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INTRODUCTION

When you open the passenger-side door of my car, one of the following things tends to fall out: a kid’s shoe, a water bottle, or a once-coveted stick, pinecone, acorn, large leaf, pill bug, or rock. On special occasions it’ll be an In-N-Out french fry. Once it was a favorite running sock I’d been missing for months.

I had ample opportunity to note these ejaculations every morning as I jumped into the passenger seat with my laptop and cell phone to do the interviews for this book.

You see, the car’s messy, but the garage is also the quietest place in my house. In the background of the first interviews I did, before stumbling onto the soundproof powers of Subaru, you can hear my “extremely fierce” Labrador protecting the house from things like early-rising birds and people in hats jogging past (joggers with bare heads are fine—who can know the mind of a Labrador?). Or you can hear me saying to my four-year-old, “Hey, good morning, buddy! Go jump in bed with Mom.” I’ve put some of the recordings online at garthsundem.com—they’re worth a chuckle.

I can’t tell if talking to Nobel Laureates, MacArthur geniuses, National Medal of Science winners, and the like while hiding in the garage is empowering, embarrassing, or just odd in the manner of the proverbial mom with her hair in rollers pretending to be a nymph while talking dirty for a 1-900 service.

Anyway.

This book is what happens when science hits life. It gets messy.

And when you get off the script that some of these top-notch scientists have perfected over years of keynotes, classes, invited lectures, and interviews with people sitting at actual desks, you find that scientists are messy too. You hear the story of psychologist Stephen Greenspan’s initiation into the science of gullibility when his mother duped him into marrying his then girlfriend. Or about mathematician Ian Stewart’s wife trying to use rotational mechanics to teach their malfunctioning cat to land on its feet. You get to listen to statistician Wayne Winston yelling at USA basketball while on the phone because his model predicted a wider point spread. You hear about how MIT prosthetics researcher Hugh Herr replaced his lost legs with DIY feet to climb some of the most difficult rock faces in the world, or how physicist Charles Edmondson used the geometry of roadways to chase down a turbo Porsche with a lowly Dodge Neon.

It turns out that the root of today’s best science is the passenger seat of scientists’ messy cars. In other words, the science in this book comes from the very real experiences and problems of scientists’ own lives.

And rather than ice-eyed intellectuals perched in ivory towers (as their precisely worded papers might imply), it turns out that scientists are passionate, excited, and bubbly about their specialties to the point of schoolgirls with Justin Bieber infatuations. (You should hear the utterly awesome Steve Strogatz talk about crickets, bridges, and his high school calculus teacher.) Get a scientist talking about her search for discovery and it starts to sound like a page-turning adventure book, which is exactly what I hope this book has turned out to be.

That said, don’t let the glib delivery lull you into thinking this is puff pastry. This book is supposed to be fun and practical, but it’s also one of the most info-dense entities in the known universe (I = mc2).

OK, maybe that’s a tiny bit of an exaggeration. But if you slow down, maybe hang your head out the window like the aforementioned Labrador, you’ll find that the one hundred–some bite-sized bugs of how-to science stuck in your teeth in fact represent whole fields of cutting-edge research.

I loved writing this book—who gets to wear boxer shorts and drink Sumatra blend in the passenger seat of a parked Outback while chatting with Steven Pinker about how to bribe a cop? But the truth is, talking to sometimes three or four Nobel, MacArthur, and National Medal of Science winners in a morning nearly drove me batty.

You see, in addition to being overwhelmingly brilliant and passionate, it’s a fair stereotype to note that each scientific field tends to either attract or create people with its own brand of quirks. For example, computer science professors respond to e-mails immediately or not at all. Physicists almost always have a serious side interest in basketball or race cars or sailing or card tricks or the like. (Thank you, Richard Feynman?) Social psychologists are happy to talk off the cuff, but are very concerned about being misquoted. Mathematicians tended to seem a bit surprised I would get in touch, were likely to tentatively dip a toe into the conversation, but then if I understood anything at all in the first five minutes, would ramble happily and fascinatingly for hours. Economists were sure to point out that their theoretical work is borne out in the real world, and biologists and anthropologists were sure to point out that their field observations are replicable in the lab.

Amid 130-ish interviews, it was hard to avoid jumping on the quirk train myself. For example, after a week spent mining a particularly deep vein of behavioral economists and applied mathematicians, I found myself charting my car’s passenger-door ejections from one day to the next, hoping to glean some sort of great statistically predictive insight. When might the great oracle my family has affectionately nicknamed Zippy the Wonder Tank return my other running sock?

In fact, with my brain now addled by ricocheting thoughts born of that special leading edge where science meets fiction, I can’t seem to stop mishmashing together my messy life with the work of these scientists.

I wonder about the pigeons that splinter off from the flock that circles the street by my house every night at sunset. I wonder if Cliff Lee should still throw heat to a batter who specializes in hitting fastballs. I wonder how I should best list ride-on-top toys on eBay to encourage rabid bidding. I wonder why the Ping-Pong balls my kids race in gutters on rainy days tend to stick together like Cheerios in a bowl. I start charting the detritus that falls out of my car.…

Yes, this book will teach you how to improve your life with science. You’ll learn tricks for dieting better, dating better, driving better, and betting better. You’ll learn how to get better odds from the lottery, you’ll learn how to learn, and avoid car theft, and win poker, and get away with crimes in broad daylight. But I hope by the end, rather than having all your questions answered, you find yourself wandering around as totally wonder-struck as I am: With a bike and a bus pass, what’s the most efficient way to visit every bakery in this city? Am I more likely to get hit with pigeon poop or find a twenty-dollar bill? Should I wait or circle to find a parking spot in this busy lot? What in the small space between my Labrador’s ears makes him distrust people in hats?

Life is messy, and starting to pick it apart with science shows you just how brilliant and wild and interconnected and fascinating it is.

It’s a good messy.
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“Imagine you’ve been pulled over by a police officer,” says Steven Pinker, Harvard psychologist, prolific author, and one of Britannica’s 100 Most Influential Scientists of All Time. In this case, you’d like to know if the relationship is adversarial or conspiratorial: In other words, you’d like to know if you can bribe the cop. But you can’t just come out and say it. “Instead, you start by talking about the weather,” says Pinker, “and then you mention that it must be difficult to get by on an officer’s salary.” You start with extremely indirect speech and with every step become slightly more direct. “And after each step, the police officer has the opportunity to accept or rebuff the overture,” says Pinker. If the police officer isn’t open to being bribed, he or she should cut you off at the weather, before you’ve incriminated yourself.

Pinker explains this in terms of game theory, with payoffs shown here:

[image: ]

It’s like trying to sleep with a coworker.

“The mistake of Clarence Thomas was to jump steps in this continuum,” says Pinker. Thomas brought up the subject of porn videos when he should’ve prepped that level of directness, perhaps by “asking Anita Hill to call him by his first name, or by adopting a less formal style of speech.” Thomas went straight to the equivalent of handing the cop a fifty-dollar bill, dooming himself to a scandal and the closest Senate confirmation in a century.

So language must match the relationship. “This is what we call ‘tact,’ ” says Pinker. And when it doesn’t, it creates uncomfortable friction—it’s what drives the awkward comedy in a sketch posted to YouTube in which Irish comedian Dave Allen uses the terms “buddy,” “chum,” “friend,” and “mate” with strangers and thus comes off as tactlessly aggressive. This would be like me trying to speak Cockney rhyming slang in a London pub, or walking into a group of local surfers and saying, “Yo brahs—where you shreddin’ the swell today?” Language that oversteps the bounds of a relationship is in every way the equivalent of trying to hold hands with a stranger on the subway.

But what’s even cooler is this: “Not only does language reflect a relationship, but it can serve to create or change it,” says Pinker. And so if you can avoid overstepping in your slow evolution of indirect to direct language with a police officer or attractive coworker, not only can you discover the nature of the relationship, but you can pull the relationship along with it.

So make a script. Start with nearly innocuous comments that are almost certain to be taken as such (“It was nice to see you in the meeting today”). Then move ever so slowly toward the midground (“Wow, that’s a sexy haircut!”). Then move glacially toward the thinly veiled overture you’re trying to make (Pinker writes, “Would you like to come over sometime and see my etchings?”). Done tactfully and without overstepping, this language of closeness can create closeness.

Note that this entry doesn’t necessarily recommend bribing cops or sleeping with coworkers, mirroring a common ethical dilemma in science: just because you can doesn’t mean you should.
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“If you overlay the CDC diabetes map with the NASA nighttime satellite map, there’s an almost perfect match,” says Satchin Panda, regulatory biology specialist at the Salk Institute. The more light in a region at night, the higher the incidence of diabetes. According to Panda, this is because your liver needs sleep. Actually, it’s not the sleep per se that your liver needs, but a defined period of fasting each day, which throughout humanity’s evolutionary history was the hours of darkness when you couldn’t really do much but snooze.

“We started out as diurnal,” says Panda, “but learning to control fire allowed us to get away from diurnal needs and into nocturnal space.” All of a sudden, we could spend all day hunting and still cook and eat the catch once the sun went down. Then with electricity and the industrial revolution, we went a step further—why make widgets during only twelve hours of daylight when you can flip on the lights and run the assembly line for twenty-four hours a day? Thus was shift work born.

[image: ]

“People who work at night have a 150 percent higher rate of metabolic disease,” says Panda. And with people in the United States now averaging more than 160 hours of TV viewing per month, “we have 100 to 120 million people who are social shift workers,” says Panda. Did you think the twinkling lights on the NASA nighttime map that align so evenly with the diabetes map were due to factory lights? Nope. They’re due in large part to the throbbing screens that stay on in American households long after dark. Led by the TV’s silver tongue, Americans have made the social decision to act like shift workers. “And this population is more at risk for every type of metabolic disease,” says Panda.

The first reason for this is obvious: If you’re awake more, you eat more. Panda points out that Americans consume 30 percent of their daily calories after eight o’clock at night. If there were a way to create a nighttime auditory map, you’d hear the roar of a great, collective munching in those same regions you see the light of TV screens.

But the effects of this nighttime munching go a step further than simply packing on extra pounds.

Let’s take a closer look at your liver. Among its many functions is storing excess calories as glycogen and then, when you’re starving, converting this glycogen into usable glucose. Actually, it’s the liver’s little autonomous mitochondria that do this, and like any population of millions of single-celled organisms, they’re constantly dying and dividing, which in the case of your liver generally maintains a constant population. And, generally, it’s at night, when their food processing duties are (or should be) decreased, that these mitochondria do their dividing.

“Our circadian clock separates functions throughout the day so that our organs stay healthy,” says Panda. Mitochondria don’t multitask well—if they work when they’re dividing, they’re much more prone to making faulty copies of their DNA. Over time, mutations creep in, and down that path lies all sorts of metabolic badness.

And the clock in your liver isn’t a sundial—it doesn’t simply monitor lightness and darkness and click through its organ functions based on time of day. Instead, “it gets information about time by when we eat,” says Panda. Your liver needs to know when you’ve taken your last bite of the evening so that it can tell mitochondria it’s safe to divide. “And if you eat all the time, the clock gets the clue too many times, it tries to adjust too many times, and it never knows when it’s breakfast,” says Panda.

Many millions of years precede electricity, and it’s this great chunk of time for which our bodies are optimized. Simply, evolution hasn’t had enough time to prepare us for nighttime work—our clock isn’t nearly nimble enough to flip its schedule to allow efficient night sleeping on the weekend, following day sleeping during the workweek (and instantly back again).

Panda explored this with mice. Mice who are given the ability to eat for only eight hours a day quickly adjust their habits to consume the same number of calories as mice that are allowed to eat for sixteen hours per day. So given an equal calorie count, you might not expect any health differences between eight-hour and sixteen-hour feeding mice. But eight-hour mice live longer. And everyone knows that mice given a high-fat diet gain weight, right? But Panda’s new work shows they don’t—not if they consume this high-fat diet in an eight-hour window.

“Look at one-hundred-year-olds around the world, across all different diets, and across all different professions, and you find one common denominator,” says Panda. “They always stick to a scheduled feeding pattern, and they always have an early dinner followed by a defined fasting time.”

So if you want to live long and prosper, don’t eat at night. If you want to lose weight on your current high-fat diet, eat your calories in an eight-hour window.


What’s the basis of our biological clock?

Panda found that it’s cells in our eyes that express the photopigment melanopsin, which allows us to measure the intensity of ambient light. The more light, the more melanopsin is expressed, and the more awake our biological clock allows us to feel. An older person who has difficulty falling asleep at night may have perfect sight, but blindness to light intensity due to faulty production of melanopsin. Likewise, if you’re wide awake after a flight from Los Angeles to New York, you soon might be able to take a pill that shuts down melanopsin, allowing you to sleep when you get in.




A Swedish study of identical twins separated

at birth found that lifestyle trumps genetics in determining how long people live. Writing about the study in the New York Times, Jane Brody describes the secrets of a long life as “the Three ‘R’s’ of resolution, resourcefulness, and resilience.” Extroversion, optimism, self-esteem, and strong ties to community help too.
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“Humans can’t build tiny things that fly autonomously,” says Michel Maharbiz, electrical engineering and computer science guru at Berkeley. “As you scale things down a couple problems come up.” One is airflow: “Turbulence and optimal wing structure are different for a tiny flier than they are for an airplane. Small things fly more like a two-armed chopper, horizontally sweeping,” says Maharbiz, who’s extremely entertaining to chat with because he says things like “Mike Dickinson at Caltech is one smart mo-fo!” or “My entertainment in life is to build cool shit.”

And then there’s the power problem. “You can’t miniaturize the combustion engine enough,” says Maharbiz, “and lithium-ion batteries are ten to forty times less efficient than burning hydrocarbons.” To power a tiny flier, the power provided has to be worth the engine weight. Currently, it’s not.

Finally, we can’t build the actuator part of it, “the little muscles and skeletal components,” says Maharbiz. Again, at least not efficiently enough for its power to justify its weight.

So there you go. The answer to, Can we build tiny, flying spy-bots? is No, not yet.

But nature can.

“There’s tons of these things flying around,” says Maharbiz. “They eat for energy, and they’re great at miniaturizing flight systems.”

We call them bugs. And while we can’t build tiny flying robots, we’re getting better at collaborating with nature on tiny flying cyborgs.

Cyborg green June beetles, to be precise. (Which, as you’ll note, is pretty frickin’ sweet.) Guys like Maharbiz favor these beetles because the bugs are big enough to carry some gadgetry and small enough to do things like deploy as a swarm into a collapsed building to search for the biosignatures of survivors, or fly through combat areas gathering information without being blasted.

Here’s how it works.

First, Maharbiz implants a thin silver wire just behind the beetle’s eye into the flight control center of its brain. To it, he attaches a tiny battery repurposed from a cochlear implant. An electric pulse of about -1.5 V starts the beetle’s wings, and the same positive pulse stops them. (One can only imagine that a stronger pulse would transform a beetle into a firefly.)

Then the trick is steering.

“You can either pack a muscle full of force fibers or tubes that suck up energy,” says Maharbiz, “so muscles can either be strong or fast, not both.” So to get the (fast) rate of wing strokes at the (strong) power needed to fly, evolution’s equipped beetles with a sweet little oscillator that allows them to pump their wing muscles once—hard!—and count on rebounding musculature to keep the wings pumping for another four beats. It’s like the rebound of a stick off a drumhead—one stroke for five beats, repeat as necessary for flight and/or the opening of the iconic 20th Century Fox fanfare.

What this means is that a beetle’s wings can only buzz at one speed—the oscillator rebounds at a fixed rate, so you can’t simply drive beetle wings faster or slower for increased or decreased thrust. Still, Maharbiz found that wires delivering pulses to these resonators could control the amplitude of wing beats. Both wires pulsing 10 Hz at ten beats per second for three seconds increases wing amplitude and makes the beetle gain altitude. The same pulse in only the right wing makes the beetle turn left—like paddling harder with the right oar of a rowboat. By uniformly throttling down the wing amplitude, you can land the beetle.

The cool part is that precision piloting isn’t needed here. “We don’t try to fly the beetle—we try to guide the beetle,” says Maharbiz. Nature remains the pilot, used for leveling to the horizon, powering the system, and all the other intricacies of flight currently lost to human engineers.

A quick online search returns video of the cyborg beetle in action as well as a pdf with the full specs for creating your own. Seriously.


Maharbiz writes, “When I dream of the future, I see machines built from what we would now call ‘living things’: tables that are derived from plant cell lines, which breathe your office air and use ambient light for energy to fix themselves or grow new parts; houses whose walls are alive and whose infrastructure hosts an ecology of organisms who perform tasks both microscopic and macroscopic; computational elements whose interfaces completely blur the line between cell and chip.”
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The one hundred-ish skills in this book can help make you awesome. But your ability to put them to use is bound by one thing: your ability to learn. The more you can learn, the more awesome you can become. So consider this a keystone entry.

First, think about how you attack a pile of study material. “People tend to try to learn in blocks,” says Robert Bjork, Distinguished Professor of Psychology at UCLA, “mastering one thing before moving on to the next.” But instead he recommends interleaving, a strategy in which, for example, instead of spending an hour working on your tennis serve, you mix in a range of skills like backhands, volleys, overhead smashes, and footwork. “This creates a sense of difficulty,” says Bjork, “and people tend not to notice the immediate effects of learning.” Instead of making an appreciable leap forward with your serving ability after a session of focused practice, interleaving forces you to make nearly imperceptible steps forward with many skills. But over time, the sum of these small steps is much greater than the sum of the leaps you would have taken if you’d spent the same amount of time mastering each skill in its turn.

Bjork explains that successful interleaving allows you to “seat” each skill among the others: “If information is studied so that it can be interpreted in relation to other things in memory, learning is much more powerful,” he says.

There’s one caveat: Make sure the miniskills you interleave are related in some higher-order way. If you’re trying to learn tennis, you’d want to interleave serves, backhands, volleys, smashes, and footwork—not serves, synchronized swimming, European capitals, and programming in Java.

Similarly, studying in only one location is great as long as you’ll only be required to recall the information in the same location. If you want information to be accessible outside your dorm room, or office, or nook on the second floor of the library, Bjork recommends varying your study location.

And again, these tips generalize. Interleaving and varying your study location will help whether you’re mastering math skills, learning French, or trying to become a better ballroom dancer.

So too will a somewhat related phenomenon, the spacing effect, first described by Hermann Ebbinghaus in 1885. “If you study and then you wait, tests show that the longer you wait, the more you will have forgotten,” says Bjork. That’s obvious—over time, you forget. But here’s the cool part: If you study, wait, and then study again, the longer the wait, the more you’ll have learned after this second study session. Bjork explains it this way: “When we access things from our memory, we do more than reveal it’s there. It’s not like a playback. What we retrieve becomes more retrievable in the future. Provided the retrieval succeeds, the more difficult and involved the retrieval, the more beneficial it is.” Note that there’s a trick implied by “provided the retrieval succeeds”: You should space your study sessions so that the information you learned in the first session remains just barely retrievable. Then, the more you have to work to pull it from the soup of your mind, the more this second study session will reinforce your learning. If you study again too soon, it’s too easy.

Along these lines, Bjork also recommends taking notes just after class, rather than during—forcing yourself to recall a lecture’s information is more effective than simply copying it from a blackboard. “Get out of court stenographer mode,” says Bjork. You have to work for it. The more you work, the more you learn, and the more you learn, the more awesome you can become.


“Forget about forgetting,” says Robert Bjork.

“People tend to think that learning is building up something in your memory and that forgetting is losing the things you built. But in some respects the opposite is true.” See, once you learn something, you never actually forget it. Do you remember your childhood best friend’s phone number? No? Well, Dr. Bjork showed that if you were reminded, you would retain it much more quickly and strongly than if you were asked to memorize a fresh seven-digit number. So this old phone number is not forgotten—it lives somewhere in you—only, recall can be a bit tricky.

And while we count forgetting as the sworn enemy of learning, in some ways that’s wrong too. Bjork showed that the two live in a kind of symbiosis in which forgetting actually aids recall. “Because humans have unlimited storage capacity, having total recall would be a mess,” says Bjork. “Imagine you remembered all the phone numbers of all the houses you had ever lived in. When someone asks you your current phone number, you would have to sort it from this long list.” Instead, we forget the old phone numbers, or at least bury them far beneath the ease of recall we give to our current number. What you thought were sworn enemies are more like distant collaborators.




Forget just learning. University of California–Davis psychologist Dean Keith Simonton knows how you can become a genius. First, pick the definition of “genius” you’re aiming for—superior IQ, prodigious talent, or exceptional achievement. OK, let’s be realistic: You’ve either got Marilyn vos Savant’s 228 IQ or you don’t, and if you had prodigious talent, you’d already know it.

But the “genius at” category can be trained. Anyone can be Michelangelo at something. “Sometimes it just takes more than the usual amount of time to find your thing,” says Simonton. If you haven’t got it yet, keep searching. Once you find it—be it topiary, competitive Rubik’s cube-ing, folding proteins, or painting creation scenes on inverted domes—“it takes about a decade of hard work to develop domain-specific skills,” says Simonton.

Get aggressive in your far-and-wide search for your talent. Then retreat to that cave high in the Himalayas, where you can spend ten years perfecting it. When you emerge—BAM!—you’ll be a genius.




[image: ]

Who hasn’t needed to bluff? In business, sports, and romantic pursuit, it’s often useful to seem more powerful—or more vulnerable—than you really are. Sure, you can try flashing a smile or a frown or a come-hither, but “we’ve learned to control our faces,” says David Givens, director of the Center for Nonverbal Studies, in Spokane, Washington. And so people have learned to be wary of them. If you want to bluff convincingly—and figure out what others are really thinking—you’ll need to focus on another body part.

“Our shoulders are much less tutored,” says Givens.

For instance, the shrug is reflexive, and because it’s unfiltered by the scheming brain, it’s telling.

This is because the shrug comes from your inner lizard. And this lizard part of the brain knows how to show subordination—it crouches. Specifically, lizards duck their heads while rotating their lower arms outward, thus lowering their bodies. Mammals do it too—witness my yellow Lab in the second after I’ve caught him neck-deep in the Thanksgiving turkey. We call this cowering. In humans, it’s the knee-jerk response to “Look out!” and also the who knows? gesture that shows subservience and uncertainty in classrooms and boardrooms around the world.

Opposite the cringe is what Givens calls “the antigravity sign.” This is humans’ palm-down speaking gesture or the high-stand display of a dominant lizard. “People in the military or business try to mimic this gesture by augmenting the shoulders and squaring them with uniforms and suits,” says Givens. Again, witness my yellow Lab, whose shoulder hackles flare threateningly when he’s confronted with intense danger in the form of squirrels on the porch or (for some reason) pumpkins. Make your shoulders bigger, and you’ll look badder.

And once you’re done being big and bad, perhaps you’ll take a second to reconnect with your softer side. Just as there are evolutionarily programmed signals for dominance and subservience, there are hardwired signals of love (admit it—these signals are why you’re still reading this entry). You know about the neck-revealing hair adjustment and the one-eyebrow-raised smoldering smile. But did you know about pigeon toes? Givens points to it as a sure sign of attraction. Toes in means “come hither” and toes out—reminiscent of a soldier at rest—means “not today, maybe not ever.” Also on a spectrum from inviting to denying is head angle: Forehead down, eyes up should make you recall Lauren Bacall’s famous come-hither to Humphrey Bogart. And on the flip side, chin up with eyes looking down is bad, bad news—a sure sign of disdain.

If you’re seeing pigeon toes and downward forehead along with the vulnerable lizard shrug, your evening is looking up. All together, you know what it looks like? Well, it looks exactly like Betty Boop. That naughty minx.

Givens is quick to point out that not only can you learn to recognize these signs in their natural habitat and thus know things you might otherwise not, but you can learn to control them for your own evil purposes (my words, not his). These collected signals not only function as subconscious conduits of information, but they can create reciprocity, too.

You want a better chance with that special someone you glimpsed across the bar? Get your pigeon-toed, forehead-tilting, shoulder-shrugging groove on. You might want to practice in the mirror first.


David Givens’s books include Love Signals and Your Body at Work. His nonverbal dictionary is online at www.center-for-nonverbal-studies.org.




Body language isn’t solely the domain of the living. Cynthia Breazeal of MIT’s Media Lab creates robots that rock nonverbal communication. “We’ve seen that if doctor-patient or teacher-student nonverbal behavior is compatible, health and learning outcomes are improved,” says Breazeal, and she’s seen the same with her ’bots—her robots that guide users’ weight loss or education are most successful when their choices to remind, persuade, cajole, or bully their humans gels with users’ personalities. Going a step further, she says, “We’re experimenting with robots that have a version of mirror neurons,” referring to the cells in the human brain that allow us to internally imitate others’ behavior, thus inferring their feelings and intentions. Similarly, Breazeal’s robots now learn to imitate the gestures and interaction patterns of their users, making themselves both more liked and more persuasive.
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