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			INTRODUCTION

			Christopher Gore pauses and smiles as I ask him the Question. We’re sitting in a conference room at the Australian Institute of Sport in Canberra, where he’s the head of the physiology department. We’ve just spent the past hour digging into the complex process that powers our cells at a muscular level, like our own little graduate molecular biology seminar. I’ve come more than seventy-five hundred miles to the AIS to try and understand the secrets that the scientists, athletes, and coaches at the institute have uncovered in their decades of work to improve human performance. Getting to pick the brain of someone like Gore, who has done groundbreaking research on altitude training, on drug testing, and on precooling athletes for better performance in hot conditions, is a jump right into the deep end of the pool.

			Near the end of our interview, after probing him with questions on all the ways that he tries to optimize elite athletes, I ask Gore what he’s learned from all his experience and research that can be applied to everyday athletes. After a moment, he says, “Well, these elite athletes, they aren’t like us.”

			And that’s surely true. Part of what fascinates us about the world’s great athletes is how different they are from you and me. When we watch LeBron James drive through the lane with his unmatched combination of power and grace, we don’t kid ourselves into thinking that we might be able to do the same thing—we marvel at his unique abilities. When we watch Mike Trout crush a fastball into the gap and sprint around the bases, we feel awe at his athletic gifts. When we watch an Olympic skier like Lindsey Vonn barrel down the hill, we shake our heads in respect for her fearlessness and aggression.

			Like many writers who are drawn to sports, I’m an athlete myself, although at a far lower level than these stars. When I was a kid, I was an OK bike racer, but never made it to the top ranks. Even when I was riding hundreds of miles a week, I saw other competitors who had invested less time and energy pass me by. Looking back, I realize this may have been what planted the seed for this book in my mind—were they just naturally better than I was? Did they work harder? Or had they found smarter ways to train that offered them greater benefits? Had they found some secret that I wasn’t aware of?

			In the years I’ve been writing about sports and technology at Sports Illustrated and WIRED, I’ve been chasing the answers to some of these questions. Having covered three Olympic Games and countless other sporting events, I’ve talked to athletes, coaches, and scientists about what goes into the development of truly great performers, the kind of competitors whom we tell our kids we are lucky to see do their thing.

			What I’ve come to believe is that there aren’t any easy answers to the question of what makes a great athlete—so many factors have to align to give us transcendent performers like Serena Williams and Usain Bolt. But there is a thread that unites our best athletes and teams today, and that’s an increasing focus on science and technology as a way to push the boundaries of human performance.

			Throughout this book, I’ll argue that over the past century, we’ve made massive improvements in the athletic world through a better understanding of our bodies and how they can be trained. But we’ve seen recently that it’s becoming harder and harder to improve at the same rate—it’s much more difficult to smash a world record than it used to be. Because of this, athletes have to be smarter about their training—surrounding themselves with a savvy team of scientists and technologists becomes basically essential. Although races can still be won through hard work and effort, they are increasingly won by competitors who not only work hard, but are smarter than the competition as well.

			Here’s an example from a very different world: Arie de Geus was an executive at Royal Dutch Shell for thirty-eight years, most prominently as the head of the company’s strategic planning group. While de Geus was there, Shell became one of the largest companies in the world, partly through his group’s innovations in what’s called “scenario planning,” a technique that helps businesses and organizations develop flexible long-term plans by trying to envision scenarios that might play out in the future. In the mid-1980s, de Geus and his team had research that suggested that the price of oil, then twenty-eight dollars a barrel, might begin to decline, perhaps down to fifteen dollars a barrel (in these days of a hundred dollars per barrel of crude oil, this seems quaint).

			De Geus and his team challenged the management at Shell to imagine how they would react to such a situation. When the price of oil plummeted as predicted (and all the way to ten dollars a barrel), the company had the advantage of having considered what to do in a way that much of its competition hadn’t. Rather than being frozen by panic, the company was able to quickly change how it evaluated new drilling projects, emphasizing their cost rather than just the expected output of oil. De Geus had a particular saying that encapsulates the lessons he drew from such situations: “The ability to learn faster than your competitors may be the only sustainable competitive advantage.”

			De Geus’s observation was repeated to me by Scott Drawer, the former head of research and innovation at UK Sport, one of the most successful athletic organizations of the past decade. To Drawer, this is the principle on which really great elite-athletic organizations need to be built. You may have better athletes or worse athletes, and that will change over time. But you can still find ways to improve by ensuring that you’re always learning as much and as quickly as you can. “It’s all about the pace at which you can move. You’ve got to be willing to take risks and try things out in high performance,” says Drawer. “Because even if it doesn’t work, you can learn from it. It’s the willingness to engage in that process that’s most crucial.”

			De Geus’s quote points out that, really, all any of us can do is keep our eyes and ears—and most important, our mind—open to all possibilities in a given situation, with a willingness to try things and learn from them, whether we fail or succeed. All of us, from elite athletes and teams to weekend warriors, can become stuck in our ways and our thinking, and we can find ourselves falling behind competitors who are more nimble, more willing to experiment, and more comfortable with pushing the boundaries.

			This is the great joy and torment about working on the cutting edge of science and performance. Today’s greatest innovations are tomorrow’s baseline, and you have to keep moving forward. That’s the only way to continue our physical and intellectual growth as a species; it’s the only way we’ll continue to run faster, jump higher, and become stronger.

			Throughout the years I’ve spent reporting on this intersection of science and sports, I’ve found that there are many things that elites do—not just specific tools and techniques they use, but ways of approaching problems—that can be applied to the rest of us. As we explore the world of elite performance, I’ve tried to highlight those lessons along the way. But as Gore notes, there are also things elites do that only work for them because of their unique physiology or abilities—we’ll look at plenty of those things as well.

			I hope that as we dive into the world of sports science together, you’ll feel the same awe for the scientists and technologists, as well as the athletes, that I do. The myth of the lone athlete toiling away for years in pursuit of a gold medal is a romantic but outdated notion. Today’s reality is more complicated and, I think, even more impressive.

			
			

			
		

	
		
			I

			HACKING THE ATHLETE

			Sweat and Science in Silicon Valley

			In an anonymous stretch of office buildings off Highway 101 in Menlo Park, California, just miles from tech giants like Facebook and Google, sits a laboratory dedicated to the perfection of athletic training. On this Bay Area January day, the large rolling door of the warehouse-like space is thrown open to let in the sunshine, filling the room with light as a dozen professional baseball players embark on their ninety-minute workout.

			They begin by rolling out their muscles to loosen them and increase blood flow before starting the actual work. Rather than using the more typical foam rollers, each player employs a four-foot length of PVC pipe to help free up the tightness in his quads and hamstrings. No traditional static stretching here, no toe-touches. Research shows that doing those activities before exercise can actually decrease an athlete’s strength and explosiveness. After the rolling, the players start to move around the gym, gradually ramping up their activity level (this prevents injury, and is a better method for all of us, not just professional athletes, to warm up).

			After fifteen minutes, they move on to the next part of their warm-up, although to an observer, it sure looks like they’re going all out. The position players take turns working on their sprint technique on an indoor forty-meter track. They take the wide-leg crouch of a runner leading off of first base, and on a coach’s prompt, they pivot and sprint toward an imaginary second. As they do, the coach gives them cues on their form, urging them to maintain the correct body lean as they run, so that all of the force they create propels them forward as quickly as possible. Each repetition is timed by an electronic system; the coach enters the time into software on his iPad, where it goes into the player’s data file, which tracks everything he does at the gym. A plasma screen TV shows a delayed video feed of the start zone, which players can stop and look at after their sprint to get visual feedback on their performance.

			Then the workout proper starts, a blur of activity and action enhanced by the blasting music on the sound system. The players use specific lifts and drills to target their individual needs for improvement. They do one-legged squats to increase their leg strength and core stability, dead lifts to boost their overall strength. Box jumps aim to increase their explosive power, and slide boards are used to work on lateral agility. And because they play baseball, a sport that relies on rotational strength for both pitchers and hitters, they do a special exercise to boost that skill. The player takes a medicine ball, steps onto his back foot and rotates to wind up, then blasts forward and through, heaving the ball sideways against a wall. A radar readout shows them how hard they’ve thrown it.

			Then, somehow, the players manage to amp up the energy even further. The music, a heavy metal song, is cranked as the coaches gather the players into two groups. Everything so far has been mapped and planned to the second; now it’s time for a little raw competition. One group heads to the weight racks, where they see who can do the most standing rows in two minutes. The others start doing push-ups with a forty-five-pound weight on their backs, competing head-to-head to see who can complete more. Professional athletes being what they are, there’s a little trash talk from some, and a renewed level of focus and concentration from others. The winners try to celebrate, although one is so shattered from his effort that he collapses on a bench and holds his head in his hands, chest heaving, as he tries to catch his breath.

			And just like that, they’re done. The athletes towel off their faces and head to a kitchen, where they make recovery drinks and slurp them down. The four coaches circulate through the group, offering a look at the data from each athlete’s workout and a word of encouragement or correction, depending on what they think the player needs.

			This lab is called Sparta Performance Science, and it’s the brainchild of a doctor named Phil Wagner. You’ve probably never heard of him. But you’ve probably heard of some of his clients. Most notably, he turned Jeremy Lin, a midlevel professional basketball prospect who was having trouble sticking with an NBA team, into a phenom who landed a $25 million contract. Jason Castro, the Houston Astros’ all-star catcher? International soccer star Teresa Noyola? The top overall pick in baseball’s 2013 draft, pitcher Mark Appel? They’ve all worked out with Sparta.

			Wagner’s system is built on testing functional movements of athletes, then trying to optimize them based on individual strengths and weaknesses and how they match up to the sport the athlete plays. Instead of working off of a generalized idea of what an athlete needs to be successful, the lab has identified the specific abilities a player requires to excel in a given sport. A baseball player or golfer needs good rotational ability; a soccer player needs to have great lateral movement; a sprinter needs explosive power in a straight line. Testing reveals where an athlete can improve for his or her sport, and the workout program is developed based on that information.

			Sparta isn’t alone in this quest—the intellectual spirit behind its approach is something like the spirit that powers innovation in Silicon Valley. It’s a systems-based approach, one that tries to boil athletic performance down to its essential parts and then works to improve each one. It’s a way of viewing training and sports science more like a software engineer would, rewriting code to improve performance at every turn.

			This level of individual attention has been revolutionary in the sporting world, and it points out a fundamental truth of elite athletics in the twenty-first century: Traditional training is no longer enough. To go from being just great to being the best in the world, it’s now essential to optimize every bit of performance, even if the gain is just a hundredth of a second. So in addition to relying on their coaches and teammates, athletes work with biomechanists, physiologists, psychologists, nutritionists, strength coaches, recovery experts, and statistical analysts.

			Rather than just eating their Wheaties like Bruce Jenner, they guzzle beet juice before a workout, because their team of nutritionists has determined that the nitrates it contains can improve aerobic exercise performance. They don’t just rub Bengay on tired muscles; they follow elaborate hydrotherapy regimens to limit muscle damage and reduce soreness. And instead of pounding out hour after hour of training, they do highly targeted workouts like the ones at Sparta, which offer greater benefits for the same amount of effort.

			In short, science and technology have become an integral part of an athlete’s quest to reach new frontiers of accomplishment. Assembling a group of sports scientists and coaches used to be beyond the realm of possibility for most athletes, but now the existence of national sports institutes and commercial sponsors allows it to happen regularly, across any sport you can think of.

			From the Olympics to the NBA Finals, from the World Series to the Tour de France, from high-tech labs in Canberra and Colorado Springs to converted warehouses in Santa Monica, California, this revolution has changed our games forever. It took evolution millions of years to produce the modern human. Over the past hundred years, coaches have used intuition and discipline to vastly improve athletic performance. Now scientists are taking the next step, helping athletes approach perfection. This book is about that journey.

			The Medals Are in the Details

			By definition, elite athletes are, well, elite. They’re rare. They’re different from most of us—physiologically, psychologically, genetically. There’s something about them that has allowed them to reach the very pinnacle of human performance, some mixture of talent and effort, gifts both bestowed and earned that allow them to do things about which most of us can only dream.

			“In the United Kingdom, we invest in about fourteen hundred athletes out of a population of sixty-five million,” says Scott Drawer, who headed up UK Sport’s research and innovation arm in the lead-up to the 2012 Olympics in London. “You’re talking about the true extremes of individuals, a population that we understand little about.”

			But the key to winning Olympic gold is to somehow become the elite of all the elite, standing at the pinnacle of a very tall pyramid. Where do you find the edge that will put an athlete at the top of the podium listening to her national anthem with a gold medal around her neck? It turns out you do it by focusing on the little things. Just look at the example of British cycling.

			For most of its history, the British cycling team wasn’t just a laggard; it was completely noncompetitive. Between 1924 and 1988, British cyclists won exactly zero gold medals at the Olympics; from 1960 to 1988, they won only two bronze medals. Chris Boardman won a cycling gold for Great Britain at the 1992 Barcelona games, but the country was still nowhere on the world stage, where the sport was dominated by countries like France and Germany.

			But by 2012, the British had become the most successful cycling nation on earth. Just before the Olympics, Bradley Wiggins had become the first British rider to win the Tour de France (riding for British-run Team Sky), and he went on to win gold in London in the individual time trial. The next year, Wiggins wouldn’t defend his Tour title, but that was no bother. Team Sky was instead led by a rider named Chris Froome, who also won the race. At the London Olympics, British riders would win twelve total medals in road and track cycling, twice as many as any other nation. The former laughingstock had become seemingly unstoppable.

			The story of British cycling isn’t one of luck or even plucky can-do spirit, but rather one of smart athletes, coaches, researchers, and scientists all working together to hack the hypercompetitive world of elite sports. Through hard work and clever innovations, breakthrough technology and dogged attention to detail, they came to dominate a sport.

			The guiding principle behind the British juggernaut is a simple phrase coined by Dave Brailsford, who until April 2014 was the performance director of British Cycling, the sport’s governing body in the country, as well as the general manager of Team Sky. Having overseen the dominance of British cycling for the past decade, he’s managed to boil down the philosophy behind all that success—the gold medals and world championships and yellow jerseys—into a single phrase, which he shared with Richard Moore in his book Heroes, Villains & Velodromes: “Performance by the aggregation of marginal gains.”

			What does Brailsford mean by the “aggregation of marginal gains”? It’s a reaction to where we are in the development of sports. We spent the twentieth century learning the basic science of human physiology, training, and nutrition. In that time period, sport went from a largely amateur pastime to a worldwide industry worth hundreds of billions of dollars, and millions of new athletes were able to compete. Technologically advanced new equipment—from stronger, lighter shoes to drag-reducing swimsuits—radically elevated performance. Our understanding of nutrition led to the development of drinks and foods that ensure athletes have the fuel they need during events. Strength and conditioning programs meant fewer injuries and more time to train. In a hundred years, we developed a cohort of athletes whose physical accomplishments would have been unthinkable four generations earlier.

			The challenges of the twenty-first century are very different. At this point, we’ve made most of the big leaps in our natural physical capacity. That’s what Brailsford is acknowledging when he talks about marginal gains. Instead of looking for one earth-shattering change, British cycling takes a different approach. It looks at every aspect of performance, and tries to improve each a little bit—even just a tenth of a percent. If you find a training technique that makes an athlete that tiny bit stronger, it alone might not have a huge effect on a race. But if you can stack those very small improvements on one another, finding a bit in tires and a bit in the wheels and a bit on the track surface and a bit in nutrition supplements—well, soon those marginal gains begin to add up to big gaps between you and your competition.

			Some of these differences can be found between individual athletes—no one wins an Olympic gold medal without exceptional physiology and without having worked demonically to maximize their potential. But those are some of the things we’ve worked the most to understand. Sports scientist Giuseppe Lippi and his coauthors have written that in the future “athletic performance will be determined less and less by the innate physiology of the athlete, and more and more by scientific and technological advances.” Obviously, you still need to find and train the best athletes, but you need to have the best PhD’s on board as well.

			The marginal gains philosophy requires you to look at every single aspect of what you do so you can try and improve it. So, for instance, the British cyclists all travel to competitions with their own pillows, to ensure that they’re as comfortable as possible and eliminate any potential neck problems. There’s an obsessive but understandable focus on hand washing and hygiene: An International Olympic Committee study found that 7 percent of competitors at the London Olympics suffered from some sort of illness. All it takes is a cold on the wrong day to obliterate a lifetime’s hard work. And before races, the team sprays its tires with alcohol, making them slightly tackier and increasing their grip at the standing start.

			These marginal gains are so important that British Cycling has actually created a position called “head of marginal gains,” which was held during the London Olympics by sports scientist Matt Parker. He coordinated a staff of fifteen, all of whom were looking for those little edges. One good example from London was what the team called Project Golden Hour, which came from a close examination of the schedule for the women’s team pursuit event. A year before the competition, when the schedule was released, Parker and his team noticed that there was a very short window of just an hour between the semifinals and finals of the event, so they set out to develop ways to maximize rider recovery in that hour. “And if you look at all the teams’ data,” Parker told the Independent, “we’re the only ones that went faster in the final of the women’s team pursuit than in the semi-finals,” a ride that resulted in a gold medal and a new world record.

			The Fundamentals

			One of the things that you notice when you start to hang around elite athletes, coaches, and sports scientists is that they think about being an athlete very differently than the general public does. When you watch a sporting event on TV, you see the whole of the activity—the quarterback dropping back, scrambling to avoid a sack, and throwing a pass downfield. There’s a tremendous amount of athleticism involved.

			But you can break those feats down to a much more fundamental level. Instead of thinking like a fan, scientists think about these things like scientists—physicists, more precisely. Because, as any physicist will tell you, everything can be viewed through the lens of physics, including sports. Once you approach sports and athletic movement this way, you can see that there are three building blocks on which every athlete stands: strength, speed, and endurance.

			When we think of strength in an athletic context, most of us think of sports like football or weightlifting, in which much of the training is done with weight or resistance work. Of course, strength is a huge asset in these sports. But it’s not just about being able to lift weights.

			Let’s roll it back to a more fundamental level. Strength is a person’s ability to apply force. If you’re deadlifting three hundred pounds in the gym, you’re applying force to the bar to overcome gravity and lift the weight. But athletes apply force in myriad other ways. When a basketball player jumps, she’s applying force to the ground to propel herself into the air. When a cyclist rides a bike, he’s applying force to the pedals to turn the crankset and move the bike forward. When a baseball player takes a swing, he’s applying force to the bat, and then applying that force to the ball (unless, of course, it’s a swing and a miss).

			Even athletes whom we don’t think of as being particularly strength oriented, like runners, actually generate tremendous amounts of force during a race. Research has shown that the difference between running speeds isn’t due to the speed with which a runner can move his legs—what is called the recovery time of a stride. In fact, just about all sprinters, from Usain Bolt on down to you and me, swing their legs at roughly the same speed, taking about a third of a second to get from one stride to the next. Instead, the key factor is how much force a runner hits the ground with. In a paper published in 2000, Peter Weyand and his team used a treadmill equipped with devices that detected the force with which runners struck the ground as they ran. As the speed of the treadmill increased, there wasn’t an increase in how fast the runners’ legs moved as they ran. What changed was the force with which the runners were hitting the ground: “Speed is conferred predominantly by an enhanced ability to generate and transmit muscular force to the ground.” Running faster means applying more force. (This is a good argument for runners to spend more time doing weight training, which many recreational runners skip altogether. A 2014 meta-analysis found significant improvements in performance for distance runners and other endurance athletes after strength training.)

			We’re talking about a lot of force. Sprinting full out, Usain Bolt applies up to roughly one thousand pounds of force to the track when his leg makes contact with the running surface—far more than he could manage doing a one-leg squat at the gym. (An average man sprinting all out would likely generate only about half the force that Bolt does.) Ralph Mann, a biomechanist who has worked with many top U.S. sprinters, said at a 2012 coach’s clinic that to have a good burst off the starting blocks, a runner needs to be able to do squats in the weight room at six hundred pounds or more.

			Strength, when viewed in this context, is the foundational aspect of athletic performance. Without applying force, there’s no movement at all. All other things being equal, in just about every sport you can think of (outside of perhaps shooting and archery), the athlete who can apply more force than his competition in the right situation will win.

			If strength is a measurement of how much force can be generated, speed is a measurement of how quickly a movement can be completed. There are two main factors that feed into the ability to complete a movement more quickly. The first is the composition of the muscles involved in the movement, as some types of muscles are capable of contracting more quickly than others. The other is the neuromuscular component to speed, which is very important.

			We humans have two major types of muscle fibers in our bodies: fast-twitch and slow-twitch. Without diving too deeply into the differences, fast-twitch muscle fibers are able to contract faster than slow-twitch fibers. That means that an athlete with a larger proportion of fast-twitch muscle fibers will be able to complete a movement over a shorter amount of time than someone with a larger proportion of slow-twitch muscle.

			But there’s also a neuromuscular component to speed. Over time, you can train your nervous system and muscles to complete movements more quickly. Think of a pianist who’s learning a new song. At first, the movements of the fingers and arms necessary to play the song aren’t familiar, and the performance is halting and awkward. But with practice and repetition, she starts to build connections in the neurons and the brain that allow her to play the piece faster and faster.

			The same thing happens for athletes. A beginning hockey player’s wrist shot might take seemingly forever to complete, but an NHL player can have the puck flying at the goal in the blink of an eye. The move hasn’t become more complicated; he can simply execute it faster.

			Of course, speed and strength interact with one another; when they do, that’s what we call power. Power is an expression of how quickly one can apply a specific force. Or to express it in terms of the other two:

			Strength x Speed = Power

			Take the two sports of Olympic weightlifting and powerlifting. In the two Olympic lifts—the snatch and the clean and jerk—the bar is basically thrown (carefully!) into the air by the athlete, who then positions himself under it to complete the lift. Power lifts such as the squat and dead lift don’t require the same sort of explosive movement. Obviously, an Olympic weightlifter has a very high level of strength, but powerlifters are often stronger. The difference occurs in the arena of power. Olympic lifters are immensely powerful—they can apply their (relatively) lower level of strength much more quickly than powerlifters can. (It might be more accurate to call powerlifters “strengthlifters” instead.)

			That preceding equation shows an essential truth of many athletic movements. There are two ways to increase how far you hit a golf ball or throw a baseball. You can increase your strength, which will help you apply more force during a movement, or you can increase your speed, so that the same force is applied more quickly. And if you want to make it to the very top of the athletic world, you optimize both. Maybe you’re a golfer who wants to hit your driver farther off the tee. Start in the gym, where you can concentrate on exercises like the medicine ball throws at Sparta that build rotational strength. And then hit the driving range, working to improve your neuromuscular speed so you can take best advantage of that new strength.

			OK, so we have considered how much force you can apply, and how quickly you can apply it. Now let’s think about how long you can apply the same force again and again without slowing down or losing steam—or, to put it another way, endurance.

			Endurance is massively complicated. Everything from our cardiovascular fitness to nutrition to metabolism to size has a huge effect on it. We’ll look at many of those factors on their own later in the book, but they all feed into the same core ability to perform a movement at a sustained rate with relatively little degradation. Many reasonably fit people can climb off the couch and sprint a hundred meters in seventeen seconds or so. That same pace would allow you to break the two-hour barrier in a marathon—if you could do it another 422 times in a row. That’s endurance.

			There are other factors that play a huge role in sporting success, from tactical and strategic awareness to psychology to nutrition, and we’ll look at all of them over the course of this book. But when we talk about athleticism, we’re really talking about these three pillars—strength, speed, and endurance—and the balance between them for any particular sport.

			The trick is, some of these factors operate in opposition to one another. Very broadly, strength and endurance aren’t aligned. Think of a marathoner and a weightlifter—this is how far apart they are on the spectrum. The hugely strong lifter doesn’t have a lot of endurance, and the unstoppable endurance runner doesn’t have the ability to hoist five hundred pounds over his head.

			So the science (and art) of training and coaching is to try and get the balance of all of these things just right. Spending time and energy to develop unnecessary capabilities in an elite athlete can be really problematic—that’s time you’re not spending on things that are essential. But beyond training, athletes can be hacked by other means, ones that touch on their bodies and minds in ways that we’re still trying to fully understand.

			Load and Explode

			Back at Sparta Performance Science, I’m getting ready for my performance testing—the same test that the company does with clients like Major League Baseball’s Colorado Rockies, and the National Football League’s Atlanta Falcons and Jacksonville Jaguars. The test itself is simple: I’ll step onto a contraption called a “force plate,” which measures the impulses that come through my feet onto the ground. I’ll do six vertical jumps as high and explosively as I can, and then Sparta’s software will crunch all those numbers and give me what they call a “movement signature.”

			That signature will break down three different aspects of the force I apply when I jump. The “load” captures how quickly I can start to develop force. “Explode” is a measurement of how well I can transfer that force. And “drive” tells us how long I can produce that force, how I finish the movement. Think of the three of them as a chain that links together as I jump.

			I do my six trials, and then go over to the computer, where Phil Wagner waits for the results to be calculated. It turns out that my movement signature shows acceptable load and explode, and very high drive compared with the other two variables. At Sparta, they call this sort of result (in which one variable is way out of whack from the other two) an “extreme” signature; in their lingo, I have an extreme drive movement pattern.

			Wagner runs down what they know about athletes with this movement signature. “These sorts of athletes tend to excel in sports or situations that revolve around timing,” says Wagner. “You’ll see basketball players who are good on the pick-and-roll with this.” A high drive means that you’re able to produce force over a longer period. Consequently, you’re able to time its application more precisely. “You’re also in increased danger of knee and lower back pain,” Wagner says.

			“So, what would you do with me if I was one of your athletes?” I ask Wagner.

			“Well, that depends on what sport you want to play,” he replies. “If you were looking to run faster like a wide receiver, we’d look to increase your explode.”

			I tell him that I’ve been trying to improve my golf game. Wagner suggests I work on my load—focusing on the front of my body like the ankle, knee, and quad, and working to increase their strength. “That’s where force generation begins,” he says.

			The testing is just part of what Sparta does. The other part is turning those test results into training plans, based on the movement patterns of the athlete and the sport in which he or she is looking to compete. I could spend lots of time trying to increase my explode, for instance, but it’s not really an athletic skill I need (wide receiver not being one of my current goals). There’s only so much time and energy available to all of us, elite athlete and weekend warrior alike. Anything you decide to do takes away from your ability to do something else—an hour watching TV means an hour not spent at the gym. Wagner and his team are trying to build a system that ensures that all of their athletes are focused on the biggest bang for the buck in every single aspect of performance.

			There are myriad factors that enter into athletic success. Some of them, like Wagner’s insight into time and energy, are applicable to all of us. Some of them are only really relevant at the uppermost levels of competition. After all, the tiny percentage of improvement I might see in my weekend bike-riding speed by spraying the tires with alcohol pales in comparison to what I could see if I just, you know, trained harder and got myself in better shape.

			In a scientific paper, N is shorthand for the number of participants, or the sample size. There’s a lively debate in science about how statistics are used, how big a sample size needs to be, and how significant the variations between groups need to be to truly demonstrate an effect in a study. But generally, more subjects—a bigger N—is better. The larger the group of people you try something with, the more authoritative you can be with your conclusions.

			All of us who are trying to improve athletically—from gold medalists on down to you and me—are involved in an ongoing experiment with one subject. Or to put it another way, N=1. That’s why Wagner’s work to match up a specific athlete’s movement patterns with a specific sport’s requirements is so powerful.

			Sport is an experiment that we’re all participating in, from fans to scientists to coaches to the athletes themselves. We haven’t been doing it for that long, evolutionarily speaking, but we’ve made massive progress thus far. That progress seems to be slowing, but part of the reason for that is that we’ve been treating the experiment like a group project, when in fact it’s an extremely personal one. And the reason for that individual variation can be found inside each of our bodies—in our DNA.
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			GOLD MEDAL GENETICS

			DNA Isn’t Destiny, but It Sure Can Help

			Growing up in Quebec City, Canada, Claude Bouchard loved ice hockey, which is no surprise. There might not be another pairing of a sport and a nation that’s as deeply entwined as hockey and Canada. The country defines itself through the game, and vice versa. Canadians think the traits that help you win hockey games—toughness, hard work, humility, determination, strength—reflect the best of their country. And the world of hockey, even at the highest level, takes on the humble, self-deprecating, slightly stoic spirit of Canadians. It’s a unifying force in a country that’s often found itself separated along geographic or linguistic lines. It’s not that Canada cares about hockey. It thinks it is hockey.

			So like so many Canadian boys before him and since, Bouchard started playing the game at a young age, working his way up through the levels of the sport, from Tyke to Novice to Atom to Peewee to Bantam. He loved the sport, and he was good at it. But then something happened, or more correctly, didn’t happen.

			“Guys were getting bigger and bigger,” says Bouchard in his French-inflected accent. “They became bigger than I was—my rate of growth slowed down, but not theirs. It was OK for a couple of years, but when I moved to Junior hockey at seventeen or eighteen years old, the guys were so big that I would have gotten killed. I became realistic.”

			As that young hockey player, Bouchard had run up against a stark truth, one that was heavily influenced by genetics. The general consensus on height is that it’s about 70 to 80 percent heritable—that means that about three-quarters of the differences in people’s heights are attributable to genetic differences between them, while the remainder is due to environmental factors, most notably the quality of their nutrition.

			Bouchard didn’t know this then, at least in these terms. He might have noticed that kids who kept getting taller tended to have taller parents, but he wouldn’t have been able to explain the mechanics of heritability, nor would he have been able to explain the complexity of that genetic role. There’s no single gene that controls height; scientists have identified thousands of variations that seem to influence it in a tangled, complicated web of relationships and effects. What Bouchard did know was that when he stopped getting taller, his hockey career was over. He switched to other recreational athletic pursuits, like skiing.

			He headed to college at Laval University, in his hometown, and started to study medicine and genetics. He worked in cardiology for a while, but there was an idea that kept tugging at him from the back of his mind. “I’ve always been interested in human performance,” he says. “I think it was that involvement I had in sports and how much I enjoyed it. It stayed with me.” Over time, Bouchard decided to organize his academic career around that interest.

			He began by getting funding for some small studies around the heritability of physical traits, using families and twins. Throughout the 1980s, he used these studies to suggest that there was a strong possibility that many traits beyond just the physical, including our responses to exercise, had a strong genetic component. But Bouchard had run up against the limits of his sample size and the amount of data he could collect. He needed a much larger group to study, and he needed to gather much more information about them. By this time, it was becoming possible for scientists to study DNA more closely, and Bouchard envisioned a study in which all the genetic material for each subject would be collected. He put together a consortium of five institutions, got funding from the National Institutes of Health, and launched what he later named the HERITAGE Study (HEalth, RIsk factors, exercise Training, And GEnetics).

			To get funding, Bouchard and his team included a lot of information about various diseases and health outcomes—he says that it’s very hard to get financing for research on performance without that focus. But if you read the published paper that outlines the study (tellingly, in an American College of Sports Medicine journal), it’s clear what they really wanted to explore:

			The overall objective of the HERITAGE project is to study the role of the genotype in cardiovascular, metabolic, and hormonal responses to aerobic exercise training and the contribution of regular exercise to changes in several cardiovascular disease and diabetes risk factors.

			With HERITAGE, Bouchard hoped he would finally be able to answer a question that had nagged at him for years: How much of our athletic ability comes from our DNA?

			All in the Family

			The idea that our athletic abilities are genetically determined to some extent is both completely apparent and highly disputed. In some settings, we totally accept these genetic differences without a second thought; in others, we find the suggestion of their existence not just controversial, but offensive.

			Take, for instance, the prevalence of multigenerational success at the highest level of sports. Making one’s way into the NFL, for instance, is a very, very hard thing to do, but an awful lot of families have multiple members who have played pro football. The Pro Football Hall of Fame tracks fathers and sons who have played pro football—as of 2014, there have been 206 sets of fathers and sons who’ve played in the NFL and other pro leagues, with a total of 221 second-generation players. There have even been five third-generation players, led by the seemingly endless Matthews dynasty (currently headed by Green Bay Packers star Clay Matthews III and his brother, Philadelphia Eagles linebacker Casey Matthews).

			When it comes to siblings, 364 sets of brothers have been pro football players, a very high proportion of the overall population of NFL players. As Australian sports scientists Kevin Norton and Tim Olds wrote when analyzing family relationships in the NFL, “The probability of this pattern of familial selection happening by chance is infinitely small.” There are certainly other factors at play here—the son of a professional football player is likely raised in an environment where he can encounter the game at a young age and perhaps gain insights from his father. But given the physical demands of the game, it’s not shocking to see those familial patterns. Football is a game played by large men, and large men are more likely to have large offspring.

			There’s also the matter of what Norton and Olds call “assortative mating,” in which athletes marry one another. They point out that this athletic coupling “often leads to the production of genetic polymorphisms of the next generation of gifted athletes.” A less academic analysis of this pattern comes from Ashton Eaton, the world record holder in the decathlon. Eaton met his wife, Brianne Theisen, when they were both competing for the University of Oregon; she’s a world championship silver medalist in the heptathlon. When asked why athletes get better and better in the track and field world, Eaton says, “We keep marrying each other.” It’s a joke that contains a grain of truth—if I had to bet on a kid to do pretty well in a track meet, I could do worse than their offspring.

			There is one genetic factor whose influence on sports performance is so profound that we organize separate competitions to account for the differences between athletes. I’m talking, of course, about sex. It’s a division that’s so ingrained in most sports to the point that we don’t even think of it—at the Olympic level, men and women only compete directly in two sports: equestrian and sailing. But it’s useful to walk through sex as an example of the influences of the genome on athletic performance.

			Men and women differ in several physical and physiological ways that have a direct impact on athletic performance. The average woman is 5 inches shorter and 30 to 40 pounds lighter than the average man. She also tends to have about 6 to 10 percent more body fat. She’s not as strong, either—about 40 to 60 percent weaker in the upper body and 25 to 30 percent weaker in the lower body. She’s likely not as fit at a cardiovascular level, with a VO2 max (a measurement of an athlete’s aerobic endurance capacity) that’s about 85 percent of the average man’s. All in all, there’s a sizable physiological gap between men and women. (We’re talking about men and women at similar levels of training here—trained women obviously are much more fit than poorly trained men.)

			How big a gap? French researchers built a database of the world records and ten best performances by men and women on an annual basis across eighty-two events in five sports, including track, swimming, speed skating, cycling, and weightlifting. After crunching the numbers, the team found that the average difference between world-record performances of men and women across all these events is about 10 percent. In some specific events, the gap is smaller, as low as 5.52 percent in the 800 meter freestyle swimming event. The gap of the ten best performances in these events is a little larger, about 11.7 percent. And while some researchers have hypothesized, given the more rapid improvement of women’s records in the recent past, that someday women may outrun and outswim men, the likelihood of that outcome doesn’t seem to be borne out in the actual numbers—the sex gap between men and women has been fairly steady since 1983. “Without any technological improvement specifically dedicated to one gender or the other,” the researchers write, “performances will probably evolve in a similar manner for both men and women.”

			This is all to point out that there’s a massive and seemingly stable difference in performance based on sex—and sex is completely genetically determined. If you have the male XY chromosomes, before you’re even born you’ve been given a massive athletic advantage over a sister, who has the same parents and a set of XX chromosomes. And given the huge systemic differences that a simple chromosome switch has on traits that affect athletic performances, shouldn’t we expect to see those differences around other genetic variations?

			Where this gets even more complicated is in cases like that of South African runner Caster Semenya. Semenya won the 2009 World Championship in the 800 meters, but drew attention for her seemingly male features. She was forced to undergo gender verification testing by international track officials, kicking off a yearlong process of sensational news stories and rampant speculation. She was later cleared to compete as a woman. While the results of her testing haven’t been made public, there have been media reports that she has both female and male characteristics—that she’s intersex, a condition in which chromosomal sex and primary sex characteristics, like genitals, differ. Purportedly, that gave her a higher level of testosterone than her competitors. The speculation is that she’s been given treatments to bring those levels in line with other women’s. This is obviously an extreme case, but also a good reminder that sex isn’t quite as binary as we often imagine, and can have a big impact in an athletic setting. (Semenya went on to win a silver medal at the London Olympics, competing as a woman.)

			Do These Genes Make Me Fast?

			If separating male and female athletes based on their genetic ability is a completely common practice, imagine a different possibility much likelier to ruffle feathers. What if we were to separate certain athletic events based on race? After all, in some events, there seems to be a clear pattern of superiority at the upper levels of competition by some specific racial and ethnic groups. Perhaps the most prominent of these examples is the nearly complete dominance of distance running by athletes from East
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