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With no human manipulation or generated data, AlphaZero, an artificial intelligence (AI) 
program, surpassed every chess player in history in just hours, knowing only the basic 
rules of the game. Unlike programs coded with thousands of rules to mimic human-
created strategies, AlphaZero discovered its own tactics by accumulating self-generated 
data by way of playing the game a million times over, and using deductive analysis 
through neural networks to make judgments on how to improve—with no humans 
needed.1 Frankly, AlphaZero represents how far technology has come, but also epitomizes 
the great risk to workers. This has prompted many to ask: How do humans orient 
themselves within these technological developments like AI? What does this mean for 
the future of work? Will robots take over? At the core of these questions, the real 
worry for humans is the threat of obsolescence, the idea that the economy could 
one day function without workers. 

Researchers at Oxford University estimate that 47% of U.S. jobs have a high probability of 
being automated over the next 20 years, as a new wave of technological revolution uproots 
traditional work structures.2 Technology, like AI, automation, and robots, will drive great shifts 
in sectors such as manufacturing, consumer, and health care. Yet, much of the potential 
disruption has not shown up significantly in the data, mostly because these technologies 
have not widely infiltrated processes and not enough complementary innovations have been 
developed to support them.3 While some existing jobs could be fully eliminated in the long 
run, in the near term workers will likely see technology integrated into processes and their 
job tasks change. Workers will need to be more adaptable as these job shifts may 
potentially require a whole new set of skills. Therein lies the challenge. 

According to the World Economic Forum, the average skills required across different 
industries and regions could change by roughly 42% between 2018 and 2022.4 
Essentially, many of today’s skills will not be the skills employers seek in the future. 

Most of the newly coveted skills will be held by highly educated workers, leaving many 
low- to middle-skilled workers unqualified to fill future roles. Unless the education system 
sees a massive push for lifelong learning, we could see the income gap continue to widen. 
And as people live longer, there may be a greater desire or even a financial need to extend 
careers past the average retirement age. Older workers will be challenged to keep pace 
with innovation, and may face discrimination as companies choose to invest in the skill 

1 Deep Mind; AlphaZero: Shedding new light on the grand games of chess, shogi and Go; December 2018.
2 Frey, Benedikt and Osborne, Michael; The Future of Employment: How susceptible are jobs to computerization?; September 2013.
3 National Bureau of Economic Research; Artificial Intelligence and the Modern Productivity Paradox: A Clash of Expectations 

and Statistics; December 2017.
4 World Economic Forum; The Future of Jobs Report; 2018.
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development of a younger segment of the workforce. How different economies adjust to 
these changes and support the retraining of the workforce will dictate their abilities to 
protect and support workers through this technological revolution. 

We’ve seen this Fear of Tech before…

The current anxiety about the state of jobs and rise of automation is a phenomenon with 
roots going back centuries. At the turn of the 19th century, the first Industrial Revolution 
started an era of mechanization—moving away from hand production and giving rise 
to the factory system. This transition faced backlash from the Luddites, textile workers 
who feared their jobs as hand weavers would become obsolete as an increasing number 
of textile machines were installed. But what seemed at first to be the onset of 
mass unemployment eventually turned into the start of an unprecedented rise 
in economic growth, incomes, and standards of living for the majority of the 
population. New job categories were created and productivity rose, improving the quality 
of goods and increasing output as well as reducing prices. More demand for goods meant 
more labor needed and higher wages. Ultimately, this transition drew in labor from farm 
populations, unleashing a shift from an agricultural to an industrial economy.

Despite the benefits technology brought to society, instances of this fear of what John 
Maynard Keynes coined “technological unemployment” rose again with the introduction 
of electricity and the automobile, and later on in the second half of the twentieth 
century with computers.5 Yet consistent within each of these periods of technological 
angst following the arrival of a new disruptive technology was an eventual boost in 
productivity and higher standard of living as measured by GDP-per-capita (see Exhibit 1). 
Still, headlines today claiming the takeover of robots and the AI-led elimination of jobs 
boil up fear within the workforce once again. It resonates broadly because there is no 
clear cut answer to the question: What does a successful collaboration between AI and 
humans even look like? Perhaps, there may be some merit to the argument that 
this technological revolution might actually differ from others given that AI not 
only eliminates routine physical labor, but can also observe, analyze and deduce 
like humans, and at times perform these tasks better.

Exhibit 1: Standards of living have soared thanks to technological disruption
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5 Mims, Christopher; Inside the New Industrial Revolution; The Wall Street Journal; November 2018.
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The Dawn of the Fourth Industrial Revolution

For one thing, automation is not new. Think back to the introduction of the automated 
teller machines (ATM) in the 1970s. Many people feared the elimination of bank 
branches and tellers, but automation ended up reducing the cost of operation, allowing 
banks to open more branches, eventually leading to more tellers being employed in 
2010 than in 1980.6 Today, we see automation taking off in a new way with 
connected digital networks and a revolution in data processing and storage, as 
well as cheaper computing driving growth. The advantages of robots over humans 
have incentivized companies to increase robot adoption. Robots can work with greater 
precision than humans and require no breaks or benefits. When it comes to making 
changes to processes, a software update can be pushed to all robots instantly whereas 
implementing material changes within human workflows can take significant time and 
effort. The World Bank estimates that the total number of industrial robots in operation 
may rise by 1.4 million in 2019 to reach 2.6 million total worldwide.7 

Exhibit 2: The number of AI patents is on the rise
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AI is undoubtedly driving this revolution (see Exhibit 2). Many researchers consider AI a 
general-purpose technology (GPT) for its pervasiveness among all sectors, continuous 
self-improvement capabilities, and ability to spawn innovation in new products or 
processes.8 It therefore falls among the ranks of the printing press or steam engine.9 
Much of the expected productivity boom from AI will not be felt immediately as was 
the case with previous GPTs. For example, it took 25 years after the invention of the 
integrated circuit, otherwise known as the computer chip, for computers to be widely 
owned in homes, offices and factories. But with the widespread adoption of the 
Internet and cloud computing storage capabilities, more data than ever before is 
being created, raising the premium on AI. Companies are beginning to leverage the 
speed and efficiency of AI-driven machines and software for routine tasks, which should 
lead to more program development. 

6 The Federal Reserve Bank of St. Louis; Will Robots Take Our Jobs?; January 2018.
7 World Bank; The Future of Work; 2019.
8 National Bureau of Economic Research; Artificial Intelligence and the Modern Productivity Paradox: A Clash of Expectations 

and Statistics; December 2017.
9 International Monetary Fund; The Long and Short of The Digital Revolution; June 2018.
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ANYTHING HUMANS CAN DO, ROBOTS MAY DO BETTER…

Robots are already filling a remarkable variety of roles, from flipping burgers to 
reviewing CT scans.

 • Robots are being used to clean up the site of the 2011 Fukushima Daiichi 
nuclear disaster in Japan. Four-legged robots that can climb stairs and swim 
into reactors flooded with water are equipped with 3D scanners and sensors 
to measure radiation levels.10 

 • The Associated Press uses Natural Learning Generation (NLG) to transform 
raw earnings data into thousands of publishable stories, covering more 
quarterly earnings stories than with manual efforts—4,400 quarterly recaps, 
an almost 15x increase.11 

 • AI-enabled Chef Watson from IBM is a sous-chef in the kitchen to help 
develop recipes and advise humans on food combinations to create 
completely unique flavors.12 

 • AI and deep learning technology are being deployed to help radiologists in 
China keep up with the demands of reviewing 1.4 billion CT scans each year 
to look for early signs of lung cancer, a leading cause of death in China.13 

 • The world’s first robot delivery service launched in the U.K in 2018, 
where residents using an app can get items delivered to their door by an 
autonomous robot that looks like boxes on wheels.14 

 • The Sheraton Los Angeles San Gabriel is the first hotel in the U.S. to use 
robots like carts on wheels to perform tasks such as guiding guests to areas, 
delivering luggage and helping staff pick up trash, deliver clean linen and 
towels, etc.15 

 • Flippy, the burger flipping robot, processes thousands of burgers daily at Cali 
burger in Pasadena, working alongside humans.16 It has a new job at Dodger 
stadium working as a frying assistant, producing as much as 80 baskets of 
chicken tenders and tater tots per hour.17 

 • Due to labor shortages and rising wages, farm automation is increasing. 
Robots with a gentle touch are being tested for harvesting fruit, a physically 
demanding task for humans. Currently being tested, the Harvest CROO 
machine picks a plant in eight seconds and covers eight acres in a single day, 
replacing 30 human pickers.18 

 • To better manage in-store inventories, retailers are testing robots that can 
roam store aisles, scan the shelves and figure out what’s in stock or needs to 
be replenished. These robots are three times faster than humans and twice as 
accurate as them.19 

 • SAM, short for Semi-Automated Mason, is a brick laying robot designed to 
work collaboratively with the mason during construction. It claims to increase 
a mason’s productivity by 3-5x while reducing lifting by 80%+.20 

10 CBS News; Robots come to the rescue after Fukushima Daiichi nuclear disaster; November 2018.
11 Automated Insights; Associated Press | Communications & Media; 2019.
12 Marr, Bernard; How AI-enabled Chef Watson is bringing creativity and innovation to cooking; Bernard Marr & Co. 2018.
13 Marr, Bernard; 27 incredible examples of AI and machine learning in practice; April 2018.
14 MIT Technology Review; The world’s first robot delivery service is launching in the UK; November 2018. 
15 San Gabriel Valley Tribune; There are robots on staff at this San Gabriel Hotel; August 2018.
16 Bandoim, Lana; How the robot hamburger flipper will transform food service in stadiums; August 2018.
17 The Spoon; Flippy Frying Pilot is a hit at Dodger Stadium; September 2018.
18 Investor’s Business Daily; Labor Terminators: Farming Robots are about to take over our farms; August 2018.
19 CNBC; Bossa Nova just raised another $29 million for its grocery store robots used by Walmart; June 2018.
20 Construction Robotics; SAM100; 2019.
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The Skills of the Future

Google’s Economist Hal Varian once said “Automation doesn’t generally eliminate jobs. 
Automation generally eliminates dull, tedious, and repetitive tasks. If you remove all the 
tasks, you remove the job. But that’s rare.” The Organisation for Economic Cooperation 
and Development (OECD) estimates that only 14% of jobs are highly automatable and 
32% of jobs should see technology eliminate some tasks but generate new ones as 
well.21 The magnitude of disruption will vary depending on the sector and job, and certain 
skills will become more coveted by employers. 

Exhibit 3: Middle skilled jobs are at highest risk
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Three specific skills or abilities will grow in importance, according to the McKinsey Global 
Institute.22 First, workers will need higher cognitive skills such as critical thinking. As 
companies utilize more robots for physical labor and for basic literacy and numeracy tasks, 
management of these technologies will become more important and so will skills like 
decision-making and creativity. Second, technology skills will be required for all types of 
employment as more processes are augmented by automation and AI programs. Workers 
will need to become “AI bilingual” as the time spent using advanced technological 
skills rises by 50% by 2030. Take for example, how finance professionals had to become 
fluent in spreadsheets after their invention. The reduced cost of calculating, analyzing, and 
maintaining detailed records led employers to hire an increasing number of accountants 
and analysts who were familiar with these tools. Many existing jobs will similarly be 
touched by AI and workers will need the skills to understand and use these tools. Third, 
workers will be rewarded for social and emotional skills in the labor market, something 
technology has yet to master. Human workers will be relied on for empathy and strong 
communication, as well as teamwork, adaptability, and interpersonal skills. 

Exhibit 4: Jobs will evolve and rely on a whole new set of skills

Industry Declining Emerging

Finance Data Entry Clerks AI and Machine Learning Specialists

Manufacturing Assembly and Factory Workers Process Automation Specialists

Oil & Gas Petroleum Plant Operators Robotics Engineers

Retail Cashiers and Inventory-Recoding Clerks Ecommerce Specialists

Transportation Drivers Self-driving car engineers

Source: World Economic Forum; The Future of Jobs Report; 2018. 

The jobs at the greatest risk to technology are routine middle-skilled roles that could 
see their responsibilities automated, such as data entry or operation of machines (see 
Exhibit 3). But as such tasks give way to automation, these jobs will evolve and give rise 
to entirely new, more technology-focused categories (see Exhibit 4). Jobs like custodial 
21 OECD; Putting Faces to the jobs at risk of automation; March 2018.
22 McKinsey Global Institute; Skill Shift: Automation and the Future of the Workforce; May 2018.



6 of 10 April 2019 – The Horizon

workers, plumbers, or in-home caretakers are less vulnerable to automation as they 
require a high level of customization not easily replicated by robots. 

From a sector focus, the impact of AI, automation and robots will be felt differently and 
unevenly across the board. Below we highlight ongoing changes within critical sectors of 
manufacturing, consumer goods and services and healthcare. 

Sector Focus: Manufacturing 

The traditional factory is changing. Increasingly, autonomous robots and machines line 
manufacturing plant floors and communicate through systems managed by engineers. 
With more capital-intensive than labor-intensive production processes, manufacturing 
productivity has consistently risen (see Exhibit 5). Between 2000 and 2017, roughly 
5.5 million jobs were lost, mostly in low- and middle-skilled work. Ironically, the 
manufacturing sector saw the job openings rate23 nearly double during that period 
from 1.8 percent in 2001 to 3.1 percent in 2017, favoring highly-skilled workers with 
engineering and technology backgrounds.24 The Manufacturing Institute estimates 
that 2.4 million manufacturing jobs will go unfilled between 2018 and 2028 as 
a result of a skills gap and shortage of qualified applicants, putting at risk $2.5 
trillion of economic output over that period.25

Exhibit 5: Production volumes have risen even as factory employment has shrunk
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Sector Focus: Consumer

People today can discover a product on social media, instantly purchase it on a mobile-
app, and receive it a day later with free shipping. Consumer behaviors, demands, and 
expectations have all been transformed by technology, which has put pressure on 
traditional retailers to explore new business models, both physical and online, in order 
to stay competitive and meet customer needs. E-commerce has become such a 
disrupter that the World Economic Forum expects it to penetrate greater than 
40% of business models globally by 2026.26 Brick-and-mortar retailing will continue 
to evolve and become more experience-focused and service-oriented. No longer will 
physical stores be channels of distribution, but rather centers for consumers to discover 
and interact with new products as well as get access to services like tailoring or styling. 

23 As measured by the Bureau of Labor Statistics, the job openings rate is the number of job openings on the last business 
day of the month as a percent of total employment plus job openings.

24 Bureau of Labor Statistics; The fall of employment in the manufacturing sector; August 2018.
25 The Manufacturing Institute and Deloitte; Deloitte and The Manufacturing Institute skills gap and future of work study; Data as of 2018.
26 World Economic Forum in collaboration with Accenture; Shaping the Future of Retail for Consumer Industries; January 2017.
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Retailers’ interests in automation, robots, and AI reflect an attempt to save on labor 
and inventory costs as well as to connect with consumers as they sift through data on 
rapidly changing consumer preferences. According to a report by the World Economic 
Forum, potentially 30% to 50% of retail jobs could be at risk, especially in low- and 
middle-skilled work, as technology substitutes for human labor. For example, consider 
how self-checkout and mobile payment apps have begun to replace the need for cashiers 
or supervisors. Jobs relating to customer service and the digital user experience should 
continue to be added to this sector (see Exhibit 6). 

Exhibit 6: What department stores lose, e-commerce should gain
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Sector Focus: Health care

The declining cost of technologies is revolutionizing the way healthcare data is collected 
and analyzed, supporting the discovery of new drugs and treatments. Historically, 
healthcare providers have never had a centralized infrastructure that electronically 
compiled health record data from different sources, such as a patient’s primary physician 
and eye doctor. Standardizing data could help create aggregate medical history profiles 
for patients and their accessibility could potentially improve treatments. The adoption 
of automation and AI will support these types of systems and improve research through 
back-testing as well as enhance the patient-doctor relationship. AI analysis could help 
limit the number of patients who go misdiagnosed and augment what doctors currently 
do. Demand for data analyst jobs and AI specialists will therefore be on the rise whereas 
office support workers could see technology take over some of their tasks. Healthcare, 
however, unlike any other sector, should actually see the demand for manual labor 
continue to grow as aging populations increase the need for care providers, physical 
therapists, and nurses.27 

The Skills Gap: How do we prepare?

The World Economic Forum estimates that no less than 54% of employees of 
all ages will need significant reskilling and upskilling by 2022.28 Already, younger 
workers with modest skills may be at a disadvantage as companies continue to limit new 
job postings for certain roles they plan to ultimately automate. As middle-aged members 
of the labor force see their roles evolve, with many redeployed to do different tasks, 
those who are unable to upgrade their skills will find themselves limited, especially as 
today’s disruptive technology matures and goes mainstream (see Exhibit 7). 

27 McKinsey Global Institute; Jobs lost, jobs gained: What the Future of work will mean for jobs, skills, and wages. December 2017.
28 World Economic Forum; The Future of Jobs Report; 2018.
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Exhibit 7: What will it take for these technologies to be fully deployed?

Technology Readiness 
Today

Time to Full 
Readiness Key Enablers for Full Readiness

Artificial Intelligence / 
Machine Learning 2–5 Years

 • Development of advanced data synthesis and analysis 
as well as complementary innovations to support these 
capabilities to act on identified insights.

 • Advances in data security.

Internet of Things 2–5 Years

 • Development of advanced data synthesis and analysis 
as well as complementary innovations to support these 
capabilities to act on identified insights.

 • Global standards for data collection.
 • Advances in data security.

Robotics 2–5 Years
 • Advanced features needed (e.g. dexterity and battery life).
 • Development of smarter bots.

Autonomous Vehicles / 
Drones 6–10 Years

 • Technology needs to mature (e.g. autonomous vehicles 
need advanced features to accommodate all road types 
in all weather conditions; drones need improved battery 
life, the ability to carry heavier items).

 • Regulatory frameworks for use.

3D Printing 6–10 Years
 • Advanced features needed to improve speed, multi-

material capabilities etc.

Note: Black part of Harvey Ball represents readiness level. Source: World Economic Forum/Accenture. January 2017.

More people in the workforce are now looking to short-term contracts or self-
employment for income. Technology has supported the development of independent 
contractors with the emergence of ride-hailing, task-completing, and home-sharing 
platforms. In 2017, 31% of all adults worked in the gig economy, 12% of them to 
supplement income from their main job. These gig workers lean younger; the Federal 
Reserve estimated that 43% of individuals between the ages of 25 and 34 perform gig 
activities versus only 18% of those aged 65 or older.29 

In the midst of this workforce shake up, new more specialized jobs will become available 
and end up going unfilled. The mismatch of skills will become a central policy issue in 
the future, and potentially lead to increased bouts of political unrest. Some countries 
are preparing to counteract these challenges. Singapore, for example, implemented a 
social program aimed at life-long learning that has given every citizen aged 25 and over 
credit to participate in a pre-approved list of courses that will help them develop skills 
at different stages of their lives.30 Sweden established Job Security Councils financed 
by employers, which will support dismissed workers and offer new training resources to 
help them find a new job.31 Calls for social programs like a universal basic income (UBI), 
based on the idea that every citizen should periodically receive a set payment regardless 
of means, have gained some traction recently. However, Finland’s two-year experiment 
with a UBI has thus far shown no improvement in employment levels32 and moreover has 
not directly addressed the greater need for worker retraining to reduce the skills gap. 

Despite such proposed programs, a practical solution for skilled labor shortages has yet 
to be successfully implemented. But, before all hope is lost, policymakers should consider 
the drastic measures used to support the transition during the first industrial revolution. 
In 1900, with the shift from an agricultural to an industrial economy underway, the 
average American received only six to eight years of formal education. As factories 
required more workers, a major education transformation commenced to help equip 
workers with better skills and build up the country’s human capital. From 1910 to 1940, 
the United States became the first country in the world to provide universal high 
school to its citizens, which dramatically increased the share of young people 

29 Federal Reserve; Report on the Economic Well-Being of U.S. Households in 2017; May 2018.
30 The Economist; Lifelong Learning; January 2017.
31 OECD; Back to Work: Sweden — Improving the re-employment prospects of displace workers; 2015.
32 BBC News; Finland basic income trial left people ‘happier but jobless’; February 2019.
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enrolled, from 18% to 71%.33 More accessible education helped to prepare the 
future workers with the necessary skills to propel the economy forward. 

The present challenges facing the economy seem to mirror this history and may warrant 
an education overhaul. The traditional model of front-loading education at the start 
of a worker’s career seems no longer to be sufficient. Furthermore, employers are not 
incentivized to train their workforce and often choose instead to invest in technology or 
use temporary contractors. The government and corporate employers will have to play a 
fundamental role in providing workers the necessary educational resources and support. 
With effective public policy, as history has come to show, workers, the economy and 
living standards would be better off as technology continues to reduce routine work and 
open up opportunities for more jobs centered on creativity and problem-solving. 

33  The Federal Reserve Bank of St. Louis; Will Robots Take Our Jobs?; January 2018.
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