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		More Praise for THE NEW COOL

		
			“Illuminating in its portrait of how the next generation will do its problem solving … If a space alien passing through the solar system stopped at a bookstore for some reading material before the next jump to hyperdrive, what he’d buy would be The New Cool by Neal Bascomb.”

			—Gregg Easterbrook, author of Sonic Boom and The Progress Paradox

		

		
			“I love this book. Neal Bascomb cuts through the arcane technical jargon of robotics to reveal an amazing world of smart high-schoolers with passions for math, science, engineering, and computers. The teacher who inspires them also inspires us. With kids like these, there is hope for the world after all.”

			—Charles Petzold, author of Code

		

		
			“Thoroughly enjoyable! The New Cool is not just a fascinating—and dare I say, really cool—story, it also provides an important lesson. If America is ever going to fix its broken education system and reenergize the economy, we’re going to need more schools, teachers, and kids like those in this book.”

			—P. W. Singer, author of Wired for War: The Robotics Revolution and Conflict in the 21st Century

		

		
			“The New Cool masterfully involves the reader.… Bascomb captures the essence of what it means to be immersed in a real-life engineering project.”

			—Henry Petroski, author of The Evolution of Useful Things
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			We are what we repeatedly do. Excellence, then, is not an act, but a habit.

			—ARISTOTLE

			I have never let my schooling interfere with my education.

			—MARK TWAIN

			Societies get the best of what they celebrate.

			—DR. WOODIE FLOWERS
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		MENTORS

		Amir Abo-Shaeer A thirty-seven-year-old physics teacher and head of the Dos Pueblos Engineering Academy, he aims to revolutionize how America teaches its kids. His ragtag team of robotics rookies and their FIRST competition season will prove instrumental to the realization of his vision.

		Stan Reifel An Internet entrepreneur and jack-of-all-trades engineer, he plays straight man to the intensely enthusiastic Amir. In the “Bat Cave” at his Santa Barbara home, the students spend long hours designing their robot.

		STUDENTS

		Chase Buchanan With a gaunt, angular face and surferlike calm, he is the team’s lead driver. Despite his learning disabilities, he has a genius for spatial relationships that shines through during the build season, particularly in assembling the robot’s drive system.

		Angie Dai A quiet, retreating math savant and the daughter of two Chinese professors, she volunteered her petite frame to serve as a weight source for the team’s drive-train prototype and acts as a key member of the electrical crew.

		Max Garber He is one of the team’s SolidSeven, a crew that uses computer-aided drafting software to design the robot. He focuses on the robot’s helix, a triumph of math and geometry, which delivers balls to the shooter.

		Andrew Hsu A classically trained cellist with the body of a football player, he becomes a master of the lathe in the machine shop. He is also one of the two lead scouts at competitions.

		Gabe Rives-Corbett Tae kwon do champion and theater-production guru, he is foremost an extraordinarily gifted computer programmer. Considered the team’s “best hope,” Gabe is pushed to live up to these expectations during the season and, in the process, realizes something very important about his own future.

		Luke Seale Six feet two inches tall, beanpole thin, with a penchant for wearing a beret, he designs the drive train’s wheel modules. He is also the team’s voice of optimism.

		Stuart Sherwin Known on the team for his thick, curly hair that hangs down past his shoulders, he is a scouting captain and member of the SolidSeven, specifically responsible for designing the turreted shooter.

		Anthony Turk The team’s teddy bear, with the build to fit, Turk wants nothing more than to be the human shooter at competitions, especially since he never made the varsity basketball team. He is a fanatic Lakers fan.

		Yidi Wang A tall, bubbly concert pianist, Yidi is a member of the shooter-mechanism crew and finds herself responsible for much of its prototyping. She is also the lead presenter to the judges at competitions.

		Kevin Wojcik Earnest and one of the most reliable, hardworking members of the D’Penguineers, he is one of the team’s three programmers and also the copilot of the PenguinBot.
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		January 3, 2009: Kickoff Day The new game is revealed, and the forty-six-day race to build the ultimate robot begins.

		February 17, 2009: Robot Ship-Date Deadline The FedEx truck arrives and the team’s finished robot must be crated up and ready to be delivered to the first regional competition.

		March 12–14: Los Angeles Regional Competition: Long Beach Arena The D’Penguineers compete against fifty-nine teams for the regional championship and a chance to earn a ticket to the FIRST Championship.

		March 26–28: Sacramento Regional Competition: The Pavilion, University of California, Davis The second—and last—shot the D’Penguineers will have for regional victory and the opportunity to compete against the best of the best.

		April 16–18: FIRST Championship: Georgia Dome, Atlanta A total of 348 teams from the United States and a host of other countries come together in the fiercest robotics competition in the world. Will the D’Penguineers be among these and earn a chance to prove themselves against the legends of FIRST?
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		APRIL 18, 2009

		It was a beautiful morning for the championship final at Atlanta’s Georgia Dome. Crisp, cloudless, a slight breeze—a perfect beginning to the day. Fans of all ages and stripes arrived at the stadium. They climbed out of the metro station. They descended from bus after bus. They traveled in packs by foot, crossing Centennial Olympic Park with a brisk step that defied the early hour. They crammed the escalators, stood impatiently in the serpentine line before the entrance, and flowed in a constant stream through the turnstiles. Click … click … click … the stadium attendants tallied the thousands with their handheld counters.

		The fans that April morning made the usual ticket holders for a Georgia Dome showdown look bland and dispirited. Many dressed in team jerseys; the arriving crowds were a blur of colors, including every shade of neon. Some had spray-painted their hair or beards or shoes to match. Others had gone for a full Mohawk and face paint. Many walked with team flags draped over their shoulders and wore team buttons on their chests like medals. They passed out swag by the bucket, here a rubber-chicken lanyard, there a Weeble robot. Mascots abounded; a pink ogre strolled alongside a man in a nun’s habit alongside a two-headed Martian alongside a purple-headed dragon alongside a pair of Vikings. Once in the stands, the mascots led their fans in thunderous cheers long before their teams made their way into the stadium.

		All of this excitement and energy was not for the Super Bowl or the NCAA Final Four or Olympic trials or even the Little League World Series. It was for the FIRST (For Inspiration and Recognition of Science and Technology) Championship, a high school robotics competition.

		Down below, the locker rooms were empty. The teams needed so much room to prepare for their matches that they had overtaken an entire exhibition hall in the cavernous, glass-enclosed World Congress Center next door to the Georgia Dome. Teams were divided into individual ten-by-ten-foot spaces, one beside the other, in long rows. These areas were called pits, like at a race-car track, but in many the mood was the same as in a gridiron locker room before a big game. Coaches huddled with their squads, talking strategy and rehashing the scouting reports of their opponents. Some players sat on the floor, heads between their knees, focusing, praying, or just trying to catch their breath. Others bounced up and down, shook their arms, and rolled their necks, loosening the muscles that seemed to want to freeze them in place. “We can do this … I know it … We can do this” was a common refrain.

		Some teams didn’t have the leisure to worry. In their pits, they rushed to mend their robots, many of which looked like mailboxes on wheels. Their basic shape belied their sophistication. These robots were operating with the same kind of complex, integrated controls used on Mars rovers. But sophistication breeds trouble, and after these robots had been put through the wringer during the qualifying rounds, many needed repair. Before the first matches of the day, students and their coaches scrambled for the quick fix. They relinked broken chains, riveted loose frames, soldered wires, debugged code, and straightened bent aluminum rods with their bare hands. The smell of burnt metal, adrenaline, and sawdust saturated the air.

		“ROBOT!” a kid shouted.

		“Coming through! ROBOT!” echoed another.

		One team after another called out to clear a path as they carted their 150-pound robots out of the pits. The matches were about to begin. The long walk through the concrete tunnel connecting the pits to the Georgia Dome only heightened the tension. One student, gripping the frame of his robot as though his life depended on it, said his butterflies had vanished. “I got pterodactyls in my stomach now.”

		Bright lights and an ear-splitting mix of cheers and dance music welcomed the players as they walked into the Georgia Dome. Teams ran through last-minute systems checks and then positioned their robots on one of the four identical rectangular fields under banners that read: ARCHIMEDES, CURIE, GALILEO, and NEWTON. These were the four divisions, and the winners from each would meet on the field in the middle of the stadium: EINSTEIN. There, at day’s end, the world champions would be crowned in front of twenty-five thousand fans. The countless hours rushing to finish their robot in the six-week build period, the heated regional competitions to earn a spot in Atlanta, the brutal qualifying rounds in the Georgia Dome to have a shot at the championship—all had come down to these few final matches.

		“Red team, ready! Blue team, ready!” announcers boomed on each field. “Here we go. Three. Two. One …” Robots shot forward and the matches were on. As the clock ticked down, a wave passed through the stands.

		“We get what we celebrate,” Dean Kamen, the founder of FIRST, said between matches. Given how American culture celebrates ballplayers, movie stars, and, until recently, Wall Street titans, it was no wonder to Dean that so few kids pursued studies and careers in science, technology, engineering, and math. At this world championship, and throughout the season, forty-two thousand high school students came together to celebrate something quite different.

		Sporting tool belts and jumpsuits, they talked about gear ratios and computer code. They hopped up and down and screamed and laughed and cried and danced as their robots maneuvered around the field before them. They—and the thousands of fans who cheered them—were celebrating invention and intelligence.

		This was a new kind of culture, the new cool.
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			The robot is just a vehicle, just a tool.

			—DEAN KAMEN

		

		At 4:30 A.M., Saturday, January 3, a white Toyota Matrix was alone on Highway 101, heading south along the Pacific coastline. Its headlights carved a tunnel through the darkness. With one hand on the wheel, Amir Abo-Shaeer drove as fast as he could without getting caught in any speed traps. He wore his usual uniform of old sneakers, cargo shorts, a black sweatshirt, and a FIRST baseball cap.

		The son of an Iraqi theoretical physicist and an Irish Catholic from Pennsylvania, Amir was a thirty-seven-year-old teacher at Dos Pueblos High School in Goleta, California, and the founder of its engineering academy. He was tall and scarecrow thin, with neatly trimmed dark hair and an almost permanent five o’clock shadow. Small round glasses framed his deeply set brown eyes.

		His wife, Emily West, a contrast of blond hair and fair skin, sat in the passenger seat. She came from a Mormon family, her youth split between Utah and California. In the backseat were two seniors from Amir’s academy. John Kim had immigrated to the United States from South Korea with his family when he was twelve. His father was a professor of chemical engineering. John spoke a stilted English and still had memories of the instructors at his Seoul grade school beating him with a bat for misbehaving. Beside him sat Kevin Wojcik, a tall, athletic seventeen-year-old of Polish descent whose father cleaned pools for a living.

		This only-in-America crew was on its way to a kickoff event in Los Angeles for the 2009 FIRST Robotics season. The four of them would watch a live, NASA-streamed webcast of the big show in New Hampshire that would reveal the new season’s game. Then they would pick up their kit of parts, the true purpose for their early-morning journey. In six weeks, Amir and his thirty-one students, most of whom were still asleep back in Goleta, a town just west of Santa Barbara, would have to build a robot ready to compete against 1,685 other teams in a game that had never before been played.

		No matter what kind of game FIRST announced, their robot would have some essential elements, starting with an ability to move around the field of play. This did not mean legs of the C-3PO variety but rather wheeled motion. Their robot would need mechanisms to perform the tasks set out in this year’s game, perhaps retractable arms or maybe a catapult. It would also include sensors, such as a meter to gauge how fast its wheels were turning or a camera to detect a target. The robot would require an electrical system that could relay information coming from the sensors and deliver energy from the battery to the motors driving the wheels and other mechanisms. This electrical system was like a body’s nervous and circulatory systems combined. Finally, the robot would need a brain supplied with computer code. This brain would process the information coming from the sensors and allow the robot to both operate on its own and translate the wireless joystick commands from its drivers into action.

		The kit Amir and his students would pick up would provide a starting point but no more than that. Building the robot would demand long hours and undoubtedly challenge his students as they had never been challenged before.

		Unlike every other team in the FIRST competition, Dos Pueblos was made up of only seniors, all of whom received academic credit for their participation. They were all robotics rookies, and their season would be the capstone course at the academy where Amir was trying to create a new model for education, one grounded in real-world, project-based, interactive learning. In six weeks he needed to teach this hodgepodge group of kids how to design, machine, construct, wire, and program a robot, while bringing them together as a team for competition. Their success would prove that what he was doing in his academy was working.

		Amir was always teaching, and as they drove down Highway 101, he showed Kevin and John how to predict dips in the road. He turned on his brights, pointed out a dark patch of concrete in the middle of the road ahead, and told them to wait. A second later they hit a dip. He explained that after a car hits one, any oil leaked from the engine shakes off onto the pavement. Repeated day after day by thousands of cars, this leaves a large stain on the road after a dip.

		“Cool,” Kevin said, but what he wanted to talk about was what kind of game Amir expected for this season. When Amir wouldn’t dare a guess, Kevin and John joked that it would be some kind of contest where the robots had to swim underwater.

		“No way it’ll be a water game,” Amir said, shaking his head and laughing. Emily sat quietly, suffering from morning sickness but saying nothing because her pregnancy, their first, was still a secret.

		As they approached Los Angeles, Amir grew increasingly excited. Yes, he was eager to engage his students in this formative experience. But there was also a part of him, the one that at his age still competed in a head-to-head LEGO-building contest every Christmas with his brother (who had a Ph.D. in experimental physics from MIT), that was personally thrilled about the new engineering challenge ahead. It’s finally here, he thought.

		As Amir pulled in to the University of Southern California campus in Los Angeles for the kickoff event, Gabe Rives-Corbett, a member of the Dos Pueblos Engineering Academy team, arrived at a salmon-colored office building near Goleta’s sparse downtown. A thick coastal fog hung like a pall over the dark streets at that early hour. Because of his programming skills, Gabe was considered by some on the team to be their best hope. He had a thick frame, a round face, a mop of unkempt brown hair, a large, dark birthmark on his neck, and a grin that had provocateur written all over it. That grin, however, was nowhere to be seen because Gabe was still half-asleep, having awakened less than a half hour before.

		Yawning repeatedly, he lugged his laptop across the parking lot and through the columned entrance of Moseley Associates, a wireless-technology company run by a teammate’s father. The place was swank, with marble floors, glass doors, a grand staircase, and high cathedral ceilings. Security cameras followed Gabe as he walked down a corridor and through a set of double doors into a huge, two-story auditorium, where the rest of his team was gathered around a U-shaped table in front of a projection screen. They were a motley bunch of high school seniors: boys, girls, tall, short, big, thin, athletic and not, white, Hispanic, Asian, Middle Eastern, boisterous, sheepish, striking, plain, hiply dressed, and shapeless in hoodies and sweatpants.

		Nobody was saying much, but the nervous energy in the auditorium gave Gabe a jolt. He sat down next to one of his teammates, who said, “This is awesome.” As the minutes ticked down for the kickoff webcast to begin, Gabe, a former tae kwon do champion, felt the same tight pit in the bottom of his stomach that he felt when he was about to go into a fight.

		Another of his teammates, Anthony Turk, who gave the impression of a teddy bear with his roly-poly form and easy, warm smile, had a different sense: fancy place, a diverse group with different skills assembled, everyone hyped to learn of their improbably complicated mission. “It’s like Ocean’s Eleven,” he said. “And we’re about to rob the Bellagio.”

		On the other side of the country, the sun was already up and a light snow was falling. Those assembled inside the Southern New Hampshire University Field House felt like kids on Christmas morning as they waited for the FIRST Kickoff to begin. Veterans knew there would be a lot of speeches—there was a message to spread—but the game was why most had come in person, to walk the new field, feel the new game pieces, and open the new kits as soon as possible. The NASA simulcast was great for those who couldn’t be here, but for those living close enough to Manchester, or with the means to make the trip, seeing the field and everything else firsthand gave them an advantage, if slight, in understanding the new game. In this competition, teams seized every advantage they could.

		High school kids and their mentors packed the field house. A stage was set on the auditorium floor with a podium, a projection screen, and two pairs of stands filled with students to serve as a backdrop for the cameras. This was a professional production: soundboards, klieg lights, a master of ceremonies advising everyone to smile and look pretty, and even someone to lead the audience on when and how to make the appropriate ruckus.

		There was nothing manufactured about the crowd’s eagerness, however—the shaking legs, the last-minute attempts to decipher the obtuse clues FIRST had provided prior to the event, and the staring at the long curtain of cloth hiding the new playfield as if by doing so they could somehow acquire X-ray vision.

		The game could be anything. In 1992, the inaugural competition, four 24-pound robots had to move about a square field layered with corn kernels, collecting multicolored tennis balls of varying point values. In 1995, there was a T-shaped carpeted field with platforms and slopes where robots competed to place 24-inch and 30-inch balls through field goals. Subsequent years featured inner tubes, hexagonal fields, more balls, 50-, then 70-, then 120-, then 130-, then back to 120-pound robots, pneumatic arms, turreted shooters, human players who could score points along with the human-controlled robots, octagonal platforms that rolled on casters, ramps to mount, and tetrahedrons to stack. In 2006, robots needed to herd foam balls into corner goals as well as shoot them through a stationary 10½-foot-tall circular target. In 2008, robots ran laps around a track while maneuvering large exercise balls over and under a 6-foot-high overpass bisecting the course. At the very least, FIRST’s game designers had shown a Dali-esque bent for originality.

		At 10 A.M. sharp, the countdown began. The lights dimmed, and the broadcast went live. The projection screen filled with snapshots of kids in various states of euphoric cheering. Then words flashed on a black screen with a Star Trek–style swoosh of sound effects:

		
			In an earlier transformative era in American history …

			President John F. Kennedy challenged our nation …

			To land on the moon within 10 years …

			Eight years and two months later …

			Neil Armstrong set foot on the lunar surface …

			The average age of the engineers cheering Apollo 11 that day …

			Was 26…

			Which means their average age at the time of the challenge …

			Was 18.

		

		Fast music blared. More snapshots of kids pumping their fists on the screen. A call to action. “Assemble your crew. Prepare for liftoff. The world is watching. Expectations are high. Duty is calling. Be the answer. One first step changed the world. Your leap can make history.” The screen darkened. Big cheers followed in the stands. The lights brightened to show John Abele, FIRST chairman and cofounder of Boston Scientific, at the podium to make some welcoming remarks.

		While he spoke about the glorious triumph of the Apollo moon landing, its fortieth anniversary that year, everyone awaited the entrance of Dean Kamen. For these students and mentors he was the star attraction, and a certain sign the game would soon be revealed.

		On the morning of the kickoff, Dean Kamen awakened a little groggy in his hilltop mansion, Westwind. Early morning was not his favorite part of the day.

		Usually he didn’t leave his office until 9 or 10 P.M. With a few of his engineers in tow, he would grab dinner, his one real meal of the day, before coming home to do more work, whether it was mulling over a design problem, tinkering in his shop, or talking with one of his frequent guests, many of whom ended up staying overnight. Dean wouldn’t go to bed until he was so tired that he knew the second he slipped under the covers he would be out. No sense in wasting minutes counting sheep. The sole difference the night before the kickoff was that he had left the office early to host an event at his house for FIRST. The night went typically late.

		Dean treated his few hundred guests, mostly team mentors from around the country, to a boy’s dream of a home. These teachers and engineers, the bedrock of the FIRST community, looked about in wonder, uttering “Wow” and “Cool” and “Sweet.” At 20,000-plus square feet, it was the biggest house most of them had ever seen, let alone been inside. More amazing, Westwind was one of a kind, a shrine to the magic of invention.

		The hexagonal house was set on a steep hill, the highest spot Dean could find between Manchester and Boston. Its centerpiece, the form around which Dean designed the house, was a steamboat engine previously owned by one of his heroes, Henry Ford. The 25-ton, three-story marvel, a beautifully curved hulk of metal that Dean had rebuilt, bolt by bolt, was proof that engineering was art. The house, a labyrinth of rooms, levels, and passageways (some cut straight out of the hill’s black rock), muddled one’s sense of direction.

		Getting lost long enough, a visitor might discover a professional-grade machine shop; an indoor swimming pool; the elevator from the set of The Sting; countless bedrooms and bathrooms; a chess-playing robot named the Turk; the first flight simulator; a 1913 Model T; jukeboxes; slot machines; Einstein portraits; a hangar with two helicopters; an exercise room; a sauna; a garage housing a black military Humvee, a Porsche 928, an electric Tesla Roadster; a cupola from which to watch the weather shift or planes taking off at the local airport; two pulley systems to deliver bottles from the wine cellar; and a secret corridor leading from the wood-paneled library, opened by pulling at the spine of Ingenious Mechanisms for Designs and Inventions, volume 4. A 150-foot windmill powered the house, and a 3.8-million-gallon pond, which Dean had created by blasting out rock and dirt from the hillside, supplied his water. For physical activity, the estate boasted a floodlit baseball diamond and tennis court.

		Some likened Dean to Willy Wonka. He possessed the fantastic house and more than enough of the eccentricities. The morning of the kickoff, he put on one of his more than two dozen identical outfits: blue jeans, a blue-denim shirt, and work boots. There was a tuxedo in the closet as well, but he hadn’t even worn that when he attended an event at the White House. From his bedroom, he walked down a spiral staircase and through a doorway into the kitchen to have his coffee. An overnight guest waiting for him there would have been puzzled to see Dean emerge from the cupboard, as if he had spent the night cramped inside. Dean had the door leading to his bedroom designed to look like his kitchen cabinets.

		With a light snow falling, he planned on using his Hummer to get around that day. Usually he flew, taking his “magic carpet” to work, an Enstrom helicopter he had modified. The Star Wars theme music played in his headset every time he lifted off. The journey to the rooftop of his company headquarters in downtown Manchester took three and a half minutes, the whoosh, whoosh, whoosh of the helicopter blades signaling his approach. On occasional weekends he’d fly out to his private, 3-acre island off the Connecticut coast, which he had named North Dumpling Island. He had whimsically declared the island’s secession from the United States, printed his own currency and newspaper, written a constitution and national anthem, deemed himself Lord Dumpling, and proclaimed that he and his citizen-guests had created “the Only 100 Percent Science-Literate Society.”

		At fifty-seven, Dean lived alone, had never married or had children. His chocolate factory was the DEKA Research and Development Corporation, his Oompa-Loompas the hundreds of engineers working for him. But this was where the analogy broke down. Willy Wonka, Dean was not. There was nothing frivolous or whimsical about his inventions or clownish about his engineers, many the best and brightest in their fields, who labored long hours for less pay than they deserved, all to work hand in hand with a visionary.

		There had never been any doubt about the career Dean would pursue. At the age of three he had awakened his father, an artist and prolific comic-book illustrator, asking him to sketch out an invention Dean had thought up in the middle of the night. “Put a toggle switch here, make the box shorter, sketch an outlet for a wire,” Dean had instructed, his father feeling like a police artist trying to get on paper what his son had in his head. A few years later in his Long Island, New York, home, Dean had rigged the blanket on his bed with ropes and pulleys to make his bed instantly. Even then he seemed in a hurry.

		A teacher at school called him “Deano the Relentless.” He was always questioning the nature of things. For instance, what causes a mug of hot water on a table to cool rather than heat up further. When his teacher couldn’t provide sufficient answers for his never-ending questions, Dean started seeking them himself. At thirteen, he tracked down a copy of Sir Isaac Newton’s Principia to understand the laws of physics, and it was like the world opened up to him for the first time. He later said, “F = ma, that’s a pretty simple linear equation. Force equals mass times acceleration. You can’t come up with a more simple statement that’s not trivial. Yet it describes the motion of billiard balls and of galaxies. On a galactic scale, you can predict where the next eclipse will be because of F = ma. You can predict where atomic collisions happen because of F = ma. That’s astounding.”

		From that day forward, he stopped relying on his teachers to explain the laws of nature to him. On his own, he read Newton and Einstein and others. School left him unsatisfied, and tests seemed ridiculous. He made only passing grades. At sixteen, he started creating electrical contraptions that could make the lights in a room pulse to the beats of music. These inventions led to an assignment to build a light show at the Hayden Planetarium in New York. Soon after graduating high school, he was making sixty thousand dollars a year building automated control systems for light-and-sound shows.

		He went off to Worcester Polytechnic Institute, but even there the classes left him unchallenged. One day his brother, who was in medical school, told Dean that he should invent a small pump to deliver drugs to patients intravenously. Dean assembled a machine shop in his parent’s basement and created a prototype that received favorable mention in The New England Journal of Medicine. While his parents were away on vacation, he had their Long Island house jacked up on stilts so that he could extend their basement to give him more room for his mini factory. Then he started creating a line of miniature wearable pumps, including one to deliver insulin to diabetics. His younger brother became his assistant, his mother the accountant. Eleven years later, at age thirty, he sold AutoSyringe to a medical-device manufacturer for millions. He moved to New Hampshire and started DEKA (a play on his first and last name). As for Worcester Polytechnic, he never bothered graduating.

		At DEKA, he invented kidney dialysis machines—one no bigger than a briefcase—to replace the refrigerator-sized contraptions in use at the time. Like his portable drug-infusion pumps, it obviated the need for hospital trips. Then there was an intravascular stent that improved blood flow to the heart, the motorized wheelchair that allowed the disabled to climb stairs (the forerunner to his infamous Segway Human Transporter), and recently a lightweight prosthetic arm that was sensitive to pressure.

		With each year, the problems Dean strove to solve were bigger in scope and ever more intractable. They included halting global warming; providing everyone in the world, regardless of location or circumstance, with potable water and electricity; and ridding cities of traffic congestion and pollution. With DEKA, Dean was making some progress on these problems, but no matter how smart he and his engineers were, how ingenious their ideas, how industriously they worked on them, Dean knew it was not enough. That was why he considered FIRST his most important endeavor, and why he was frustrated it was not growing fast enough.

		The idea had come to him one rainy Saturday in 1989. Because of the weather, Dean had driven to DEKA headquarters, located in a former textile mill on the banks of the Merrimack River. He found the parking lot crowded from the visitors to the hands-on science center that he had built soon after moving shop to Manchester. Instead of going up to his office straightaway, he went inside the center.

		It had always perplexed Dean that the scientific world that so fascinated him was lost on most people. He was not alone in that feeling. In 1959, when Dean was eight years old, a British chemist and government official named Charles Percy Snow authored The Two Cultures and the Scientific Revolution. He wrote, “A good many times I have been present at gatherings of people who, by the standards of the traditional culture, are thought highly educated and who have with considerable gusto been expressing their incredulity at the illiteracy of scientists. Once or twice I have been provoked and have asked the company how many of them could describe the Second Law of Thermodynamics. The response was cold: it was also negative. Yet I was asking something which is about the scientific equivalent of: Have you read a work of Shakespeare?”

		This divide in modern culture had been one of the motivating forces behind Dean’s decision to launch his science center. Seeing how crowded it was that morning, he felt pretty good about himself. He had built something real here, something that was showing kids how fascinating science and technology were.

		Then a young boy wearing a Celtics cap ran past him. Dean started looking around, noticing how many of these kids were wearing sport caps or jerseys, the names of their favorite Red Sox, Bruins, or Celtics star stitched across their backs. He went up to one kid and asked him to name a famous living scientist or inventor. Nothing. Dean asked the next kid, then the next, and then their parents. Finally one adult offered, “Albert Einstein, but I think he’s dead.”

		Dean felt his heart sink into his shoes. Pride in his center gave way to despair. He wasn’t changing any lives. Everyone had come here because the admittance was free and it was raining. Tomorrow when the clouds cleared, these same families wouldn’t think of coming to the center. They’d rather pay fifty bucks to see a baseball game, and then wrap up their day by watching their favorite action star in his latest film. Dean felt he had been naïve to believe this center would change that.

		He went up to his fourth-floor corner office and stared out the window to the river below, the thoughts coming in a rush. Kids revered athletes and movie stars, wanted to grow up to be just like them. They were the only heroes these kids knew, and American culture kept selling to them that this was okay. “Be Like Mike,” the billboards called.

		Dean decided he needed to create something that made kids want to excel in thinking, something that truly showed how thrilling science and technology could be. He needed to invent a sport that was about smarts, that had its own set of heroes, its own hall of fame, its own supporters and coaches, its own Olympics. Frustrated, incensed, and excited all at once, Dean formed FIRST the same day.

		A few months later he met Dr. Woodie Flowers, and the sport took shape. Flowers, a pioneering MIT professor of mechanical engineering, invited Dean to lecture to his graduate design class. As Flowers remembered, the two had a “philosophical love-in” about the need to change culture. He soon visited Dean in Manchester to see what they had cooking in the DEKA labs. At one point, he showed Dean a documentary about his class Engineering Synthesis and Design, known ubiquitously on campus as 2.70. The class centered on a design challenge where students had to build a machine out of a kit of parts to accomplish a specific task. Woodie had turned this class competition into a university event that was more popular than its football games. “Great,” Dean said when the documentary was over. “Let’s do it.” In 1992 they held their first competition.

		In its eighteen years, FIRST made huge strides. From twenty-eight teams of high school students who participated in the inaugural competition in a New Hampshire high school gym, it now boasted more than fifty times that number of teams. FIRST also offered the Junior FIRST LEGO League for six- to nine-year-olds, the FIRST LEGO League for nine- to fourteen-year-olds, and the FIRST Tech Challenge for high school students. In total, the programs racked up some incredible numbers: 212,000 students, 19,000 teams, 57,000 mentors, and 33,000 event volunteers. The organization had more than 3,000 corporate sponsors and participants were eligible for more than $10 million in scholarships in 2009.

		Its impact was clear. A study by Brandeis University compared FIRST and non-FIRST high school students from similar backgrounds with similar experiences in math and science. Those who participated in FIRST were more than twice as likely to pursue a career in science and technology and four times as likely to pursue one in engineering.

		Why was FIRST working? Woodie Flowers understood it better than most. “I think it’s time to shift away from the ‘Sage on the Stage,’ ” he explained. “What do we do? Learn by doing. First, understand the phenomenon before we tackle the abstractions.… Second, learning with always trumps learning from.” For too long, Woodie believed, schools have focused on what he called “training” instead of education. In a speech at Olin University, he broke down the difference:

		
			Training and education are very different. Training is a commodity. Education is the part that confers comparative advantage. Much of what we call engineering education is in fact training and poorly done. Learning calculus is training. Learning to think using calculus is education; learning spelling and grammar is training. Learning to communicate is education; learning a CAD (computer-aided design) program is training. Learning to design is a much more complex, sophisticated thing; learning the parts is training. Learning the synthesis and whole is education. It’s not clean. The boundary is clearly fuzzy. Once you could be trained to be a professional if you knew things, that was enough, but information is ubiquitous, you can’t have an advantage in society because you know something.

		

		In Woodie’s breakdown, the robotics competition fell on the side of education. But despite the clear impact and rapid growth of FIRST, Dean was desperate to do more. FIRST was in 8 percent of high schools across America. He wanted to be in every single one.

		Dean feared the United States would become a “banana republic” if it didn’t change things around quickly. He knew the statistics. By their senior year in high school, a mere 18 percent of students were considered proficient in math and science. Among forty-nine industrialized countries, eighth-grade American students ranked in the middle of the pack on science and math tests. By twelfth grade, they ranked at the bottom, above only those of Cyprus and South Africa.

		American universities graduated 70,000 engineers in 2004, while China graduated 500,000 and India 200,000. Only 32 percent of students in the United States graduated college with science or engineering degrees, while China boasted double that percentage. Overall, American students were failing to pursue the fields of science, technology, engineering, and math (STEM) in great enough numbers, and the statistics were even more abysmal for women and minorities.

		If the United States did not do everything in its power to promote STEM careers, then the country would fall far behind its competitors around the globe, threatening both its prosperity and security. The country had known this when the government invested in science and technology after the Russian launch of the Sputnik satellite in 1957, but Dean felt America had lost its way since. Wall Street had not made the country an economic superpower, he reminded everybody. Its inventors, scientists, engineers, and entrepreneurs had. “America’s only going to have a high standard of living if we remain productive,” he said. “We’re in danger of giving away the goose that lays the golden eggs.”

		Dean wanted America to flourish, but he was focused on the bigger picture as well, evidenced by his activities at DEKA. He wanted more engineers and scientists so that a greater army would be battling the challenges that the whole world faced. Only when these were solved would he feel like he could rest easy and enjoy those vacations he never took.

		The morning of the 2009 kickoff he steered his black Hummer down the icy road from Westwind, energized, despite his lack of sleep, at the thought of seeing the kids who had answered the call of a different kind of sport. They remained his greatest hope.

		A half hour into the kickoff, anticipation turning to impatience in the stands, Dean Kamen arrived on the stage to a roaring ovation. He was five feet six, but his pompadour of thick black hair gave him a few more inches. He had the wiry body and lean face of someone who had to be reminded to eat. Looking out into the stands, he began his speech, no notes, no teleprompter.

		He was not a great orator. With his faint Long Island accent, he tended to swallow his words instead of projecting them. He wore a half smile on his face, gestured a lot with his hands, and crossed his feet underneath the podium, the sum of which made him seem uneasy. Instead of building to a crescendo, his speeches rambled and then tapered off at the end, almost like some internal clock had told him he had gone on too long. Still, there was tremendous power in his words because it was plain that he believed in what he was preaching, lived it to his core, and was now asking for the best that these teenagers had in them, a challenge most had never been given before.

		“Why do we do FIRST? Because the world’s a mess. Read the news. Look around you. We got lights, clean water, ways to get around. We have hospitals, schools, safe malls. But two-thirds of all people alive today, 4 billion people, live on less than $2 a day. Half of them live on $1 a day. That’s their whole life. We’re the richest in the world, by far. And the world’s a mess. Somebody’s got to fix it. Do you think the people living on a buck a day, who don’t have clean water, schools, technology, education, do you think those people can fix it? No. You have to fix it.

		“I started FIRST because so many kids in this country were ignoring that opportunity. Our culture has convinced so many that knowing about Britney Spears or Paris Hilton is more important than real knowledge. We’ve got to find a way to convince all kids that we have to start celebrating the stuff that matters. We not only have the opportunity, I think we have the obligation—the moral obligation—to help the rest of the world.

		“So why do we do FIRST? I think it’s easy, because the world needs a lot more technology quickly. You’ve got to be better at it than we were, you’ve got to learn faster, and you’ve got to deliver at an earlier age. If you want exciting careers, you better start remembering what used to be true: We have to create wealth. For a while there, the bankers were doing a pretty good job of moving it around. We’ve got to start creating it again. People who create solutions for problems with the tools of physics and engineering are the people that we will count on. To rebuild our economy. To rebuild the world to make it better than it was. Why do we do it? I think it’s pretty easy.

		“The robot is just a vehicle, just a tool. The skill sets you walk away with will give you careers for a lifetime. FIRST is a genuine card-carrying microcosm of the real world of engineering. We give you a little time, never as much as you need. We give you a little bit of material, never what you’d really want. You never know what the competitors are doing. FIRST really is a way to show you what the world of science, technology, inventing, and problem solving is. It’s all hard, and if this frustrates you, tough, it’s important.”

		Heady and direct stuff for a young crowd, but for a moment, they forgot about the raising of the curtain and were inspired. But as Dean went on, revealing at one point that the new game featured a “slippery slope,” eyes drifted back to the curtain, feet shuffled, and there were a few sighs, all of which seemed to say, Let’s get going.

		Then Dr. Woodie Flowers came out, and people sat forward in their seats again. With a bushy mustache, long gray hair tied back in a ponytail, and a big it’s all good smile, he looked like he had teleported in from the 1960s.

		“Good morning, all,” Woodie said with a liveliness that Dean rarely showed in front of large crowds. Woodie gave his own short speech about how everyone there could be his “own individual economic stimulus package,” then quickly moved on to introducing the game.

		A FIRST staff engineer crossed the stage to where Woodie was standing. He towered over her. They clasped hands and started trying to yank each other off balance, a struggle he soon dominated. “On Earth, if I were having a tug-of-war with Kate, I’m heavier than she is, I’d probably win,” Woodie said.

		A heavy rope then descended from the ceiling, one end an empty loop, the other tied around some gym weights. Assistants pushed a large wooden crate onstage. After climbing onto the crate, Woodie looped the rope around his chest and stepped off. Instead of crashing to the floor, he glided down.

		The MIT professor was in his element, enjoying the demonstration, while the students and mentors clasped their hands in their laps, trying to figure out what all of this meant.

		“But if I were on the moon, and five-sixths of my weight were being offset,” Woodie continued, “I could jump higher, like those guys on the moon.” And he jumped into the air like he was in a zero-gravity chamber. “But in this tug-of-war, I don’t have a chance.” Kate grabbed Woodie and yanked him toward her, easily. “She has much more traction than me. So what do you think this silly demo has to do with this year’s game?”

		A drumroll started. Dean and Woodie disappeared behind the curtain. The audience was leaning so far forward in their seats they looked like they were about to fall over.

		“And now,” the emcee said, “the moment you’ve all been waiting for. Ready. Go.” The curtain drew aside to reveal a large rectangular field. The hushed silence in the stands was replaced with a collective “What?”

		A shiny white material covered the field, instead of the carpet of previous playfields. More perplexing, the field was empty except for six strange hexagonal bins filled with even stranger balls. Typically the field had a track or ramps and a complex arrangement of game pieces that the robots would have to maneuver.

		“Wait a minute. There’s nothing here,” Woodie said, his words obviously from a rehearsed script. “How are we going to explain the game? Roll it.”

		All eyes focused on the projection screen. The auditorium darkened, and a narrated video began, using Pixar-like animation to demonstrate the game. “Welcome to the 2009 FIRST Robotics Competition, and this year’s game, Lunacy.”

		Three minutes later, the lights came back up to reveal a room full of blank faces. Dean and Woodie further stunned the crowd by bringing out two boxes that they said each weighed 150 pounds. Each box was set on four wheels that appeared to be made of the same material as the field. Dean and Woodie pushed these boxes around with little more than nudges of their feet. It was clear that this special surface was as slippery as promised in the narration.

		Then the students and mentors were let loose on the field. They could not have rushed any more if someone had screamed, “Fire!” On their way, they reached for their digital cameras, cell phones, video cams, rulers, notepads, and pens to record their observations. Kids first went for the woven balls. They were stretched, compressed, rubbed against sweaters to test for their adhesive qualities, and thrown into the hexagonal basketlike bins.

		They understood that the bins, called “trailers” in the video, had to be hitched to the back of each robot. A few kids circled these trailers until one mentor went in for the kill. He upended a trailer’s low platform to check out its two slick white wheels, which their robot would also have to use. He examined the wheels with the attention of a jeweler eyeing a diamond. Others made the same close investigation of the playing surface. On hands and knees, students ran their fingers across the strange white material, called regolith, which felt like Formica (hard, slick, and synthetic). They measured everything on the field: ball diameters, trailer dimensions, and the railings and clear walls surrounding the playing surface.

		Within five minutes a mass of people covered the field. Whispered conversation rose to a roar as they floated ideas about what to do, what strategy to take. “Oh, this is key,” remarked a student while she used a ruler to measure the narrow band of carpet that ran around the edge of the field. “Look at this,” another said, throwing a ball so that it bounced off the round post in the middle of the trailer like a backboard.

		Woodie Flowers made his way toward the field, a gaggle of students and mentors surrounding him looking for any tips. He just smiled, coy about what kind of robot would best serve the game. Dean too kept mum as he stood among a host of eager competitors, though he remained some distance from the field, where one risked being crushed by the crowd or struck by one of the balls flying through the air.

		There was still a game manual the size of a telephone book to read, and the kit of parts to open, but already a massive amount of brainpower from forty-two thousand students and more than eight thousand mentors, including the Dos Pueblos Engineering Academy team and their teacher, Amir, was focused on understanding this new challenge. On February 17, forty-six days from the kickoff, they needed to have mastered the challenge and shipped off their finished robots in wooden crates to their first competition. The deadline loomed.

	
		[image: ]

		
			We’re not going to be pulling any punches this year. It’s either go big or go home.

			—AMIR ABO-SHAEER

		

		In a lecture hall at USC, Amir stared at the projection screen after the narrated video ended. A big wow spread across his face.

		“This is going to be crazy,” he finally said to Kevin and John. The game looked like basketball meets robot tag to him, and he wanted to grab the kit and return to Goleta as soon as possible. They scooted out of the lecture hall, Amir setting the pace with his long, quick strides. Before other teams had made it to the line to get their kits, Amir was already speeding out of the campus, the back of his Matrix weighed down with robot parts. The season for the Dos Pueblos D’Penguineers, Team 1717, had started.

		Kevin, who was as earnest as they came, opened his laptop and punched in the password provided during the kickoff to open the Lunacy rule book.

		“This is going to be hard,” Amir said to Emily. “Harder than other years.”

		In the backseat, John and Kevin shared a scared look.

		As Amir fired off questions about the rules—robot dimensions, wheel requirements, the different types of balls in play—he was overwhelmed by what was at stake this season.

		He didn’t want to let the students down. As seniors, this was their one shot at the competition. For many this would be the closest they’d come to a sporting experience in high school. He had to help them achieve their best. He also didn’t want to let their parents down. They had entrusted their children’s education with Amir when the engineering academy was still an unknown. They had donated their time and money to help create it.

		But Amir felt this obligation to his students and parents every year. This season was different: The future of the academy depended on their success.

		Almost a decade before, Amir had left a career in mechanical engineering to teach. He already had a master’s degree in engineering, and he could have finished his Ph.D. to teach at the university level. Instead he earned his master’s in education to become a high school science teacher. He felt like he could impact students more at that time in their lives than any other.

		Soon after he started teaching physics at his alma mater, Dos Pueblos, he realized the challenge he faced in keeping his students engaged. The prescribed textbooks and required battery of tests were obstacles more than anything else. Every class seemed as much motivational speech as lesson, and he left each one exhausted.

		His students approached his class, as he was sure they did others, like it was merely another stepping-stone they had to cross on their way to graduation and then on to college. They knew they could find online most of what they were being taught in their classes. A thread on Wikipedia

		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
			
		

		
		
			
		

		
		
			
		

		
		
			
		

		
		
		
		
			
		

		
		
			
		

		
		
			
		

		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
		
			To my girls, Charlotte and Julia:
Cool is what you make it.

		

	
		

		 

		Also by Neal Bascomb
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