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INTRODUCTION

In Search of Sports Genes

Micheno Lawrence was a sprinter on my high school track team. The son of Jamaican parents, he was short and doughy and his bulging paunch poked at the holes of his marina, the mesh top that some Jamaicans on the team wore to practice. He worked at McDonald’s after school, and teammates joked that he partook too often in the product. But it didn’t stop him from being head-whipping fast.

A mini-diaspora in the 1970s and ’80s brought a stream of Jamaican families to Evanston, Illinois, which helped make track and field a popular sport at Evanston Township High School. (Consequently, our team won twenty-four consecutive conference titles from 1976 to 1999.) As outstanding athletes are wont to do, Micheno referred to himself in the third person. “Micheno got no heart,” he would say before a big race, meaning that he had no sympathy when vanquishing his competitors. In 1998, my senior year, he blasted from fourth place to first on the anchor leg of the 4×400-meter relay to win the Illinois state championship.

We all knew an athlete like that in high school. The one who made it look so easy. He was the starting quarterback and shortstop, or she was the all-state point guard and high jumper. Naturals.

Or were they? Did Eli and Peyton Manning inherit Archie’s quarterback genes, or did they grow up to be Super Bowl MVPs because they were raised with a football in hand? Joe “Jellybean” Bryant clearly passed his stature to his son, Kobe, but where does that explosive first step come from? What about Paolo Maldini, who captained AC Milan to a Champions League title forty years after his father, Cesare, did the same? Did Ken Griffey Sr. gift his boy with baseball batter DNA? Or was the real gift that he raised Junior in a baseball clubhouse? Or both? In 2010, in a sporting first, the mother/daughter pair of Irina and Olga Lenskiy made up half of Israel’s national team in the 4×100-meter relay. The speed gene must run in that family. But is there even such a thing? Do “sports genes” exist at all?

•

In April 2003, an international consortium of scientists announced the completion of the Human Genome Project. Following thirteen years of toil (and 200,000 years of anatomically modern man), the project had mapped the human genome; all 23,000 or so regions of DNA that contain genes had been identified. Suddenly, researchers knew where to begin looking for the deepest roots of human traits, from hair color to hereditary disease and hand-eye coordination; but they underestimated how difficult the genetic instructions would be to read.

Imagine the genome as a 23,000-page recipe book that resides at the center of every human cell and provides directions for the creation of the body. If you could read those 23,000 pages, then you would be able to understand everything about how the body is made. That was the wishful thinking of scientists, anyway. Instead, not only do some of the 23,000 pages have instructions for many different functions in the body, but if one page is moved, altered, or torn out, then some of the other 22,999 pages may suddenly contain new instructions.

In the years following the sequencing of the human genome, sports scientists picked single genes that they guessed would influence athleticism and compared different versions of those genes in small groups of athletes and nonathletes. Unfortunately for such studies, single genes usually have effects so tiny as to be undetectable in small studies. Even most of the genes for easily measured traits, such as height, largely eluded detection. Not because they don’t exist, but because they were cloaked by the complexity of genetics.

Sluggishly but surely, scientists have begun to abandon the small, single-gene studies and steer the scientific ship toward new and innovative methods of analyzing how genetic instructions function. Couple that with the efforts of biologists, physiologists, and exercise scientists to discern how the interplay of biological endowments and rigorous training affects athleticism, and we’re starting to tug at the threads of the great nature-versus-nurture debate as it bears on sports. That necessarily involves trekking deep into the bramble patches of sensitive topics like gender and race. Since science has gone there, this book will too.

The broad truth is that nature and nurture are so interlaced in any realm of athletic performance that the answer is always: it’s both. But that is not a satisfactory endpoint in science. Scientists must ask, “How, specifically, might nature and nurture be at work here?” and “How much does each contribute?” In pursuit of answers to these questions, sports scientists have trundled into the era of modern genetic research. This book is my attempt to trace where they have gone and to examine much of what is known or haggled over about the innate gifts of elite athletes.

•

In high school, I wondered whether Micheno and the other children of Jamaican parents who made our team so successful might carry some special speed gene they imported from their tiny island. In college, I had the chance to run against Kenyans, and I wondered whether endurance genes might have traveled with them from East Africa. At the same time, I began to notice that a training group on my team could consist of five men who run next to one another, stride for stride, day after day, and nonetheless turn out five entirely different runners. How could this be?

After my college running career ended, I became a science graduate student and later a writer at Sports Illustrated. In researching and writing The Sports Gene I had the chance to blend in the petri dish of elite sports what initially seemed to me to be wholly separate interests in athleticism and science.

The reporting of this book took me below the equator and above the Arctic Circle, into contact with world and Olympic champions, and with animals and humans who possess rare gene mutations or outlandish physical traits that dramatically influence their athleticism. Along the way, I learned that some characteristics that I assumed were entirely voluntary, like an athlete’s will to train, might in fact have important genetic components, and that others that I figured were largely innate, like the bullet-fast reactions of a baseball batter or cricket batsman, might not be.

Let’s start there.


1

Beat by an Underhand Girl

The Gene-Free Model of Expertise

The American League team was deep in a hole, and National League slugger Mike Piazza was up to bat. So they called for the ringer.

Sauntering past a phalanx of the world’s best hitters, Jennie Finch strode toward the sun-drenched infield, her flaxen hair blazing in the clear desert light. For the previous twenty-four years, the Pepsi All-Star Softball Game had been an event contested by Major League Baseball players only. The crowd thrummed with excitement as the 6'1" Team USA softball ace reached the pitcher’s mound and curled her fingers around the ball.

It was a temperate day in Cathedral City, California; 70 degrees in the replica of one of America’s own sports cathedrals. The three-quarter-scale imitation of the Chicago Cubs’ Wrigley Field was faithful in its ivy-covered outfield walls. Even Wrigleyville’s brick apartment buildings were there, in the desert at the foot of the Santa Rosa Mountains, depicted on near-life-size vinyl prints created from photographs of Chicago.

Finch, who in a few months would win a gold medal at the 2004 Olympics, had originally been invited only as a member of the American League coaching staff. That is, until the American League stars went down 9–1 in the fifth inning.

No sooner did Finch arrive at the mound than the defensive players behind her sat down. Yankees infielder Aaron Boone took his glove off, lay down in the dirt, and used second base for a pillow. Texas Rangers All-Star Hank Blalock took the opportunity to get a drink of water. They had, after all, seen Finch pitch during batting practice.

As part of the pregame festivities, a raft of major league stars had tested their skill against Finch’s underhand rockets. Thrown from a mound forty-three feet away, and traveling at speeds in the upper-60-mph range, Finch’s pitches take about the same time to reach home plate as a 95-mph fastball does from the standard baseball mound, sixty feet and six inches away. A 95-mph pitch is fast, certainly, but routine for pro baseball players. Plus, the softball is larger, which should make for easier contact.

Nonetheless, with each windmill arc of her arm, Finch blew pitches by the bemused men. When Albert Pujols, the greatest hitter of a generation, stepped forward to face Finch during pregame practice, the other major leaguers crowded around to gawk. Finch adjusted her ponytail nervously. A wide smile stole across her face. She was exhilarated, but also anxious that Pujols might hit a line drive right back at her. A silver chain dangled over his expansive chest, his forearms as wide as the barrel of the bat. “All right,” Pujols said softly, indicating he was ready. Finch rocked back, and then forward, whipping her arm in a giant circle. She fired the first pitch just high. Pujols lurched backward, startled at what he saw. Finch giggled.

She unleashed another fastball, this time high and inside. Pujols spun defensively, turning his head away. Behind him, his professional peers guffawed. Pujols stepped out of the batter’s box, composed himself, and stepped back in. He twisted his feet into the dirt, and stared back at Finch. The next pitch came right down the middle. Pujols uncoiled a violent swing. The ball sailed past his bat, and the spectators hooted. The next pitch was way outside, and Pujols let it go. The one after that was another strike, and Pujols whiffed again. With one strike remaining, Pujols moved all the way to the back of the batter’s box and dug in, crouching low in his stance.

Finch rocked, and fired. Pujols missed, badly. He turned and walked away, toward his tittering teammates. Then he stopped, bewildered. Pujols turned back to Finch, doffed his cap, and continued on his way. “I don’t want to experience that again,” he later resolved.

So the defensive players behind Finch had good reason to sit down in the field when she entered the live game: they knew there would be no hits. Just as she had during the pregame practice, Finch struck out both hitters she faced. Piazza struck out on three straight pitches. San Diego Padres outfielder Brian Giles missed so badly on the third strike that his momentum spun him through a pirouette. And then Finch returned to her role as a ceremonial coach. She was, though, not nearly finished befuddling major leaguers.

In 2004 and 2005, Finch hosted a regular segment on Fox’s This Week in Baseball in which she would travel to major league training camps and transform the best baseball hitters in the world into clumsy hacks.

“Girls hit this stuff?” asked an incredulous Mike Cameron, the Seattle Mariners outfielder, after he missed a pitch by half a foot.

When seven-time MVP Barry Bonds saw Finch at the Major League All-Star Game, he walked through a throng of media so that he could talk trash to her.

“So, Barry, when do I get to face the best?” Finch asked.

“Whenever you want to,” Bonds replied, confidently. “You faced all them little chumps. . . . You gotta face the best. You can’t be pretty and good, and not face another handsome guy who’s good,” Bonds said, simultaneously flirting and unfurling his peacock feathers. Bonds then told Finch to bring a protective net when she was ready to face him, because “you’re going to need it with me . . . I’ll hit you.”

“There’s only been one guy who touched it,” Finch replied.

“Touch it?” Bonds said, laughing. “If it comes across that plate, believe me, I’ma touch it. I’ma touch it hard.”

“I’ll have my people call your people and we’ll set it up,” Finch told him.

“Oh, it’s on! You can call me direct, girl,” Bonds said. “I take my challenges direct . . . we’ll televise it too, on national television. I want the world to see, everybody to see.”

So Finch traveled to face Bonds—this time without fans and other media around—and the tune of his raillery quickly changed. Bonds watched several pitches fly by, and insisted that the cameras not film him. Finch shot pitch after pitch past Bonds, as his on-looking teammates pronounced them strikes. “That’s a ball!” Bonds pleaded, to which one of his teammates replied, “Barry, you’ve got twelve umpires back here.” Bonds watched dozens of strikes go by without so much as a swing. Not until Finch began to tell Bonds what pitches were coming did he tap a meek foul ball that rolled to rest a few feet away. Bonds implored Finch, “Go on, throw the cheese!” She did, and blew it right past him.

When Finch subsequently visited Alex Rodriguez, the reigning MVP, Rodriguez watched over Finch’s shoulder as she threw warm-up pitches to one of his team’s catchers. The catcher missed three of the first five throws. Seeing that, Rodriguez, to Finch’s disappointment, simply refused to step into the batter’s box. He leaned forward and told her: “No one’s going to make a fool out of me.”

•

For four decades, scientists have been constructing a picture of how elite athletes intercept speeding objects.

The intuitive explanation is that the Albert Pujolses and Roger Federers of the world simply have the genetic gift of quicker reflexes that provide them with more time to react to the ball. Except, that isn’t true.

When people are tested for their “simple reaction time”—how fast they can hit a button in response to a light—most of us, whether we are teachers, lawyers, or pro athletes, take around 200 milliseconds, or one fifth of a second. A fifth of a second is about the minimum time that it takes for the retina at the back of the human eye to receive information and for that information to be conveyed across synapses—the gaps between neurons that take a few milliseconds each to cross—to the primary visual cortex in the back of the brain, and for the brain to send a message to the spinal cord that puts the muscles in motion. All this happens in the blink of an eye. (It takes 150 milliseconds just to execute a blink when a light is shined in your face.) But as quick as 200 milliseconds is, in the realm of 100-mph baseballs and 130-mph tennis serves, it is far too slow.

A typical major league fastball travels around ten feet in just the 75 milliseconds that it takes for sensory cells in the retina simply to confirm that a baseball is in view and for information about the flight path and velocity of the ball to be relayed to the brain. The entire flight of the baseball from the pitcher’s hand to the plate takes just 400 milliseconds. And because it takes half that time merely to initiate muscular action, a major league batter has to know where he is swinging shortly after the ball has left the pitcher’s hand, well before it’s even halfway to the plate. The window for actually making contact with the ball, when it is in reach of the bat, is 5 milliseconds, and because the angular position of the ball relative to the hitter’s eye changes so rapidly as it gets closer to the plate, the advice to “keep your eye on the ball” is literally impossible. Humans don’t have a visual system fast enough to track the ball all the way in. A batter could just as well close his eyes once the ball is halfway to home plate. Given the speed of the pitch and the limitations of our biology, it seems like a miracle that anybody ever hits the ball at all.

Still, Albert Pujols and his All-Star peers see—and crush—95-mph fastballs for a living. So why are they transmogrified into Little Leaguers when faced with 68-mph softballs? It’s because the only way to hit a ball traveling at high speed is to be able to see into the future, and when a baseball player faces a softball pitcher, he is stripped of his crystal ball.

•

Nearly forty years ago, before Janet Starkes became one of the most influential sports expertise researchers in the world, she was a 5'2" point guard who spent one summer with the Canadian national team. Her lasting influence on sports, though, would come off the court, from the work she started as a graduate student at the University of Waterloo. Her research was to try to figure out why good athletes are, well, good.

Tests of innate physical “hardware”—qualities that an athlete is apparently born with, like simple reaction time—had done astonishingly little to help explain expert performance in sports. The reaction times of elite athletes always hovered around one fifth of a second, the same as the reaction times when random people were tested.

So Starkes looked elsewhere. She had heard of research on air traffic controllers that used “signal detection tests” to gauge how quickly an expert controller can sift through visual information to determine the presence or absence of critical signals. And she decided that conducting studies like these, of perceptual cognitive skills that are learned through practice, might prove fruitful. So, in 1975, as part of her graduate work at Waterloo, Starkes invented the modern sports “occlusion” test.

She gathered thousands of photographs of women’s volleyball games and made slides of pictures where the volleyball was in the frame and others where the ball had just left the frame. In many photos, the orientation and action of players’ bodies were nearly identical regardless of whether the ball was in the frame, since little had changed in the instant when the ball had just exited the picture.

Starkes then connected a scope to a slide projector and asked competitive volleyball players to look at the slides for a fraction of a second and decide whether the ball was or was not in the frame that had just flashed before their eyes. The brief glance was too quick for the viewer actually to see the ball, so the idea was to determine whether players were seeing the entire court and the body language of players in a different way from the average person that allowed them to figure out whether the ball was present.

The results of the first occlusion tests astounded Starkes. Unlike in the results of reaction time tests, the difference between top volleyball players and novices was enormous. For the elite players, a fraction of a second glance was all they needed to determine whether the ball was present. And the better the player, the more quickly she could extract pertinent information from each slide.

In one instance, Starkes tested members of the Canadian national volleyball team, which at the time included one of the best setters in the world. The setter was able to deduce whether the volleyball was present in a picture that was flashed before her eyes for sixteen thousandths of a second. “That’s a very difficult task,” Starkes told me. “For people who don’t know volleyball, in sixteen milliseconds all they see is a flash of light.”

Not only did the world-class setter detect the presence or absence of the ball in sixteen milliseconds, she gleaned enough visual information to know when and where the picture was taken. “After each slide she would say ‘yes’ or ‘no,’ whether the ball was there,” Starkes says, “and then sometimes she would say, ‘That was the Sherbrooke team after they got their new uniforms, so the picture must have been taken at such and such a time.’” One woman’s blink of light was another woman’s fully formed narrative. It was a strong clue that one key difference between expert and novice athletes was in the way they had learned to perceive the game, rather than the raw ability to react quickly.

Shortly after she received her Ph.D., Starkes joined the faculty at McMaster University and continued her occlusion work with the Canadian national field hockey team. At the time, the coaching orthodoxy in field hockey favored the idea that innate reflexes were of primary importance. Conversely, the idea that learned, perceptual skills were a hallmark of expert performance was, as Starkes put it, “heretical.”

In 1979, when Starkes began helping the Canadian national field hockey team gear up for the 1980 Olympics, she was dismayed to find that the national coaches were relying on outdated ideas to choose and arrange the team. “They thought everybody saw the field the same way,” she says. “They were using simple reaction time tests for selection, and they thought it would be a good determinant of who would be the best goalies or strikers. I was astounded that they had no idea that reaction time might not be predictive of anything.”

Starkes, of course, knew better. In her occlusion tests of field hockey players, she found just what she had found in volleyball players, and more. Not only were elite field hockey players able to tell faster than the blink of an eye whether a ball was in the frame, they could accurately reconstruct the playing field after just a fleeting glance. This held true from basketball to soccer. It was as if every elite athlete miraculously had a photographic memory when it came to her sport. The question, then, is how important these perceptual abilities are to top athletes and whether they are the result of genetic gifts.

There is no better place to look for an answer than in a type of competition where the action is slow, deliberate, and devoid of the constraints of muscle and sinew.

•

In the early 1940s, Dutch chess master and psychologist Adriaan de Groot began drilling for the core of chess expertise. De Groot would test chess players of various skill levels and attempt to dissect what made a grandmaster better than an average professional, and the average professional far superior to a club player.

The common wisdom of the time was that highly skilled chess players thought further ahead in the game than did less skilled players. This is true when skilled players are compared with complete novices. But when de Groot asked both grandmasters and merely strong players to narrate their decision making in the face of an unfamiliar game situation, he found that players of disparate skill levels mulled over the same number of pieces and proposed essentially the same array of possible moves. Why then, he wondered, do the grandmasters end up making better moves?

De Groot assembled a panel of four chess players as representatives of their varying skill echelons: a grandmaster and world champion; a master; a city champion; and an average club player.

De Groot enlisted another master to come up with different chess arrangements taken from obscure games, and then did something very similar to what Starkes would do with athletes thirty years later: he flashed the chessboards in front of the players for a matter of seconds and then asked them to reconstruct the scenario on a blank board. What emerged were differences between the skill levels, particularly the two masters and the two nonmasters, “so large and unambiguous that they hardly need further support,” de Groot wrote.

In four of the trials, the grandmaster re-created an entire board after viewing it for three seconds. The master was able to accomplish the same feat twice. Neither of the lesser players was able to reproduce any boards with complete accuracy. Overall, the grandmaster and master accurately replaced more than 90 percent of the pieces in the trials, while the city champion managed around 70 percent, and the club player only about 50 percent. In five seconds, the grandmaster understood more of the game situation than the club player did in fifteen minutes. In these tests, de Groot wrote, “it is evident that experience is the foundation of the superior achievements of the masters.” But it would be three decades before confirmation would come that what de Groot saw was indeed an acquired skill, and not the product of innately miraculous memory.

In a seminal study published in 1973, Carnegie Mellon University psychologists William G. Chase and Herbert A. Simon—a future Nobel Prize winner—repeated the de Groot experiment, and added a twist: they tested the players’ recall for chessboards that contained random arrangements of pieces that could never occur in a game. When the players were given five seconds to study the random assortments and then asked to re-create them, the recall advantages of the masters disappeared. Suddenly, their memories were just like those of average players.

In order to explain what they saw, Chase and Simon proposed a “chunking theory” of expertise, a pivotal idea in the study of games like chess, but also in sports, that helps explain what Janet Starkes found in her work with field hockey and volleyball players.

Chess masters and elite athletes alike “chunk” information on the board or the field. In other words, rather than grappling with a large number of individual pieces, experts unconsciously group information into a smaller number of meaningful chunks based on patterns that they have seen before. Whereas the average club player in de Groot’s study was scanning and attempting to remember the arrangement of twenty individual chess pieces, the grandmaster needed to remember only a few chunks of several pieces each, because the relationships between the pieces had great meaning for him.*

A grandmaster is fluent in the language of chess and has a mental database of millions of arrangements of pieces that are broken down into at least 300,000 meaningful chunks, which are in turn grouped into mental “templates,” large arrangements of pieces (or players, in the case of athletes) within which some pieces can be moved around without rendering the entire arrangement unrecognizable. Where the novice is overwhelmed by new information and randomness, the master sees familiar order and structure that allows him to home in on information that is critical for the decision at hand. “What was once accomplished by slow, conscious deductive reasoning is now arrived at by fast, unconscious perceptual processing,” Chase and Simon wrote. “It is no mistake of language for the chess master to say that he ‘sees’ the right move.”

Studies that track the eye movements of experienced performers, whether chess players, pianists, surgeons, or athletes, have found that as experts gain experience they are quicker to sift through visual information and separate the wheat from the chaff. Experts swiftly move their attention away from irrelevant input and cut to the data that is most important to determining their next move. While novices dwell on individual pieces or players, experts focus more attention on the spaces between pieces or players that are relevant to the unifying relationship of parts in the whole.

Most important in sports, perceiving order allows elite athletes to extract critical information from the arrangement of players or from subtle changes in an opponent’s body movements in order to make unconscious predictions about what will happen next.

•

Bruce Abernethy was an undergraduate at the University of Queensland in the late 1970s and an avid cricket player when he began to expand on Janet Starkes’s occlusion methods. Abernethy started out using Super 8mm film to capture video of cricket bowlers. He would show batters the video but cut it off before the throw and have them attempt to predict where the ball was headed. Unsurprisingly, expert players were better at predicting the path of the ball than novice players.

In the decades since, Abernethy, now associate dean for research at Queensland, has become exceedingly sophisticated at using occlusion tests to illuminate the basis of perceptual expertise in sports. Abernethy has moved his studies from the video screen to the field and the court. He has equipped tennis players with goggles that go opaque just as an opponent is about to strike the ball, and he has outfitted cricket batters with contact lenses with varied levels of blurriness.

The theme of Abernethy’s findings is that elite athletes need less time and less visual information to know what will happen in the future, and, without knowing it, they zero in on critical visual information, just like expert chess players. Elite athletes chunk information about bodies and player arrangements the way that grandmasters do with rooks and bishops. “We’ve tested expert batters in cricket where all they see is the ball, the hand and wrist, and down to the elbow, and they still do better than random chance,” Abernethy says. “It looks bizarre, but there’s significant information between the hand and arm where experts get cues for making judgments.”

Top tennis players, Abernethy found, could discern from the minuscule pre-serve shifts of an opponent’s torso whether a shot was going to their forehand or backhand, whereas average players had to wait to see the motion of the racket, costing invaluable response time. (In badminton, if Abernethy hides the racket and entire forearm, it transforms elite players back into near novices, an indication that information from the lower arm is critical in that sport.)

Pro boxers have a similar skill. A Muhammad Ali jab took a mere forty milliseconds to arrive at the face of a victim standing a foot and a half away. Without anticipation based on body movements, Ali’s opponents would have been beaten down in round one, hit flush by every punch. (Ali’s skill at disguising the trajectory of a punch, and thus confounding the opponent’s anticipation, often meant they were finished a few rounds later anyway.)

Even skills that appear to be purely instinctive—jumping to rebound a basketball after a missed shot—are grounded in learned perceptual expertise and a database of knowledge on how subtle shifts of a shooter’s body will alter the trajectory of the ball. It’s a database that can be built only through rigorous practice.*

Without that database, every athlete is a chess master facing a random board, or Albert Pujols facing Jennie Finch, stripped of the information that allows him to predict the future.* Since Pujols had no mental database of Finch’s body movements, her pitch tendencies, or even the spin of a softball to predict what might be coming, he was always left reacting at the last moment. And Pujols’s simple reaction speed is downright quotidian.

When scientists at Washington University in St. Louis tested him, Pujols, the greatest hitter of an era, was in the sixty-sixth percentile for simple reaction time compared with a random sample of college students.

•

No one is born with the anticipatory skills required of an elite athlete. When Abernethy studied the eye movement patterns of elite and novice badminton players, he saw that the novices were already looking at the correct area of the opponent’s body, they just did not have the cognitive database needed to extract information from it. “If they did,” Abernethy says, “it would be a hell of a lot easier to coach them to become an expert. You could just say, ‘Look at the arm. Or for a baseball batter the real advice wouldn’t be ‘keep your eye on the ball,’ it would be ‘watch the shoulder.’ But actually, if you tell them that, it makes good players worse.”

As an individual practices a skill, whether it be hitting, throwing, or learning to drive a car, the mental processes involved in executing the skill move from the higher conscious areas of the brain in the frontal lobe, back to more primitive areas that control automated processes, or skills that you can execute “without thinking.”

In sports, brain automation is hyperspecific to the practiced skill, so specific that brain-imaging studies of athletes who train in a particular task show that activity in the frontal lobe is turned down only when they do that exact task. When runners are put on bicycles or arm bikes (where the pedals are moved with hands instead of feet) their frontal lobe activity increases compared with when they are running, even though cycling or arm cycling wouldn’t seem to require much conscious thought. The physical activity that one trains in is very specifically automated in the brain. To return to Abernethy’s point, “thinking” about an action is the sign of a novice in sports, or a key to transforming an expert back into an amateur. (University of Chicago psychologist Sian Beilock has shown that a golfer can overcome pressure-induced choking in putting—paralysis by analysis, she calls it—by singing to himself, and thus preoccupying the higher conscious areas of the brain.)

Chunking and automation travel together on the march toward expertise. It is only by recognizing body cues and patterns with the rapidity of an unconscious process that Albert Pujols can determine whether he should swing at a ball when it has barely left the pitcher’s hand. The same goes for quarterback Peyton Manning. He cannot stop in the face of blitzing linebackers and consciously sort through the defensive alignments and patterns he learned in hours and years of practicing and studying game film. He has seconds to scan the field and throw. He is a grandmaster playing speed chess, only with linebackers and safeties in place of knights and pawns. (At the same time, NFL defensive coordinators are shuffling their players in an attempt to present Manning with a chessboard that looks misleading or random.)

The result of expertise study, from de Groot to Abernethy, can be summarized in a single phrase that played like a broken record in my interviews with psychologists who research expertise: “It’s software, not hardware.” That is, the perceptual sports skills that separate experts from dilettantes are learned, or downloaded (like software), via practice. They don’t come standard as part of the human machine. That fact helped spawn the most well-known theory in modern sports expertise, and one that has no place for genes.

—

It started with musicians.

For a 1993 study, three psychologists turned to the Music Academy of West Berlin, which had a global reputation for producing world-class violinists.

The academy professors helped the psychologists identify ten of the “best” violin students, those who could become international soloists; ten students who were “good” and could make a living in a symphony orchestra; and ten lesser students they categorized as “music teachers,” because that would be their likely career path.

The psychologists conducted detailed interviews with all thirty academy students, and certain similarities emerged. All of the musicians from all three groups had started taking systematic lessons at around eight years old, and all had decided to become musicians around fifteen. And, despite their skill differences, the violinists from all three groups dedicated a whopping 50.6 hours each week to their music skills, whether taking music theory classes, listening to music, or practicing and performing.

Then a major difference surfaced. The amount of time that the violinists in the top two groups spent practicing on their own: 24.3 hours each week, compared with 9.3 for the bottom group. Perhaps not surprisingly, then, the musicians rated solitary practice as the most important aspect of their training, albeit a much more taxing one than activities like group practice or playing for fun. Everything in the lives of the violinists in the top two groups seemed to orbit around training and recovery from training. They slept 60 hours each week, compared with 54.6 for the bottom group. But even the hours spent practicing alone didn’t differentiate the top two groups.

So the psychologists asked the violinists to make retrospective estimates of how much they had practiced since the day they began playing. The top violinists had begun ramping up their practice hours more quickly after they first took up the instrument. By age twelve, the best violinists had a head start of about 1,000 hours on the future teachers. And even though the top two groups were spending identical amounts of time on their craft at the academy, the future international soloists had accumulated, on average, 7,410 hours of solitary practice by age eighteen, compared with 5,301 hours for the “good” group, and 3,420 hours for the future teachers. “Hence,” the psychologists wrote, “there is complete correspondence between the skill level of the groups and their average accumulation of practice time alone with the violin.” In essence, they concluded that what might have been construed as innate musical talent was actually years of accumulated practice.

Remarkably, the psychologists found that expert pianists had, on average, accumulated a similar number of practice hours as the top violinists, as if there were some universal rule of expertise. The researchers used the weekly practice estimates to suggest that expert musicians, regardless of the instrument, accumulate 10,000 hours of practice by age twenty, and that skilled performers engage in greater quantities of “deliberate practice,” the kind of effortful exercises that strain the capacity of the trainee. The kind of practice that is often done in solitude.

In the now-famous paper—“The Role of Deliberate Practice in the Acquisition of Expert Performance”—the authors extended their conclusions to sports, citing Janet Starkes’s occlusion tests that showed learned perceptual expertise is more important than raw reaction skills. Accumulated hours of practice, they suggested, were masquerading as innate talent in both music and sports.

The lead author of the paper, psychologist K. Anders Ericsson, now at Florida State, came to be viewed as the father of the “10,000 hours” to expertise rule—though he himself never called it a “rule”—or the “deliberate practice framework,” as it is often known among those who study skill acquisition.

Ericsson is regarded as an expert on experts. He and other proponents of the framework went on to suggest that accumulated practice is the real wizard behind the curtain of innate talent in fields from sprinting to surgery.

As genetic science became more prominent, Ericsson worked genes into his writing. In a 2009 paper, “Toward a Science of Exceptional Achievement,” Ericsson and his coauthors write that the genes necessary to be a pro athlete (or a pro anything, really) “are contained within all healthy individuals’ DNA.” In that view, experts are differentiated by their practice histories, not their genes. The media interpretation of Ericsson’s work has often been to say that 10,000 hours is both necessary and sufficient to make anyone an expert in anything. No one, the idea goes, achieves expertise with less, and everyone achieves expertise with that amount.

On the backs of several bestselling books and reams of articles, the 10,000-hours rule (alternately known as the ten-year rule) has become embedded in the world of athlete development and an impetus for starting children early in hard training.

In some cases, popular writers describing Ericsson’s work have allowed for individual genetic differences in addition to differences born of practice, while others have taken a rigid view of the 10,000-hours rule as absolute, with no room for genetic gifts. During the reporting of this book, I saw the 10,000 hours referenced as the recipe for success in arenas as disparate as an interview given by a U.S. Olympic Committee scientist and the annual letter from a hedge fund to its investors explaining the fund’s tenets of success.

I even became acquainted with a golfer who is putting the rule to a very personal test.
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A Tale of Two High Jumpers

(Or: 10,000 Hours Plus or Minus 10,000 Hours)

On June 27, 2009, his thirtieth birthday, Dan McLaughlin resolved to do something special: quit his job as a commercial photographer in Portland, Oregon, and become a professional golfer. His golf experience over the previous three decades consisted of two childhood trips to a driving range with his older brother. Save for some youth tennis and a season of cross-country running in high school, McLaughlin hadn’t been a competitive athlete. But something had to change.

After completing his journalism degree at the University of Georgia in 2003, he took pictures for newspapers for two years, and then worked in various forms of advertising and product photography. After six years at a desk job that centered on snapping photos of dental equipment, McLaughlin needed a venture more suited to his taste for challenge.

At first, he thought it might be grad school. So he saved enough money to start an MBA program in finance. But it took only the first day’s class at Portland State, on how to operate Microsoft Excel spreadsheets, for McLaughlin to realize that an MBA was not the change of course he craved. He mulled over becoming a physician’s assistant, or an architect, but decided that the new path had to be drastic.

McLaughlin had always had a bit of the extreme in him. His idea of a winter vacation in 2006 was a trip to Fiji during the nation’s military coup. And yet, in many ways, McLaughlin is the Everyman. He’s 5'9", 150 pounds, and “not particularly physically gifted,” in his own words. “I’m kind of just a very average-type person,” he says. That’s what he’s counting on.

McLaughlin was inspired by what he read of Ericsson’s work in the bestsellers Talent Is Overrated, by Geoff Colvin, and Outliers, by Malcolm Gladwell. He read about the 10,000-hours rule, the “magic number of greatness,” as it is called in Outliers, and about the idea that skills that appear to be predicated on innate gifts are often nothing more than the manifestations of thousands of hours of practice.

And so it was that on April 5, 2010, McLaughlin logged his first two hours of deliberate practice toward his ultimate goal of going pro and making the PGA Tour. His plan is to log every single hour along the path to 10,000, and to show that “there’s no difference between experts and me, or other people, not just in golf, but in any field. If I were over six feet tall, that might not speak to most people, but I’m a normal guy.”

McLaughlin is not approaching his journey—he had logged 3,685 hours by the end of 2012—as a publicity stunt, but as a scientific experiment. He enlisted a PGA-certified instructor and consults with Ericsson for advice on his strategy. McLaughlin is committed to counting only those hours of practice that truly qualify as deliberate according to Ericsson’s definition.

“According to the tenets of deliberate practice, you have to be cognitively engaged,” McLaughlin explains. Just going to the driving range and swatting balls for a few hours without an eye toward improvement and error correction doesn’t cut it. So, six days a week, McLaughlin puts in six hours of deliberate practice, a workday that consumes eight hours because he takes frequent breaks to think about what he did well and what can be improved—like closing the club face on impact—and because it is exhausting to maintain strict focus for hours on end.

McLaughlin is building his golf game from the ground up. When I first spoke with him, 1,776 hours into his journey, he had yet to wield a driver. “I’m only up to an eight-iron,” he said, “so my game is all within 140 yards of the hole.” On the occasions when McLaughlin decides to play something resembling a round with his eight-iron, he places three balls at varying distances from the cup and plays all three at once. “That way,” he says, “I can get twenty-seven holes of play in on only nine holes.” At his current pace, McLaughlin will reach 10,000 hours late in 2016. (And he isn’t even counting the hours he spends lifting weights, reading golf theory, or working with a nutritionist.) McLaughlin fully expects to be a professional when he reaches the magic number. “There are no guarantees,” he says. “I could get in a car wreck and die tomorrow. But my ultimate goal is to make the PGA Tour.”

“No matter what happens,” he continues, “I will consider it a success. I love the game more every day, and I gave a presentation at a conference at Florida State, where I had breakfast, lunch, and dinner with Dr. Ericsson. . . . He said this is useful for him to see how things progress, even though it’s just one person. He said he’s never done this long a study on someone, tracking their deliberate practice.”

No one has ever done such a study. All of the data in support of the 10,000-hours rule have been what scientists call “cross-sectional” and “retrospective.” That is, the researchers look at subjects who have already attained a certain skill level and ask them to reconstruct their history of practice hours. In the case of the original 10,000-hours study, the subjects were musicians who had already gained admission to a world-famous academy, so most of humanity had long since been screened out. A study that is restricted to only prescreened performers is hopelessly biased against discovering evidence of innate talent. A “longitudinal” study, on the other hand, is a much higher standard of experimentation that follows subjects as they accumulate those hours in order to watch how their skills progress. It’s easy to understand why longitudinal research of the 10,000-hours rule is difficult: imagine the challenge of recruiting a group of Dan McLaughlins for a study—all willing to spend years practicing a skill they’ve never tried—much less tracking them assiduously.

There is, however, a way to track the acquisition of skill expertise without at least some of the problems of subjective human recall.

•

Chess players are rated according to Elo points, named for Arpad Elo, a physicist who created the ranking system. An average chess player has around 1,200 Elo points. A master, the bare minimum level to make a living playing chess, has between 2,200 and 2,400 points. An international master has 2,400 to 2,500, and a grandmaster has more than 2,500 Elo points. Because Elo points are accumulated as a player improves, the rating system provides an objective accounting of a player’s historical skill progression.

In 2007, psychologists Guillermo Campitelli, of the Universidad Abierta Interamericana in Buenos Aires, and Fernand Gobet, director of the Centre for the Study of Expertise at Brunel University in West London, recruited 104 competitive chess players of varying skill levels for a study of chess expertise. Campitelli had coached future grandmasters, and Gobet, who logged eight to ten hours a day of chess practice in his youth, had been an international master and the second-ranked player in Switzerland.

Campitelli and Gobet found that 10,000 hours was not far off in terms of the amount of practice required to attain master status, or 2,200 Elo points, and to make it as a pro. The average time to master level in the study was actually about 11,000 hours—11,053 hours to be exact—so more than in Ericsson’s violin study. More informative than the average number of practice hours required to attain master status, however, was the range of hours.

One player in the study reached master level in just 3,000 hours of practice, while another player needed 23,000 hours. If one year generally equates to 1,000 hours of deliberate practice, then that’s a difference of two decades of practice to reach the same plane of expertise. “That was the most striking part of our results,” Gobet says. “That basically some people need to practice eight times more to reach the same level as someone else. And some people do that and still have not reached the same level.”* Several players in the study who started early in childhood had logged more than 25,000 hours of chess practice and study and had yet to achieve basic master status.

While the average time to master level was 11,000 hours, one man’s 3,000-hours rule was another man’s 25,000-and-counting-hours rule. The renowned 10,000-hours violin study only reports the average number of hours of practice. It does not report the range of hours required for the attainment of expertise, so it is impossible to tell whether any individual in the study actually became an elite violinist in 10,000 hours, or whether that was just an average of disparate individual differences.

On a panel at the 2012 American College of Sports Medicine conference, Ericsson noted that the now world-famous data were collected in a small number of subjects and are not entirely reliable in terms of counting practice hours. “Obviously, we were only collecting data on ten individuals,” Ericsson said. “And [the violinists did] some of the retrospective estimates several times, and there was no perfect agreement.” That is, the violinists were inconsistent in multiple accounts of how much they had practiced. Even so, Ericsson said, the variation among just the ten most elite violinists—the 10,000-hours group—was still “certainly more than 500 hours.” (Ericsson himself, it should be noted, never used the term “10,000-hours rule.” In a 2012 paper in the British Journal of Sports Medicine, he ascribed the phrase’s popularity to a chapter title in Malcolm Gladwell’s Outliers, which, he wrote, “misconstrued” the conclusions of the violin study.)

When I asked Dan McLaughlin whether he had any concern that he might, like some of the chess players, be a 20,000-hours guy as opposed to a 10,000-hours guy, he said that he considered the journey a victory in itself. “When it comes down to D-Day and it’s my ten-thousandth hour,” McLaughlin said, “it’ll be interesting to see whether I’m still shooting seventy-five, or I missed Q-School [the PGA Tour’s qualifying school] by one stroke, or if I’m on the Tour. I think you could probably master something in anywhere from 7,000 to 40,000 hours, but this is kind of a good way to keep track of progress.” Somehow, the 7,000-to-40,000-hours rule just doesn’t have the same ring to it.

For the chess players, differences in progress showed up right away. “If you look at those players who go on to be masters and those who remain below that level,” Gobet says, “some of them have the same practice the first three years, but there were already large differences in performance. Perhaps if there are very small individual differences [in talent] at the beginning, they make a huge effect. We assume it takes about ten seconds to learn a chunk, and we have estimated that it takes about 300,000 chunks to become a grandmaster. If one person learns each chunk in nine seconds and the other person eleven seconds, those small differences are going to be amplified.”

It’s a sort of butterfly effect of expertise. If two practitioners start with slightly different initial conditions, according to Gobet, it can lead to dramatically different outcomes, or at least to drastically different amounts of practice that will be required for similar outcomes.

•

On the morning of August 22, 2004, Stefan Holm was staying calm the way he always did before a competition, by losing himself in a book. This time, it was Olympics in Athens 1896: The Invention of the Modern Olympic Games by Michael Llewellyn Smith. When Holm, a Swedish high jumper, traveled for competitions, he liked to choose books that were relevant to the locale he was visiting. And this book was particularly apropos, as he would be competing in the Olympiakó Stádio in Athens in a few hours in the 2004 Olympic final.

As always, Holm made sure that he forced every omen into auspicious alignment. Even if he wanted to stop reading his book at page 225, he would make sure to read to at least page 240, because when the bar was raised to 225 centimeters (7'5") during the competition, he did not want that number associated with stopping in his mind.

In order to avoid the mental strain of small decisions, Holm’s morning followed a practiced pattern: first, corn flakes and orange juice for breakfast; then, one hour before leaving for the track, he laid the blue and yellow competition clothes bearing the symbol of the Swedish crown on the bed, followed by a shower, shampoo—always twice, for no reason he could explain—and a shave. He packed his bag in the same order every time. He wore the same black underwear he always did for competition. He put the right sock on before the left, and his jumping shoes in the reverse order, the left before the right.

At the track that evening, Holm’s life came down to one final attempt at 7'8". He missed on his first two jumps. A third miss would be the end. As he did before every jump, he whisked his hands backward over his shorn hair, twice, wiped his eyes, tugged the chest of his jersey, and then cleared the sweat from his brow. He took a few baby steps toward the bar, and then broke into a full sprint. He launched himself into the air, and sailed right over. After that, he cleared 7'9" to win the Olympic gold medal. It was a fitting climax to a story that began with the kind of youthful obsession that is capable of producing genius.

Inspired by the Moscow Olympics, Holm took his first jumps with his neighbor Magnus over the sofa when he was just four years old, in 1980, an adventure that ended when Magnus broke his arm. But the duo was undeterred.

When Holm was six, Magnus’s father built a high jump pit for the boys from pillows and an old mattress and placed it in the backyard. Two years later, in 1984, when Holm was eight, he saw a competition featuring Patrik Sjöberg, the brash Swedish jumper with the cascading golden tresses who would go on to set the world record. All across Sweden, hordes of mini-Sjöbergs began scissor-kicking and Fosbury-flopping over their parents’ couches. The young Holm often beckoned his father’s attention with delighted squeals of “Look! I’m Patrik Sjöberg!” before bounding over the couch.

Holm started school around that time, an endeavor that excited him primarily because the school had a high-jump pit. He spent many a lunch hour, with Magnus, enacting a fantasy version of the Olympic high-jump competition, occasionally showing up tardy for class.

On the day of the Athens final, Magnus was there in the stands, and so was Johnny Holm, Stefan’s father and lifelong coach. In his youth, Johnny Holm had been a catlike goalkeeper in Sweden’s fourth division, and could have progressed toward the professional ranks, but he chose to stay close to home and to his job as a welder. From the time Stefan Holm was a teenager, he could sense from his father’s stories that Johnny regretted never having taken the chance to become a professional athlete. His father did not say it outright, but Holm could tell from how eager Johnny was to help his son throw himself fully into high jump. Both Holm and his father became obsessed with the sport.

In 1987, as if sent by the jumping gods to aid Stefan Holm in his quest, a professional-grade indoor track-and-field facility called Våxnäshallen opened in western Sweden, just a few minutes’ drive from his tiny hometown of Forshaga. It gave Holm, at the age of eleven, what would become his year-round, career-long, world-class training venue.

At fourteen, Holm cleared six feet, an age-group record in his area in the west of Sweden, though he was defeated at a handful of competitions that season. At fifteen, he won the Swedish youth championships and traveled with his father to Gothenburg to meet Patrik Sjöberg’s coach, Viljo Nousiainen. The meeting sparked an enduring friendship between the elder Holm and Nousiainen, and Johnny Holm began to adapt some of Nousiainen’s training methods for his teenage son. The boy who had idolized the great Patrik Sjöberg was suddenly being groomed to become him. But there was an obvious difference. Sjöberg was 6'7", while every local newspaper article about Holm’s accomplishments noted his diminutive stature. As an adult, Holm would top out at 5'11", downright Lilliputian for a high jumper. In a sport that requires raising one’s center of mass as high as possible, starting with a high center of mass is an enormous advantage.

As a teenager, Holm developed the high jumper’s equivalent of stage fright: when the bar was raised to a height above his head, he would take his normal approach, but rather than jumping he simply ran under the bar and onto the landing mat. In several competitions in his teens, Holm did that three straight times at a given height, which meant he was out of the competition. Instead of giving up, Holm redoubled his work, quitting soccer and dedicating himself solely to high jump. At sixteen, he lost only a single competition—a wound he would remember and avenge with his undefeated 2004 season—and immersed himself in what he later called a “twenty-year love affair with the high jump.” (For much of those two decades, it was an exclusive love affair that left Holm little time for girlfriends.) As Holm himself acknowledges, it would be a fair bet that he has taken more high jumps than any human being who has ever lived.

By seventeen, Holm was good enough to face his hero Sjöberg in competition. Sjöberg won handily, but Holm wondered whether he could one day top the Swedish icon if he kept at it. At nineteen, Holm started a weight-lifting regimen—concentrated on his left leg, of course—that would get progressively more intense over a decade to the point where he could put 310 pounds, double his weight, on his shoulders and squat so low that his butt nearly grazed the ground, before popping back up.

To compensate for his stature, Holm perfected a sprinting approach where he hit a top speed around nineteen miles per hour, likely faster than any other jumper in the world. To accommodate that speed, he had to start taking off from farther and farther away from the bar. Holm was flying faster, farther, and higher every year, rocketing at the bar and curling his body around it so tightly that if his heels had a secret they could whisper it into his ear when he was in full arch. Starting in 1987, Holm improved a few centimeters every year, without fail. In a task that seems so “you either got it, or you don’t,” Holm was transforming himself into the ultimate “got it.”

In 1998, Holm won the first of eleven consecutive Swedish national championships. Three years later, he finished just off the Olympic medal stand, taking fourth in Sydney. That was not good enough.

Holm had been living at home and taking college classes on and off. At twenty-five, he dropped out of school and moved out of his parents’ house into an apartment that was just down the road from the Våxnäshallen facility, in Karlstad, a town of sixty thousand that sits on the north coast of the largest lake in Sweden. From then on, Holm trained twelve sessions per week. His workday started at ten A.M. with two hours of weights, box jumps, or hurdles—he and his father designed hurdles that could be raised to five and a half feet. Then a break for lunch, and another session in the late afternoon that might consist of thirty high jumps at full competition speed. Thirty, that is, if all went according to plan. Holm could not go home on a miss, nor would he lower the bar to facilitate a clearance, so practice went until he made it over whatever height he was confronting. By the time Athens rolled around, Johnny Holm had watched his son take so many jumps that he could tell whether Stefan would clear the bar when he was still four steps from liftoff.

Without a running start, Holm’s standing vertical jump hovered around twenty-eight inches, which is perfectly pedestrian for an athlete. But his blazing fast approach allowed him to slam down on his Achilles tendon, which would then act like a rebounding spring to propel him over the bar. When scientists examined Holm, they determined that his left Achilles tendon had hardened so much from his workout regimen that a force of 1.8 tons was needed to stretch it a single centimeter, about four times the stiffness of an average man’s Achilles, making it an unusually powerful launching mechanism.

In 2005, a year after he won the Olympic title, Holm earned a qualification of the perfect human projectile: he cleared 7'10.5", equaling the record for the highest high-jump differential between the bar and the jumper’s own height.

•

Late in the day that I met him at the snow-covered train station in Karlstad, Holm took me to Våxnäshallen, the facility that “was my home for twenty years,” he said. On one side of the track, near a weight-lifting area, is a locked box that contains Holm’s custom-made hurdles. To save himself from himself, Holm has given away the key. He still visits to high jump once or twice a week, though, and his father trains young jumpers at the facility.

Holm’s son Melwin has begun to tag along. (Melwin is not a Swedish name. Holm and his wife liked “Melvin,” and Holm wanted “win” somewhere in the boy’s name.) One day in 2007, when Melwin was two and Johnny Holm was babysitting, Stefan returned home and found his infant son flopping backward in diapers over a high jump constructed of Lego Duplo bricks. “He cleared thirty centimeters,” Holm says, with a straight face.

At Våxnäshallen, a few kids approach Holm for autographs. (Since his athletic retirement, Holm has become famous for winning Swedish television quiz shows. He has a steel trap of a memory and can recall exact heights from competition jumps twenty years in the past.) For the most part, Holm is left alone to watch a group of seven- and eight-year-old children try high jumping. Some of the kids jump off the wrong foot. Others go off both feet. As the children flop onto the mat one by one, Holm points to those who have a feel for how their body should move in the air. Holm whispers to me, noting the children who he thinks have potential. When I ask whether he could teach any one of them to be an Olympic champion, he says: “There are some things you can’t teach, the sort of feel for jumping. I was never into training the technical things. The [back] arch was just always there.”

As we leave the facility and make our way back toward the train station, we pass a bookstore. “Come here,” Holm beckons, pointing through the window of the store at a white book bearing a hand that is painted blue and making a victory sign. As I press my face to the glass, I see that it’s the Swedish translation of Malcolm Gladwell’s Outliers.

“You see this? Read this,” Holm says. “There were jumpers who beat me when I was young. You wouldn’t have said I would be Olympic champion. It’s all about your ten thousand hours.”

•

In 2007, Holm entered the World Championships in Osaka, Japan, as the favorite. And, despite the fact that there has never been a more assiduous student of high jump, Holm was faced with a competitor who he barely knew: Donald Thomas, a jumper from the Bahamas. Thomas had just begun high jumping. As Thomas’s cousin, a college track coach, put it, “He still doesn’t know that a track goes around in a circle.”

The previous year, on January 19, 2006, Thomas was sitting in the cafeteria at Lindenwood University in Saint Charles, Missouri, boasting about his slam-dunking prowess with a few guys from the track team. Carlos Mattis, Lindenwood’s top high jumper, had enough of Thomas’s lip and bet him that he could not clear 6'6" in a high jump competition.

Thomas decided to put his hops where his mouth was. He went home and grabbed a pair of sneakers and returned to the Lindenwood field house where a smirking Mattis had already set the bar at 6'6". Mattis stepped back and waited for the big talker to fall to earth. And Thomas did, but the bar did not come with him. To Mattis’s amazement, Thomas cleared it easily. So Mattis pushed the bar up to 6'8". Thomas cleared it. Seven feet. Without a semblance of graceful high-jump technique—Thomas hardly arched his back and his legs flailed in the air like the streamers trailing a kite—he cleared it.

Mattis rushed Thomas over to the office where head track coach Lane Lohr was organizing his roster for the upcoming Eastern Illinois University Mega Meet and told the coach that he had a seven-foot high jumper. “The coach said there’s no way I could do that. He didn’t believe it,” Thomas recalls. “But Carlos was like, ‘Yeah, he really did it.’ So he asked if I wanted to go to a track meet on Saturday.” Lohr picked up the phone and pleaded with the meet organizer to permit a late entry.

Two days later, in a black tank top and white Nike sneakers and shorts so baggy they blanketed the bar as he passed over it, Thomas cleared 6'8.25" on his first attempt, qualifying for the national championships. Then he cleared 7'0.25" for a new Lindenwood University record. And then, on the seventh high jump attempt of his life, with rigid form akin to a man riding an invisible deck chair backward through the air, Thomas cleared 7'3.25", a Lantz Indoor Fieldhouse record. That’s when Coach Lohr forced him to stop out of concern that he might hurt himself.

It would get better. Two months later, Thomas competed at the Commonwealth Games in Australia against some of the best professional jumpers in the world, wearing tennis shoes. He placed fourth in a world-class field, a result that actually confused him because he did not yet understand how tiebreakers work in high jump and thought that he was in third place until the results were announced.

Thomas’s cousin Henry Rolle was the hurdles coach at Auburn University, and Thomas was swiftly offered a scholarship to Auburn on the condition that he agree to commit to actually start training for the high jump in 2007. So he did. Sort of.

Auburn assistant coach Jerry Clayton had coached Charles Austin, the 1996 Olympic high jump champion, and saw right away that he needed to develop Thomas slowly. “When he first got here, he didn’t know how to warm up or stretch,” Clayton said. And then there was the issue of practice. Thomas would step out of practice at Auburn’s Beard-Eaves-Memorial Coliseum under the guise of going for a drink of water, and forty minutes later Clayton would find him outside shooting baskets. In Thomas’s own words, he found high jump “kind of boring.”

With a few months of light training, Clayton lessened Thomas’s stutter-step, and though he couldn’t get Thomas to put on the high jump shoes that every other elite competitor wears, he at least got him into pole vault shoes. In his first full season, Thomas cleared 7'7.75" to win the NCAA indoor high jump championship.

In August 2007, with a total of eight months of legitimate high-jump training to his name, Thomas donned his pole vault shoes and the gold and aquamarine uniform of his native Bahamas and traveled to Osaka, Japan, for the World Championships. In non-Olympic years, the World Championships are the Super Bowl of track and field.

Thomas advanced easily to the final, as did Stefan Holm. When the men’s high jump finalists were introduced, broadcasters announced a laser-focused Holm as the favorite. Thomas, looking cool in sunglasses beneath the bright lights illuminating the stadium, was described as “very much an unknown quantity.”

Early in the competition, it appeared that Thomas would fold in his first world spotlight. While the rest of the jumpers took such lengthy approaches that they had to start on the running track, Thomas began on the infield, as if he were using the high jump equivalent of the short tees at a golf course. He stutter-stepped his way to a miss at 7'3"—each jumper gets three attempts at every height—lower than he jumped in that first meet at Eastern Illinois. Meanwhile, Holm was cruising, passing over 7'3", 7'5", 7'6.5", and 7'7.73" without a single miss, as his father watched through a video camera and pumped his fist in the stands.

But Thomas began to hit his form, managing to alternate makes and misses. He arrived at 7'8.5" along with a handful of other jumpers, including Holm.

For his first attempt, Holm stood with his eyes closed, envisioning himself floating over the bar. He approached, leapt, and barely grazed the bar. As it fell to the ground, he executed a frustrated backflip on the mat. Next, Yaroslav Rybakov, a 6'6" Russian, nudged the bar off the stand. Then came Thomas. He slowed down so drastically as he approached the bar that it seemed impossible that he could clear it. And yet, flailing his legs and with his back nearly straight, he passed 7'8.5" on his first attempt, putting his hand down behind him as if to break his fall because he was still uncomfortable with the sensation of falling backward. He rolled off the mat and gamboled across the track in celebration. But Holm was up again.

Another miss, just barely. Holm shook his palms in front of him as if beseeching the high jump gods. They didn’t listen. On his final attempt, Holm clipped the bar with the back of his legs and fell to the mat with his head in his palms.

The guy in pole vault shoes who thinks high jump is “kind of boring” was crowned the 2007 world champion. On his winning jump, Thomas had raised his center of mass to 8'2". Had he any semblance of the back arch that every other pro jumper does, he would have shattered the world record.

Holm was polite in his remarks afterward, congratulating the new champion. Rybakov called Thomas’s feat amazing, and noted that he himself had been practicing for an outdoor track-and-field world title for eighteen years and had yet to win one, compared with Thomas’s eight months. But Johnny Holm, Stefan’s coach and father, was so unnerved by Thomas’s win that in a postevent interview he called him a “jävla pajas,” literally “damn clown,” essentially the Swedish equivalent of “buffoon.” Johnny Holm said that Thomas’s “flutter kick style” was a scandal for high jump, and suggested that the inelegance of his jumping was an affront to the sport and the men who had spent years training.

In 2008, the Japanese television station NHK asked Masaki Ishikawa, then a scientist at the Neuromuscular Research Center at the University of Jyväskylä in Finland, to examine Thomas. Ishikawa noted both Thomas’s long legs relative to his height, and also that he was gifted with a giant’s Achilles tendon. Whereas Holm’s Achilles was a more normal-sized, incredibly stiff spring, Thomas’s, at ten and a quarter inches, was uncharacteristically long for an athlete his height. The longer (and stiffer) the Achilles tendon, the more elastic energy it can store when compressed. All the better to rocket the owner into the air.

“The Achilles tendon is very important in jumping, and not just in humans,” says Gary Hunter, exercise physiologist at the University of Alabama–Birmingham, and an author of studies on Achilles tendon lengths. “For example, the tendon in the kangaroo that’s equivalent to our Achilles tendon is very, very long. That’s why they can bounce around more economically than they can walk.”

Hunter has found that a longer Achilles tendon allows an athlete to get more power from what’s called the “stretch shortening cycle,” basically the compression and subsequent decompression of the springlike tendon. The more power that is stored in the spring when it is compressed, the more you get when it’s released. (A typical example is a standing vertical jump, in which the jumper bends down quickly, shortening the tendons and muscles, before jumping skyward.) When Hunter put subjects on a leg-press machine and dropped weights down on them, the longer the person’s Achilles tendon the faster and harder he was able to fling the weights back in the opposite direction. “That’s not exactly the same as a jump,” Hunter says, “but it has a lot of similarities. And that’s why people jump higher when they have a drop step or a few steps: they use the velocity of descent toward the ground to compress the tendon, just like a spring.”

Tendon length is not significantly impacted by training, but rather is primarily a function of the distance between the calf muscle and heel bone, which are connected by the tendon. And while it appears that an individual can increase tendon stiffness by training, there is also growing evidence that stiffness is partly influenced by an individual’s versions of genes involved in making collagen, a protein in the body that builds ligaments and tendons.

Neither Ishikawa nor Hunter would suggest that the sole secret to the jumping success of Holm and Thomas is in their Achilles tendons. But the tendons are one puzzle piece that helps explain how two athletes could arrive at essentially the same place, one after a twenty-year love affair with his craft, and the other with less than a year of serious practice after stumbling into it on a friendly bet. Interestingly, Thomas has not improved one centimeter in the six years since he entered the professional circuit. Thomas debuted on top and has not progressed. He seems to contradict the deliberate practice framework in all directions.

In fact, in absolutely every single study of sports expertise, there is a tremendous range of hours of practice logged by athletes who reach the same level, and very rarely do elite performers log 10,000 hours of sport-specific practice prior to reaching the top competitive plane, often competing in a number of other sports—and acquiring a range of other athletic skills—before zeroing in on one. A study of ultraendurance triathletes found that the better athletes had practiced far more on average but that there was a tenfold difference in practice hours among athletes who performed similarly.

Studies of athletes have tended to find that the top competitors require far less than 10,000 hours of deliberate practice to reach elite status. According to the scientific literature, the average sport-specific practice hours to reach the international levels in basketball, field hockey, and wrestling are closer to 4,000, 4,000, and 6,000, respectively. In a sample of Australian women competing in netball (sort of like basketball but without dribbling or backboards), arguably the best player in the world at the time, Vicki Wilson, had compiled only 600 hours of practice when she made the national team. A study of athletes on Australia’s senior national teams found that 28 percent of them started their sport at an average age of seventeen, having previously tried on average three other sports, and debuted at the international level just four years later.

Even in this age of hyperspecialization in sports, some rare individuals become world-class athletes, and even world champions, in sports from running to rowing with less than a year or two of training. As with Gobet’s chess players, in all sports and skills, the only real rule is that there is a tremendous natural range.

•

In 1908, Edward Thorndike, who would become known as the father of modern educational psychology, came up with a way to test whether nature or nurture dominated an individual’s ability at a task. Thorndike was a leading proponent of the then-controversial idea that older adults—meaning, at the time, those over thirty-five—can continue to learn new skills. He figured that the way to distinguish nature from nurture was to give people the same amount of practice at a certain task and to see whether they became more or less alike. If their skill levels converged, Thorndike reasoned, then the impact of practice was overwhelming any innate individual differences. If they diverged, then nature was overpowering nurture.

In one experiment, Thorndike had adults practice multiplying three-digit numbers by three-digit numbers in their heads as quickly as they could. He was astounded by their improvement. “The fact that these mature and competent minds improved in the course of so short a training so much,” Thorndike wrote, “is worthy of attention.” After one hundred practice trials, many of the subjects cut their mental computation time in half. And every single subject improved. Just as in chess, language, music, and baseball, as practitioners improve at mental multiplication, they internalize patterns and systems of breaking problems into pieces that allow for increasingly rapid calculation.

But while Thorndike saw across-the-board improvement, he also noted what sociologists often call a “Matthew effect.” The term derives from a passage in the biblical Gospel of Matthew:

For to all those who have, more will be given, and they will have an abundance; but from those who have nothing, even what they have will be taken away.

Thorndike saw that the subjects who did well at the start of the training also improved faster as the training progressed compared with the subjects who began more slowly. “As a matter of fact,” Thorndike wrote, “in this experiment the larger individual differences increase with equal training, showing a positive correlation with high initial ability with ability to profit by training.” The passage from the Bible doesn’t quite capture Thorndike’s results accurately because every subject improved, but the rich got relatively richer. Everyone learned, but the learning rates were consistently different.

When World War I erupted, Thorndike became a member of the Committee on Classification of Personnel, a group of psychologists commissioned by the U.S. Army to evaluate recruits. It was there that Thorndike rubbed off on a young man named David Wechsler, who had just finished his master’s degree in psychology. Wechsler, who would become a famous psychologist, developed a lifelong fascination with tracing the boundaries of humanity, from lower to upper limits.

In 1935, Wechsler compiled essentially all of the credible data in the world he could find on human measurements. He scoured measures of everything from vertical jump to the duration of pregnancies to the weight of the human liver and the speeds at which card punchers at a factory could punch their cards. He organized it all in the first edition of a book with the aptly momentous title The Range of Human Capacities.

Wechsler found that the ratio of the smallest to biggest, or best to worst, in just about any measure of humanity, from high jumping to hosiery looping, was between two to one and three to one. To Wechsler, the ratio appeared so consistent that he suggested it as a kind of universal rule of thumb.

Phillip Ackerman, a Georgia Tech psychologist and skill acquisition expert, is a sort of modern-day Wechsler, having combed the world’s skill-acquisition studies in an effort to determine whether practice makes equal, and his conclusion is that it depends on the task. In simple tasks, practice brings people closer together, but in complex ones, it often pulls them apart. Ackerman has designed computer simulations used to test air traffic controllers, and he says that people converge on a similar skill level with practice on the easy tasks—like clicking buttons to get planes to take off in order—but for the more complex simulations that are used for real-life controllers, “the individual differences go up,” he says, not down, with practice. In other words, there’s a Matthew effect on skill acquisition.

Even among simple motor skills, where practice decreases individual differences, it never drowns them entirely. “It’s true that doing more practice helps,” Ackerman says, “but there’s not a single study where variability between subjects disappears entirely.”

“If you go to the grocery store,” he continues, “you can look at the checkout clerk, who is using mostly perceptual motor skill. On average, the people who’ve been doing it for ten years will get through ten customers in the time the new people get across one. But the fastest person with ten years’ experience will still be about three times faster than the slowest person with ten years’ experience.”

Scientists who study skill performance attempt to account for “variance” between people. Variance is a statistical measure of how much individuals deviate from the average. In a sample of two runners, if one athlete completes the mile in four minutes and the other runs it in five minutes, then the average is four and a half minutes and the variance is half a minute. The question for scientists is: What accounts for that variance, practice, genes, or something else?

It is a critical inquiry. It is not enough for scientists to say that practice matters. That point is entirely uncontroversial. As Joe Baker, a sports psychologist at York University in Toronto, says, “There isn’t a single geneticist or physiologist who says hard work isn’t important. Nobody thinks Olympians are just jumping off the couch.”

Scientists must go beyond saying that practice matters and attempt the difficult task of determining exactly how much practice matters. By the strictest 10,000-hours thinking, accumulated practice should explain most or all of the variance in skill. But that never, ever happens. From swimmers and triathletes to piano players, studies report that the amount of variance accounted for by practice is generally between low and moderate.

In a study that K. Anders Ericsson himself coauthored of darts players, for example, only 28 percent of the variance in performance between players was accounted for after fifteen years of practice. At the rate of skill convergence documented in that study, a 10,000-years rule might be more likely than a 10,000-hours rule—if, that is, the players would ever reach the same level at all.

The data quite clearly support a view of skill—from chess and music to baseball and tennis—that is based on a paradigm not of “hardware not software,” but of both innate hardware and learned software.
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Major League Vision and the Greatest Child Athlete Sample Ever

The Hardware and Software Paradigm

In 1992, his first year of research on the Los Angeles Dodgers, Louis J. Rosenbaum met with an unexpected problem. The players were literally off the charts.

Rosenbaum had been the team ophthalmologist for the NFL’s Phoenix Cardinals since 1988, and now he was in Dodgertown, the spring training facility in Vero Beach, Florida, to test eighty-seven players in the Dodgers organization, major league players as well as minor leaguers hoping to earn their spot in the show.

From eight A.M. to five P.M., Rosenbaum tested players for traditional visual acuity, dynamic visual acuity (the ability to see detail in moving objects), stereoacuity (the ability to detect fine differences in the depth of objects), and contrast sensitivity (the ability to differentiate fine gradations of light and dark). For the visual acuity test, instead of the usual eye chart with the big E on top, Rosenbaum and his colleagues used Landolt rings—circles with a gap in one section that the viewer must pick out as the rings get progressively smaller toward the bottom of the chart.

The trouble was that Rosenbaum used commercially available Landolt ring charts, which tested visual acuity down to 20/15.* Nearly every player maxed out the test.

Fortunately, the other vision tests were successful. So when gruffly skeptical Tommy Lasorda, the Dodgers’ legendary manager, challenged Rosenbaum to predict which minor leaguer would thrive in the majors, Rosenbaum had plenty of data to pore over. He did not have the players’ baseball statistics and so had to rely purely on the vision testing data. He chose a minor league first baseman with outstanding scores.

The player was Eric Karros, a mere sixth-round pick in the 1988 draft. By ’92, though, Karros was starting at first base for the Dodgers and won the National League Rookie of the Year award. It was his first of thirteen full seasons as a major leaguer.

The following spring, Rosenbaum returned to Dodgertown with a custom-made visual acuity test that went down to 20/8. Given the size and shape of particular photoreceptor cells, or cones, in the eye, 20/8 is around the theoretical limit of human visual acuity.

One’s maximum visual acuity is determined by the density of cones in the macula, an oval-shaped spot in the retina of the eye. Cone density in humans is akin to the megapixel rating in digital cameras, and it is highly variable between people. Scientists who have collected retinas from deceased adults, ages twenty to forty-five, found a range from 100,000 cones/mm2 to 324,000 cones/mm2. (If one’s cone density is below 20,000 cones/mm2, a magnifying glass will be needed to read the newspaper.) As Michael A. Peters, author of See to Play and an eye doctor who works with pro baseball and hockey players, puts it: the number of cones appears to be “genetically predetermined for each of us.”

Armed with a custom test at the 1993 spring training, Rosenbaum could finally measure how well pro ballplayers see. Again, Lasorda challenged Rosenbaum to predict which minor leaguer would make a distinguished pro. This time, the player whose vision tests stood out to Rosenbaum was Mike Piazza, a lightly regarded catcher.

Piazza had been picked by the Dodgers five years earlier in the sixty-second round of the draft, the 1,390th player taken overall, and only because Piazza’s father was a childhood friend of Lasorda’s. Nonetheless, Piazza would make good on Rosenbaum’s prediction. He won the National League Rookie of the Year in 1993 and went on to become the greatest hitting catcher in baseball history.

Over four years of testing, and 387 minor and major league players, Rosenbaum and his team found an average visual acuity around 20/13. Position players (players who have to hit) had better vision than pitchers, and major league players had better vision than minor leaguers. Major league position players had an average right eye visual acuity of 20/11 and an average left eye visual acuity of 20/12. In the test of fine depth perception, 58 percent of the baseball players scored “superior,” compared with 18 percent of a control population. In tests of contrast sensitivity, the pro players scored better than collegiate baseball players had in previous research, and collegiate players scored better than young people in the general population. In each eye test, pro baseball players were better than nonathletes, and major league players were better than minor league players. “Half the guys on the Dodgers’ major league roster were 20/10 uncorrected,” Rosenbaum says.

The two largest population studies of visual acuity, one from India and one from China, give a sense of just how rare 20/10 vision might be. In the Indian study, out of 9,411 tested eyes, one single eye had 20/10 vision. In the Beijing Eye Study, only 22 out of 4,438 eyes tested at 20/17 or better.

Smaller studies focused only on young people, though, have documented average vision that is better than the standard 20/20. Seventeen- and eighteen-year-olds in a Swedish study had average visual acuity around 20/16. So we should expect that Major League Baseball hitters—their average age is around twenty-eight—would have better than 20/20 vision just because they are young, but not an average of 20/11. (Coincidentally, or perhaps not, twenty-nine often is the age at which visual acuity starts to deteriorate and the age when hitters, as a group, begin to decline.)

Mark Kipnis shared with me his first recollection of his baseball-playing son Jason’s visual acuity. It was during a ski vacation when Jason was twelve years old. The Kipnis family was sitting in a large restaurant in a lodge and Mark wanted to see the score of a football game on a television in the far corner. He was tired, so he asked Jason to get up, walk over to the television, and tell him the score. “He just turned his head and told me the score,” Mark says, “and a little light went off in my head.” A decade later, Jason was selected by the Cleveland Indians in the second round of the 2009 draft. By 2011, he was starting at second base.

Ted Williams, the last man to hit .400 over a major league season, used to insist that he only saw ducks on the horizon before his hunting partners because he was “intent on seeing them.” Perhaps. But Williams’s 20/10 vision, discovered during his World War II pilot’s exam, probably didn’t hurt either.*

About 2 percent of the players in the Dodgers organization dipped below 20/9, flirting with the theoretical limit of the human eye. Daniel M. Laby, an ophthalmologist who worked on the Dodgers study and later with the Boston Red Sox, says that he encounters a few players at that level every year in spring training. “I can pretty comfortably say that in twenty years of caring for people’s eyes I’ve never seen someone outside pro athletics achieve that, and I’ve seen over twenty thousand people,” Laby says. David G. Kirschen, an optometrist who also works with professional athletes and is chief of binocular vision and orthoptic services at the Jules Stein Eye Institute at UCLA’s medical school, says that he has seen a few patients outside of elite sports with 20/9 vision, “but you can count them on one hand over thirty years.”

So while major league hitters might not have any faster reaction time than you or I do, they do have the superior vision that can help them pick up the anticipatory cues they need earlier, making raw reaction speed less important.*

Baseball players have to know before the final two hundred milliseconds of a pitch where to swing, so the earlier they pick up anticipatory cues the better. One such cue, as psychologist Mike Stadler writes in The Psychology of Baseball, is the “flicker” of a pitch, or the indication of the spin of the ball by the flashing pattern of rotating red seams. Two-seam fastballs and curveballs are foretold by signature red stripes on the side of the ball. A four-seam slider shows the batter a bright red dot in the center of a white circle. “That circle right out of the [pitcher’s] hand, you identify in your brain, ‘Oh, okay, slider,’” Keith Hernandez, the five-time All-Star first baseman, once said in television commentary of a Mets game. “If you didn’t have those little red seams on the ball, you’d be in a world of trouble.”

The importance of picking up ball rotation has been demonstrated in virtual-reality batting studies in which baseball players were asked to identify or to swing at digital pitches. When players picked up the rotation of the ball, they identified pitches more accurately and executed more precise swings. Hitters performed better when the red seams of the ball were accentuated, and worse when the seams were covered with white paint.

•

It’s easy to understand why an athlete with outstanding visual acuity but without the mental database of what to look for is as useless as Albert Pujols facing Jennie Finch. But once the data is downloaded into the brain, it’s advantageous to see those signals as clearly and as early as possible, all the better not to have to rely on pure reaction speed.* Al Goldis, a longtime major league scout who studied motor learning in grad school, says: “If a player has better visual skills, he can pick up the pitch while it’s five feet or ten feet closer to the pitcher. If he doesn’t, his mechanics might be outstanding but he reacts so late that he breaks his bat because the ball is in on his hands. It’s not the bat speed, it’s the visual skills. That little bit is the difference between ordinary and extraordinary.”
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