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“Society needs to adopt a view of continuous learning and reskilling throughout a person’s life, with 
emphasis on more demand-driven and vocational training and a greater focus on team-based skills 
and cross-functional and disciplinary integration.” 

—DIANA FARRELL

T he technological changes that drove the first, second, and third industrial revolutions in developed countries in the 
eighteenth and nineteenth centuries saw huge portions of the population moving off the farm and into factories. The 

resulting mass migration and social dislocation produced years of disruption, requiring time and major policy interventions to 
navigate. 

Today, the world economy and its participating workforce is engaged in a shift of equal or larger proportion, brought about 
by the technological advances of our age. Digitization is translating huge amounts of economic and social activity into machine 
readable formats that can be analyzed and re-imagined. Companies are using artificial intelligence, from machine learning 
to predictive analytics, in a growing range of contexts. Robotics and other semi-autonomous machines are taking on tasks 
that were long believed to be executable only by humans. Finally, advances in materials and biological sciences, such as 
nanotechnologies and bio-engineering, are rendering robots more human-like and able to change how humans work. 

Many of these technologies have been used in some form for decades, but they are now entering a new phase. As in the 
legend of the rice and the chess board, in which each square on the board produces a doubling of the wager from one grain of 
rice to two, then from two to four, the improvements and use cases for these technologies are now scaling “on the second 
half” of the technological chess board. 

Much of this change is full of promise. Yet there are real risks that the gains from technological advancement will only 
benefit some industries and some societies and will not translate broadly to improve prosperity and well-being. The future of 
work might see huge proportions of the workforce shifting into lower-productivity, lower- paid occupations and jobs. 

We have historical precedent for how rapid technological advances produce radical changes in society. We don’t know 
whether the “fourth industrial revolution” in which we are currently engaged is going to look the same as the technological 
advances that preceded it, but the possibility requires us to learn the lessons of the past. It is not too soon to mobilize—now—
to imagine the future of work and design policies and approaches that can optimize its benefits. That process begins by 
understanding the dynamics already underway.  

Simultaneous Impacts from Technology 

The technological advances of today are affecting the future of work in three key ways: by scaling and speeding up human 
capabilities, by substituting labor with machines, and by enabling new ways to access and supply labor. 

Scaling and speeding up human capability. Technology has been enhancing human capability since the invention of the 
Gutenberg press. Modern applications of technology to improve productivity are legion, though two examples offer 
representative scope of today’s possibilities to change the work landscape. 

One is MITx, a pilot project launched by MIT to create a digital replica of the classroom. MIT offered the prototype course 
“Circuits and Electronics” in March 2012 to over 154,000 students from more than 160 countries. As is typical with massively 
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open online courses (MOOCs), less than 5 percent of registered students passed the course, but that percentage clouds the 
course’s impact. In absolute terms, 7,157 students passed in one semester—as many as MIT could accommodate in person in 
forty years.1 

A second example comes from the field of robotics, in which recent developments in top artificial intelligence labs are 
resulting in the development of modern robotic hands that can spin, grip, pick, make beds, and place objects of any size.2 

Efforts to enhance and support aging or injured human bodies, and to improve memory and access to information, show equal 
promise. 

Substituting labor with machines. Manufacturing provides less than 9 percent of US employment, down from over 30 
percent in the 1950s.3 Advancements in automation account for much of this decrease, allowing today’s factories to produce 
far more product with far fewer people. Jobs across a range of service industries will soon see a similar decline. 

In fact, in their assessment of the susceptibility of US labor to computerization, Frey and Osborne examined 702 
occupations and concluded that roughly two-thirds of US jobs are at high risk or medium risk of being computerized. More 
specifically, the analysis showed that 47 percent of US employment is in high-risk jobs that have a 70 percent to 100 percent 
probability of becoming computerized in the next ten to twenty years; 19 percent of employment is medium risk, with a 30 
percent to 69 percent probability of becoming computerized; and 33 percent is low risk, meaning not likely (0 percent to 29 
percent probability) of being computerized.4 The most vulnerable to least vulnerable jobs move along a continuum from 
simple, repetitive, and routine to optimizing, complex, and creative. 

High-risk jobs include equipment operators (notably transportation drivers), jobs that require basic cognitive skills such as 
inputting data, and a range of administrative jobs. On the low-risk end of the continuum are jobs that require higher cognitive 
ability, such as creativity, cross-disciplinary faculties, technical abilities, and social or emotional connections. 

These trends are not necessarily negative from a labor, economic, or social perspective. Automation can be welcome when 
it solves a labor shortage or other source of economic friction. For instance, Japan is experimenting with robots in assisted 
living facilities to address the mismatch between a rising elderly population and a shortage of specialized care workers. Japan’s 
Ministry of Economy, Trade, and Industry has provided 4.7 billion yen ($45 million) in development subsidies since 2015, and 
the labor ministry spent 5.2 billion yen ($50 million). These investments have resulted in the introduction of more than 5,000 
robots in assisted care facilities from March 2016 to March 2017.5 

In another context, language translation is reducing friction in online trading, with significant economic impact: a recent 
study led by AI expert Erik Brynjolfsson at MIT found that the introduction of a machine language translation application on an 

 online platform led to a 17.5 percent increase in international trade between participants.6 The authors conclude that 
language barriers between humans limit trade, and machine-based translation reduces the need for those humans to engage 
in translation-motivated searches before executing a transaction. 

Notwithstanding these positive applications of automation technology, the speed and scale with which human tasks are 
becoming automated is uncertain and is very likely to result in significant displacements for workers in the most vulnerable 
occupations. 

New ways to access and supply labor. As workers are automated out of jobs in the traditional economy, many are 
embracing independent work accessed through online platforms as an alternative or supplement to traditional jobs. Growth 
in the Online Platform Economy has enabled more employers and employees, suppliers and consumers, and even suppliers 
and businesses to find each other and exchange labor and goods. 

The number of significant online exchange platforms has grown from over forty to more than 120 in the last two years. 
The JPMorgan Chase Institute segments the Online Platform Economy into four sectors: the transportation sector, which 
involves drivers transporting human riders and/or goods; the non-transportation labor sector, which deals in services such as 
dog walking, home repair, etc.; the selling sector, in which independent sellers find buyers through online marketplaces; and 
the leasing sector, in which people rent their homes, parking spaces, and other assets. Transportation dominates in terms of 
both the number of participants and total transaction volume, accounting for over 60 percent of total platform economy 
participants and generating as much revenue as the other three sectors combined. 

The JPMorgan Chase Institute’s most recent report shows 1.6 percent of the 2.3 million families in its sample earned 
platform income in the first quarter of 2018, up from 0.3 percent in the first quarter of 2013; 4.5 percent earned platform 
income at some point during the prior year. Generalizing these numbers to the 126 million US households suggests that 5.5 

 million households earned income from the Online Platform Economy at some point during the year.7 As a fraction of all jobs, 
there were almost as many people working in the platform economy in the first quarter of 2018 as there are workers in the 
information sector (1.8 percent of all jobs in 2016); the 4.5 percent that earned platform income for all of 2017 is comparable 



to the percentage of workers in public administration (4.6 percent of jobs in 2017).8 

Despite the scale of employment in the Online Platform Economy, participant engagement and income from online 
platforms is more sporadic than in most traditional jobs, and the work typically lacks both benefits and opportunities for 
advancement. Monthly platform earnings represent an average of 20 percent or less of total take-home income for individuals 

 who participated in the Online Platform Economy in the twelve months captured in the JPMorgan Chase Institute’s data set.9

Of the transportation platform participants who drove at any point in the twelve- month period, 58 percent had earnings in 
just three or fewer months. In the other sectors, engagement was more sporadic. Moreover, as platforms have grown in 
number and size, earnings have declined or remained stagnant. Specifically, average monthly earnings in the transportation 
sector fell by 53 percent between 2014 and 2018, and average earnings in the other three sectors were flat. 

In sum, online platform work does not yet seem to be replacing more traditional sources of income, but it is changing the 
composition and wages of work for growing numbers of people. 

Unintended Consequences and Emerging Risks 

Many will view some of the issues described above, particularly the push toward automation, as trends developed society 
has seen and recovered from as new jobs in heretofore unimagined new areas emerge. That has been true to a considerable 
degree, but there are five troubling and related signs that deserve close attention. 

Shrinking share of total income to labor. Over the past few decades, economies around the world have seen a fall in the 
share of total income allocated to labor. In 1947, 66 percent of total income accrued to labor in the US. In 2016, that number 
had fallen to 58 percent. The pattern for OECD countries is similar, showing an income-to-labor decrease from the 1990s to 
the late 2000s of 66 percent to 61 percent. The IMF estimates that in advanced economies about 50 percent of the decline is 
attributable to technological advancement, while another 25 percent is attributable to global integration, which is itself 
facilitated by technology.10 More technological advances will likely reinforce this long-standing trend. 

Income inequality. OECD research suggests that countries where labor income share has decreased likewise show an 
increase in income inequality.11 Indeed, the long-standing rise in both income and wealth inequality in the US and other 
countries is well documented. The average income of the top quintile earners in the US, after transfers and taxes, was over 
twenty times greater than for the bottom quintile earners.12 Differential income growth rates by wage level has caused that 
gap to widen. Between 1979 and 2016, real hourly wages increased 51.7 percent for workers at the ninety-fifth percentile of 
wages and 4.4 percent for workers at the tenth percentile.13 

Rising income inequality is increasingly linked to direct and indirect economic growth limitation, as noted in a recent IMF 
study, and is a challenge to political stability and trust in the legitimacy of the system.14 

Living wages. When the majority of income-generating resources are controlled by a small percentage of society, and labor 
holds less power in the economy, members of the working class are less able to negotiate wages to allow them to adequately 
support a family through income from full-time work. Indeed, the cost of living in many places in the US has long been rising 
while incomes remain stagnant. The extent of the problem was laid bare in 2003 when the MIT Living Wage Lab created a tool 
to estimate the cost of living and the minimum living wage necessary to cover basic living expenses across many US cities, 
including housing, groceries, basic health care, etc. Calculations from the tool show that the median living wage in the US in 
2017 was $16.07 an hour for a family of four with two working parents, more than twice the federal minimum wage of $7.25 
an hour. A typical family of four needs to work nearly four full-time minimum-wage jobs to earn a living wage.15 

Today, 42 percent of Americans make less than $15 an hour and 30 percent make less than $10 an hour.16 Two out of 
every five people struggle to access consistent housing, food, and health care. A full-time minimum-wage worker can afford a 

 one-bedroom rental home at fair-market value in only twenty-two out of 3,000 US counties.17 Even before the technological 
disruption we anticipate on the horizon has fully revealed its impact, a significant share of jobs in today’s economy barely meet 
the “sufficient” threshold. 

The downward pressure on wages is further exacerbating cost-of-living challenges felt by so many—even those in developed 
countries experiencing overall economic growth. According to an MGI report, the share of households that experienced flat or 
falling incomes, after taxes and transfers, increased from less than 2 percent between 1993 and 2005 to between 20 percent 
and 25 percent from 2005 to 2014.18 The most recent US Bureau of Labor Statistics data show a 0.2 percent decrease in real 
average hourly earnings from July 2017 to July 2018.19 

Widespread income and expense volatility. Low wages are not the only source of pressure on low- and moderate-income 
households. Many also struggle with irregular incomes. Extensive research from the JPMorgan Chase Institute provides robust 



evidence that Americans at all income levels experience high degrees of income and spending volatility. In fact, family income 
and spending typically fluctuate by about 30 percent on a month-to-month basis. These fluctuations are only slightly positively 
correlated, meaning families could simultaneously experience an expense spike and an income dip.20 

To withstand typical volatility, families need emergency savings and a cash buffer, yet few Americans have either, which 
makes them vulnerable. A 2016 Federal Reserve survey found 46 percent of families could not readily pay for a $400 
emergency expense, or would have to borrow or sell something to do so.21 When such an expense is associated with medical 
services or auto repairs, common sources of high-value expenses, the lack of a cash buffer can affect a family’s financial and 
physical health and the ability to maintain steady employment. 

Insufficient transition to higher-value-added, higher-income jobs. If the economic environment makes it difficult for 
people to earn higher wages for the same work, or to smooth earnings and expenses, workers can still seek better, higher-
paying jobs as a way to increase income and spending power. Yet that too is becoming out of reach for many, as new job 
creation falls in the sectors where new technologies are advancing most rapidly. In the past, creative destruction has led to 
new and higher- value-added job creation and may do so in the future, at least to some extent. But the trend suggests fewer 
new jobs created in industries affected by technological disruption: in the 1980s, 8.2 percent of US workers shifted into jobs 
that emerged for the first time during the decade. In the 1990s, that number was 4.4 percent; in the 2000s, it was only 0.5 
percent.22 Such dramatic decline in the share of new jobs suggests a real barrier to workers moving into newly created, higher-
value-added jobs. 

It is important to point out that the long-term impact on the job market remains something of a puzzle. There are still many 
“jobs” in the economy. Indeed, the current unemployment rate in the US is at historical lows. But many of the jobs available 
to people with lower skill levels offer inconsistent hours, are contract-based, and are in lower-value-added sectors that do not 
represent a shift toward the higher-value, higher-paying jobs associated with new technologies. MIT economist David Autor 
suggests the job market is polarized, with continued availability of low-paying, low- skilled, and unstable jobs on the low end 
and high-skilled jobs on the high end, but a disappearance of the administrative, clerical, labor, and craft jobs that once allowed 
huge portions of the middle class to thrive.23 The focus on jobs alone, therefore, may be missing the point. The more relevant 
issue may be the ability to create new jobs at scale in high-income sectors. 

Call to Action 

Absent direct policies and concerted action to address these risks, the economy of the future could fail to create a broad 
base of well-paying jobs with stable wage growth and benefits. As important as these issues are for the US and other developed 
nations to examine and address, they also have important ramifications for developing countries. Many nations have been on 
a deliberate path to mimic the economic growth path taken by developed countries. These countries have embraced the 
process of advancing urbanization and shifting the workforce from agriculture to manufacturing to services, with a view toward 
preparing more of the labor force to participate in higher-value, higher-income activities. Yet technological developments may 
have created a break in the development chain, rendering that path unpassable by emerging economies. For a continent like 
Africa, where the population is expected to grow four-fold by 2100, the risk of a burgeoning labor force with no jobs to do is 
real. 

A future of work that is broad-based and broadly accessible by the majority of people will require a range of purposeful 
interventions by government, the private sector, and the civic sector. Society must renew its focus on workforce preparation 
so that more people can participate in new, higher-value activities. This is important not only for future generations, but also 
for existing workers likely to be displaced and affected by changes. Closing the existing skills gap will require both investments 
and changes in education, both to the traditional PK-12 basic education system, as well as to our ideas about when education 
“stops.” Society needs to adopt a view of continuous learning and reskilling throughout a person’s life, with emphasis on more 
demand-driven and vocational training and a greater focus on team-based skills and cross-functional and disciplinary 
integration. 

As important and necessary as these education investments are, their impact will be limited if not undertaken in concert 
with a holistic range of economic and social policies. This may well include a new look at a range of economic levers, including 
changes to the tax code, increases to the minimum wage, reform of unemployment and wage insurance, effective savings 
programs, and modified compensation and tax structures. Beyond income, more may need to be done to address the cost of 
and access to decent housing and health care at the community level. 

The future of work is already here. Now is the time to mobilize. 



This piece appeared in the Aspen Strategy Group’s 2019 Aspen Policy Book Series, Technology and National Security: Maintaining America’s 
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