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Praise for 


The Skeptics’ Guide to the Universe


“In this age of real and fake information, your ability to reason, to think in scientifically skeptical fashion, is the most important skill you can have. Read The Skeptics’ Guide to the Universe; get better at reasoning. And if this claim about the importance of reason is wrong, The Skeptics’ Guide will help you figure that out, too.”


—Bill Nye


“Steven Novella (Clinical Neurology/Yale Univ. School of Medicine), a founding fellow of the Institute for Science in Medicine and host and producer of the titular science and critical thinking podcast, pulls no punches in his attack on the misinformation, myths, and biases that surround us. Aided here by several writing associates, the author demonstrates his vast experience explaining the mechanisms of deception and the tactics used by pseudoscientists. Presented as one giant inoculation against bad science, deception, and faulty thinking, the book succeeds superbly.”


—Kirkus (starred review)


“Empowering and illuminating, this thinker’s paradise is an antidote to spreading anti-scientific sentiments. Readers will return to its ideas again and again.”        —Publishers Weekly (starred review)


“A fantastic compendium of skeptical thinking and the perfect primer for anyone who wants to separate fact from fiction.”


—Richard Wiseman, professor of the Public Understanding of Psychology at University of Hertfordshire and bestselling author of 59 Seconds


“In his 1995 book The Demon-Haunted World, the great Carl Sagan prophesied a descent into superstition and ignorance. Well, that world has arrived. Fortunately, Steve Novella and his coauthors are here to help us navigate it with critical thinking and scientifically appropriate skepticism, along the way exposing the anti-science and pseudoscience so prevalent in our public discourse today, from confirmation bias to conspiracy theories, N‑Rays to Nessie, the Face on Mars to Flat-Eartherism.”


—Michael Mann, distinguished professor, Penn State University, and coauthor of The Madhouse Effect: How Climate Change Denial Is Threatening Our Planet, Destroying Our Politics, and Driving Us Crazy


“A terrific book for anyone who wants a better understanding about the world around them and an essential guide to navigating modern life. The Skeptics’ Guide to the Universe will help readers recognize pitfalls in reasoning, combat bad arguments and avoid superstitious thinking.”


—Simon Singh, skeptic and author of Fermat’s Enigma


“This important addition to the literature of skepticism deserves shelf space beside the works of such notables as Michael Shermer, James Randi, Robert A. Baker, and Martin Gardner.”


—Booklist


“Steve and the gang have done it again. The Skeptics’ Guide to the Universe is the best and most popular podcast on science and skepticism out there (I am honored to have been their first guest!). And now this book is the best, soon to be the most popular, guide to what’s really real, so far as we can tell.”


—Massimo Pigliucci, K. D. Irani Professor of Philosophy at the City College of New York and author of Nonsense on Stilts: How to Tell Science from Bunk


“There’s nothing more riveting, nor more frightening, than the economysize ability of the citizenry to embrace unscientific explanations for puzzling events. We hardly blink when ordinary folk are seduced by easy‑to‑grasp—if wrong—explanations for autism or mysterious lights in the night sky. But we should be alarmed. The science may be pseudo, but the grievous consequences are real. Steve Novella and colleagues offer a fascinating collection of the many contemporary phenomena now ascribed to mysterious or even conspiratorial causes. They also point out the logical errors that are repeatedly made by those who claim that the truth is out there—and frequently too far out there! For those who want to know, not merely believe, this book is an essential read. It’s also a great one.”


—Seth Shostak, senior astronomer, SETI Institute


“A lighthearted, wide-ranging romp through pseudoscience, quackery, and nonsense of all kinds. Fun and fascinating, with an undercurrent of darker urgency—given the upsurge in bald-faced lies and bizarro claims all around us, this book may be your best defense.”


—Steven Strogatz, professor of mathematics, Cornell University, and author of The Joy of x


“There are so many ways to be wrong, what we all need is a guidebook to being right. And here it is: The Skeptics’ Guide to the Universe is an invaluable manual to avoiding all of the ways we can fool ourselves and be fooled by others. It’s depressing to think of how many ways there are, but at least now we have no excuse for not being prepared.”


—Sean Carroll, author of The Big Picture: On the Origins of Life, Meaning, and the Universe Itself


“A lively, engaging, and very timely guide to navigating a world rife with misinformation and pseudoscience. This book will give you the tools to ferret out nonsense and confront your own biases—and hopefully change a few minds along the way.”


—Jennifer Ouellette, author of Me, Myself, and Why and The Calculus Diaries


“The Skeptics’ Guide to the Universe reads like a dream; casual, occasionally irreverent, full of great anecdotes and humor but ultimately a well-researched and authoritative account of the vagaries of human folly and foolishness.”


—Bruce Hood, author of SuperSense, The Self Illusion, and Possessed
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We dedicate this book to our father, who gave us the gift of a deep appreciation and fascination with all things science and technology, a love of science fiction, and a yearning for the wonders that the future might bring.










A Glimpse of the Future


Click, click.


Gerald stood in his closet alcove hitting the activation button but was rewarded only with a red light and an annoying click. Gerald could not be late. Not today. Then he noticed he forgot to set his dress type. He selected business attire for such an important day, and finally the light turned green. This time when he clicked the button, the robot arms came alive, dressing him in his favorite suit, tying his tie, and neatly combing his hair. He smiled wide and an ultraviolet beam of light cleaned his teeth. Perfect.


He strolled confidently out to the kitchen, where he was greeted by his wife, who was busy sending their kids off to school through the pneumatic tube system. They dropped away right before they could say goodbye to their dad.


“How are you doing? Nervous?” His wife managed a supportive look despite her obvious concern.


“It will be great,” Gerald beamed, trying to convince himself as much as her. “This new line of autonomous robot servants is leaps ahead of the Model 2s. They practically sell themselves.”


As if to emphasize his point, Giles, their Model 2 home butler, clanked over to Gerald, hat in hand, and said in a tinny voice, “Morning, sir. Shall I call your car?”


“Of course, Giles. Look at the time. It should be here already.”


Lights flashed on Giles’s “face,” indicating he was engaged with the home central computer while his metallic frame stood motionless. Gerald grabbed his hat from the steel fingers, visibly losing his patience just a little.


“Don’t forget your breakfast, dear.” His wife pointed to his plate at the table, on which sat two small capsules. “You need your energy for the meeting.”


He downed his breakfast, placed his hat carefully on his head, kissed his wife, and then strode through the shimmering rectangle of energy that served as the front door of his home. The thorium nuclear engines of his car were purring nicely as the vehicle floated in front of him, the driver’s door opening automatically as he approached.


In the twenty minutes it would take him to fly to work, Gerald reviewed his pitch. He was the chief engineer on this project and had been over the prototype Model 3 with a fine-toothed comb. The higher-ups were sure to fund production, but everything still had to go perfectly.


Azra removed her VR (virtual reality) goggles, the retro-future world vanishing around her, replaced by her somewhat stark office.


“I can’t take any more. Is that really what they thought the future was going to be like back then? And what’s with the creepy 1950s vibe?”


The swarm of nanites that made up Briar’s avatar laughed. That was about the reaction they were expecting. “I know, it’s great, right? You gotta love the robot butler. So retro.”


Briar’s smile was just a bit delayed, leading Azra to suspect she was, yet again, talking to their AI simulacrum rather than the person themselves. “Listen, the Museum of the Future wants this exhibit to go live in two days. I need to put the finishing touches on the project and upload it by tomorrow. I really need your feedback.”


“Well . . .” Azra wasn’t sure how to put this. “The butler is kinda funny, if that’s what you’re going for. But why is everything so . . . analog? Where’s the embedded AI, the virtual overlays? It all looks a bit cartoonish.”


Briar laughed again. “Hey, I’m just reconstructing their vision of the future. I didn’t make it up. Just watch the rest and then ping me with your feedback. Remember, you’re not critiquing their futurism. I just want to know how the VR looks and feels.”


Azra gave Briar a curt nod, then dismissed their avatar with a wave. She reached for the VR goggles, ready to immerse herself again in a world that never existed or will exist, except in the misguided imagination of someone long dead.










PART ONE


An Introduction to the Future










1. Futurism—Days of Future Passed


The future begins with the past.


The future is a wild fantasy. It’s feverishly concocted out of our hopes, fears, biases, ignorance, and imagination, saying far more about us than what is to come. Predictions of the future are really just reflections of the present. And that means we’re really bad at predicting what the future will bring. But that’s not going to stop us from trying to do just that—it’s simply too irresistible.


We can, however, try to learn from futurism’s checkered past, correct what errors we can find, and perhaps do a little better. Along the way, we can learn about the past and present of the technologies that dominate our world. We can follow the arc of the history of science and technology and perhaps extrapolate it a little bit into the future. My brothers and I have been doing this our whole lives.


As children growing up in the ’60s and ’70s, we were in love with science, technology, science fiction, and the incredible promise of the future. We were too young to have experienced the disappointment of future promises repeatedly failed, and so we naively believed the advances set before us. Many of them are now solid clichés about the future, but back then we anxiously anticipated our flying cars, jetpacks, moon settlements, and intelligent robot servants.


Our fondness for science fiction didn’t help. The movies and television we watched depicted a near future with technology that now seems to be about a century premature. In The Six Million Dollar Man Steve Austin sported prosthetic robotic limbs that fifty years later are still not even close to achievable. In 2001 we were supposed to have space stations and sentient computers. And weren’t researchers working on beaming vivid experiences directly into our brains? Even dark futures, like the year 2019 depicted in Blade Runner, had flying cars and genetically modified androids indistinguishable from humans. No matter how socially and environmentally devastated the future was presented to be, what I marveled at was the technology. We could work the other stuff out—as long as there were flying cars.


Our techno-optimism was likely significantly influenced by growing up in the era of Apollo. We were landing people on the moon and using “advanced” computers, and despite a few hiccups, it all worked out well. Watching Gene Cernan step off the moon and back into the lunar lander during the Apollo 17 mission in 1972, my younger self couldn’t conceive that fifty years later we still would not have returned, let alone not have a settlement on the moon. Where is Moonbase Alpha?


The flip side of this disappointment and false promises is that some of the biggest technological advances in the last half century, the ones that have had the most significant impact on our lives, were not featured in future predictions or science fiction. As I write this, I carry in my pocket a supercomputer (by the standards of my youth) that allows me to communicate instantly through video, audio, or text to almost anyone, anywhere in the world. As a bonus, I have access to my entire personal music library, it serves as a digital camera that can take as many photos as I want without the need for film, and can even give me directions to anywhere I want to go. It can access practically the sum of human knowledge in a searchable interactive format. If I get bored, this device can play movies and contains countless video games that would have blown child‑me away.


The smartphone and the World Wide Web that can be accessed through it, along with social media, online shopping, countless apps, and other features, are absolute miracles of future technology. It far exceeds what I would have thought possible thirty to forty years ago. Past depictions of the future generally did not anticipate anything like it. Even Star Trek, a favorite techno-optimist utopian future, did not see our digital revolution coming.


So, we have made great technological strides in the last fifty years, just not in the ways that we thought. Why is it that people are consistently so bad at predicting the future? If we can understand this, perhaps we can do it a little better. Or perhaps the forces that shape the future are too chaotic to predict with any accuracy beyond a certain point, like trying to predict the weather.


But while we cannot predict specific weather with much accuracy, we can better predict overall changes in climate. It’s easier to predict that travel will get faster in the future, for example, rather than the specifics of automotive technology. One potential fix to bad futurism, therefore, is to focus on large trends, rather than trying to imagine tiny details. Even there, however, futurists can get tripped up.


In the movie Minority Report, for example, they presented a thoughtful picture of the near future of 2054. I will not be able to say how accurate it was for another thirty years, but one choice stuck out to me: People were using teeny-tiny phones. The movie was made in 2002, prior to smartphones. The trend then for cell phones was to get smaller and smaller, so the writers extrapolated this out another fifty years.


Unfortunately for them, the iPhone was released in 2007, essentially reversing the trend by fundamentally changing how personal phones are used. Suddenly, screen real estate became a premium, and inevitably phones got larger. The iPhone was a disruptive technology, changing the status quo of an entire industry and changing our lives forever. Perhaps we are now settling into a range of screen sizes that represents the optimal balance of portability and usability, depending on some personal and situational variables, or maybe a new disruption will occur.


Companies are indeed looking for ways to disrupt the cell phone market again by creating foldable or expandable phones reminiscent of a time before iPhones. Will this technology take off, remain niche, or completely fail? If you could reliably predict even the next step in how a single technology will evolve, you would be a tech millionaire. Even scientists and tech leaders in the past famously made terrible predictions about the future, including about technology in which they were involved. Take Thomas Edison, who said, “The phonograph has no commercial value at all” in the 1880s. Or Ken Olsen who claimed in 1977 that “there is no reason anyone would want a computer in their home.” Even if you can foresee that first step, try predicting the next fifty steps for a thousand technologies. That’s the future.


Of course, “the future” includes one second from the moment you read these words, to the ultimate heat death of the universe in 10^100 years (some trends are inevitable). Different factors apply depending on how far into the future you are trying to predict. The near future, say ten to twenty years, can benefit from high-probability extrapolation of existing trends, as well as coming technology that is already in the works. The medium future, twenty to a hundred years, gets a lot harder, but if you focus on the big picture and give yourself some wiggle room, you might get a glimpse of life in a century.


The far future, more than a hundred years, is where things really get interesting, and the technologies we are now just beginning to explore reach their full mature potential. While it may be easy to predict that some technologies will eventually be realized, the wiggle room for predictions here is in how long it will take. We may not be able to envisage when essentially complete brain-machine interfaces will exist, but when they do, we can imagine what it may be like. The far future is where we can enjoy speculating about entirely new technologies that are now only a footnote in a physics paper about some newly discovered aspect of nature.


Our guide through the future will cover all of this—advancements in existing technologies, exploring emerging technologies, and speculating about fantastical tech from possible futures. As much as possible, science will be our guide.


Through it all, we will maintain a highly skeptical eye because that’s what we do. In addition to being science enthusiasts and technophiles, we are also scientific skeptics. For the last quarter century, we have been studying and promoting critical thinking and scientific literacy. We host the award-winning podcast The Skeptics’ Guide to the Universe, and our first book, of the same name, is a primer on science and critical thinking.


This means we always try to temper our enthusiasm for the future with sharp criticism. We let the failures and disappointments of the past inform our thoughts about the future. It is not enough, however, to simply be cynical. Being skeptical means separating the probable from the improbable, with solid evidence and logic.


Sometimes we let our enthusiasm get the better of us, but in the end, we always bring it back down to reality. This is, after all, a skeptic’s guide to the future.


The future, ironically, begins in the past. Our journey starts with the history of futurism to see what it can teach us.










2. A Brief History of the Future


The pitfalls of futurism.


Yogi Berra famously said, “The future ain’t what it used to be.” (You knew that quote would make an appearance, right? Although he wasn’t the first person to utter this phrase.) He had a quirky genius for making a concept that ultimately makes sense sound self-contradictory or nonsensical. What has changed is not necessarily the future itself, but our beliefs about the future. Futurism ain’t what it used to be.


In traveling back in time and into the future at the same time, we can look at some of the visions of yesterday’s future—what did they get right and what did they get spectacularly wrong? When tracking the errors of past futurists, some common themes emerge—what I call “futurism fallacies”—and they will help us shape our own future vision.


Futurism Fallacy #1—Overestimating short-term progress while underestimating long-term progress.


One core challenge of predicting the future is trying to determine not only what technology will develop, but also how long it will take. It is almost a certainty that eventually we will develop fully sapient general artificial intelligence. What is extremely challenging is predicting when we will cross that finish line. When trying to glimpse the future, there is also a tendency to overestimate short-term advancement, while underestimating long-term advancement. We see this frequently in science fiction movies—whether they are serious, comedic, utopian, or dark, the technology in twenty to thirty years is typically portrayed as transformational, rather than more realistically incremental. So, from Back to the Future to Blade Runner, we have flying cars by 2015.


This overestimation of short-term progress comes partly from the tendency to think of “the future” as one homogenous time, much as we often think of “the past” as one indistinct era. My favorite example of this is that Cleopatra (69–30 BCE) lived closer in time to the Space Shuttle (first launch in 1981) than the building of the Pyramids of Giza (2550–2490 BCE).


But, getting back to the future (heh!), we often imagine that “the future” contains whatever the next big advance is expected to be in any given technology. So instead of using phones, we are using video phones in the future. Instead of driving regular cars, we are driving electric, self-driving, or flying cars. We fly to other continents in commercial jets now, so in the future we must be flying rockets instead. Even if “the future” is only twenty years from now, we imagine all these technological transformations have already taken place, therefore overestimating short-term progress.


Underestimating long-term progress is mostly a matter of simple math, because technological progress is often geometric rather than linear. Geometric progress means doubling (or some other multiplier) every time interval, so progress looks like 2, 4, 8, 16, 32, while linear means simple addition every time interval: 1, 2, 3, 4, 5, and so on. You can see how geometric is much faster than linear, especially over the long-term. The best example of this is computer technology, such as hard-drive capacity and processor speeds. Processor speeds have roughly doubled every eighteen months, so in the past forty-five years, processors have not become several times faster—they have become millions of times faster. Underestimation also occurs because game-changing new technologies are often missed.


However, while there is a general tendency to overestimate short-term and underestimate long-term progress, each technology follows its own pattern of progress. Therefore, it can be difficult to pick technological winners and losers. The problems we are trying to solve with technology may also be nonlinear, getting progressively harder to advance at the same rate. At first, we may pick the low-hanging fruit and progress may be rapid, but then further advances become increasingly difficult, with diminishing returns and perhaps even roadblocks. If we project early progress indefinitely, that will result in overestimating the strides we will make. But then geometric advances and game-changing innovations eventually catch up, causing us to underestimate long-term progress.


A humorous showcase of this fallacy is the short film produced by General Motors in 1956, which imagined the “modern driver” of 1976. They get everything wrong. The film was made to promote their gas turbine engine technology—remember those? Probably not, because they never came into wide use. Several car companies, most aggressively Chrysler, tried to develop a gas turbine engine to replace the internal combustion engine, and none succeeded.


The film also featured “auto control” in which the car was able to take over steering from the driver—in 1976, remember, about a half century too early. But in order to do this, the driver had to first enter the “electronic control lane” and then synchronize the car’s velocity and direction with the external control. This was all done with the help of people in control towers that lined the highway through radio communication.


Science fiction depictions of the future are also rife with this fallacy. In 1968, the movie 2001: A Space Odyssey chronicled a mission to Jupiter (still beyond our current technology), with crew members in cryosleep (also not possible) and featuring a fully artificially intelligent computer, the HAL 9000. These technologies are all at least fifty to a hundred years premature.


Professional futurists, such as Isaac Asimov, frequently fell for this fallacy. In 1964, he made predictions for 2014, fifty years in the future, for the world’s fair. His forecasts were published in the New York Times, although in fairness, he admits these are only “guesses.” He predicted:


It will be such computers, much miniaturized, that will serve as the “brains” of robots. In fact, the I.B.M. building at the 2014 World’s Fair may have, as one of its prime exhibits, a robot housemaid—large, clumsy, slow-moving but capable of general picking‑up, arranging, cleaning and manipulation of various appliances. It will undoubtedly amuse the fairgoers to scatter debris over the floor in order to see the robot lumberingly remove it and classify it into “throw away” and “set aside.” (Robots for gardening work will also have made their appearance.)


What about energy?


And experimental fusion-power plant or two will already exist in 2014. (Even today, a small but genuine fusion explosion is demonstrated at frequent intervals in the G.E. exhibit at the 1964 fair.) Large solar-power stations will also be in operation in a number of desert and semi-desert areas—Arizona, the Negev, Kazakhstan. In the more crowded, but cloudy and smoggy areas, solar power will be less practical. An exhibit at the 2014 fair will show models of power stations in space, collecting sunlight by means of huge parabolic focusing devices and radiating the energy thus collected down to earth.


Again, these predictions are at least a half-century premature. In general, futurists need to be much more conservative in their estimates of short-term advancement. It seems like doubling or even tripling the estimated timeline is a reasonable rule of thumb. Anticipate roadblocks, blind alleys, and troubling hurdles, and your estimates will likely be closer to the mark.


Futurism Fallacy #2—Underestimating the degree to which past and current technology persists into the future. Corollary—assuming we will do things differently just because we can.


One particularly ambitious look forward was the 1967 film by the Philco-Ford Corporation imagining the world of 1999, starring a young Wink Martindale. Those thirty-two years were full of advancements with the advent of personal computers, the internet, and essentially a transition to digital technology.


The authors of this film could not see through the thick veil of these technological revolutions, so they relied heavily on their own hidden assumptions, falling for many of the futurism fallacies. They assumed that many aspects of daily life would change simply because future technology would allow for such change. Everything thirty-two years in the future has to be different, right? History has shown, however, that past technology persists into the future to an incredible degree.


In their depiction of a typical day in 1999, even the simple act of drying one’s hands at home had to be done using the most advanced technology possible, such as infrared lights and air blowers. Drying your hands on a towel seems too old school for “the future.” Communicating from the next room was done through video. In this future, all food is stored frozen in individualized portions and heated up in minutes by microwave to serve, replacing all cooking, except perhaps for special occasions. The central computer monitors nutritional and caloric needs and suggests the appropriate menu.


Asimov made similar predictions about cooking in the future (again from his 1964 world’s fair predictions):


Gadgetry will continue to relieve mankind of tedious jobs. Kitchen units will be devised that will prepare “automeals,” heating water and converting it to coffee; toasting bread; frying, poaching or scrambling eggs, grilling bacon, and so on. Breakfasts will be “ordered” the night before to be ready by a specified hour the next morning. Complete lunches and dinners, with the food semiprepared, will be stored in the freezer until ready for processing. I suspect, though, that even in 2014 it will still be advisable to have a small corner in the kitchen unit where the more individual meals can be prepared by hand, especially when company is coming.


The idea that we will be utilizing essentially the same culinary techniques in the future, despite the fact that we’ve been cooking food over heat for millennia, just doesn’t fit a futurist lens. But the reality is we still buy raw vegetables and cut them with knives on a wooden cutting board, and then steam them or stew them in a pot. My modern kitchen and the process I use to cook would be fully recognizable to someone from fifty, even a hundred, years ago depending on the recipe. In fact, I recently purchased some hand-forged kitchen knives. Sure, the appliances are all more efficient, and may have had some incremental functional improvements, but mostly they are the same. The biggest innovation is the microwave oven, which I, like most, use for heating, not for cooking.


Sometimes we do things the old-fashioned way because we want to, or because the simple way is already pretty close to optimal. Sometimes convenience isn’t the most important factor (that is another lazy assumption about the future—everything is about optimizing convenience). Recently, several people close to me purchased the automatic coffee makers where each cup is made from a prepackaged individual container of ground coffee. This method prioritizes ease, speed, and convenience, and these coffee makers became very popular. But after a couple of years there was a backlash, and all it took was being exposed again to a really well-brewed cup of coffee. Compounded with environmental concerns over the waste of all the plastic used in those individualized packages, suddenly the swill they were drinking out of convenience simply wasn’t good enough.


Now many of them (I don’t drink coffee, so I watched this play out from the sidelines) have swung back to the other end of the spectrum, prioritizing quality. They grind their beans fresh and may go through an elaborate process such as slowly pouring boiling water over those grounds in search of the perfect cup of coffee. They enjoy the ritual, and it builds their anticipation of flavorful enjoyment.


Old technology can be remarkably persistent. We still burn coal for energy. Our world is still largely made out of wood, stone, steel, ceramic, and concrete—all materials that have been used for thousands of years. Plastic is probably the one new material that has shaped our modern world, but not everything is made from plastic just because it can be.


None of this is to downplay the truly transformational technologies that make up our modern world and have changed our lives. But the future always seems to be a complex blend of the new and the old. The trick is predicting which things will change, and which will substantially stay the same.


Futurism Fallacy #3—Assuming there is one pattern of technological change or adoption. Rather, the future will be multifaceted.


Sometimes new technologies completely fail and fade away (like the gas turbine engine), sometimes they are adopted but fill a smaller niche than initially assumed (like microwave ovens), and sometimes they completely replace (except for nostalgic or historical purposes) the previous technology (like cars did to the horse and buggy). There is no one pattern.


We must also recognize that there are many competing concerns, and this is often why it is extremely difficult to predict how a new technology will play out. Convenience is not everything, and we do not widely adopt new technologies just because they are new. In addition, there are considerations of cost, quality, durability, aesthetics, fashion, culture, safety, and environmental effects. Even the concept of convenience itself can be multifaceted.


What tends to happen is that many technologies exist in parallel, each finding their niche where these combinations of factors make the most sense. I am writing this book on my computer, but sometimes I take notes by writing them down on a piece of paper. It’s just more convenient for some applications. Sometimes I listen to books on audio, sometimes I read them on my ebook, and sometimes I like the feel of a physical book in my hands.


We still use natural wood in home construction because of its cost and how easy it is to work with, and for a desired aesthetic. In fact, antiques have a high value partly for their rustic or quaint appearance in home interiors. Conversely, I may spring for artificial wood for my deck because of its weather resistance and lower maintenance.


I drive to work in a car that would mostly seem ordinary to a driver from the 1950s, but they would likely be blown away by my GPS and entertainment system. And yet, I still usually just listen to news on the radio.


Futurism Fallacy #4—Anticipating the end of history.


In his book, Predicting the Future, Nicholas Rescher points to a tendency to assume “the end of history”—that society reaches its equilibrium point, and once achieved we have endless peace and prosperity. In this utopian future, not just convenience but also leisure become everything. Well, history doesn’t stop, at least it hasn’t so far.


A good example of this fallacy is the 1920s film about the twenty-first century Looking Forward to the Future, set after the “War to end all wars” where there would be never-ending peace and prosperity, with increasing leisure time. It predicts people wearing electric belts to control their climate. Men (not women) would be outfitted with a utility belt that would contain, “telephone, radio, and containers for coins, keys, and candy for cuties.” Planes would be enormous, designed like luxury cruise ships, with lounges, dining areas, and activities. The farther back in time we go, the more outlandish our present “future” becomes.


This fallacy mostly stems from a lack of imagination—thinking that all of our current problems will be solved by technological advancements. Once that happens, we will have achieved a stable utopia. But what always has happened so far is that as we solve one problem, new problems emerge. Even the technology we develop to make our lives better can come with a suite of its own challenges—new resources become precious, power shifts, and new conflicts arise. When past futurists looked at the advent of the internal combustion engine, they did not imagine the challenges of global warming, or the rise of power centers in the deserts of the Middle East.


History does not end; it just keeps churning.


Futurism Fallacy #5—Extrapolating current motivations and priorities into the future. Corollary—it’s still not all about leisure and convenience.


This assumption of increased leisure time was not unreasonable a century ago, as the industrial revolution really did free developed societies from previous crushing drudgery. Machines taking over many of the worst repetitive, time-consuming, and dangerous tasks was a defining feature of that era. It stands to reason that they would extrapolate that trend into the future, so they did. This assumes that current trends will continue indefinitely into the future, but they rarely do.


In the United States, for example, the forty-hour workweek did not come about because of technological advancement. In fact, industrial factories made workers more productive, and therefore their hours of work more valuable. Achievement of a forty-hour workweek was the result of a labor fight, fought over a century, and finally achieved by federal law in 1940. Since then, the workweek had been stable but has been increasing recently with the rise of new forms of contract work that fall outside these regulations.


A 2014 national Gallup poll put the average US workweek at forty-seven hours. This number is higher for competitive industries, or gig workers like Uber drivers, who might work a hundred hours a week. This increase is ironically driven by modern technology that facilitates contract work, which would have been hard to predict a hundred years ago. Now there is a push for a shorter workweek and increased work from home, made possible by computers and remote conferencing. These trends may have had a little boost from a once‑in‑a‑century pandemic that was difficult to predict.


The core problem with this fallacy is unrecognized and often lazy assumptions. In the past, progress was equated with convenience, and so future progress was seen through that narrow lens. The question is—what hidden assumptions are we making today that color our thinking about the future?


Futurism Fallacy #6—Placing current people and culture into the future.


“The past is a foreign country: they do things differently there” are the first words of L. P. Hartley’s The Go‑Between. By extension, the future is a foreign country too. When we envision the future, by default we tend to place people like ourselves in that future. But this would be the equivalent of imagining people from the Middle Ages living in the twenty-first century. One thing is certain—the people of the future will not simply be us with better technology. People and culture change, often in ways difficult to predict.


People in future societies are likely to have different priorities, ethics, and a different relationship with their technology. We can see this today, as often parents don’t understand how their own children use the latest social media app. We tend to accept technological changes over time, and eventually the unthinkable becomes every day. We may be squeamish about genetic manipulation, for example, but people in a century may think nothing of it. How will individuals in future generations relate to artificially intelligent robots?


This fallacy is common in science fiction, which is why the classic 1956 film Forbidden Planet imagined a starship from the twenty-third century being crewed entirely by men who would have seemed completely at home aboard a World War II battleship. Without more imagination, their vision of the future is already rendered obsolete.


This futurism fallacy is so common it has become almost synonymous with retro-futurism. We can see this, for example, as a deliberate aesthetic in the Fallout video games. It presents the world of 2071 as imagined by futurists in the 1950s, complete with unaltered 1950s culture, fashion, and attitudes. But these people from the 1950s are living in a world of retro-futuristic technology, including robots and nuclear-powered cars.


People and technology evolve together as a dynamic system, and yet futurists tend to imagine that time stands still, except for technology.


Futurism Fallacy #7—Everything that happens in the future will be planned and deliberate.


One more common assumption that shines through these older attempts at predicting the future is that society and technology in the future will be more planned, designed, deliberate, and controlled. The 1935 City of the Future film makes this assumption explicit, stating outright that in the future every detail will be planned. This high level of planning fits better with utopian rather than dystopian futures, but it is based on the notion that the powers that be will craft our future to best meet our needs.


In the Ford film about 1999 (the one with Wink Martindale), the center of their futuristic home is an entire room dedicated to the home’s central computer. The computer itself looks like a monstrosity out of the 1950s, with banks of switches, blinking lights, and vacuum tubes. It is presented as an overmind that controls every aspect of the home and the family’s life, from planning meals to homeschooling the children.


Reality, of course, remains far messier. The deep philosophical principle that shit happens continues to hold true. Things evolve in a chaotic way, for often quirky and highly contingent reasons, again contributing to our inability to accurately predict the future.


The Segway promised to change the way people get around. This is still sexy technology: an electric two-wheel stand‑up platform that can transport you quickly around a city or large indoor space like a mall. Steve Jobs reportedly said that the Segway will be “as big a deal as the PC.” However, the Segway just never caught on, largely for practical and economic reasons. Perhaps the hardest thing to predict about technology is how people respond to and use that technology—will people want to ride wheeled platforms around the city? Is it better than other options, enough to justify the expense?


Similarly, futurists failed to ask, will people want to communicate routinely with video? The surprising answer turned out to be no; they would rather text, of all things. I don’t think anyone predicted this. Video phones are almost ubiquitous in portrayals of the future, but they remain a tiny slice of how we communicate today, despite the technology being fully mature.


Our utilization of future tech is likely to contain a lot of chaos because people are unpredictable.


Futurism Fallacy #8 (the Steampunk Fallacy)—Extrapolating existing technology into the future without considering new and potentially disruptive technology.


Another feature of past predictions of the future is what is not there, the things they did not predict. Looking back from the vantage point of the 2020s, the biggest technological advance over the last few decades, largely missed by futurists, is the digital revolution. Past portrayals of today are often still analog—they extrapolated their current technology into more advanced forms but failed to account for the possibility of disruptive technologies.


One dramatic example of this is the epic science fiction series by Isaac Asimov, the Foundation trilogy, written in the 1940s and 1950s. He imagines a distant future, thousands of years from now, that is completely analog. In the first two books, computers are not even mentioned. It is also striking how much the people of his future resemble those from the 1950s, complete with hat-wearing, cigar-smoking, male domination.


This fallacy often reminds me of steampunk fiction, which aesthetically imagines a world in which steam industrial technology remained the cutting edge and continued to advance to more complex and intricate instruments and devices. In this world, it was never replaced by electronic or digital technology.


We keep imagining a steampunk future. Futurists of the early nineteenth century missed electronics, and those of the first half of the twentieth century missed computers, and later missed the miniaturization and therefore wide distribution of computers. Typically, we don’t start seeing new technologies in future fiction until it already exists.


Even then, we are terrible at picking technological winners and losers. Remember the coming hydrogen economy? In the early 2000s, it was widely believed that internal combustion engines would be replaced by hydrogen fuel cells in vehicles, and this would be the cornerstone of a hydrogen-based economy. Hydrogen fuel cell vehicles are not dead yet, but they are soundly losing to battery-electric vehicles, which are clearly the favorite to replace gasoline engines (they are just more energy efficient than hydrogen).


Back to Wink Martindale in 1999; the filmmakers do anticipate shopping from home, but it’s all analog—a camera pans across items for purchase. And of course, the wife makes purchases in one room, while the husband pays for it at his bank of consoles in the next, complete with knobs and buttons, but no keyboard or other interface. They anticipated doing something in a new way but no further than an extrapolation of then-current technology.


Forecasting which new technologies will be game changers and which will fizzle is perhaps the greatest challenge of futurism. This fallacy also produces the greatest fails because a disruptive technology (or its absence) can completely change our vision of the future.


Futurism Fallacy #9—Assuming the objectively superior technology will always win out.


Yet another challenge of predicting the future is competitive technologies. Around the turn of the twentieth century, there was intense competition among steam-powered, electric, and gasoline-powered cars. Whichever technology won out would materially shape the next century and beyond in many ways. Of course, in hindsight it seems inevitable that gasoline engines would win, but it wasn’t. Each technology had its advantages and disadvantages.


While this is a complex story, it did mostly come down to infrastructure. Electrification was not yet sufficient to allow convenient intercity travel with electric cars, and the availability to frequently refill the steam engines with water was also a limiting factor. Gasoline simply beat the others to developing the critical infrastructure, which created a self-reinforcing feedback. Adoption led to further investment in infrastructure, which led to further use. It also helped that Ford chose the gasoline engine for his first mass-produced car—a choice by a single individual that could have changed the technology landscape for an entire industry.


This was not the only historical competition where the winner was not inevitable. For long-distance travel, jets now seem obvious, but rockets were seriously considered. In fact, Elon Musk’s SpaceX plans to bring back the idea of rockets for the longest trips. They certainly would be much faster.


Remember General Motors’ gas-turbine engine? These are quieter, smaller, less polluting, and run cooler than internal combustion. They also started more reliably in cold environments than cars of the time did. But they were less fuel efficient and more expensive to produce. Never able to be cost competitive, they failed to become popular.


Often the marketplace victory of VHS over Betamax for home video recording is given as the classic example of this phenomenon, as Betamax was seen as a superior technology because of higher resolution, better sound, and a more stable image, and so it grabbed the early market. However, the makers of Betamax got one decision wrong—their more compact tapes could only record one hour, while VHS could record two or more. A typical movie could be recorded onto a single VHS tape, and that one convenience is what likely doomed Betamax.


Ultimately, what makes a technology “superior” may be subjective.


Futurism Fallacy #10—Failing to consider how technology will affect people, our options, and the choices we make.


In 1981, Bill Gates, cofounder of software giant Microsoft, said, “No one will need more than 637 KB of memory for a personal computer—640 KB ought to be enough for anybody.” The computer on which I am writing these words has more than 32 million times as much memory. Many very smart people in the past have all fallen for one or more of the futurism fallacies I have been detailing in this chapter. Even still, the Bill Gates quote is shocking in hindsight. He seemed to miss the fact that once the personal computer became popular, people would want to do more with their device. That desire would benefit from more memory and power, which would then allow for other applications that in turn needed yet more memory and power. It can be reasonably argued that the computing power-hungry gaming industry is driving computer technology, something Gates apparently did not anticipate.


How inevitable were the technologies we now take for granted? It was once possible that we would be living in a world today powered by direct current and fueled mostly by nuclear power, in which all-electric vehicles have always been standard, long-distance intercity travel is mostly by rockets, and our home devices are powered by nuclear isotope batteries. Was the personal computer really inevitable? What if it remained largely a device marketed to corporations and institutions for big computing jobs? If no personal computers, then there would be no World Wide Web, no social media, no smartphones. How different would our world be?


History is full of singular events that changed the course of technology. If not for the Hindenburg explosion, might zeppelins still be a popular form of travel? It seems likely they would eventually have been replaced by commercial jets, but perhaps they would have survived the way ocean cruise lines have, as luxury vacations rather than a means of getting to a destination.


After the near disaster of Apollo 13, in which a small onboard explosion threatened the lives of the crew and forced them to return to Earth without ever landing on the moon, the last two Apollo missions, 18 and 19, were canceled. There were certainly other factors involved as well, but a different set of circumstances might have led the United States to complete the Apollo program and continue plans for crewed missions to the moon and even Mars. Our space program might be in a very different place today were it not for the one short circuit.


If our present was not inevitable, but rather the quirky creation of many individual choices and events, then no particular future is inevitable either. The future will be indelibly shaped by the choices we make today. These choices are made at every level, from individual purchasing decisions to the judgments of CEOs at large corporations. How we invest in infrastructure will also matter—do we invest billions in the information superhighway? Do we invest in charging stations or hydrogen refueling stations?


Quirky decisions by people, individually and collectively, mold the future in unpredictable ways. But there is another layer here as well—culture and society. In the next chapter we will explore how societies of the future are likely to be different, and how that impacts our attempts at predicting the future of technology.










3. The Science of Futurism


People of the future will not be the people of today.


If we are going to apply a truly skeptical filter to our exploration of the future, that means we must base our musings as much as possible on science, empirical evidence, and logic. In his excellent Foundation series mentioned previously, Isaac Asimov writes about the science of “psychohistory” in which these cultural trends are studied scientifically so that the future course of human history can be mapped. Even in Asimov’s optimistic fiction, this process has to be constantly monitored and revised, and even then, fails spectacularly because of the introduction of unpredictable quirky elements.


Is “psychohistory” even a theoretical possibility?


Opinions as to whether there can even be a scientific approach to the future range the entire spectrum. In his 2003 book, Foundations of Future Studies, Wendell Bell argues that futurism as an academic field represents “a body of sound and coherent thought and empirical results.” He therefore thinks futurism is a legitimate field of academic study. However, despite his optimism, the field of futurism has been waning in academia.


Futurism might be struggling to win academic acceptance because of the attitude of its many detractors. At the other end of the spectrum, for example, is William Sherden’s 1998 book, The Fortune Sellers: The Big Business of Buying and Selling Predictions, in which he likens futurism to astrology. That is pretty harsh, comparing legitimate attempts to map the likely course of future science, technology, and society with an ancient superstition. But Sherden has a point when it comes to their relative success rate.


Is there, then, any scientific analysis we can bring to bear when thinking about the future? Identifying where past futurists have gone wrong and then trying to make error corrections, as we will try to do here, is certainly one reasonable approach. But how about looking at the progress of technology through history? Are there any big trends that we can reasonably extrapolate into the future?


In his 1999 book The Age of Spiritual Machines, Ray Kurzweil proposed the “law of accelerating returns.” He argues that in any evolutionary system, such as technological progress, over time there will be an exponential increase in the rate of progress. For example, efficiency or speed or power will double over some interval of time. The most obvious recent example of this is Moore’s law: Computer scientist Gordon Moore observed in 1965 that the number of transistors per silicon chip doubles every eighteen to twenty-four months. This trend has continued fairly consistently since then. Now we all enjoy the fruits of the exponential growth in computer drive capacity and processing speed. But is this pattern typical?


Kurzweil argues explicitly that it is if you take a broad view of evolutionary progress. He states:


An analysis of the history of technology shows that technological change is exponential, contrary to the common-sense “intuitive linear” view. So we won’t experience 100 years of progress in the 21st century—it will be more like 20,000 years of progress (at today’s rate).


This view is not universally accepted, however. Sometimes technology runs into hurdles that it cannot overcome. That’s why we still don’t have that flying car—it takes a lot of energy to keep something heavy enough to carry people in the sky and rolling on the ground will always be more energy efficient.


While we cannot make this sort of prediction for each type of technology or application, it does seem like a reasonable reading of history that technological progress is accelerating and probably will continue to do so. But here too we cannot extrapolate current trends endlessly into the future. Perhaps we will run into some general technological barriers that will stall overall progress for extended periods of time. Those pesky laws of physics may impose limits that require discovering new laws or developing entirely new technologies to overcome, and that could take an unpredictable amount of time.


The challenge is that we are trying to get an overview of the arc of technological progress while we are still in the middle of it. We also only have one data point: humanity. It would be fascinating to have access to a galactic database in which we could review and compare the technological histories of dozens of civilizations and look for patterns. But that’s not likely to happen anytime soon, so we must make do.


Many futurists approach technological advancement over time from an evolutionary perspective but draw different lessons from evolution than Kurzweil. In a 2019 paper, Mario Coccio writes that technological advancement is a complex system, involving technical choices, technical requirements, and scientific advances that attempt to solve complex problems. He references two underlying theories: One is the theory of competitive substitution, in which better technologies replace older ones. However, Coccio also introduces the idea of technological parasitism, which looks at technological advancement as a complex system of interacting technologies.


For example, as car engines become more powerful, this drives innovation to optimize car tires, suspension, and steering. Overall improvement in cars then affects how people use them, impacting society in unpredictable ways, such as where people live and how they plan their travel. These changes, in turn, drive further transformations in cars and other technology.


Clearly predicting how complex interacting systems will behave is extremely difficult. But not all past predictions were laughably wrong. There were some impressive hits if you consider the broad picture. Mark Twain of all people, in a way, predicted the internet. In his 1898 short story “From the ‘London Times’ in 1904,” he wrote:


As soon as the Paris contract released the telelectroscope, it was delivered to public use, and was soon connected with the telephonic systems of the whole world. The improved “limitless-distance” telephone was presently introduced and the daily doings of the globe made visible to everybody, and audibly discussable too, by witnesses separated by any number of leagues.


In 1900, engineer John Elfreth Watkins made a number of predictions that anticipated digital color photography, cell phones, tanks, and television. He wrote, for example, “Photographs will be telegraphed from any distance. If there be a battle in China a hundred years hence snapshots of its most striking events will be published in the newspapers an hour later. Photographs will reproduce all of Nature’s colors.” Sure, he also got a lot wrong, like the disappearance from the alphabet of the letters C, X, and Q, but his technology predictions were prophetic.


Futurists envisaged the widespread use of refrigerated cars for transporting produce, which has had a significant impact on the modern diet. Mobile homes, birth control, and medical imaging were also predicted (at least as general concepts).


In a 1967 report, Walter Cronkite gave his viewers a glimpse of the modern home of 2001. He predicted there would be an office where one could work from home. Such offices would contain multiple computers that could receive news and monitor the weather or stock market. There would still be a landline phone, but you could use it to make video calls. These predictions are all incredibly accurate, if a bit premature.


But the details were still quaintly off. Each function listed above had its own dedicated monitor, which you would control by turning knobs. The news reader could print a hard copy if you wanted one. The office, of course, was for the man of the house, who could also monitor other rooms in the house through closed-circuit TV, in which we see mother and daughter making a bed.


Beyond the occasional success, there is a lot to learn from these attempts at futurism. Understanding the many challenges to successful futurism can teach us about ourselves, our place in history, and how our present can shape our future. We now look back at the future predictions of the past as a window into their psychology, culture, and relationship with technology.


Hopefully we will get more right than wrong as we try our own hands at predicting the future of science and technology. At the very least this work will become part of the time capsule of futurism. Perhaps future futurists will look back at us and learn a little something about our present.










Future Fiction: 2063 CE


Aayansh was not a fan of Mondays despite having a restful three-day weekend prior. He usually worked from home on Mondays, but not this one. At seventy-two, today was going to be the capstone of his career—the ITER fusion reactor was finally being connected to the Continental Synchronous Grid.


As he settled into a drone car for the final leg of his trip to Saint-Paul-lès-Durance, he checked his forearm, which displayed the time, local weather, and his itinerary for the day. He had eleven unread messages, sorted by category and urgency, but those could be dealt with later.


He almost didn’t notice when they became airborne, the electric hum of the engines fading into the background, as he again looked through his speech. The ITER project had more lives than a cat, having survived endless delays and increasing calls for the expensive project to be shut down. There would likely be protestors there today. Europe’s energy infrastructure was now 73 percent wind and solar, and purists wanted to divert all energy investment to getting that figure up to 100 percent despite adequate grid storage still being decades away. Meanwhile, the first-gen IV fission plants were getting to the end of their life span. Over the next few decades, they would either be shut down, extended, or replaced.


That is where the ITER came in—to keep those fission plants open or replace them with fusion. That was the argument that brought the ITER over the finish line. In another generation it would have been too late. Solar and battery technology were just getting too cheap.


Another message beeped for his attention, from Sarah at Lunar-ITER, who was at the base overlooking surveillance for the proposed lunar reactor. She had been his number two Earth-side until she was assigned by the joint NASA-ESA board to head the ITER project near the Marius Station. The recorded message was in VR, so he put on his glasses, said “play,” and was suddenly sitting on board the Marius station facing Sarah.


“I just wanted to wish you luck on your big day. Hope everything goes well down there, or our little project won’t go very far.” She pointed to the large window behind her showing the daylight lunar surface. “There it is. The regocrete 3D printer arrived last month. Once the plans are approved and everything is tested, we can start building the containment facility. Hopefully in twenty years I’ll be cutting my own ribbon.”


She signed off with a smile and a wave, and then Aayansh was visually back aboard his drone car. While his glasses were still on, he switched to augmented-reality mode and overlayed a map onto the landscape below. He could see the ITER in the distance, the sprawling facility, buried power lines connecting to the grid, nearby towns, the maglev line, and roadways. Just beyond the facility stood the enhanced outline of the dozen or so thirty-story hydroponic gardens that would ultimately be powered by the reactor. As he sat back, his perspective shifted and highlighted dozens of drone cars converging on the same location.


News drones flanked his car and he waved almost absentmindedly. Getting some privacy back would be a nice change.


He removed the glasses as the drone car took itself into an open landing pad. Today would be long and tedious, but then his Mondays would be free.










PART TWO


Today’s Technology That Will Shape Tomorrow (and Tomorrow and Tomorrow . . . )


The future cannot be predicted, but futures can be invented.


—Dennis Gabor, Nobel Prize–winning physicist


We are inventing the future, right now. In this section, we will review the existing cutting-edge technologies that are most likely to shape our future. We will also review the history of each technology, like following the arc of a thrown object to see where it is headed. This process of inventing the future is never-ending, with multiple feedback loops interacting in complex ways. As we trace these trajectories, larger patterns do emerge, and they can partially illuminate the technology of the future.


At the very least we’ll learn about some cool technology that is shaping our present.










4. Genetic Manipulation


We are still in the horse-and-buggy phase of genetic modification.


In 1984, the US government adopted plans for the Human Genome Project, joining what is still the largest international cooperative biological project ever. The goal was to completely map the genes that make up the human genome—the DNA that serves as a set of instructions for the development of a human being from a single cell. The project formally launched in 1990 with a goal of completing the mapping by 2005—they finished two years ahead of schedule in April 2003. They also finished under budget, although it still cost roughly $1 billion.


The technology for sequencing DNA had advanced considerably during the project and has continued to do so in the two decades since. Scientists have now sequenced the genomes of hundreds of plants and animals. In fact, we can now sequence a human genome in two days and at a cost of only $3,000 to $5,000. That’s 2,372 times faster, and 250,000 times cheaper than in the early 2000s.


It’s so fast and cheap now that we can do an exome mapping on individuals just to go hunting for any genetic diseases or anomalies. The exome is the important bit of the genes (the exons) that produce proteins, ignoring all the junk and regulatory DNA. For a few hundred dollars you can also have your own genetic markers mapped to determine your ancestry (although I can’t vouch for the accuracy of any commercial lab).


This represents geometric progress, not merely linear or incremental, and has created a great deal of both fear and optimism about the future of genetics and genetic engineering.


Further, scientists are working on mapping the proteome—a complete list of all the proteins that make up humans or other species. Genes and proteins are the fundamental building blocks of life, and the ability to map and manipulate them essentially gives us the keys to biology. It is safe to predict, barring some extreme cultural backlash, that genetic technology, where it is and where it is going, will massively shape our future.


Genetic Modification


Humans have been genetically modifying the plants and animals important to our survival for thousands of years. This is part of the way we use technology to adapt the environment to ourselves much more quickly than adapting biologically to the environment. Traditional methods of genetic alteration include cultivation and interbreeding. By simply selecting plants with desirable traits to plant for the next generation, we can partially craft them to be better crops.


In fact, almost everything you eat has been significantly genetically modified in this way. Most modern crops look almost nothing like their wild ancestors. In the last century we have learned techniques that allow us to speed up this process. Perhaps the most important is hybridization—crossing related plants to produce a favorable combination of traits. Meyer lemons, for example, are a cross between traditional lemons and mandarin oranges. Most of the sweet corn varieties grown in the United States are hybrids of different corn cultivars.


Since 1930, farmers have also been using something called “mutation breeding.” This technique employs chemicals or radiation to speed up mutations so that farmers can choose the tiny percentage with favorable traits to develop a new cultivar. Between 1930 and 2014, there have been 3,200 mutagenic species introduced into our agricultural system, including cultivars of wheat, pears, peanuts, grapefruit, and many others.


Toward the end of the twentieth century, we added further techniques to speed the process of altering the plant and animal varieties we depend on for food (and other things like medicine and fuel). This includes the ability to directly change the genes of an organism, by turning off a gene, altering a gene, or even inserting an entirely new gene from a related (cisgenic) or even distant (transgenic) species. These techniques have created pest-resistant corn, nonbrowning apples, fungus-resistant chestnut trees, and many others. It is these latter techniques that are generally considered “genetic modification” even though this is somewhat of an arbitrary category.


The resulting cultivars, often referred to as “genetically modified organisms” (GMOs), are a good example of the interaction between culture and technology. On the one hand, it is possible to discuss what this technology is currently capable of and will very likely be capable of in the future. On the other hand, we must examine how society has reacted to this technology, and how that will affect its future.


There are currently several technologies for making precise alterations to the genome of an organism. None of them are perfect, but the technology has been progressing very quickly. It begins with the first production of recombinant DNA in 1972. This technology combines the DNA from two or more species into one DNA strand, using enzymes involved in normal DNA regulation, and then inserts that DNA into a host cell (usually a bacterium) in order to alter its function. This technology revolutionized the production of some drugs that were otherwise difficult to manufacture.


Perhaps the most important early application of recombinant DNA technology was the production of insulin. Previously insulin had to be harvested from the pancreases of animals, and was slow and expensive to create, limiting its availability for the treatment of people with diabetes. With recombinant DNA technology, however, scientists could make a vat of baker’s yeast inserted with genes that produce human insulin. This ability to produce large quantities of human insulin transformed the treatment of diabetes. A futuristic technology had come to pass, and it is still an amazing achievement of science.


Once the yeast is made, it is self-reproducing, but initially creating these genetic changes is difficult, expensive, and time-consuming, meaning that only very well-funded and equipped labs or large corporations can do it. We needed a programmable platform that could target specific sequences of DNA for manipulation. Three such platforms have now been discovered and implemented, starting with zinc finger nucleases in 1985. Zinc finger enzymes can recognize and therefore target a specific string of DNA, either in a test tube or a living organism, and deliver to that target enzymes that will splice the DNA, allowing for the deletion or insertion of desired bits of genetic code.


Zinc finger nucleases were a huge advance, but developing a genetic target could still take months and at a fairly high cost. Then, in 2011, a new faster and cheaper method was discovered: TALEN—transcription activator-like effector nucleases. Soon after, researchers introduced another gene-editing system that bacteria use as part of their immune defense: CRISPR—clustered regularly interspersed short palindromic repeats (which has been much in the news and is probably the one you have heard about already).


CRISPR is essentially a method for targeting where to go in a DNA chain and can be used to deliver a payload, such as Cas‑9, which is an enzyme that can cleave the DNA. Other types of payloads can also be delivered. TALEN and CRISPR are both (relatively) cheap and fast methods for programming precise cuts to the DNA. If you think of DNA as a library of genetic data, these techniques are like a catalogue that will take you to the right book, chapter, and sentence you are interested in. You can then make edits to that sentence, remove it, or replace it. CRISPR is faster and cheaper, but TALEN may prove more precise in some uses. With them, the time it takes to target a specific DNA sequence has decreased from months to days and is now within reach of most research labs around the world.
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