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DEDICATION

Both of us dedicate this book to our kids—Hayes and
 Chase in Tom’s case, and David, Jane, and Ted in Julia’s.
 Julia has confidence that hers, in their very human and
 different ways, will make the world a better place. Tom
 is similarly sure that his will continue to find interesting
 and useful work, and hopes they provide him with
 grandchildren so that the theories in this book can be
 fully tested over the long run.
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INTRODUCTION

In the bucolic outskirts of tiny Talcott, West Virginia, stands a statue of a man who succeeded—however briefly—in beating a machine that threatened to take his job. John Henry, a steel driver working for the Chesapeake & Ohio Railway in 1870, was part of a crew carving a mile-long tunnel through Big Bend Mountain when management brought in a steam-powered drill. Henry said he could outdo the drill and he did, only to die soon after from the exertion. Roadside America, a guide to “offbeat tourist attractions,” sums things up: “As an inspiring tale for the working everyman, his story obviously leaves something to be desired.”

We might wonder why it was so important to Henry to beat the machine. There is a bigger question, though: Why does his victory over the machine still resonate with the rest of us? Why the folktale and why the statue? Why do we still teach schoolchildren to sing his ballad?

Anxiety about machines encroaching on the work of people runs deep. Some sixty years before the Great Bend Tunnel, the Luddites (possibly named after an early machine smasher, Ned Ludd) reacted more destructively to the stocking frames, spinning frames, and power looms that were making textile workers redundant. Some eighty years after John Henry, in 1955, Ford Motor Company workers rose up against unprecedented automation of the assembly lines in Brook Park, Ohio. Their wildcat strikes were blessed by local union leader Alfred Granakis, who called the automation of manufacturing an “economic Frankenstein.”

The aftermath has always been far more positive than folks imagined. We could cite any number of economic studies giving the lie to what economists call the “Luddite fallacy.” They show that productivity gains have in fact always led—eventually if not immediately—to more jobs, not fewer. True, many tasks leave the hands of humans, but the technologies simultaneously usher in plenty of new, higher-order tasks for people to do instead. There has always been higher ground to which humans could retreat. Job losses due to “skill-biased technical change” are therefore real, but temporary. Even today, as an Oxford University study claims that 47 percent of total U.S. jobs are at risk of termination because of computerization in the near future, economists (and plenty of technology vendors) offer assurances that the same will happen again.

But what if, this time around, things play out differently? What if there is no higher ground? It’s important to note that the type of work being displaced today is of a different kind than in the past. In fact, we can easily trace three eras of automation, based on the types of work they have brought machines forth to challenge. First, machines relieved humans of work that was manually exhausting and mentally enervating. This was the story of the late industrial revolution, which, having pulled all those workers off farms and into factories, proceeded to make most of them unnecessary with contraptions like the flying shuttle, the spinning jenny, and the power loom. And it’s a process that continues around the world. Consider Foxconn, the Chinese manufacturing subcontractor to global electronics brands like Apple. Starting in 2011, it started putting robots on the lines to perform welding, polishing, and such tasks—ten thousand of them that first year. In 2013, Chairman Terry Gou noted at Foxconn’s annual meeting that the firm now employed over a million people. But, he was quick to add: “In the future we will add one million robotic workers.”1

If that goal is realized, it will mean, of course, that some hundreds of thousands of human workers will never get hired—a loss of jobs for the local economy. But at the level of the individual worker, it might feel like less of a loss, because the particular tasks that are being taken away are generally not cherished. In Amazon’s gargantuan warehouses, for example, it’s tough for workers to pick and pack customer orders if they have to do the running from one end of the building to another—so tough that journalists working there undercover have published scathing articles about the inhuman demands placed on them. So now the company uses Kiva Systems (now Amazon Robotics) robots to bring shelves to the workers, allowing humans—who still have strong advantages in spotting the specific items and packing them appropriately—to stay in one place. Does it make the job easier? Without a doubt. Does it mean Amazon needs fewer people to fulfill a given number of orders? You bet.

The second era of automation followed workers to the higher ground they’d headed for when machines took the grunt work. For the most part, this wasn’t the realm of the dirty and dangerous anymore. It was the domain of dull. Think, for example, of the 1960s-era secretary toiling away in a typing pool, translating scribbled or spoken words into neat memos. Some might call this “knowledge work,” since it calls on brain rather than brawn, but it clearly stops short of decision-making. After computers were invented, it was easy territory for machines to make more productive.

For some secretarial tasks, here’s how far that process has gone. In the midst of working on this section, Tom was planning to meet a friend for coffee later in the week. The friend is an independent consultant, so it was slightly surprising to learn, by being cc’d on an email, that he employed an assistant, “Amy.” He wrote:



Hi Amy,

Would you please send an invite for Tom and me for Friday 9/19 at 9:30A.M. at Hi-Rise Cafe in Cambridge, MA. We will be meeting in person.

Thanks,

Judah

Curiosity getting the best of him, Tom looked up the company in Amy’s email extension, @x.ai. It turns out X.ai is a company that uses “natural language processing” software to interpret text and schedule meetings via email. “Amy,” in other words, is automated. Meanwhile, other tools such as email and voice mail, word processing, online travel sites, and Internet search applications have been chipping away the rest of what used to be a secretarial job.

Era Two automation doesn’t only affect office workers. It washes across the entire services-based economy that arose after massive productivity gains wiped out jobs in agriculture, then manufacturing. Many modern jobs are transactional service jobs—that is, they feature people helping customers access what they need from complex business systems. But whether the customer is buying an airline ticket, ordering a meal, or making an appointment, these transactions are so routinized that they are simple to translate into code. You might well know someone—a bank teller, an airline reservations clerk, a call center representative—who lost his or her job to the new reality of computerized systems enabling self-service. At least, you feel the absence of them when you contact a company and encounter a machine interface.

Just as Era One of automation continues to play out, so does Era Two. There is still plenty of work currently performed by humans that could be more cheaply and capably performed by machines—increasingly smart ones in particular. Think, for example, of the loneliness of the long-distance trucker—a job, by the way, that didn’t exist in the early industrialization era but was created by technological progress. Human drivers are still kings of the road, but perhaps not for much longer. Tom recently asked a senior FedEx executive whether he thought that his company would switch anytime soon to self-driving trucks. His casual response—“Well, not on the local routes”—is perhaps not what the drivers’ union would want to hear.

It occurs to us that every type of low-level service task the two of us did during our college summers could probably be done better today with automation—Tom’s floor sweeping at a steel mill by a high-powered Roomba, for example, and Julia’s retail clerking by a self-service kiosk. Even Tom’s best days working at a service station might soon be surpassed by the robotic gas pumps undergoing regulatory testing now.

And this brings us to Era Three, with automation gaining in intelligence and (excuse us while we check our mortgage balances) now breathing down our necks. Now computers are proving in various settings that they are capable of making better decisions than humans. As the technology research firm Gartner notes, this will make the next two decades the most disruptive era in history, one in which computer systems “fulfill some of the earliest visions for what information technologies might accomplish—doing what we thought only people could do and machines could not.”2

As with other dramatic technology advances, Era Three will bring both promise and peril. The good news is that new cognitive technologies will help to solve many important business and societal problems. Your local doctor will have the expertise of an international specialist. You’ll be guided effectively through mazes of online products and services. Whatever your job, you’ll have the knowledge at your fingertips to perform it productively and effectively.

If you have a job, that is. The obvious peril in Era Three is more job loss. This time the potential victims are not tellers and tollbooth collectors, much less farmers and factory workers, but rather all those “knowledge workers” who assumed they were immune from job displacement by machines. People like the writers and readers of this book.

Knowledge Workers’ Jobs Are at Risk

The management consulting firm McKinsey thinks a lot about knowledge workers; they make up essentially 100 percent of its own ranks as well as its clientele. When its research arm, the McKinsey Global Institute, issued a report on the disruptive technologies that would most “transform life, business, and the global economy” in the next decade, it included the automation of knowledge work. Having studied typical job compositions in seven categories of knowledge workers (professionals, managers, engineers, scientists, teachers, analysts, and administrative support staff), McKinsey predicts dramatic change will have already taken hold by 2025. The bottom line: “we estimate that knowledge work automation tools and systems could take on tasks that would be equal to the output of 110 million to 140 million full-time equivalents (FTEs).”3

Since we’ll continue to use the term “knowledge workers” quite a bit, we should pause to define who these people are. In Tom’s 2005 book, Thinking for a Living, he described them as workers “whose primary tasks involve the manipulation of knowledge and information.”4 Under that definition, they represent a quarter to a half of all workers in advanced economies (depending on the country, the definition, and the statistics you prefer), and they “pull the plow of economic progress,” as Tom put it then. Within large companies, he explained, the knowledge workers are the ones sparking innovation and growth. They invent new products and services, design marketing programs, and create strategies. But knowledge workers don’t only work in corporate offices. They include all the highly educated and certified people who make up the professions: doctors, lawyers, scientists, professors, accountants, and more. They include airline pilots and ship captains, private detectives and bookies—anyone who has had to study hard for their job and who succeeds by their wits. And every one of these jobs has significant components that could be performed by automated systems.

It’s a category that’s fuzzy around the edges. Does it, for example, include London taxi drivers—who famously have to acquire “the Knowledge” to be licensed? Does it include a translator? A filing clerk? A tour guide? For the purposes of this book, we can leave those as questions. Where exactly we draw the line is not all that important because, when we think about what work is threatened, it’s all of the above.

Why Worry About Less Work?

Machines are becoming so capable that, today, it is hard to see the higher cognitive ground that many people could move to. That is making some very smart people worry. Massachusetts Institute of Technology (MIT) professors Erik Brynjolfsson and Andy McAfee, for example, in their acclaimed book, The Second Machine Age, note that the anticipated recovery in labor markets has been just around the corner for a long time. The persistence of high unemployment levels in Western economies might mean that the dislocation caused by the last wave of skill-biased technical change is permanent. Paul Beaudry, David Green, and Benjamin Sand have done research on the total demand for workers in the United States who are highly skilled.5 They say demand peaked around the year 2000 and has fallen since, even as universities churn out an ever-growing supply.

Income inequality is a growing concern in an economy that has fewer good jobs to allocate. There is already evidence that the big payoffs in today’s economy are going not to the bulk of knowledge workers, but to a small segment of “superstars”—CEOs, hedge fund and private equity managers, investment bankers, and so forth—almost all of whom are very well leveraged by automated decision-making. Meanwhile, labor force participation rates in developed economies steadily fall. Silicon Valley investor Bill Davidow and tech journalist Mike Malone, writing recently for Harvard Business Review, declared that “we will soon be looking at hordes of citizens of zero economic value.”6 They say figuring out how to deal with the impacts of this development will be the greatest challenge facing free market economies in this century. Many seem to agree. When the World Economic Forum (WEF) surveyed more than seven hundred leading thinkers in advance of its 2014 annual meeting in Davos, Switzerland, the issue they deemed likeliest to have a major impact on the world economy in the next decade was “income disparity and attendant social unrest.”

Explaining that “attendant social unrest,” WEF’s chief economist, Jennifer Blanke, noted that “disgruntlement can lead to the dissolution of the fabric of society, especially if young people feel they don’t have a future.”7 And indeed, various studies have shown that idle hands really are the devil’s playground. (Perhaps the best was a 2002 analysis by Bruce Weinberg and his colleagues that looked at crime rates across an eighteen-year period in the United States.8 All the increases, they discovered, could be explained by rising unemployment and falling wages among men without college educations.)

It isn’t only that people become disgruntled when they lack the income that flows from a good job. They miss having the job itself. This was what economics Nobel laureate Robert Shiller had in mind when he called advancing machine intelligence “the most important problem facing the world today.” He elaborated:



It’s associated with income inequality, but it may be more than that. Since we tend to define ourselves by our intellectual talents, it’s also a question of personal identity. Who am I? Intellectual talents are being replaced by computers. That’s a frightening thing for most people. It’s an issue with deep philosophical implications.9

Jobs bring many benefits to people’s lives beyond the paycheck, among them the social community they provide through having coworkers, the satisfaction of setting and meeting challenging goals, even the predictable structure and rhythm they bring to the week. In 2005 Gallup began conducting a global opinion survey called World Poll. Analysis of the responses reveals that people with “good jobs”—which Gallup defines as those offering steady work averaging thirty or more hours per week and a paycheck from an employer—are more likely than others to provide positive responses about other aspects of their present and future lives.

Another World Poll question presents “aspects of life that some people say are important to them” and asks respondents to categorize each as to whether it is something essential they could not live without, very important, or useful but something they could live without. Gallup chairman Jim Clifton says that by 2011, “having a good quality job” had reached the top globally—putting it ahead of, for example, having a family, democracy and freedom, religion, or peace.10

Knowledge workers aren’t wrong, then, to fear the prospect of losing their jobs. As machines push past the work that is dirty, dangerous, and dull and begin encroaching on the work of decision-making, workers must contend with the loss of territory that is much nearer to their core identity and sense of self-worth. It’s dispiriting to think that, even if we can find ways to share the wealth of a tremendously productive system, we might not find ways for many humans to contribute value to it, and derive meaning from it.

But that’s why we’re publishing this book: because we can still see ways for humans to win in what Brynjolfsson and McAfee call the “race against the machine.” Our observation is that the experts engaging in the current debate about knowledge work automation tend to fall into two camps—those who say we are heading inexorably toward permanent high levels of unemployment and those who are certain new job types will spring up to replace all the ones that go by the wayside—but that neither camp suggests to workers that there is much they can do personally about the situation. Our main mission in the next couple hundred pages is to persuade you, our knowledge worker reader, that you remain in charge of your destiny. You should be feeling a sense of agency and making decisions for yourself as to how you will deal with advancing automation.

Over the past few years, even as every week brings news of some breakthrough in machine learning or natural language processing or visual image recognition, we’ve been learning from knowledge workers who are thriving. They’re redefining what it means to be more capable than computers, and doubling down on their very human strengths. As you’ll find in the chapters to come, these are not superhumans who can somehow process information more quickly than artificial intelligence or perform repetitive tasks as flawlessly as robots. They are normal people who like their work, and bring something special to it. And in the modern struggle to remain relevant in the midst of powerful machines, they offer real inspiration. They—and you—are the new John Henrys.




1


Are Computers Coming After Your Job?

Even if you have never actually visited the New York Stock Exchange, you’ve probably seen it as a backdrop on financial news shows. It’s a telegenic image, with a series of kiosks for each trading firm, and the company logos of the stocks each firm trades on their walls. Electronic screens with fast-changing prices abound. Traders in bright blue jackets gather around market specialists and wave bits of paper or stick fingers in the air to represent the price they will pay to buy. Often we see them clasping their foreheads on days when stock prices take a nosedive. It’s the picture of capitalism.

Or is it? The last time we visited, in 2014, the visible action was a bit desultory, and we hear that’s the new norm. In 1980 there were 5,500 traders; now there are about 500. A trader could make more than a million dollars a year in the good years; now they struggle to pay back the $40,000 annual cost of a seat on the floor.

During our visit, the few traders we saw who were standing around didn’t seem to have much to do, and did have plenty of time to chat. When we asked why they seemed so relaxed, they explained that the great majority of trading is done on computers in a New Jersey data center. One told us that he no longer works on Mondays or Fridays. Even though the NYSE is one of the last “open outcry” exchanges with human traders, there’s not a lot of outcrying anymore. That’s why it’s so well suited to television broadcasts.

This situation is even further along at other exchanges; almost all equities are traded electronically. The Chicago Mercantile Exchange switched to automated trading of commodities in early 2015. Even bond trading, which has resisted automation because of the complex pricing and trades, is about half-electronic now. Algorithms and digital matching of buyers and sellers have replaced human traders. The result is fast and efficient—so much so that the profit margins from stock trading have been dramatically eroded. Human trading is likely to fully disappear within a few more years.

In addition to being the picture of capitalism, the NYSE trading floor is also the ideal image of automation. Time-lapse photography would show it becoming less populated each year. The jobs ended not with a bang, but with an extended whimper over forty years. Will your job still be around in 2055?

Let’s be clear: Humans are problematic as workers. First of all, they’re expensive, and they only get more so. On top of their basic wage, they cost their employers a third again more in payroll taxes, paid time off, health insurance, 401(k) contributions, and other perks. Think that’s all? Ask any facilities manager. Humans need ergonomic workspaces, heat, and light. Plumbing. All this is expensive, but it gets uglier. Ask any corporate counsel if humans like to bring lawsuits. Ask any security officer if embezzlement happens. Ask any inventory managers if they know about shrinkage. Ask any human resource executive what percentage of employees are engaged in their work (the average is 13 percent in the U.S.). But the trouble with human workers is a bigger deal than even that. As we’ll discuss in Chapter 2, technologies get smarter and cheaper all the time, but humans as a group don’t. You can’t simply download preexisting knowledge to a human. Every human starts at square one.

That trading floor is therefore a chilling scene. But at the same time it’s too comforting. It implies that “jobs” remain intact and the only problem is that some can now be taken by machines. That’s a source of solace to all of us who can name the reasons our own jobs can’t be accomplished by machines. But the truth is that jobs are not irreducible. All jobs are really amalgams of tasks, and every job today has some parts that can be effectively automated. The fact that no machine will ever be able to decide, as the executive director of the Pantone Color Institute does, that the design community will embrace “marsala” as 2015’s color of the year, or to predict, as executives must in an acquisition opportunity, whether the top talent of the targeted company will thrive or wilt in the proposed merged culture, or to compose a sentence, as we are doing, that rivals late novelist David Foster Wallace’s in its ability to remain grammatical while becoming remarkably convoluted does not mean that machines can’t take over the large proportions of a knowledge workers’ days that are not devoted to such rarefied tasks.1

As computer programs focus on the tasks they can do, it’s those pieces of jobs that are taken away. The encroachment happens one task at a time, meaning that a job that is only 10 percent automatable doesn’t go away. It’s just that, now, nine holders of that job can do what used to be the work of ten. This is why, outside The Twilight Zone, you’ve seen virtually no one being summoned into an office and introduced to the computer who will now be doing his job. Instead, they’re just nudged, nudged, nudged toward the door.

And again, as with the manual workers who were tired of the dangerous, dirty, and dull aspects of their day, those nine people who continue to do a job are usually more than happy to see that particular 10 percent of their work go. There are loads of tasks they would rather not spend their time doing. The bane of a lawyer’s existence, for example, is “discovery”—the tedious process of sifting through documents and deposition transcripts in search of nuggets pertaining to a lawsuit. When “e-discovery” and “predictive coding” arrived on the scene, allowing much of this text review to be automated, few shouted their objections. All of us want to have our skills leveraged. In our work, we are all like Sherlock Holmes: We abhor the dull routine of existence.

As part of this, most workers eagerly embrace the machines that save them from the day-in and day-out chores of their jobs that take up time and add nothing to their net knowledge. If it were otherwise, companies’ IT departments wouldn’t be dealing with the scourge of “BYOD”—the growing practice of employees’ bringing their own favorite computers and other devices to the office. People want the extra productivity they get from state-of-the-art tools because it frees up capacity for them to take on more interesting challenges. They want that so much that they are willing to buy the tools for themselves.

So automation of one task after another tends not to be seen as the infiltrating enemy by employees. And neither is it seen as a problem by most customers. When a task can be performed well by a machine, they prefer it, too. Obviously, paying customers appreciate when higher productivity means that prices go down; while some people might cherish paying higher prices to enjoy artisanal products and services, most go for the product that does the job at the lowest price possible. But beyond price, automation often improves quality, reliability, and convenience. When ATMs arrived, customers didn’t complain about the automated option. By now, few could imagine life without them.

So if all of our jobs have parts that are succumbing to automation, which parts will we keep? We might like to think it will be the parts that it took us a long time to learn to do or that we have some special capability to perform. In other words, it will be the same parts that originally gave us the edge over all the other candidates for our jobs. But it isn’t as simple as that. Instead, the parts of our jobs we’ll keep are just the parts that can’t be codified. By that we mean that it can’t be reduced to known contingencies and clear steps. Codified tasks can be specified in rules and algorithms, and hence automated.

This is a theorem we will return to again and again in this book: If work can be codified, it can be automated. And there’s also the corollary: If it can be automated in an economical fashion, it will be. Already we’re seeing a rapid decomposition of jobs and automation of the most codifiable parts—which are sometimes the parts that have required the greatest education and experience.

Take the job of “physician advisor,” a role important in hospital administration and insurance. In medical settings, physicians see patients and come up with treatment plans for what ails them—but they are expected to do this with an eye to the hospital’s need for sound resource management. Extraneous tests or overnight stays use up limited resources and may not be reimbursed by insurers—and by the way, also take their toll on the patient. The physician advisor is there to review the doctors’ submitted treatment plans and suggest changes if they seem off base in any way. Can you imagine how much knowledge this person needs to have acquired to second-guess highly educated physicians? Beyond that, the role requires diplomacy. A medical newsletter describes the job profile as follows: “[A] skilled physician advisor must learn to manage by influence rather than by authority. This requires a delicate balance between collegiality and firmness relative to the issues at hand. It also requires the ability to provide reasonable alternatives rather than indicating what can’t be done.”2

It sure doesn’t sound like a role a computer could take on. Yet IBM’s Watson and other automated systems are now being used at health insurance companies like Anthem to weigh in as physician advisor. And the point to note is that the most cognitive part of the job—the “ability to provide reasonable alternatives” based on extensive knowledge of similar cases in the past—is the part being automated here. No doctor could possibly hold in memory more prior cases than Watson can. But that is also probably the part in which the doctor takes most pride—certainly it’s what those hard-earned diplomas framed on the wall attest that she can do. Does Watson get rid of the human in the physician advisor job altogether? No, at least not yet. But by supplying that precious knowledge base, it allows the recommendation task to be done more quickly, or by a less credentialed person—perhaps a nurse. Presumably this means the hiring manager for the role now focuses on the other aspects important to success—like that ability to achieve “a delicate balance between collegiality and firmness.” That is undeniably a rare talent, but it’s probably not something anyone explicitly trained for, let alone did a residency in.

We should pause here to mention the threat of “deskilling,” since the physician advisor’s evolution is such a prime example of it. The term, first coined by the Marxist sociologist Harry Braverman, is commonly used to describe both what automation does to jobs and what it does to the labor force. The jobs are deskilled when technologies are introduced that no longer require workers to have formerly necessary skills—meaning that semiskilled or unskilled workers can now hold those jobs. In turn, the labor force is deskilled when, enough machines having taken over a particular task, the skill becomes a “lost art” to people. A simple example courtesy of a 2014 survey of Britons: 40 percent of them admitted to relying completely on autocorrect technology to get their spelling right in daily correspondence—and more than half of those say if they were forced to go without spellcheck, they would “panic.” Yet 90 percent say it is still “absolutely crucial” for children to learn to spell properly.3 For Braverman, and many thinkers since, deskilling is a very dangerous phenomenon. As early as 1974, he was already predicting its inevitable creep into knowledge work, and worrying about the emergence of a “white collar proletariat.”

We do expect deskilling to accelerate as computers take on more knowledge work tasks. Imagine the art of teaching, for example. Today a teacher in an elementary grade performs a number of important educational functions. One is to determine what content students have already mastered and what they still need to learn. Another is to actually transmit the content to the students. A third is to maintain discipline and cultivate a love of learning in the classroom. It’s unlikely that computers will be able to maintain a calm and quiet demeanor among a group of twenty-five or so fourth graders, but many of the other functions that teachers perform can be carried out by computers, and in some cases this is happening today.

Computers are better than many teachers, in fact, at diagnosing what each student needs to learn, and customizing the educational content to the student’s needs. Given traditional classroom sizes, these decisions are just too tailored and time-consuming for many teachers to make effectively. Computers are also good—at least when the educational software is well crafted—at transmitting educational content to students, and knowing when they have mastered it. We could imagine, then, that the human roles in highly computerized schools could be reduced to monitoring and discipline, and being occupied by people who look more like “teachers’ aides” and proctors than professionals with deep knowledge of pedagogy and subject matter. This isn’t a popular idea with teachers’ unions, but that might be the only reason the wholesale shift hasn’t happened already.

Will a Computer Take Your Job?

Is it starting to feel to you like your highfalutin knowledge worker job might not be so invulnerable? To read the signs a little more, let’s consult the radiology profession. Radiologists are another highly educated group whose jobs are being deconstructed, with the parts they trained longest and hardest to do being the very ones that are automated. And note here that, not long ago, we would not have said the ability to study an X-ray or MRI and render a diagnosis could be codified. This is, after all, the profession that loves its “Aunt Minnie.” That’s a term, reportedly first used by a Cincinnati radiologist named Ben Felson in the 1940s, that honors tacit knowledge. As a radiologist gains practical experience, some diagnoses become possible at a glance, because the same image has come up so many times before. In Felson’s words, the radiologist is presented with “a case with radiologic findings so specific and compelling that no realistic differential diagnosis exists.” Over time, the radiologist learns: If it looks like your Aunt Minnie, then it’s your Aunt Minnie.

Radiology isn’t just a specialty requiring a long education; it has been one of the highest-paid medical specialties in the United States. The explosion of imaging technologies over the past couple of decades made doctors who can read such images the “cash cows” of hospitals and medical practices. But in recent years their numbers have been decreasing and incomes falling. It’s instructive to look at the three-step process that brought this about. First, the image-reading work was outsourced and offshored to radiologists overseas, because that allowed a greater volume of images to be processed. This could only happen when the images were digitized and could be sent across an ocean in an instant. Second, the discovery of the much lower cost of those offshore physicians’ time caused more work to flow their way. And all that shifting of work off-site from hospitals forced administrators to codify it more, in order to monitor the quality of work being done remotely. Finally, that thorough codification has made it more possible to take the ultimate step, to automation.

There are already technologies that can read CT scans and MRIs and seize upon the likely lesions that may mean cancer. They highlight the suspicious spots with prominent brackets so that any doctor or nurse can see the problem. Looking ahead, as the prices of imaging devices continue to fall, the day will come when every family doctor’s office has one—thoroughly deskilling the interpretation of radiologic findings. Aunt Minnie is rolling over in her grave.

Not surprisingly, the number of medical students applying for radiology internships in the United States has been dropping steadily over the past several years. But again, there are still parts of what is today a radiologist’s job in a hospital setting that no machine can perform. There is an art to getting a nervous patient properly positioned for imaging, for example (though this task is often performed by technicians, not radiologists). “Interventional” radiologists, moreover, must be able to read images in real time as they direct minimally invasive instruments through tissue. That is a skill that is still a very long way from being automated. It’s digital, but still in the sense that involves fingers.

The process we’re describing, of machines taking the high-end cognitive parts of work and turning people into a sort of human user interface, is occurring across many professional realms. Actual decision-making roles have been ceded to computers—and they are doing pretty well in those roles, despite some occasional hiccups. “Program trading” (also known as high-frequency, algorithmic, or quantitative trading) of equities and fixed-income investments, for example, is widespread on Wall Street and around the financial world. It’s one of the reasons why the New York Stock Exchange is so quiet today. Decisions about which stocks and bonds to buy for what price used to be made by human traders but are now largely made by computer. Likewise, decisions that used to be made by human pricing analysts are now arrived at automatically. What price should an organization charge for perishable goods like airplane seats and hotel rooms? That depends—and depends on more factors than the human mind can process in time to make the sale. With thousands of flights per day and hundreds of prices per flight, the result is literally millions of airline price changes per year; one analysis found that the lowest-price ticket on one flight changed 139 times based on seat availability and demand.

It goes on. Who now makes the business decisions of whether to give someone a mortgage or credit card, the premium to charge for an insurance policy, or which ad to show to a media consumer? All require chewing through massive amounts of data, intense analytics, and strict adherence to rules. Very few humans need apply for these jobs. At the level of setting the rules and writing the code that automates that decision-making, a few people still have very important roles. But on a day-to-day basis, these relatively structured and quantitative tasks are today no longer performed by wetware.

Ten Reasons to Look over Your Shoulder

We’ve always loved the line in H. G. Wells’s classic The War of the Worlds when the narrator rues the fact he did not react sooner to the arrival of an “intelligence greater than man’s”—in his case, Martians landing on earth. Comparing himself to a comfortable dodo in its nest, he imagined those ill-fated birds also dithering as hungry sailors invaded their island: “We will peck them to death to-morrow, my dear.”

And what about you? As intelligent technologies take over more and more of the decision-making territory once occupied by humans, are you taking any action? Are you sufficiently aware of the signs that you should? To help you get the head start you may need, here are the signs that it’s time to fly the nest. All of them are evidence that a knowledge worker’s job is on the path to automation.

1. There are automated systems available today to do some of its core tasks.

The strongest evidence that automation will increasingly threaten a job is the existence of an automated system today that performs all or part of its core function. If we were radiologists or pathologists, for example, we’d be worried about the computer-aided detection systems that read images and detect signs of problems in mammography images or Pap smears. If we were IT operations engineers, we’d be worried about the systems at Facebook that let one engineer run 25,000 servers. These systems haven’t achieved broad penetration yet, but they probably will in ten years.

2. It involves little physical contact or manipulation of things.

If you don’t have to touch your work or see your customer face-to-face in order to perform your job, there’s less reason not to automate it. If you deal primarily in documents (as real estate and many other types of attorneys do, for example) or images (again, like radiologists), systems can digest that content and determine its meaning. If your job requires you to wrestle with something physical in unpredictable ways, it’s not going away very soon. An anesthesiologist friend, for example, says he often has to move patients around a lot to clear airways, so he doubts robots will put him out of work.

3. It involves simple content transmission.

To the extent your work has you transmitting existing content to other humans, you may be in trouble. Think about teachers: They figure out what content students need, and transmit it to them through generally manual methods (lectures, demonstrations, and so forth). But there are already “adaptive learning” systems from companies like Amplify, McGraw-Hill Education, and Knewton that diagnose what content a student needs to learn, and many online repositories for educational material, such as Khan Academy. There are some functions that computers can’t perform in such educational settings, like managing a classroom and maintaining discipline in class, but they don’t necessarily require knowledge workers to perform them.

4. It involves straightforward content analysis.

“Cognitive computing” systems like IBM Watson have already demonstrated that they can do an amazing job of analyzing and “understanding” content. While people will be needed to program and modify such systems, the tasks of analyzing vast amounts of content—as, for example, pharmaceutical researchers and medical diagnosticians do—will increasingly be given over to machines. Lawyers are at risk here as well, because a large component of legal work involves document analysis. Now “e-discovery” tools, through such capabilities as “technology-assisted review” and “predictive coding,” can read through thousands of documents, find key terms and phrases, identify the documents that need a human review, and even judge the likelihood of a case’s success.

5. It involves answering data-dependent questions.

We already know that analytics and algorithms are better at creating insights from data than most humans. They have already replaced some insurance policy underwriters and financial planners. They’ll probably replace more, since this human/machine performance gap will only increase. For example, a company called Kensho Technologies has created an intelligent software system called Warren, which can already answer questions like, “What happens to the share prices of energy companies when oil trades above $100 a barrel and political unrest has recently occurred in the Middle East?” The company stated that by the end of 2014 its software would be able to answer 100 million different distinct financial questions involving complex data.

6. It involves doing quantitative analysis.

One might think that quantitative analysts would be immune from job loss in the “Age of Analytics,” but there are technologies that place their jobs at risk, too. Many quantitative analysts’ jobs will be replaced—or at the least heavily augmented—by machine-learning systems. Machine learning is probably best used to augment human analysts and improve their productivity in analysis and model development. But in some settings, such as online advertising, it is virtually impossible not to employ machine-learning approaches to generate models at the necessary pace. The number of models needed to target a particular consumer and a particular advertising opportunity easily ranges into the thousands per week, and the likelihood of a successful conversion (say, the customer buying the advertised product within a week) is about one in a thousand at best—meaning it’s not worth human attention. Models generated through machine learning are the only possibility in this industry and a growing number of other ones. Of course, it takes an expert quantitative analyst to design the machine-learning approach, but one such analyst can ultimately generate millions of models over time. If you’re a quantitative analyst who understands machine learning, you may well keep your job. If you don’t understand it, you’ll probably be replaced by it.

7. It involves tasks that can be simulated or performed virtually.

This is another problem for teachers and other content experts; if a task can be simulated, one of the best ways to teach it is to have the student undergo a simulation. Just ask the few aircraft flying instructors who are left. Now there are also good simulations for training leaders. Perhaps business school professors and executive coaches are at risk, too.

8. Consistency of performance is critical in it.

Computers are unfailingly consistent; that’s why they already determine who gets credit in financial services, for example. Where consistency matters in other job domains—insurance claims adjusting, financial stress testing, perhaps even judging crimes and issuing punishments—computers will increasingly take on the task. In insurance claims, for example, “auto-adjudication” can automatically evaluate and approve up to 75 percent of claims. Human claims adjusters are left to approve only the most challenging ones.

9. It involves the creation of data-based narratives.

Jobs involving the narrative description of data and analysis were once the province of humans, but automated systems are already beginning to take them over. In journalism, companies like Automated Insights and Narrative Science are already creating data-intensive content. Sports and financial reporting are already at some risk, although the automation of these domains is on the margins thus far—high school and fantasy sports, and earnings reports for small companies. Other companies, like AnalytixInsight, create investment analysis narratives on more than 40,000 public companies with its CapitalCube service. The job at risk in this case is that of investment analyst. Wealth management in financial services, which already relies on computer systems in many cases to determine the ideal portfolio for a particular type of investor, is also at risk. Wealth managers and brokers today often take automated recommendations and translate them into narratives for their customers. As customers grow more sophisticated and computer-literate, the translation function will be less necessary.

10. There are well-defined formal rules for performing the work.

The easiest domains to automate have always been those with clear, consistent rules. Now rule-based systems can handle increasingly complex problems. If we were training for a career in financial auditing, for example, we’d be concerned. There are already some systems that automate key aspects of auditing.4 In tax preparation—a job that is entirely based on following complex rules—much of the work has already been taken over by systems like TurboTax and TaxCut for consumers and small businesses, and Lacerte, ProSystem, and UltraTax for corporate returns.

Think of these as the attributes of “dodo jobs”—those that are sitting there just waiting to be gobbled up by technology. It may be that we’ll be left with fewer of them and not none; the most experienced knowledge workers in careers affected by these technologies may keep their jobs, while no new positions open up for entry-level workers. But for your own well-being, or your children’s or grandchildren’s, we’d advise you to run from them while you can.

How Job Loss Happens

Many of the attributes we’ve just described apply to large numbers of knowledge workers. So, yes—computers are going to take away your job as it exists today. They’ll do it by stealing away small and then big parts of how you currently spend your day. The more structured tasks will be taken over by machines, or made substantially more productive by them. In this way, jobs will literally be disintegrated. And one of your colleagues will be able to handle the work that ten of you do today.

Even if you are that lucky colleague, here’s how it could all go down: Your immensely higher productivity could mean the next generation doesn’t get hired. The process has been called “silent firing”—getting rid of the jobs that would otherwise have been filled. In radiology, for example, even where automation hasn’t been complete, computerized detection systems for breast and colon cancers are being used as a “second set of eyes” that once might have belonged to a human. This slow-but-steady process doesn’t wipe out entire job categories, but it takes over enough of the work to limit the growth in them, leaving new grads with no employment offers and dissuading other smart students from following in their footsteps.

The biggest casualties of silent firing are typically entry-level workers. Even when technologies that support knowledge work are not particularly “smart,” increases in productivity that they support can limit the demand for inexperienced employees. In architecture, for example, entry-level architects once did a lot of drafting. A minor change to a blueprint or design might have meant a lot of work to re-create it. Today this type of work is done almost exclusively in computer-aided design (CAD) systems, and productivity for drafting and design work is much higher. This is one of the reasons that recent architecture graduates have struggled to find jobs. A study released in 2012 by Georgetown University’s Center on Education and the Workforce placed their unemployment rate at 14 percent, the highest of any major. As a New York Times story headline baldly put it, “Want a Job? Go to College, and Don’t Major in Architecture.”5

More generally, the effect of too many people chasing too few jobs is severe downward pressure on wages. Recall that glut of knowledge workers that Paul Beaudry and his colleagues found. It can only mean that some highly educated people will compromise to take jobs below their skill level, which in turn will push less-educated workers even further down. All this spells zero wage growth even for those who stay employed. This will be especially true of any work that is also done by the growing movement of amateurs. It’s always been true in music and writing that it’s hard to make a decent wage, because so many are willing to do it for the sheer joy of expressing themselves and showing off their chops. Now it’s becoming true, too, of documentary filmmaking, conference organizing, sports analytics, and who knows how many more highly creative endeavors.

Finally, there’s the problem of whether you’d even want that highly leveraged job as the token human among the machines. Chances are you’d be lonely. This is what they discovered in Japan when heavy adoption of robotics produced the first “lights-out” factories, requiring only a few workers to run. When Frederik Schodt did the research behind his 1988 book, Inside the Robot Kingdom, he learned about what was being called “the isolation syndrome of automation.” Older workers tended to be proud to be part of such technologically advanced operations, but new employees found it hard to find meaning in jobs stripped of human interaction—jobs in which they themselves “felt like robots” reduced to operating and programming other machinery.

What’s Our Time Frame Here?

Paul Saffo, a longtime observer of the tech scene, has a great rule that he offers to others speculating about what the future will bring: “Never mistake a clear view for a short distance.” A change
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