation

Starting in the 1960s and continuing through the early 1980s, earnings grew for U.S. workers 

of both sexes, regardless of education, as shown in Figure 1. In fact, the U.S. economy deliv-

ered stellar and broadly shared growth in the preceding two decades as well, from the end of 

World War II through 1963. This growth in earnings was both rapid and evenly distributed: a 

remarkable 92 percent of children born in 1940 earned more than their parents in adulthood.8 
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This progress would not have been possible, however, without sustained, rapid growth in  

productivity.9 Between 1940 and 1980, productivity growth in the U.S. economy averaged almost 

2 percent annually, the steepest rate of growth for any sustained period in U.S. history.10 

Where did this productivity come from? MIT Economist and Nobel Laureate Robert Solow 

showed that it was almost entirely due to technological progress: improvements in tools, 

techniques, and organizational practices allowed businesses, households, and government 

to accomplish more and better work.11 

Productivity growth, however, is a necessary but not sufficient force for broadly shared economic 

gains. The parallel movement of productivity and compensation in this period reflected, in 

part, the success of collective bargaining in tying wage increases to rising economic fortunes.12

Those four decades of U.S. economic history tell an encouraging story: technological progress  

feeds a rising tide of productivity, a tide that can lift all economic boats. That history also raises 

an urgent question: if productivity growth yields rising living standards, and if automation abets 

productivity, shouldn’t we welcome new technologies that fuel this virtuous cycle? 

Figure 1: Cumulative Change in Real Weekly Earnings of Working-Age Adults Ages 18-64
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2.2 	 The Case for Concern

Contemporary concerns originate in the decades starting in 1980. As compared to the earlier 

period, earnings growth in the past forty years has been slow, sporadic, and unequal. Figure 

1 shows that real earnings rose robustly between 1980 and 2017 among the most-educated 

adults, those with college and post-college degrees. But during the same period, earnings 

fell steeply among adults without college degrees. Even worse, among men without college 

degrees working full time, real weekly earnings in 2018 were actually 10 to 20 percent below 

their levels in 1980, nearly four decades earlier.13 

This stagnation of earnings hit minority workers particularly hard. Between 1980 and 2015, 

the gap between black and white workers’ earnings (27 percent in 1980), failed to close by 

even one percent. Meanwhile, the gap between Hispanic and white earnings expanded, from 

29 percent in 1980 to 31 percent in 1990. Earnings of women of all races and ethnicities grew 

closer to that of white men during these years, but the gains were much greater for white 

women than for either black or Hispanic women.14 

Rising inequality also played out across places. The United States has seen steeply rising income  

levels and bustling prosperity over the past three decades in superstar cities such as New York, 

San Francisco, and Los Angeles. Highly educated workers are attracted to such knowledge 

centers because of job opportunities as well as higher wages. Indeed, in contrast to predictions 

about the “death of distance” due to the Internet and telecommunications technology, urban 

areas have become more, not less attractive, leading to increasing divergence in the economic 

fortunes of urban vs. rural and younger vs. older areas. Some mid-size cities such as Kansas 

City, Columbus, Charlotte, and Nashville have also benefited from the knowledge economy 

while leveraging their relative affordability.15

Even as these and similar cities have boomed, the robust urban wage premium that  

non-college-educated workers enjoyed in these locations has sharply diminished. U.S. cities 

used to offer an economic escalator to workers of all backgrounds. For less-educated workers, 

it is no longer clear that this escalator still works.

Even in the wealthiest U.S. cities, the workforce is increasingly bifurcated. On one hand, high-wage 

professionals enjoy the amenities that thriving urban areas can offer. On the other hand, an 

underclass of less educated service workers gets by with diminishing purchasing power while 

attending to the care, comfort, and convenience of the more affluent.16 These problems plague 

the best-off places in America.

Elsewhere, in many once-thriving metropolitan areas in states from Mississippi to Michigan, the 

situation is even more distressing. We see economic stagnation, declining employment of adults 

in their prime working years, and high rates of physical disability. In these places, opioid abuse 

and declining life expectancy are but two indicators of communities in acute economic and 

social distress.17
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Despite these problems, the U.S. is currently in its longest sustained economic expansion in its 

history—approaching a full decade. Nonetheless, the persistent growth in the quantity of jobs 

has not correlated to an equivalent growth in the quality of jobs for the majority of workers.18 

In the U.S. and throughout the industrialized world, employment is polarizing. At the top end, 

high-education, high-wage occupations offer strong career prospects and rising lifetime earnings. 

At the other end, low-education, low-wage occupations provide little economic security and 

limited career earnings growth.19 As a result, the pathways to economically stable and secure 

careers for workers without college degrees are becoming narrower and more precarious. 

Simply put: we see no shortage of good careers for highly educated workers. And we see 

no shortage of jobs for less educated workers. But we do find a paucity of good careers for 

workers without significant post-secondary training—strong technical or vocational training, 

associates degree level certification in a credentialed field, or attainment of a traditional  

four-year college or graduate degree. 

Why, for the vast majority of workers, have the most recent four decades of economic history 

failed to deliver on the promise of the prior four? 

One possible explanation is that recent productivity growth simply fell short of earlier decades, 

leaving little room for sustained increases in living standards. Figure 2 shows that labor  

productivity growth did decelerate after the mid-1970s (a point that we return to below).20 

But more dramatic is the growing disconnect between the earnings growth of the typical 

worker and the growth in productivity. 

From the end of the Second World War to 1973, the earnings of the typical worker rose in 

lockstep with productivity, both of which nearly doubled over the course of three  

decades. After that time, they diverged. Between 1973 and 2016, labor productivity rose  

by a healthy 75 percent, yet the compensation of workers rose by only 12 percent, and the 

compensation of the median worker rose by only 11 percent.21 

We see no shortage of good careers for highly educated  

workers. And we see no shortage of jobs for less educated 

workers. But we find a paucity of good careers for workers 

without significant post-secondary training.
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Why didn’t this productivity growth translate into wage growth for the typical worker? In fact, 

workers did on average share in the productivity gains. But the distribution of gains around 

the average was so unequal—so skewed towards the top—that the median worker saw almost 

none of the bounty. 

Several forces contributed to this skew. Computers and the Internet enabled a digitalization of  

work that made highly-educated workers more productive and made less-educated workers 

easier to replace with machinery.22 Trade also played a key role: spurred by surging U.S. imports  

from China and rapid outsourcing of U.S. production work to China, blue-collar manufacturing  

Figure 2: Changes in Labor Productivity and Compensation, 1948–2016
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employment rapidly declined in the United States, falling by one third between 1999 and 2010.23 

Weakened by plummeting labor union membership and falling real federal minimum wage levels, 

rank and file workers were less able to bargain for wage growth to match productivity growth.24 

We noted above that more than nine out of ten children born in 1940 surpassed their parents’ 

earnings in adulthood. Among children born in 1980, four decades later, this rate was a mere 

five out of ten. 

Had economic growth been as evenly distributed among households between 1980 and 2010  

as it was in the three post-War decades (even at the slower post-1980 rate of economic growth)  

much of this stagnation of intergenerational mobility would have been reversed.25 Thus, tech-

nological advances did deliver productivity growth over the last four decades. But productiv-

ity growth did not translate into shared prosperity, but rather into employment polarization 

and rising inequality.

The failure of the U.S. labor market over the last four  

decades to deliver broadly shared prosperity despite  

rising productivity is not an inevitable byproduct of  

current technologies nor of free markets.

Public concern about the future of work is neither ill-informed nor misguided. The last four decades  

of economic history show that technological progress will likely deliver rising productivity, but 

there is no certainty that the fruits of this bounty will reach the typical worker. The uncertainty 

is greater still for women and minorities. 

2.3 	 The Case Against Fatalism

The failure of the U.S. labor market over the last four decades to deliver broadly shared prosperity 

despite rising productivity is not an inevitable byproduct of current technologies nor of free 

markets. Technologies and markets alone do not determine inequality or economic mobility. 

Public and private institutions all play critical roles: these include educational systems, labor 

market regulations, collective bargaining regimes, financial markets, public investments, and 

tax and transfer policies.

In fact, other economies with access to the same technologies—Germany, Switzerland, Japan,  

Canada, Korea, Sweden, and the U.K.—have realized comparable productivity growth per 

worker without suffering the same stagnation of incomes or increase in inequality.26 Almost 

all developed countries have experienced job polarization, widening income distributions, and 

contraction of traditional manufacturing. But most have done more than the United States to  
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counter these undercurrents by investing in worker skills, strengthening social safety nets where  

needed, and incentivizing private-sector firms to augment labor rather than simply displace it.27

To illustrate, Figure 3 compares inequality among developed market economies along two 

dimensions: overall inequality of earnings among workers (the so-called Gini coefficient) and 

the ratio of hourly earnings for college-educated workers to earnings for non-college workers.  

Among its peers, the United States stands out for its extremes of rich and poor. Indeed, to 

locate another large country with greater inequality, one must expand the set to include 

less-developed nations such as Brazil.

One might counter that high inequality and accompanying economic dynamism mean that 

U.S. children face better odds of ascending the economic ladder over their lifetime. Figure 3 

dispels this notion by comparing rates of intergenerational mobility—that is, the odds that a 

child will rise from “rags to riches” over the course of a generation—across countries. It shows 

that the United States now has one of the lowest rates of intergenerational mobility among 

wealthy democratic countries. The likelihood that a child born to parents in the bottom fifth  

of the income distribution reaches the top fifth in adulthood is actually about twice as high  

in Canada (13.5 percent) as in the United States (7.5 percent).28 
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Figure 3: Earnings in Inequality and Economic Mobility: Cross-National Relationships
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This has not always been the case.29 In fact, America’s cherished view of itself as the preeminent  

“land of opportunity” is rooted in a longer history of responding to new technologies by increasing  

investments in people and education. By the late 19th century, for example, Americans recognized  

that farm employment was declining, industry was rising, and children would need different 

skills to earn a living. In 1900, the typical young, native-born American had only a common 

school education, about the equivalent of six to eight grades.30 Over the first four decades of 

the 20th century the United States became the first nation in the world to deliver universal 

high school education to its people. This movement was led by the farm states, which were 

experiencing both the economic bounty and the occupational disruption that accompanied 

agricultural mechanization.31

2.4 	 Investing in Job Quality not Job Quantity

We noted above that we are less concerned about the quantity of jobs than their quality.  

Given popular discussion of the end of work, this may seem cavalier. But demographic trends 

point towards rising labor scarcity in the decades ahead.32 

In the United States and most other industrialized countries, the growth of the labor force has 

slowed over the past two decades due to declining fertility and increasingly restrictive immi-

gration policies.33 Between 1996 and 2006, the growth rate of the U.S. labor force averaged 

1.2 percent per year. In the following decade, it fell to 0.5 percent per year and is projected to 

continue at essentially the same rate between 2016 and 2026.34 

Since labor force growth primarily stems from young people reaching working age, this slowdown  

implies an aging labor force. The Bureau of Labor Statistics projects that the share of U.S. workers  

age 55 and over will rise from 16.8 to 24.8 percent between 2006 and 2026, while the share 

considered prime age (ages 25 to 54) and young (ages 16 to 24) will fall by 5 and 3 percentage 

points respectively. Figure 4 illustrates the dramatic and still unfolding shift in the age  

distribution of the U.S. population between 1980 and 2040 (projected).35 

We anticipate that in the next two decades industrialized 

countries will have more job openings than workers to  

fill them, and that robotics and automation will play an 

increasingly crucial role in closing these gaps
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Figure 4: The Working-Age Share of the U.S. Population is Contracting
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As labor force growth has slowed, the educational attainment of entering cohorts of workers 

has rapidly risen.36 In the decade between 2007 and 2017, for example, the share of U.S. adults 

ages 25 to 29 with a high school diploma rose from 87.0 to 92.5 percent, while the share with 

at least a four-year college degree grew from 29.6 to 35.7 percent. These are dramatic changes  

in a short time interval, and they augur positive news for future productivity and earnings 

growth. But they also mean that a shrinking fraction of labor market entrants is likely to seek 

work in traditional non-college occupations, while a rising fraction will enter professional, 

technical, and managerial positions. 

Slow labor force growth, increasing scarcity of young workers, and rapidly rising educational 

attainment will coincide with an expanding senior population with attendant health and personal 

care needs. This combination will strain employers’ ability to recruit able-bodied young adults to  

replace retirees in manual, blue-collar, personal care, and other in-person service occupations.37 

In the conventional narrative, automation renders jobs increasingly scarce. By contrast, we  

anticipate that in the next two decades industrialized countries will have more job openings 

than workers to fill them, and that robotics and automation will play an increasingly cru-

cial role in closing these gaps.38 While this scenario may seem speculative, one need look no 

further than contemporary Japan to see that rapid population aging generates severe labor 

scarcity and intense pressure for automation.39

These demographic shifts will impose steep burdens on national budgets as the ratio of retirees  

to workers rises and as the growth rate of working-age taxpayers slows. But these shifts also 

offer an opportunity: countries that make well-targeted, forward-looking investments in  

education and skills training should be able to deliver middle-skill jobs with favorable earnings 

and employment security to the vast majority of their workers—and not exclusively to those 

with elite educations.
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3. �TECHNOLOGY AND WORK:  

A FRAUGHT HISTORY

Over the past two centuries, transformative innovations such as the internal combustion engine,  

electricity, and telecommunications, among many others, improved quality of life, raised  

productivity and earnings; made work less dirty, dangerous, physically punishing, and dull; and  

increased the value of thinking, creativity, and expertise. Productivity gains enabled by new 

technology generated wealth that eventually reduced the hours that people worked per day, 

per week, and per year; spared young people the burden of laboring during childhood so they 

could develop skills in the schoolhouse; and made it possible for adults to retire while still in 

good health. 

But even the most beneficial technological advances also spurred painful labor market  

adjustments: devaluing specific skill sets (e.g., artisanal skills in sewing, weaving, typesetting), 

eclipsing certain occupations (blacksmiths, switchboard operators), and largely eliminating 

entire industries (e.g., chemical photography, candle-making). In the 19th century, machine 

tools displaced skilled craftsmen, mechanized farming displaced masses of agricultural 

workers, and typewriters displaced scriveners. In the 20th century, “talking” motion pictures 

displaced musicians in movie theaters, electric relays displaced elevator operators, and soft-

ware displaced flight engineers in airplane cockpits.

For workers who were displaced, these disruptions inflicted personal and social as well as 

economic pain—sometimes with repercussions that lasted generations. They also prompted 

ongoing debates about the risks and benefits of new technology.40 Ultimately new and un-

foreseen occupations, industries, and amenities emerged. But the benefits of these upheavals 

often took decades to arrive. And the eventual beneficiaries were not necessarily those who 

bore the initial costs.

In today’s conversation, innumerable expert reports and news articles offer alarming forecasts 

about what share of current jobs may be “affected” by new technologies such as AI and  

robotics.41 While such forecasts grab headlines, they provide limited actionable information. 

All jobs will be affected, directly or indirectly, by these technologies. 

The question that concerns us is: What do these job changes imply for employment prospects, 

earnings, and career trajectories of workers with different skills and resources? And: How do 

we manage this process to improve work opportunities broadly? 

To move beyond a simplistic focus on counting potentially affected jobs, a useful starting point  

is to look closely at the distinct mechanisms through which automation changes human work. 

This process operates through three distinct but related channels: substitution, complementarity,  

and new task creation. Of these three, only the first (substitution) is generally recognized in 

popular discussions—which we believe leads to undue pessimism. 
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Automation at its most basic level serves to substitute for workers in performing a subset of work  

tasks, often those that involve physically demanding, repetitive, and rote activities, e.g., equipping  

ditch diggers with mechanical excavators. This process raises productivity and generally 

leaves workers with safer and more interesting jobs. But displacement is not innocuous. When 

industrial textile machinery displaced rural spinners, lace workers, and handloom weavers in 

19th century England, the shift was a boon to productivity and consumers but a serious and 

enduring hardship for rural textile workers.42 

Substitution is less than half the story, however (and indeed machines rarely substitute for human  

workers one-for-one).43 Frequently, automation complements the cognitive and creative  

capabilities of workers. Architects using Computer Aided Design (CAD) software, for instance, 

can design more complex buildings faster than they can with paper drawing. Machinery raises 

the value of human expertise in developing and guiding complex production processes and 

provides tools that enable people to turn their ideas into products and services.44 Automation 

magnifies the power of ideas by shortening the distance from conception to realization. Over 

time, automation has profoundly shifted the comparative advantage of human labor from 

the physical to the cognitive domain, and this has gradually but inexorably raised the formal 

reasoning demands and educational requirements of most jobs.45 

If work were static, this would be the end of the story. But new technologies often enable or 

require new tasks that demand human expertise, judgment, and creativity.46 In the 19th century,  

for example, advances in metalworking and the spread of electrification created new demand  

for telegraph workers, managers, and electrical engineers.47 In the 20th century, even as 

agricultural machinery was displacing farm workers, changes wrought by mechanization and 

rising incomes generated new employment in factories, offices, medicine, and finance.48 In the 

21st century, as computers and software have displaced workers performing repetitive tasks, 

they have simultaneously created new opportunities in novel, cognitively intensive work such 

as designing, programming, and maintaining sophisticated machines, analyzing data, and 

many others.49 

How recent, rapid progress in robotics, artificial intelligence, and machine learning might be 

shaping the path of complementarity, substitution, and new task creation in the digital age is 

the subject of the Section 5. Before that exploration, we consider what has made the last four 

decades so different from the four that preceded them. 

 New technologies often enable or require new tasks that 

demand human expertise, judgment, and creativity.
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4. IS THIS TIME DIFFERENT?

In prior eras, mechanization and automation eliminated much undesirable work, while creating  

substantial new and more desirable work, and simultaneously raising productivity and enabling  

higher living standards.50 Does the current era of digital technologies possess these same  

virtues—or is it different this time?51 In our assessment, the current era is different in two  

respects: employment polarization and ‘so-so’ technologies.52 

4.1	 Employment Polarization

A first distinction between past and present is in how digital technologies reshape the division 

of labor between people and machines. 

The era of mass production created vast new earnings opportunities for blue-collar workers 

in factories and businesses, while simultaneously opening new vistas for skilled workers in 

white-collar work and the professions. As did earlier waves of automation, the current era  

of digitalization also complements highly-educated workers possessing expertise, judgment,  

and creativity.

But in contrast to earlier eras, digital automation tends to displace middle-skill workers  

performing routine codifiable tasks, such as sales, office and administrative support, and  

production, craft and repair occupations. Figure 5 shows that in 1970, these middle-skill  

occupations accounted for more than a third (38 percent) of employment. By 2016, this share 

had fallen to less than one-quarter (23 percent) of employment. To be clear, this decline is not 

due solely to digitalization, as international trade added substantially to the displacement of 

middle-skill production and operative jobs during the 2000s.53

Ironically, digitalization has had the smallest impact on the tasks of workers in low-paid manual 

and service jobs. Those positions demand physical dexterity, visual recognition, face-to-face 

communications, and situational adaptability. Such abilities remain largely out of reach of current  

hardware and software but are readily accomplished by adults with moderate levels of educa-

tion.54 As middle-skill occupations have declined, manual and service occupations have become 

an increasingly central job category for those with high school or lower education.

Thus, unlike the era of equitable growth that preceded it, the digital era has catalyzed labor  

market polarization—that is the simultaneous growth of high-education, high-wage  

and low-education, low-wage jobs at the expense of middle-skill jobs. (Figure 3).55 This 

lopsided growth has concentrated labor market rewards among the most skilled and high-

ly-educated workers while devaluing much of the non-specialized work that remains.  

This imbalance contributes to the vast divergence of earnings between college- and non- 

college-educated workers in recent decades (Figure 1).56 
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The digital era has catalyzed labor market polarization—

that is the simultaneous growth of high-education high-

wage and low-education/low-wage jobs at the expense  

of middle-skill jobs.

Figure 5: Changes in Occupational Employment Shares, 1970–2016

Working Age Adults (Percent Change Over Decade)
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4.2 	 ‘So-So’ Technologies

A second key difference between the era of digitalization and earlier eras is that digitalization 

has not delivered the same gains in productivity. While productivity growth was not as rapid 

between 1975 and 2005 as during the first three decades after World War II, it was consistent 

with the prevailing prewar trend. By contrast, it has been remarkably sluggish since the mid-

2000s, both in the United States and the European Union.57 

How do we reconcile this lackluster growth with the dazzling new technologies we see around 

us?58 And how can we square these sluggish productivity numbers with the disruptive labor 

impacts of these same innovations? It feels counterintuitive that so many kinds of workers—

cashiers, fast food cooks, machine operators, legal secretaries, and administrative assistants 

among them—should be losing their jobs to disruptive technologies, without those same job 

cuts spurring measurable gains in productivity.59

To understand this paradox, we return to our discussion of the mechanisms by which automation  

changes human work—specifically, to the effects of substitution and complementarity. When a  

new technology automates a set of tasks previously done by workers, it substitutes machinery  

for people. This process raises aggregate productivity to the extent that the machinery is cheaper,  

faster, or better at the tasks than the workers who previously performed them. Examples abound: 

automated turnpike tolls substitute for toll collectors, thereby speeding traffic and reducing 

pollution; computerized typesetting software substitutes for physical typesetters, enabling 

faster, cheaper print layout; tax preparation software substitutes for trained tax accountants, 

enabling consumers to cheaply files taxes from their personal computers. 

Substitution of machines for workers creates winners and losers. The gains typically flow to 

firms via higher profits and to customers via lower prices. The costs, however, are typically 

borne by displaced workers, their families, and their communities, as well as by the public, 

through the social benefit programs that workers rely upon when they lose jobs.60 

But automation may also complement workers. New technologies often augment workers’ 

productivity in their current job tasks rather than displace workers from those tasks. Examples 

include power tools that equip construction workers to accomplish more in less time; com-

puter aided design (CAD) software that allows architects to rapidly explore design options 

without painstaking drafting; and medical imaging tools that boost the speed and accuracy 

with which medical experts diagnose patients. 

As with labor-substituting technologies, these labor-complementary technologies also 

raise productivity. In contrast to labor-substituting technologies, however, complementa-

ry technologies tend to increase earnings because they render workers more effective in 

their existing job tasks. They also frequently change the nature of the work and enable new 

capabilities. Because productivity gains often spur lower prices, improved quality, or greater 

convenience, employment of workers performing these tasks may rise. For example, follow-

ing the introduction of Uber and Lyft, the fraction of U.S. adults who work as chauffeurs or 

taxi drivers nearly tripled.61 
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Most workplace technologies do both: substitute for one set of tasks while simultaneously 

complementing others.62 Power tools displace manual laborers but complement workers  

who can skillfully wield them; CAD software substitutes for draftspersons but complements 

architects; imaging tools substitute for technicians but complement experts. 

While most new technologies offer a mix of substitution and complementarity, the mix differs 

greatly across technologies and across organizations, as do the productivity impacts. And 

herein lies a little acknowledged economic reality: not all innovations that raise productivity 

displace workers, and not all innovations that displace workers substantially raise productivity. 

Not all innovations that raise productivity displace workers,  

and not all innovations that displace workers substantially  

raise productivity.

Consider the introduction of electric lighting in the late nineteenth century. Electric lighting 

allowed industrial plants to operate in shifts around-the-clock, reduced employee exposure 

to oil smoke and fire risk, and allowed workers to perform precision tasks with greater speed 

and fidelity.63 Electric lighting was accordingly strongly labor-complementing, raising worker 

productivity and spurring new job creation (e.g., night shifts).64 While some workers in the gas 

lighting sector were adversely affected, the ratio of broadly distributed productivity benefits 

to modest labor displacement was favorable. 

Now consider two other recent, commonplace digital technologies: computerized telephone 

agents deployed by airlines and hotels, and self-checkout kiosks offered by large retailers. Both  

technologies perform tasks previously done by workers. Yet neither improves the quality of the  

product or service: computerized telephone agents stumble over all but the most rudimentary  

queries; self-service kiosks merely shift checkout tasks from practiced cashiers to amateur 

customers. Firms deploy these technologies because they deliver sufficient labor cost savings 

to justify the attendant increases in customer frustration, not because they make their  

services better.65 

Economists Daron Acemoglu and Pascual Restrepo label these latter cases ‘so-so’ technologies.66 

They disrupt employment and displace workers without generating much of a boost in productivity.  

Computerized telephone agents and self-checkout kiosks likely do raise productivity by some 

amount, or firms would presumably stick with human workers. But the ratio of worker  

displacement to productivity growth for these so-so technologies is arguably less favorable 

than for labor-complementing innovations such as electric lighting.67 
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The ‘so-so’ nature of some digital innovations may help explain the paradox of sluggish  

productivity growth accompanied by considerable labor displacement.68 Of course, not all 

digital innovations are so-so, and some have extraordinary productivity benefits such as the 

CAD software and medical diagnostic tools mentioned above. But these innovations tend 

to complement the labor of highly-educated professionals. Conversely, digital technologies  

affecting workers outside these elite ranks may displace non-college workers from clerical, 

sales, production, and operations occupations—shunting them toward in-person services  

that typically require generic skill sets and offer low wages.69

4.3 	 Different but not Altogether Better

The problems of sluggish productivity growth, steep occupational polarization, and rising 

wage inequality may share common origins.70 Labor-complementing digital innovations that 

have strongly concentrated earnings and employment growth among the most skilled and 

highly-educated workers; “so-so” labor-substituting digital innovations that have displaced 

non-college workers from traditional office and production jobs without yielding an equivalent  

set of opportunities elsewhere;71 and the failure of policies and institutions to blunt these impacts. 

So the era of digitalization does differ from prior waves of automation: it has spurred growth 

of high- and low-wage jobs at the expense of the middle (labor market polarization); it has 

concentrated earnings growth among the most educated and highest-ranked workers, while 

earnings growth for the majority of workers has lagged (rising inequality); and it has delivered 

only modest productivity growth in the recent decade, even while displacing many categories  

of work, particularly those done by workers with high school or lower education (so-so  

technologies).

Americans are right to be worried. Current pessimism about what the next wave of  

technology-enabled workplace changes might mean for them, far from showing a failure  

to understand economic history, suggests that we grasp the uncomfortable lessons of the  

last four decades. If the advent of ubiquitous robotics and artificial intelligence heralds  

another era like the recent past, popular concerns will be amply justified. 

The obvious next question, and the question that animates the work of the Task Force,  

is, what can be done about it? Despite the sobering record of the last forty years, our research 

argues against fatalism and in favor of tempered optimism. Better work and broadly shared 

prosperity are not assured, but both are feasible, and technological advances make them 

more, and not less attainable. 

Before asking what investments and policies might begin to set us on such a course (Section 

6) the next section lays out the Task Force’s developing understanding of the technological 

terrain that is emerging and changes we see on the horizon. 
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5. �WORKPLACES OF THE FUTURE: AUTOMATION, 

ROBOTICS, AND ARTIFICIAL INTELLIGENCE 

How are widely-reported advances in AI, machine learning (ML), robotics, and autonomous 

vehicles currently being applied and what are the implications for the future of work? How 

much substitution, how much complementarity, and how much new task creation do we  

expect to see? To answer these and related questions, the Task Force is conducting a series  

of studies on the development and application of AI, ML, and robotics in industry. 

This section summarizes our preliminary insights, observations, and conclusions, based on 

research into three industries that are experiencing high levels of new technology adoption 

today: supply chains, manufacturing, and vehicles. This work is ongoing and will be further 

developed in the year ahead. 

5.1	 The Robots are Coming, but Slowly

As cultural icons, robots tap into long-standing fears and mythologies of artificial life, from 

Mary Shelley’s Frankenstein to modern science fiction villains. Robots in practice are more 

prosaic: computer-enabled variants of mechanical sequencers, manipulators, and mobile 

platforms, enabled by increasingly powerful perception and software systems. While robots 

have been employed for decades in extreme environments (such as warfare and spaceflight), 

large-scale industrial applications have made the greatest impact in manufacturing (where 

the automotive and electronics industries were early adopters) and, increasingly, automa-

tion of the supply chain (distribution, warehousing, logistics) across multiple industries. Today, 

robots are finding their way into a host of new environments, from food service to surgery, 

as the promise of AI-enabled software broadens their reach and flexibility. 

Industrial Robots

Industries such as automobile manufacturing and electronics incorporated robotics in the late  

20th century. Recent evidence indicates that industrial robots have displaced production workers  

and had negative impacts on earnings and overall employment in the local labor markets where  

large manufacturing plants are based.72 These effects are economically, socially, and politically 

consequential, but their economy-wide impacts are modest so far since most industrial robotics  

is concentrated in a few industry sectors. We anticipate additional displacement of skilled 

production workers by robotics as these technologies advance. Still, our researchers around 

the country (particularly the Midwest and Northeast) have observed that firms are struggling 

to find and retain workers at current wages—indeed that struggle is often cited as a driver 

for investments in automation. As discussed above, an aging workforce as well as the loss of 

manufacturing capacity over several decades have left the country short of specialized pro-

duction workers for the foreseeable future. 
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Robots integrate cognition, perception, and actuation, and hence are inherently more complex  

to deploy than conventional software systems. Accordingly, they do not proliferate at the 

same rapid rates we are used to seeing for software-only products like apps or web-based 

services. Robots remain expensive, relatively inflexible, and challenging to integrate into  

work environments. 

Firms are struggling to find and retain workers at current 

wages—indeed that struggle is often cited as a driver for 

investments in automation. 

These hurdles are falling, but gradually. Precise manipulation has been making great strides, 

but human-like flexibility remains out of reach. Similarly, autonomous navigation for mobile  

robots works well in structured environments but has trouble in dynamic or unstructured 

areas. Larger robots, or those operating as vehicles or heavy machinery, are dangerous to 

people, so safety requirements further moderate the pace of change. 

Collaborative Robots and Augmented Intelligence

Not all robots displace workers, and major efforts are underway, particularly with collaborative  

robots, to enhance their complementarity with people. Compared to traditional robots,  

collaborative robots are less expensive, easier to program, and safer to work alongside. While 

collaborative robots are a small fraction of the total robotics industry, they do represent the 

vanguard of a new wave of “augmented intelligence,” wherein AI and related technologies 

assist human workers to make them more productive—enhancing the complementary nature  

of new forms of automation. 

Most companies we speak to now have adopted the language of augmentation: “Our robots 

complement human workers rather than replace them.” We are currently studying how well 

actual implementations match that rhetoric, though we do see potential here for technology  

to greatly augment human work and productivity. We imagine factories of the future that 

have achieved the safe, harmonious coordination of large numbers of people and robots,  

and indeed innovation is occurring in this area already. 

Beyond the Factory Floor

Commercial robots, as they gain flexibility, will assume a larger set of tasks in warehouses, 

hospitals, and retail stores. Robots will perform more tasks outside of factories that will substi-

tute for mundane human tasks such as stocking, transporting, and cleaning, as well as awk-

ward physical tasks that require picking, harvesting, stooping, or crouching (as in arenas like 

agriculture). As we heard from several companies, advances in robotics can displace rela-

tively low-paid human tasks and may boost the productivity of workers by freeing their attention 

to focus on higher value-added work.73 While the pace at which these tasks are delegated to 
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machines today varies across firms and industries, it will likely be hastened in the future by 

tight labor markets and the rapid aging of workforces.74

Recent history shows that key advances in workplace robotics—those that radically increase 

productivity—depend on breakthroughs in work design that often take years or even decades to  

achieve. Using robots effectively will require redesigning how work is accomplished to harness  

the strengths of the new technologies while circumventing their current limitations. For example,  

the well-known Amazon/Kiva robotic system, used for order fulfillment at Amazon warehouses,  

is effective precisely because engineers redesigned the warehouse to segregate the robot-feasible  

and human-touch-required tasks into distinct stages of the workflow. They assigned to robots 

the simple transport tasks that people were doing (by walking). The new workflow concentrat-

ed and transformed the manual “pick and pack” tasks still done by human workers. The key 

innovation was not the individual robots, but fleets of robots working with people in a soft-

ware-connected system. 

This case highlights how the tremendous growth of e-commerce means that supply chains are  

both automating and creating thousands of new jobs. While robotics lower labor input per 

shipment, internet commerce has significantly increased the number of shipments. Without 

this automation, Amazon might have hired more workers, but it also might have hired the same  

number of workers at a slower rate of growth. The automation engineers kept humans in the 

process but transformed their jobs. Dozens of startups have emerged to similarly automate 

other logistics and warehouse operations alongside human workers. Still, one large e-com-

merce supplier told us they could never fully automate their supply chain because the spike in 

consumer demand over the Christmas season is so great that the company cannot afford to 

keep robots idle during the rest of the year. By contrast, the supply of human labor is more 

flexible and can better accommodate surges and contractions in demand. Over the longer run, 

improvements in robotics and supply chain technologies, such as standardized packaging, 

may prove scalable and flexible enough to meet these demands. Still, we draw only modest 

comfort from the observation that it is easier to hire humans as seasonal workers than to  

deploy robots.

The Importance of Scale

Automation still succeeds best at large scale. Because of high set up costs, such systems need 

to pay for themselves over a large number of operations. Advances in technology promise to 

enable robotics to be deployed more flexibly and productively at smaller scales, but it is still 

early in that cycle. The Task Force’s field research in manufacturing reinforces the importance 

of scale in adoption. Interviews (particularly in the Midwest and Northeast) suggest that small 

and mid-sized firms are slowly and incrementally adopting new automation technology into 

existing production systems (evidence indicates that automotive firms are still the most 

advanced in terms of adoption75). None of them report replacing workers with new technology. 

“When we bring in new technologies, our business grows and we add new jobs,” said one small 

firm owner, “we’ve never laid anyone off because of productivity.” Of course, what is true 

during a prolonged economic expansion such as the U.S. is currently experiencing may not 

remain so under more typical economic conditions. 
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Small and medium-sized manufacturing firms in the United States and other industrialized 

countries are typically engaged in low-volume/high-mix production. Hence their return on 

investment for adopting new robotics must include any required reconfiguration of existing 

equipment, as well as the cost of the robots, which presents a high bar. Robots also must be 

cost-competitive with respect to the workers engaged in manual tasks. 

New technological advances such as AI, augmented sensing, and additive manufacturing hold  

great promise for enabling innovations in design, measurement, and materials—creating new 

products and new methods of production. Still, our interviews find many companies consider 

themselves at the early stages of adoption of these techniques, figuring out how to collect and  

structure data such that they can apply greater insights to their existing operations. Doing 

so requires integrating multiple data sources, often for hundreds to thousands of machines  

in larger companies. It requires merging expertise from both operations and information  

technology, while ensuring continuous improvement in the production system. “If I connect the  

chaos in my plant,” said one “Industry 4.0” expert, “I have only connected chaos.” Many firms 

interviewed to date are focusing on specific pain points and automating activities such as materials  

transport or inspection, to enable workers to spend more time in high-value activities. 

“Lights out” factories, with no human input, have long been a utopian/dystopian vision for the 

future. The vision may make sense for some situations where the product or process is ma-

ture and highly stable. But even the most automated electronics or assembly plants still 

require a large number of workers to set up, maintain, and repair production equipment. A 

typical mobile phone—a stable and uniform product made in very high volumes—is touched 

by dozens of human hands during production. As one CEO said to us, “You can’t innovate in a 

lights out factory.”

AI-based systems offer the promise of one day achieving such learning. But supply and de-

mand, political relationships, and innovation are dynamic forces, affecting even the most 

stable and uniform products. Production systems must constantly adapt to rapidly changing 

conditions. With current technology, human presence often exceeds machinery in providing 

that flexibility. 

Production systems must constantly adapt to rapidly changing 

conditions. With current technology, human presence often  

exceeds machinery in providing that flexibility. 

We are a long way from AI systems that can read the news, re-plan supply chains in response to 

anticipated events like Brexit or trade disputes, and adapt production tasks to new sources of 

parts and materials.
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5.2	� Artificial Intelligence and Machine Learning: Deep Strengths,  
Narrow Capabilities

While AI is a component of robotics, it has broader reach in its software-only forms. The current 

state of AI is similar to, though more uncertain than, the current state of robotics. Artificial gen-

eral intelligence, the idea of a truly artificial human-like brain, remains a topic of deep research 

interest but an aspirational goal that experts agree is far in the future. Some, including Task Force 

advisor Professor Rodney Brooks, argue that the traditional “Turing test” for artificial intelligence 

should be updated. The new standard for artificial general intelligence should be work tasks such 

as those required of a home health aide—including physical aid of a fragile human, observations 

of their behavior, and communications with family and doctors.76 New understandings of work 

may even drive us to redefine the quest for artificial general intelligence. 

With forms of AI that are here today, firms are experimenting with new technologies and with ways 

to redesign their workflows, task allocation, and job design to best adopt new technologies to in-

crease productivity. But the pace of adoption appears uneven across industries as well as firm sizes. 

Most contemporary AI successes involve forms of machine learning (ML) systems, in applications  

where large data sets are available. These basic techniques have been around for a long time, 

but in the past decade new computing hardware, software, and large-scale data have made 

ML notably more powerful.

ML applications include image classification, face recognition, and machine translation. They 

are familiar to consumers in applications like Amazon Alexa, real-time sports analytics, face 

recognition on social media, and customer recommendation engines. An equivalent array of 

applications is finding its footing in business, including document analysis, customer service, and  

data forecasting. The barriers to deploying these technologies are rapidly coming down, as 

cloud-based AI services make algorithms once available only to highly skilled, well-resourced 

companies available to small and even individual enterprises. 

These applications are already replacing tasks and aspects of existing jobs: for example,  

workers labeling data, paralegals doing document discovery in law firms, or production  

workers performing quality inspection on factory lines.77 We also see cases where AI and ML 

tools are deployed to make existing employees more effective, by aiding call center responses, 

for example, or speeding document retrieval and summary. Some applications in engineering 

involve using AI to search physical models and design spaces to propose alternatives to  

human designers—enabling people to come up with entirely novel designs. In short, AI and ML 

systems have deep implications for the workplace, as the tools on which we have come to rely 

become more intelligent and widespread. 

New understandings of work may even drive us to redefine the 

quest for artificial general intelligence.
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ML differs from previous waves of automation in that it applies to high- as well as low-educa-

tion jobs, and has the promise of learning as it works. Still, ML applies at the task level (ide-

ally to tasks with easily measurable results) and does not fully automate particular occupations 

in any case of which we are aware, though all occupations have some exposure. As one exam-

ple, ML interpretation of x-ray images, while an important part of a radiologist’s work, affects 

but one of dozens of tasks performed by a professional radiologist. That effect may in turn 

complement other tasks that radiologists perform such as conducting physical examinations 

and developing treatment plans. 

ML differs from previous waves of automation in that it applies 

to high- as well as low-education jobs and has the promise of 

learning as it works.

Learning to Use Machine Learning

To make use of the strengths and limitations of ML, organization will need to redesign workflow  

and rethink the division of tasks between workers and machines, akin to what occurred as 

Amazon deployed robotics in its warehouses. The resulting changes in work design will alter  

the nature of many jobs, in some cases profoundly. But the implications for specific skill 

groups are as yet uncertain and will in part depend on managerial and organizational choices, 

not on technologies alone. We should nevertheless expect to see declining demand for some 

broad occupational task categories that are most suitable for ML applications. These include 

back office and phone support operations, transcription and translation services, customer 

service, credit monitoring activities, and many financial management activities.78 

ML systems still face challenges with respect to robustness and explicability. The industries 

that use ML are slowly learning that the data used to train ML systems must be as unbiased 

and trusted as the systems themselves need to be—crucial challenges in an era of hacking and 

cyber-warfare. Additionally, ML systems tend to be “black boxes” that offer no insight into 

how they make their decisions. Explainability, however, is essential for systems that must be 

robust to failure, interact with humans, and aid in significant decisions with legal or life-critical 

implications.

While it seems unlikely that AI has greatly impacted the labor market so far—beyond spurring 

increased demand for computer and data scientists—we have no definitive evidence on this 

topic to date. AI is being applied to a range of tasks in white collar work and is predicted to 

have greater displacement effects on higher skill professional and technical workers than earlier 

waves of automation.79 Proven measures of those effects, however, are still in development. 
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5.3	 Autonomous Vehicles: A Leading Use Case

Perhaps no arena of technological innovation has provoked more investment, excitement, and 

anxiety than mobility, where robotics and AI could have especially profound effects on human  

lives and work. Autonomous vehicles (AVs), whether cars, trucks, or buses, are basically 

ML-enabled industrial robots on wheels, operating at high speeds in human environments. They  

combine the industrial heritage of Detroit and the millennial optimism/disruption of Silicon Valley.  

AVs exemplify the challenges of robotic systems as well, including the uncertainties around 

their labor implications. Truck drivers, bus drivers, taxi drivers, auto mechanics, and in-

surance adjusters are but a few of the types of workers expected to be displaced or comple-

mented.

Coming decades will see greater numbers of cars and trucks with some degree of autonomy.  

Since more than three million commercial vehicle drivers currently work in the United States, a 

rapid emergence of AVs would be highly disruptive for workers. A slower transition will greatly 

ease the implications for workers, enabling current drivers to retire and younger workers to fill 

newly created roles. 

Planning for the consequences of AV deployment requires educated guesses about the nature 

and timing of the transition.80 Rapid and total transition to vehicle autonomy, however, ap-

pears highly unlikely. AV developers have been ratcheting back their aggressive ambitions 

for deploying driverless cars and trucks. Some will now focus on making cars that augment 

rather than replace drivers. Others are extending their timelines or limiting autonomy to fixed 

routes. The variability and complexity of real-world driving conditions require levels of 

situational adaptability that current technologies have not yet mastered. The recent tragedies 

and scandals surrounding the Boeing 737 MAX, as well as accidents involving AV testing on 

public roads, have increased public and regulatory uncertainty over software-based systems 

in life critical situations. A great deal of testing, verification, and proving still needs to oc-

cur before AVs displace traditional automobiles. Automation that complements rather than 

entirely replaces human drivers will more rapidly overcome these barriers, as evidenced by the 

numerous computerized systems already built into today’s cars. 

Rapid and total transition to vehicle autonomy appears  

highly unlikely. Automation that complements rather than  

fully replaces human drivers will more rapidly overcome  

these barriers.
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AI systems potentially enable human drivers to take on additional tasks, drive more safely, and 

provide a greater range of services than currently possible. Such improvements will take place 

within novel landscapes that are likely to feature more congestion, increased ride-sharing, new 

urban transit, and growing electrification (and even potentially aerial taxis). Which pathways 

different companies pursue will respond to a host of factors: technological capabilities, costs, 

consumer preference, regulation and market potential. Implications for jobs and skills apply 

not only to driving but also to vehicle manufacture and maintenance, road infrastructure, and 

even data security. New occupations are already emerging: AV companies, while they are 

recruiting for software engineers, are also looking for “safety drivers” and “field autonomy 

technicians”—workers. These workers are of course unlikely to be hired primarily from the 

ranks of former long-haul truck drivers. As elsewhere, the labor market challenges posed by 

automation stem from the disruption of existing jobs and careers, not from net reduction in 

employment. 

Autonomous mobility—the form of automation and AI receiving the lion’s share of public 

attention, private investment, and engineering development—stands as a leading use-case for 

AI and robotic systems more generally. These systems hold great promise for new applications 

and services, generating novel products and occupations that may positively impact pro-

ductivity. They also generate disturbing portents for the displacement of substantial numbers 

of driving jobs. The productive uses of the technology are still evolving, along with the key 

supporting technologies. The environment of investments, incentives, and institutions in which 

these technologies grow will shape the likely outcomes. 
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6. �WORKING FOR THE FUTURE: INVESTMENTS,  

INCENTIVES AND INSTITUTIONS

Technologies, skills, and markets do not alone determine inequality or economic mobility.  

Educational institutions, labor market regulations, collective bargaining regimes, financial 

markets, public investments, and tax and transfer policies all play important roles. 

As we have stressed above, the failure of the U.S. labor market, over the last four decades, to 

deliver broadly shared prosperity despite rising productivity is not an inevitable byproduct of 

current technologies or free markets, however. 

What have other industrialized countries done differently? And how can the United States do 

better over the next several decades to meet the technology and workforce challenges that 

increasingly confront all the world’s industrialized economies? We begin by articulating 

the need for proactive policies and investments, before offering some preliminary thoughts 

about specific opportunities in education and training, and other policy areas.

Much of the remainder of this section focuses on how the United States can again be a leader 

in education, training, and ongoing learning to better equip its workforce for the digitalized 

economy of the future. But we stress that this supply side response is by itself insufficient: 

hoping that “if we skill them, jobs will come,” is an inadequate foundation for constructing a 

more productive and economically secure labor market. Concerted public and private action 

are essential to shape the work of the future towards greater economic security for workers, 

higher productivity for firms, and broader opportunity for all. 

While the Task Force’s work is incomplete, at this stage of our research we see four broad areas, 

alongside education and training, where public and private action may prove critical to shaping 

the future of work:

1.	 Rebalancing fiscal policies away from subsidizing investment in physical capital  

and toward catalyzing investment in human capital;

2.	 Restoring the role of workers as stakeholders, alongside owners and stockholders,  

in corporate decision-making;

3.	 Fostering technological and organizational innovation to complement workers; and

4.	 Reinvigorating America’s leadership position in technology and innovation. 

“Change is overdue, not only for education and training 

institutions, but also in the areas of tax policy, labor 

representation, and public investment.”
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These responses will require key public and private institutions, many of which were established 

in the 20th century or before, to adapt and modernize to meet the needs of a 21st century 

digital economy. Change is overdue, not only for education and training institutions, but also 

in the areas of tax policy, labor representation, and public investment.

6.1 	� The Skills of the Future: Attaining Excellence in Education, Training,  
and Ongoing Learning

Investing and innovating to provide workers with new skills is an urgent and indispensable 

response to the labor market challenges spurred by ongoing technological change. But what 

skills will be required, which institutions will provide them, who will pay the costs, and who will 

have access? Understanding what can be achieved through such investments and which training 

models are most effective at helping workers boost their long-term employment and earnings 

prospects is a central topic for rigorous research, some of which is currently underway by Task 

Force members. We expect to report in more detail on this research in our final report.81

Our work to date in this topic area is informed by two tenets. First, current and impending 

waves of automation will disproportionately burden workers without a four-year college  

degree, increasing their exposure to skills obsolescence and job displacement, and diminishing  

their prospects for reemployment.82 Our research on skills development focuses on non-elite 

postsecondary education and training venues, including community colleges, apprenticeship 

programs, sectoral training programs, and online education offerings because we believe 

these avenues are likely to be most relevant and accessible to these workers. 

Second, while ongoing occupational polarization is reducing employment in middle-skill production,  

operative, technical, and administrative positions, we should not forgo further investments in 

these types of jobs for three reasons.83 One is replacement hiring. In every occupation, firms 

regularly hire new workers to replace incumbents who retire, leave the labor force for personal  

or health reasons, or change careers.84 Production workers provide a case in point: The Bureau  

of Labor Statistics projects that employment in production will fall by 406,000 workers between  

2016 and 2026 due to pressure from automation and trade.85 In the same interval, 1.97 million 

currently employed U.S. production workers will attain or exceed retirement age. Accordingly, 

U.S. firms will need to hire 1.52 million new production workers net of the projected decline of 

406,000 production jobs simply to compensate for these retirements.86 

A second important force in middle-skill employment for at least the next decade or more is 

the expansion of the healthcare sector. Due to the nation’s aging population, employment in 

healthcare occupations is predicted to grow by 18 percent from 2016 to 2026—more than sev-

en times more rapidly than overall employment—and add 2.4 million jobs.87 Many healthcare 

occupations are closed to workers without a college degree, however, and not all healthcare 

occupations that employ non-college workers offer good career prospects.88 But current 

and projected job growth in medical technical occupations is substantial, and jobs such as re-

spiratory therapist, dental hygienist, and clinical laboratory technician offer middle-income 

salaries to workers with an associates degree in the relevant field. These fields are strong 

candidates for targeted training investments.89 
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Finally, as highlighted above, the declining size and rising educational attainment of new co-

horts of labor market entrants mean that a shortage of jobs is unlikely. The appropriate focus 

of policy should instead be to improve worker skills and augment overall productivity to meet 

the challenge of an older, less abundant workforce. 

The Role of Community Colleges 

America’s more than 1,200 community colleges are currently the country’s largest provider of 

training, serving approximately six million students enrolled in for-credit courses, and anoth-

er six million in non-credit programs.90 Community colleges are also the most accessible and 

affordable option for students from lower-income families, a pool in which African American, 

Hispanic, and first-generation college-goers are overrepresented. While fewer than 40 percent of 

students who enroll in a U.S. community college complete a certificate or degree from any 

institution within six years, rigorous evaluations have shown that innovative programs that 

support students with “wrap-around” services can speed time to degree and substantially 

boost graduation rates, in the short and long run.91 

Another promising avenue for investment involves connecting community colleges with employers  

to design skill programs that are directly responsive to market demands (an example is the 

PowerPathways program in California).92 Ongoing engagement between community col-

leges and private-sector employers is critical to ensure the long-term success of the communi-

ty college system; here, too, best-practice models are emerging in several states.93 

Given their scale, their ability to adapt offerings to local market needs, and their ongoing en-

gagement with non-baccalaureate adults at all career stages, community colleges could play 

an even more central role in providing skills and training to U.S. workers. To reach that goal, 

educators will need to identify best practices and carefully study obstacles to the diffusion 

and scale-up of these practices. Resources are, of course a significant issue, especially in the 

context of declining federal funding and flat state funding since the Great Recession; recent 

policy proposals have suggested a significant reinvestment in community colleges ($20 bil-

lion).94 Task Force members are engaged in in-depth research on best practices at community 

colleges through a collaborative study with the Community College Research Center at Co-

lumbia University. This work will feature in the Task Force’s final report. 

Given their scale, their ability to adapt offerings to local market 

needs, and their ongoing engagement with non-baccalaureate 

adults at all career stages, community colleges could play an even 

more central role in providing skills and training to U.S. workers. 
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The Role of Work-Based Learning Programs and Sectoral Employment Programs

Work-based learning programs, in the form of co-ops and apprenticeships, have proved valuable  

for skills development, with German and Swiss programs often cited as models for effectively 

combining classroom and work-based learning, both for vocational training and four-year-degrees,  

which are becoming increasingly integrated.95 Workers benefit from apprenticeships by receiving  

a skills-based education that prepares them for good-paying jobs, while employers benefit 

by recruiting and retaining a skilled workforce.96 The current focus on this approach and the 

expansion of apprenticeships across the country is encouraging, although the scale of the  

opportunity is not yet matched by the availability of programs; moreover, more work is needed 

at the state and national level to facilitate the administration of apprenticeships. 

Recent evidence from experiments with apprenticeship-like sectoral employment programs is 

perhaps even more promising. As with apprenticeships, these programs emphasize on-the-job 

training, but they do not require the creation of formal or registered apprenticeship positions. 

Typically, sectoral training programs include some upfront screening (e.g., minimum literacy 

and math skills and showing up on time for intake sessions); soft-skills training; three to eight 

months of occupational/industry training, often with an industry partner and/or community 

college or nonprofit intermediary; job placement; and follow-up services. Project Quest in San 

Antonio is an excellent example of one such program.97 Researchers have found short- to me-

dium-run impacts on earnings of around 20 percent or more in eight of eleven recent program 

evaluations,98 providing evidence that sectoral approaches may be more effective than older 

training models, such as the Job Training Partnership Act (JTPA) and the Comprehensive Em-

ployment and Training Act (CETA). These older programs employed a more general, “one size 

fits all” approach to training that failed to meet market demands for more specialized skills.99

The Role of Online Learning

Online education has been heralded as a potentially transformative technology for expanding 

access to higher education because it lowers the cost of delivery and removes capacity constraints.  

As of 2011, fully one-third of college students took at least one course online during their college 

careers, a share that tripled during the preceding decade.100 

Traditionally, the term “online learning” has been associated with distance learning. However, 

modern online learning includes Massive Open Online Courses (MOOC’s), micro-credentials such 

as the MicroMasters, fully online masters (such as the one on computer science offered by Geor-

gia Tech), and online material accompanied by “flipped” classroom interaction (where lectures 

are delivered online and class time is used for activities and discussion). Evidence on the efficacy 

of these complex learning environment is still emerging. Goodman et. al. (2019) study the Geor-

gia Tech Master’s and present a broad summary. They describe the advantages of access and 

scale of the Georgia Tech master’s program, and the opportunities online programs might create. 

Traditional distance education has also been used by for-profit colleges, and Bettinger (2017) 

describes the less than satisfactory results of from one such college.101 This points to the need for 

better understanding the mechanisms of learning, and the design of online and classroom tools 

that support student success. The MIT Integrated Learning Initiative is studying such questions. 
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We do not read this incomplete evidence to suggest that new education delivery platforms lack 

great potential. On the contrary, innovation in online education and training tools will ultimately 

lower the cost, boost the efficiency, and broaden the accessibility (and perhaps even the ap-

peal) of educational offerings directed at all age and skill levels. But history makes clear that 

new technologies rarely serve as wholesale replacements for their predecessors—thus, for 

example, online classes have not succeeded in replacing in-person instruction with no loss of 

quality. Realizing the full potential of a major new technology almost always means reengi-

neering the way work (in this case learning) is done to harness the strengths and circumvent the 

limitations of the new tool. An important focus for research going forward is to explore how 

new technologies can augment and potentially transform traditional education models. MIT’s 

Office of Digital Learning is currently field-testing both practical and “moon-shot” efforts in 

this area, and we look forward to reporting on their work in our final report. 

Innovation in online education and training tools will  

ultimately lower the cost, boost the efficiency, and broaden  

the accessibility (and perhaps even the appeal) of educational 

offerings directed at all age and skill level.

The Role of Advances in the Science of Learning

If the rapid pace of technological change demands career-long adult learning for workers to 

gain new skills and retain good jobs, then it will be insufficient to merely develop new offerings  

and venues for education and training. We also require a better understanding of how adults 

learn, particularly when interfacing with technology. Given the importance of such learning for 

individuals, companies, and society as a whole, there is a remarkable lack of evidence about 

what kind of learning is effective. 

Although new technology can support novel learning experiences, from personalized instruction  

to virtual reality displays, it is unclear what practices actually facilitate learning for adults. For 

example, although technology ought to support individualized or personalized learning that 

lets learners progress at their own pace, the published literature reports that such personalized 

learning is as likely to help or harm learning relative to conventional group instruction without 

personalization. It is highly likely that technology can promote adult learning, but it is not yet 

known what principles guide the implementation of effective adult learning.102

In addition, there is not yet a framework for translating results from laboratory studies of optimal  

skills acquisition into real adult learning. Researchers at MIT have begun to try to build such a 

framework by bridging the science of learning to actual workplace adult learning. For example, in  

collaboration with one large company, MIT researchers showed that the simple application of a  

single science-of-learning principle to employee training improved retention of new material  
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by 25 percent.103 It remains to be seen whether these tools will prove equally (or more) effec-

tive for learners at different ages and with different levels of educational attainment and work 

experience. 

The Role of Innovation and Experimentation

One of the core strengths of the U.S. education system is its flexibility: People can move in and  

out of the system at different points in life or change their course of study to pursue new career  

paths. The system also allows for the development of new education and training programs and  

partnerships where there is perceived demand or opportunity. Recent years have seen significant  

experimentation within higher education. A number of community colleges are offering four-year  

degrees rather than just two-year degrees, or are working closely with four-year institutions  

to offer courses and credit that can smooth the transition for transfer students.104 Likewise, 

community colleges are connecting with students in high school to provide college credits 

before students graduate from high school. These are important efforts to address college 

affordability and build relevant skills for the labor market, and they should be evaluated over 

time to monitor their efficacy.

At the same time, new systems for delivering skills are emerging about which relatively little is  

known. A plethora of new bootcamps, badges, and other models for conferring non-degree  

credentials have been launched in the last few years. Indeed, a recent study estimates the number  

of different postsecondary credentials in the United States at approximately 500,000.105 This 

proliferation of options is fueled in part by a sense that four-year degrees are not a good fit 

for all learners, may over-educate people for certain jobs, and may impart burdensome stu-

dent debt.106 Not all non-college educational venues are well-suited for all learners. For example, 

many targeted technical training initiatives such as code academies are tailored for non-college 

adults with comparatively strong pre-existing skill sets and aptitudes. Careful evaluation will be 

required to determine whether these models can work well for a broader population and deliver 

long-term returns on investment compared to traditional two-year degrees.

To further such evaluation, and to build our knowledge base about what types of programs 

and strategies might be most effective in delivering skills and augmenting career prospects, 

particularly for non-college-educated workers, MIT’s Jameel Poverty Action Lab (J-PAL North 

America) is undertaking a multi-year, multi-million dollar research effort to complement the 

integrative work of the Task Force. Launched in 2018, this initiative is currently funding and 

rigorously evaluating innovative programs and supporting randomized field experiments (the 

gold standard of social science). Our final report will feature early results from some of the 

experiments fielded by the J-PAL Work of the Future Initiative as well as qualitative work on 

non-degree credential programs.107 
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6.2 	� Shaping the Work of the Future Towards Innovation, Productivity Growth, 
and Economic Security

As we have already noted, policy options for addressing the technology and workforce  

challenges of the future will be the main focus of the Task Force’s efforts over the next year. 

This section offers some early thoughts concerning promising areas for policy action to ensure 

that the future of work over the next several decades tends towards outcomes that benefit 

workers as well as the economy.

Rebalancing Fiscal Policies

The U.S. tax code favors capital investment, offering low marginal rates on capital income, 

rapid rates of depreciation on plant and equipment investments, and, in many cases, directly 

subsidizing capital expenditure (e.g., the R&D tax credit). Similar subsidies for investments in 

labor and skills are lacking. As a result, the effective tax rate on human capital investments—in 

the form of labor income taxes—greatly exceeds the tax rate on capital investments. This imbal-

ance between the taxation of human versus physical capital investments gives firms an incen-

tive to replace workers with tax-subsidized machinery where possible; indeed, one reason that 

firms may adopt “so-so” technologies is because taxpayers implicitly subsidize labor-replacing 

capital investments.108 This bias seems particularly antiquated in light of the growing impor-

tance of intangible assets, relative to tangible assets, in firms’ market value. 

Rebalancing the tax code to reduce these distortions and provide a (closer to) level playing 

field for labor and capital investment would provide firms with stronger incentives to invest in  

human capital development, particularly for lower-skilled workers, who typically receive less 

training. Favorable tax treatment for firms’ investments in training should be reserved for those  

programs that lead to recognized credentials, thus certifying quality and ensuring workers gain  

portable skills. Efforts are underway to ensure that firms account for human capital investments  

in the same ways they have traditionally accounted for capital investments. For example, the 

Security and Exchange Commission’s Investor Advisory Committee has recently recommended  

increasing reporting requirements for companies that are making workforce investments through  

human capital management disclosures.109 Without creating undue burdens on firms, incen-

tives to invest in human capital, and greater recognition that such investments are an important 

part of firms’ practices, will create a stronger foundation for developing workforce skills in the 

future. 

Recognizing Workers as Stakeholders

The United States is unique among market economies in venerating pure shareholder  

capitalism—the notion that the sole legitimate objective of firms is to maximize shareholder 

value. Shareholder capitalism dictates that employees should be valued like all other intangible  

assets—that is, compensated at market prices and scrapped if their value to the firm falls 

below their cost to the firm (i.e., their wage).110 Within this paradigm, the personal, social, and 

public costs of layoffs and plant closings should not play a critical role in firm decision-making.
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This paradigm contrasts with that of most other market economies, which broadly accept 

(and often enforce) the notion that employees and communities are among the legitimate 

stakeholders to whom a firm must be responsive.111

Shareholder capitalism, taken to its logical extreme (as in the United States), fails to appropriately 

internalize the external costs that firms impose when they make business decisions or adopt 

business practices that directly affect their workers and the communities in which they 

operate. Accordingly, we are encouraged that the Business Roundtable has just announced a 

revision of its statement about the purposes of the firm that once again recognized the broader 

responsibilities of corporations.112

Historically, of course, labor unions played a role in forcing firms to recognize these external  

costs in the United States. Indeed, there was a period in the post-war era when U.S. labor unions  

were arguably too strong—limiting flexibility, raising costs, and blunting incentives for productivity  

improvements.113 But over the last four decades, the shareholder primacy model has gained 

intellectual currency while unions have atrophied, at least outside the public sector. This has 

had significant social costs. One is that rank and file workers have generally not benefited 

from rising productivity over the last four decades, as discussed at some length earlier in this 

report. American workers’ greater anxiety about the adverse consequences of automation, 

relative to their counterparts in other advanced economies, is arguably another cost because 

workers rightly perceive that they are not guaranteed to share in the productivity benefits of 

robotics, AI, and machine learning.114 This may explain the rise in recent years of new forms of 

worker advocacy (in the form of on-line petitions, industry-based membership organizations, 

worker centers), as well as workers’ increasing interest in expanding their voice and influence 

within firms.115 

While shareholder capitalism can plausibly be credited with some of the productive dynamism 

of the U.S. economy, we believe that the uniquely American embrace of pure shareholder  

capitalism is due for reevaluation. Though there may be no one optimal model of worker  

representation, two points seem clear. First, simple economic efficiency requires that workers 

are given some weight as stakeholders in the firms that employ them.  

Although we are uncertain precisely what rules should govern 

worker representation in the United States, we are certain that 

the nearly ‘voiceless’ model that the nation has embraced over 

the last four decades is out of balance.

Otherwise, firm decisions will continue to fail to internalize the real costs that job losses im-

pose, not only on workers but also on society as a whole.116 
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Second, the U.S. framework for worker representation is unduly restrictive and limits op-

portunities for cooperative bargaining between worker and employer representatives. In 

contrast to countries such as Germany that mandate worker representation on some com-

pany boards and provide for works councils that represent workers more broadly, the United 

States’ National Labor Relations Act of 1935 makes such activities illegal at nonunion estab-

lishments through its ban of company-dominated unions.117 While constructive in its era, this 

legal constraint now hinders experimentation with new forms of worker representation 

that might both complement and compete with the traditional trade union model. Simply 

eliminating this provision would not solve the problem. But reforms that allowed employees  

to organize by region and industry and collaborate on a range of issues are ideas worth consid-

ering. We will elaborate on these ideas in our final report. Although we are uncertain precisely 

what rules should govern worker representation in the United States, we are certain that  

the nearly ‘voiceless’ model that the nation has embraced over the last four decades is out  

of balance. 

Fostering Innovation to Complement Workers

To foster the kinds of innovations that complement workers, it will be important to support 

private-sector investments in organizational capacities that boost productivity by increasing 

know-how. Much research demonstrates that firms benefit from using new technologies only 

after making substantial investments in experimentation, training, and standardizing to inte-

grate these tools into their workflow and build complementary skills in their workforce.118  

Evidence from industries as diverse as auto manufacturing, information technology, and 

health care shows that integrating technology with complementary innovations in work  

systems and management practices magnifies the productivity benefits.119 Unlike investments 

in physical capital, investments in organizational capital are not generally recognized by the 

tax code and hence are typically taxed in the same way as labor income (since their main 

cost is in the form of worker time). As outlined above, we believe the tax code should incen-

tivize investments in organizational capital. 

More broadly, improving organizational and managerial practices that boost productivity by 

complementing workers needs to be a priority for the private sector. Though seldom acknowledged,  

managing organizations is a skill that profoundly affects what outputs a firm obtains from its 

inputs of skills, technologies, materials, and effort.120 Management practices—measuring inputs and  

outputs, recording and learning from defects, providing concrete incentives for improvement—differ 

substantially in quality across firms, across countries, and across different types of organizations 

(e.g., family-owned firms, founder-led firms, board-governed firms, multinational firms). These 

practices have measurable impacts on productivity, profitability, market share, and firms’ 

success in deploying new technologies.121 They also affect worker productivity, earnings, and 

career advancement.122 

While U.S. government agencies have for decades disseminated technical know-how through 

agricultural and manufacturing extension programs, we are unaware of analogous public  

extension programs for disseminating best management practices. Developing and dissem-
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inating best practices that speak to how technology can complement workers and lead to 

greater productivity gains could have a significant impact on U.S. firms. This would be  

particularly useful for small firms, especially family-led firms, which often follow traditional  

practices that are ill-suited to contemporary needs. Evidence from randomized field experiments  

demonstrates that helping managers adopt and apply contemporary information-based and 

incentive-driven practices can yield large and lasting productivity gains.123 

Restoring Technological Leadership

While we are only beginning to understand the implications of AI, machine learning, and robotics,  

America has an opportunity to lead in their development and application. These advances connect  

to a range of important enabling technologies and frontier sectors of the economy: next-generation  

chip design, communications, security, quantum computing, and others. As with other major 

technological transformations, it will take sustained investment over a decade or more to realize 

the most significant payoffs, just as earlier instances of focused public and private investment 

provided the foundation for recent decades of U.S. scientific and economic leadership. 

Given that people are profoundly anxious about the disruptions that these technologies may 

catalyze, why do we recommend that the U.S. renew its investments in those same technologies? 

There are two reasons: economic growth and beneficial leadership. 

Economic Growth

The wealth of industrialized countries depends substantially on their leadership in frontier  

sectors. If the United States cedes leadership in key sectors for innovation and growth in the 

21st century, it will be weaker—economically, intellectually, and militarily. 

At present, the United States leads in most, though not all, aspects of AI—but that leadership is  

being challenged. Numerous countries are investing, often with state support. China, Canada,  

France, Germany, the Netherlands, South Korea, and Sweden have all launched focused national  

strategies for developing AI.124 In recent decades, the United States has fallen behind in R&D 

intensity, (measured as the percentage of GDP spent on R&D) compared to Germany, Japan, 

and Korea. China is catching up rapidly: its R&D expenditures were 88 percent of the U.S. level 

in 2016, up from 34 percent in 2012.125 

R&D intensity is an incomplete measure of innovative activity, but these developments bode 

ill for long-term U.S. prosperity, and for its economic and national security. As a more con-

crete indicator, Chinese patents and scientific publications have been growing robustly, with 

China now leading the United States in cited publications in some critical aspects of AI. While 

China continues to seek scientific and technological information and expertise from the United 

States, including through illicit means, China has also developed its internal capacity and is no 

longer primarily dependent on progress elsewhere.
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Beneficial Leadership

If the goal of leadership were exclusively to win the race for commercial or military control of 

key technologies, the Task Force would not take a position on the topic. As we see it, however, 

the goal is not merely to win, but to nudge innovation in directions that will benefit the nation: 

among them complementing workers, boosting productivity, and providing a foundation for 

shared prosperity. The U.S. investment agenda should not solely support universities, national 

laboratories, and private-sector innovation, rather it should assist public- and private-sec-

tor actors in creating and adopting new technologies to improve productivity and augment 

human work. 

The goal is not merely to win, but to nudge innovation in direc-

tions that will benefit the nation: among them complementing 

workers, boosting productivity, and providing a foundation for 

shared prosperity.

The best ideas in frontier technological domains still often originate from U.S. universities, 

firms, and entrepreneurs. These unrivaled strengths provide a foundation for leadership, but 

not the entire edifice. History has repeatedly shown that government leadership and public 

investment are indispensable. 

At crucial moments in its history, the U.S. government used its considerable convening power  

and fiscal resources to tackle challenges and build the institutional capacity to further the 

country’s science and technology agenda. It partnered with academia and the private sector 

to usher in the atomic age and put people on the moon. It also created national laboratories, 

the National Science Foundation, NASA, and DARPA—which together with military support 

laid the foundations for the information age. Similar leadership and investment on the part of 

the federal government can again lead the promising but fraught transition into a new era of 

computing intelligence and its applications.126
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7. �CONCLUSION: SHAPING TECHNOLOGY AND  

INSTITUTIONS FOR THE WORK OF THE FUTURE
We stand on the cusp of a technological revolution in artificial intelligence and robotics that 

may prove transformative for economic growth and human potential. Of course, other forces 

besides technology will shape the nature of work, opportunities for workers, and living condi-

tions for the vast majority of people around the world. Other challenges, such as climate and 

the environment, to name just one salient example, could fundamentally re-order the terms 

and parameters under which economies, governments, and societies operate in the decades 

to come. 

Nevertheless, new and emerging technologies will have a profound effect on the work of the 

future and will create new opportunities for economic growth. Whether that growth translates 

to higher living standards, better working conditions, greater economic security, and im-

proved health and longevity in the United States and elsewhere, depends on institutions of 

governance, public investments, education, law, and public and private leadership. 

Developed countries have experienced job polarization, widening income distributions, and 

contraction of traditional manufacturing in the last 20 years. But most other nations have 

done more than the United States to counter these undercurrents by investing in worker 

skills, strengthening social safety nets where needed, and incentivizing private sector firms to 

augment labor rather than to simply displace it. We repeat: the failure of the U.S. labor market 

to deliver broadly shared prosperity despite rising productivity is not an inevitable byproduct of 

current technologies or free markets. We can and should do better.

To begin to do better, however, we must first understand that today’s challenge, and likely  

tomorrow’s, is not too few jobs. Instead, it is the quality and accessibility of the jobs that will exist 

and the career trajectories they will offered to workers, particularly to those with less educa-

tion. Addressing this challenge means channeling technological progress and accompanying 

productivity growth into a strong labor market that delivers broadly distributed income 

growth and economic security, as occurred in the decades after World War II. 

The economic history of the twentieth century demonstrates that a healthy labor market can serve 

as the foundation, if not the entire basis, for shared prosperity. The United States must strengthen 

and build institutions, launch new investments, and forge policies that ensure that work remains a 

central, rewarded, esteemed, and economically viable avenue for most adults to prosper. We will 

propose further steps towards advancing those goals in our subsequent report.  
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