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			Preface

			Imagine discovering that a small group of people had invented a fully functioning jet airplane capable of flying long distances at hundreds of miles per hour, decades before the Wright brothers cast their fragile craft into the wind for twelve seconds over North Carolina sand dunes in 1903. Imagine how such a discovery would disrupt our common understanding of history. The story of PLATO, a computer system so far ahead of its time and perhaps the least known major twentieth-century technology project, may strike you as just as impossible as a nineteenth-century jet, but PLATO really happened. It is a story of inventors, mavericks, hackers, geniuses, visionaries, scientists, and educators who came together not so long ago in the very heart of the American Midwest, a story that so disrupts the conventional view of twentieth-century technology history that it may make you wonder, as it has made this author wonder, How could this have happened? Where are the books, the magazine articles, the documentaries, and the museum displays that should have covered this story? Why has this story gone untold? Why are we only finding out about this now?

			Having begun using PLATO in 1979, as an undergraduate at the University of Delaware, I developed an insatiable curiosity about who these people were. I wanted to understand where they came from. I kept asking myself, Why is the world ignoring this incredible phenomenon? After a number of years, I decided I was not going to wait any longer for someone to come along and write the history documented in this book, so I reluctantly set out to do it myself.

			And here we are. What follows in these pages is an attempt to provide a glimpse into the largely unknown world of PLATO. As you read the following chapters, pay attention to dates. Considering what innovations are being described—many of them things we now use every day of our lives—it is hard to believe how many years ago these things came about, long before personal computing, social media, and the Internet existed. A book about the history of the PLATO system turns out not to be just about PLATO. It also sheds new light on the origins of diverse fields, from what we now call e-learning or personalized instruction, to flat-panel displays and touch-sensitive screens; from time-sharing to cloud computing; from MUDs and other multiplayer games to online communities and social networking. To absorb the history of PLATO leads to a better understanding and deeper appreciation of all these areas of innovation, and of the nature of innovation itself.

			—

			In the American study of economics there are two prevailing schools of thought, one called the “saltwater” view and the other called the “freshwater” view. The economic details of each view are unimportant here. What’s notable is that the saltwater view refers to the predominant economics mind-set at universities and think tanks on the East and West Coasts of the United States. The freshwater view belongs primarily to Midwestern economists closer to Lake Superior and Lake Michigan, mainly at the University of Chicago.

			Unlike in economics, in the popular history of computing there’s one prevailing view, and it’s a saltwater view: of, by, and for the two coasts, with its centers being Silicon Valley and Cambridge, Massachusetts. Whether the view was taught in school, broadcast on television, depicted in movies, printed in books or magazines, or published on the Internet, the view holds that most of the great American computer innovations of the twentieth century share one thing in common.: they happened on the coasts. The history of the last sixty years of computing, from mainframes to the rise of the Internet, from silicon chips to the revolution brought forth by the personal computer, to, in more recent years, the marvels of smartphones, portable digital music players, touch-based tablet computers, search engines, billion-user social networks, online stores—these are breakthroughs that came about on the coasts.

			So used to saltwater stories of the Next Big Thing in technology are we that we have largely missed what went on between the coasts. To this day, many of these freshwater accomplishments have gone unnoticed.

			We celebrate the rise of ARPANET, the Internet, and the World Wide Web. We celebrate the accomplishments of Xerox’s Palo Alto Research Center, which in turn inspired Apple’s Lisa and Macintosh computers and much of the personal computing environments we still use today. We celebrate the innovations produced by legions of start-up companies and placed into the hands of millions, now billions of people: Innovations that have changed the world. Innovations people cannot imagine living without. We are living in the very “shocking future” Alvin Toffler wrote about—warned us about—forty-five years ago. And the history of how we reached this future has been researched, deciphered, studied, analyzed, organized, and disseminated far and wide for long enough that the story has become legend, set in stone. Nerds, geeks, and hackers are no longer outcasts and ridiculed; they’re now sought-after “thought leaders,” many counted among the tens of thousands of recent millionaires and hundreds of billionaires. The list of heroes’ names in the “computer revolution” is long. But there is an equally long list of unknown computer pioneers, the people whose stories fill the pages of this book.

			—

			To be in the great state of Illinois is to be hours away by jet, days by car or rail, from the West or East Coasts, each a thousand miles away. To be in Illinois is, instead, to be in the heart of the fruited plain, that vast prairie with soil so rich you could jam a broomstick into it and leaves would sprout. Some 80 percent of the state’s nearly 58,000 square and famously flat miles are devoted to farming, much of it corn and, in more recent years, soy. Endless farmland surrounds most Illinois cities and towns, which pop up like islands in a sea of green.

			Out in the middle of that fruited Illinois plain there’s a place where a lot of the future we take for granted today got started, long ago. The town is Urbana, and the place is one of the largest universities in the United States: the University of Illinois at Urbana-Champaign. On UI’s campus there’s one particular building that is at the very heart of our story. Most of the events chronicled in the pages that follow took place in this particular building, or if they took place elsewhere (sometimes clear across the world), they did so only because of prior things that had taken place in this building. What went on in this building changed lives. It may have changed yours and you don’t even realize it. What happened in this building changed the world. And unlike every other major technology story of the twentieth century, very few have heard of it: the PLATO system was born in this building.

			The building’s PLATO presence is long gone, the names and numbers on office doors scraped off long ago. The mechanical engineering department took over the building years ago, filling remodeled offices with researchers working on everything from improving air conditioners to “nanoscale chemical-electrical-mechanical manufacturing systems.”
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						The Mechanical Engineering Laboratory and Power House, circa 1920 Credit 1

					

				

			

			The brick-walled building, four narrow stories, stands alongside Mathews Avenue, a quiet tree-lined street running north and south through the campus. The building went up during a noisier, sootier era, when railroad tracks ran through the streets, upon which rolled trolley cars, horse-drawn delivery trucks, Model Ts, and steam locomotives. Outnumbering the trees, stark utility poles supported countless power and phone lines in every direction. One track along the north side of the building crossed the street and led into a long-gone locomotive testing plant, complete with roundhouse, where engineering students worked on real trains and engine designs.

			For more than half of the building’s hundred-plus years a tower of one sort or another loomed alongside it. In 1910, as part of the original construction as the campus power plant, there stood a 175-foot-tall brick smokestack along the south side, toward the rear of the building. The stack could be seen from miles away belching out thick, black billows of smoke from the coal furnace, boilers, and steam generators inside. But in time, the campus outgrew the power plant’s capacity, so a bigger plant was built farther outside town. The smokestack was torn down, the building’s length more than doubled, and soon another tower, for radar research, was constructed on its north side.

			Doric columns on either side of the entranceway’s double doors support a simple stone entablature above, engraved into which are the words “POWER HOUSE.” It’s now the only hint of the building’s distant power plant past. If it wasn’t for a small historical marker right outside the doors, there would be no hint at all that this was also the birthplace of PLATO.

			The doors open to a small landing and a few steps leading up to another set of double doors. The steps, and the walls halfway up to the handrails on either side, are covered in little stone tile squares varying in shades of faded orange and earth-clay brown. Up the stairs, through the doors, down the hall, there are offices and labs. In those rooms not so long ago, atop tables and desks rested computer terminals sporting impossibly futuristic, high-resolution, touch-sensitive, flat panel gas plasma displays from which emanated a light that was at the time commonly called the Friendly Orange Glow.

			—

			The level to which PLATO, its people, and its history have been ignored is extraordinary given not only how seminal the innovations were and how early its online community flourished, but also how recently it all happened. PLATO was a computer system, but more important, it was a culture, both physical and online, a community that formed on its own, with its own jargon, customs, and idioms; its own cast of thousands, a world familiar to us yet subtly foreign, an entire era that clashes with the accepted, canonical history of computing, social media, online communities, online games, and online education. It’s as if an advanced civilization had once thrived on earth, dwelled among us, built a wondrous technology, but then disappeared as quietly as they had arrived, leaving behind scraps of legend and artifacts that only few noticed. This book is the result of an effort to capture the history of this lost culture of innovation before it vanishes completely, by someone who had the great fortune to come of age, to “become digital,” as it were, within that very culture, thereby having a chance to get to know some of the people there, their stories, their visions, and their amazing technologies—technologies we all now recognize and use.

			This book is as much the biography of a vision as it is the story of the people behind PLATO. Every technology story, whether it’s about the steam engine, textile loom, light bulb, telephone, airplane, Model T, or, more recently, Macintosh, Google search engine, or Tesla electric car, has at its core a vision. It is the unalterable fate of technology visions that they run full life cycles from conception to obsolescence. Tech visions typically start with one person with an idea. Early on that visionary faces skepticism and rejection. But if the visionary has sufficient technical proficiency and the support of colleagues, he or she may hang on long enough to get a prototype working, an accomplishment that attracts others, who soon come to share in the vision, and thus a technology project snowballs, attracting more bright people, more funding, and, hopefully, widespread adoption. In time the vision gets stale, and the visionary grows stubborn, as others dream up new visions that challenge then replace the old. It’s how we got Facebook, the answer to MySpace, which was the answer to Friendster. It’s how we got Google, which was the answer to AltaVista, Lycos, and Infoseek. It’s how we got the iPhone after the Palm Treo, Apple Newton, and flip phones.

			PLATO’s story is no different. But what a story.

			—

			The Friendly Orange Glow is divided in three parts. Part One, “The Automatic Teacher,” begins before PLATO with the story of the 1950s work of the psychologist B. F. Skinner. In subsequent chapters we’ll see how a confluence of people, ideas, national emergencies, and government mandates led to the creation of the PLATO system. While the project’s budget and staff were small at the beginning, the scale of its ambition was not. From this project would come major inventions, including the flat panel gas plasma display, the source of the Friendly Orange Glow that many thousands of people would come to know in the 1970s and after. PLATO was a project designed to see if a computer could teach a student as well if not better than a human could. Over the years, many lessons would be learned—not just by the students.

			Part Two, “The Fun They Had,” is named after Isaac Asimov’s short story in which a brother and sister in the far future complain about being “schooled” via boring mechanical robot “teachers” in their bedrooms. The siblings discuss how in the distant past kids met in a physical classroom with other kids, and a real live human teacher taught them. The little girl imagines the fun they must have had. In Part Two we discover that PLATO, a real-life automatic teacher, was nowhere near as boring to work with as Asimov predicted. In fact, even the creators of PLATO had no idea what would happen in the 1970s: young people would in many ways take over the system and turn it into exactly the kind of exciting, endlessly stimulating, and, for many, addictive, online environment that we all live with today. Only they did it forty-five years ago—when nobody in the saltwater states was paying attention. The result was the dawn of cyberculture in all the ways we know it today.

			Part Three, “Getting to Scale,” chronicles the effort to transform the original dream of building the PLATO system into a new dream to build a gigantic worldwide computer network, not just for education but for online community, business, research, entertainment, and games, and by selling the service to schools, homes, and businesses, hopefully making a fortune in the process. Fortunes were indeed made, though how they were made, who made them, and who didn’t—well, therein lies a tale.

			—

			Welcome to PLATO. Turn the page to begin.

		

	
		
			Part I

			THE AUTOMATIC TEACHER

			
				Children seem to be such remarkable learners on their own, but then they enter school.

				—Seymour Papert

			

			
				There will always be naysayers. They’re the same people who go from saying it’s impossible to saying it’s inevitable.

				—Elon Musk

			

			
				Whenever anything is being accomplished, it is being done, I have learned, by a monomaniac with a mission.

				—Peter Drucker

			

		

	
		
			1

			Praeceptor Ex Machina

			They sat in little wooden chairs in front of little wooden desks. Each desk had a hinged lid that opened to reveal a place to stash books, pencils, and papers. The left and right sides of the classroom were lined with great big windows filling the room with daylight and, on warm-enough days, fresh air. At the moment the room was quiet. The teacher, Mary Eliot, went to the blackboard and wrote some arithmetic problems upon it. Then the twenty boys and girls in the class began to work on the problems. Miss Eliot strolled up and down the aisles between the rows of desks, now and then stopping to answer a child’s question or point out a mistake, before continuing her stroll. Suddenly, she scuffed the sole of her shoe against the hardwood floor, right next to a slouching child’s outstretched foot.

			November 11, 1953, Armistice Day around the nation, happened to also be Father’s Day at the Shady Hill School in Cambridge, Massachusetts. Shady Hill was a private school nestled in a leafy suburb just past a big bend in the Charles River about a mile west of Harvard University. Among the Harvard professors who sent their children to the school was the behavioral psychologist B. F. Skinner, whose two daughters, Deborah and Julie, attended. On this particular day, fathers had been invited to come to the school, spend time in their children’s classes, and observe the lessons. Skinner sat in on his daughter Deborah’s fourth-grade arithmetic class and watched how Miss Eliot taught the children.

			He could not believe what he saw.

			Decades later, Skinner could still recall Eliot’s scuffing her shoe to correct a child’s posture, with his own dramatic shoe-scuffing demonstration. But something else he saw hit him much harder that day, making an impact that would change not only his own life, but the lives of people all over the world.

			
				
				—
			

			Burrhus Frederic Skinner was born in 1904 in Susquehanna, Pennsylvania. He attended the town’s small public school for twelve years. As a teenager he wrote for the local paper, and when he went off to Hamilton College he majored in English with dreams of becoming a novelist. After graduating, writer’s block made the novelist’s life look less promising. He spent time working in a New York bookstore, where he came across books by the psychologists John Broadus Watson and Ivan Pavlov, introducing him to something called “behaviorism.”
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						B. F. Skinner in 1960 Credit 2

					

				

			

			Behaviorism arose as a movement in psychology shortly before the outbreak of World War I, largely due to the work of Watson at the University of Chicago. Watson wanted psychology to be taken seriously as one of the “hard” sciences, based on facts—observable, verifiable, repeatable phenomena seen and recorded through experimentation. To Watson, any study of psychology that dealt with notions like “feelings” and “consciousness” had no place in science. The historian Edna Heidbreder once described Watson’s rigid views this way: “Consciousness is only another name for the soul of theology, and the attempts of the older psychology to make it seem anything else are utterly futile. To admit the mental into science is to open the door to the enemies of science—to subjectivism, supernaturalism, and tender-mindedness generally. With the simplicity and finality of the Last Judgment, behaviorism divides the sheep from the goats. On the right hand side are behaviorism and science and all its works; on the left are souls and superstition and a mistaken tradition; and the line of demarcation is clear and unmistakable.”

			By 1924, Skinner had given up becoming a novelist and, fascinated with behaviorism, enrolled in the psychology graduate program at Harvard headed by William Crozier, who became a mentor, shaping his view that the best way to understand an organism, even a human, was by understanding its behavior. Observable behavior was the key. No need to check under the hood—no need to guess what’s going on in the brain—rather, just observe and undertake an experimental analysis of the organism’s external behavior. Over the coming decades, Skinner would become the father of “operant behaviorism,” the school of thought that posits that all animals, including humans, are influenced by the consequences of their own behavior. Whenever a given animal acts, Skinner would argue, it follows that it experiences the consequences of its act. Skinner believed that the nature of those consequences could reliably determine how an animal will act in the future.

			Skinner eventually joined the Harvard faculty and became one of the most famous, and certainly one of the most controversial, experimental psychologists of the twentieth century. He called himself a “radical behaviorist.” Much of Skinner’s early experimental research centered on analyzing the behavior of rats and pigeons. His Operant Conditioning Chamber, known widely as the “Skinner Box,” was a device in which he placed an animal, often a rat, which after wandering around in the box would eventually bump into or otherwise cause a lever to be pressed, an action that released a pellet of food for the rat to eat. The next time the rat hit the lever, the same thing happened. Pretty soon, the rat figured out how to get the food: press the lever. Over time Skinner would “schedule” the delivery of the food: it might be immediately upon hitting the lever, or it might be only after the rat hit the lever several times. The delivery of food served, in his view, as a reinforcement designed to encourage a repeat of the lever-pressing behavior. Each time the rat pressed the lever the desired number of times, another pellet dropped into the box, thus reinforcing the consequences of the rat’s behavior. No surprise: rats caught on quickly, and the pellets flowed. The Skinner Box owed much to a predecessor device called the “Puzzle Box,” built by the Columbia University psychologist Edward L. Thorndike. In the Puzzle Box, a cat discovered a piece of salmon that was just out of its reach. Only by accidentally hitting a lever that opened a door on the side of the box was the cat able to get to the food. Over time, the cat, like Skinner’s rat later on, learned to skip struggling to reach for the food and instead go for the lever. Thorndike called this “the law of effect,” wherein an organism increases over time the frequency of a behavior that yields satisfactory outcomes arising from that behavior, and reduces over time the frequency of behaviors yielding unsatisfactory outcomes.

			Another Skinner creation, which he initially called a “baby tender” and later dubbed the “Air Crib,” was introduced to mainstream America in a sensational article he had submitted to Ladies’ Home Journal in 1945. The editors renamed Skinner’s original title for the article with the more provocative “Baby in a Box,” and published it in the October issue. The article featured a jarring full-page picture that at first glance a reader might think showed a year-old baby girl trapped inside a glass box, holding her hands up to the glass while she looked out at the world.

			“When we decided to have another child,” Skinner wrote, “my wife and I felt that it was time to apply a little labor-saving invention and design to the problems of the nursery. We began by going over the disheartening schedule of the young mother, step by step. We asked only one question: Is this practice important for the physical and psychological health of the baby? When it was not, we marked it for elimination. Then the ‘gadgeteering’ began.”

			The resulting “gadget” was a compartment, about the size of a conventional crib, closed on five sides with a pair of hinged doors made of safety glass in front, which the parents could open so their baby Deborah could be tended to. Heat and humidity were controlled automatically within the compartment (“We keep the temperature at 78 degrees, humidity 50. She is never too hot, or too cold, but just right”), and it was not necessary to use blankets or clothing on the baby other than a diaper. “The human species evolved in a tropical climate and certainly without the benefit of clothing,” Skinner wrote. Mother and father were pleased with the freedom of movement the baby enjoyed inside: “When awake, she exercises almost constantly and often with surprising violence. Her leg, stomach, and back muscles are especially active and have become strong and hard. It is necessary to watch this performance for only a few minutes to realize how severely constrained the average baby is, and how much energy must be diverted into the only remaining channel, crying.”

			World War II was over, and while America was ready to enjoy the fruits of consumerism, it was not quite prepared to embrace the Air Crib, and only a few ever sold commercially. Over the years an urban legend spread that the Air Crib was simply a glorified Skinner Box, this time redesigned for experimenting on a human baby instead of a rat, and that Skinner’s daughter Deborah had suffered greatly under the hands of her mad-professor father, to the point, so the story goes, that she grew up to be psychotic and ultimately shot herself in a bowling alley in Billings, Montana. It was all a wild rumor and nothing but, possibly put out there to discredit behaviorism in general and Skinner’s name in particular. Many decades later, Deborah Skinner, very much alive, still finds she has to occasionally pen a letter to a newspaper editor, pointing out the blatant inaccuracy of the rumor and how healthy and normal her childhood actually was.

			The same year that the Ladies’ Home Journal article appeared, the future Shady Hill schoolteacher Mary Eliot graduated from Vassar College. She’d heard about Skinner’s Air Crib, probably, she says, from that famous article. Only, she and her friends didn’t call it an Air Crib; they, like many people then, referred to it as “the box” or as the “Skinner Box,” with all of the rat-experiment connotations that that name brought with it. “We were fascinated that anybody would want to raise a child in a box,” Eliot recalls. “Of course, the child was very small at this time. But it seemed very strange to me.” So when, in 1953, Deborah Skinner, the actual Baby in the Box from the Ladies’ Home Journal article, entered the fourth grade at Shady Hill School, “I was very much interested to see what she was like,” says Eliot. “It turned out she was very much like most children. I didn’t see any great effects from being raised in a box.”

			—

			When asked about his own childhood experience at the Susquehanna School, B. F. Skinner told this author, “I loved school! The first and second grades were in one room, the third and fourth were in another, the fifth and sixth in another, seventh and eighth in another, and the rest in high school. One teacher had charge of two classes. We learned a great deal, we were well disciplined; we sat in seats with desks built on them and so on, that kind of a thing, and we had outdoor toilets, big, you know, no plumbing, it was that kind of place. But I loved it, I tried to go there as early as I could in the day.” He viewed his teachers as generally excellent, and in the first volume of his autobiography, Particulars of My Life, he devoted many pages to his favorite, an English teacher, Miss Mary Graves. She was a “very important person in my life,” he explained. “She was someone who listened to me, answered my questions, and almost always had something interesting to say or a suggestion of something interesting to do.”

			If his own schooling had been so idyllic, his desire each morning to race to school so palpable, his own teachers so wonderful, with one, Mary Graves, being a such profound influence on his entire life, why, beginning in the 1950s, did he think education and learning urgently needed improving? What triggered this desire to get in there and try to fix education?

			“It was my daughters’ school that got me going,” he said.

			As Miss Eliot walked up and down the aisles between the children’s desks in his daughter’s fourth-grade Shady Hill arithmetic class that November day in 1953, something else besides the screech of Miss Eliot’s shoe against that hardwood floor had caught Skinner’s eyes and ears. He noticed that some students finished their math problems early and then sat there with nothing to do; others lagged until the end of the period, at which time she collected the papers, which—one hoped—she would grade that night and return the next day.

			“I suddenly realized,” Skinner would cry out years later, reliving that Shady Hill moment with a slap of his hand against his formidable forehead, “God! This violates everything we know about the learning process.”

			Whether Eliot knew it or not, Skinner felt, she was breaking not one but two sacred rules, rules this staunch behaviorist believed were bedrock-foundational principles of learning: Self-Pacing and Immediate Feedback. If those two principles were not practiced in a classroom setting, the teacher was impeding learning, plain and simple. “The students,” Skinner felt, “were not being told at once whether their work was right or wrong.” A paper, quiz, or exam marked up with corrections and a grade, but not seen by a student until some twenty-four hours later (or longer), could not possibly act as effective reinforcement. Furthermore, “they were all moving at the same pace regardless of preparation or ability.” If it takes Johnny ten minutes to get through some math problems that Sally whips through in five, why should Sally then have to wait around for Johnny to catch up? And yet that is what Skinner saw: “A few students soon finished and were impatiently idle. Others, with growing frustration, strained.”

			Skinner hadn’t invented those two principles, Self-Pacing and Immediate Feedback, but he was fully invested in them. Others had developed the concepts years earlier, starting with the early behaviorists in the first two decades of the twentieth century. Then, in the 1920s, an Ohio State University professor of psychology named Sidney L. Pressey took the ideas a step further by building a series of “automatic teacher” devices to test his theories. One of his machines issued a piece of candy whenever a student got the right answer. The results of the research made a believer out of Pressey. He observed that when teachers grade student papers but fail to return them to students until some later time, much of the potential impact on the learning that was supposed to be taking place is lost. For behaviorists, this slow-poke grading approach epitomized one of the weaknesses of education, a way that seemed designed to be as bureaucratically—not to mention behaviorally—inefficient as possible. “When an examination is corrected and returned after a delay of many hours or days,” Pressey wrote, “the student’s behavior is not appreciably modified.” In behaviorist terms, if the organism had no way of determining what the consequences of its behavior were, right away, then it was unlikely one could predict how the organism would act later as a result of that previous behavior. This would not do.

			He not only published papers and presented his findings at conferences, but also attempted to build and sell automatic teaching and testing devices in the hopes that they would receive widespread adoption in schools. Maybe he might strike it rich along the way. Unfortunately, he went a little overboard, as true-believer technology start-up founders often do. Seeing great potential in his products, he “worked himself sick,” says one historian, “to contrive and commercialize machines, remedial materials, and tests.” The timing of Pressey’s attempts at commercializing his machines couldn’t have been worse. He introduced his most advanced device right around the time of the catastrophic 1929 stock market crash and the dawn of the Great Depression. Pressey’s ideas failed to catch on, the nation’s priorities shifted, and for several decades not much happened. In the 1940s, he attempted to rekindle interest in his work, publishing and presenting a few more times, but it wasn’t until Skinner saw what was going on in his daughter’s arithmetic class in 1953 that things started to heat up again, rekindling behaviorist interest in the two principles to the point that they would quickly begin to propagate throughout Skinner’s thinking and his published work—and, soon, throughout the thinking and the work of many others.

			—

			Later the very same day Skinner had sat in on his daughter’s fourth-grade class, he went to work wondering about what he could do to facilitate more effective learning. Was there a way for a teacher to successfully educate an entire class of students while not violating those two fundamental learning principles? Could a teacher, Miss Eliot or any teacher for that matter, teach a class, all the while providing Immediate Feedback and Self-Pacing at appropriate levels for each individual student? Somewhere around this point Skinner made the same leap that Pressey had made all those years before. Maybe this was the wrong question to ask. Maybe the right question to ask was, forget the teacher for a moment—was there simply a better way for a child to learn?

			It did not seem humanly possible for Miss Eliot or any other teacher to teach a class of kids and do so while providing Self-Pacing and Immediate Feedback. How could one teacher provide the proper reinforcement, as Skinner would have termed it, at just the right time for each of the twenty students, without boring the other students, so they were all effectively learning at their own pace? Perhaps if there was a way to make twenty clones of Miss Eliot, or hire enough teachers at the school so there was always a 1:1 student-teacher ratio…but neither of those scenarios was realistic then, and they’re still unrealistic today.

			But perhaps there was a way to solve this conundrum. Especially if the focus were more on helping the child learn, and less on helping the teacher teach. He realized from his own laboratory work that the answer was “instrumentation,” which for Skinner meant more “gadgeteering.” If you can’t clone the teacher, then why not turn the teacher into a machine, and clone the machine. A machine, some sort of an apparatus—Skinner would have to figure out what exactly—that not only helped students learn but actually taught. For Skinner the question was quickly evolving to one like this: perhaps if the twenty boys and girls seated in their little chairs in front of their little desks each had little machines on top of those little desks, and each child was interacting, at their own comfortable pace, privately with their own little machine, with Miss Eliot strolling up and down the aisles of the classroom to mind the children’s progress and stop here and there to help when and as needed, we might get somewhere?

			For days Skinner gadgeteered, trying to think this machine through. His Harvard colleagues reacted with confusion as he sliced manila folders into pieces using scissors, then took the pieces to create a crude box. Not a box for rats this time, not for babies, but a box for teaching, to help students learn. He then built a sturdier version of the box out of plywood pieces. It was his first “teaching machine” and required no power, operated by manually moving a simple slider mechanism. While it was primitive, it was a start of something that moved closer to his ideals of offering learners Self-Pacing and Immediate Feedback.

			Teaching machines became Skinner’s new passion, almost an obsession. Over the next few months, he improved the machine’s design and ruggedness, and in March 1954 he packed up the latest version and took it to a psychology conference at the University of Pittsburgh, where he demonstrated it publicly for the first time. He submitted a conference paper, “The Science of Learning and the Art of Teaching,” that accompanied his demonstration. It caused a sensation.
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			Skinner’s machine is a plywood box some fifteen inches high, wide, and deep. The hinged top opens so that a scroll of pleated paper tape can be loaded inside. Typewritten onto the paper are arithmetic problems to be solved by the student; the answers to each problem are encoded as small holes, like in a player piano, punched in very specific places to denote a corresponding value. When the box top is shut, you can read the math problems, one at a time, through a small opening in the top of the box, showing a small, exposed area of the paper. You might see a math problem, such as “3 + 2,” through the viewing window on the top side of the box. To answer the problem, you manipulate a series of what Skinner called “sliders” that can be moved up or down through slits in the wood, serving as number scales. This particular math problem is looking for a one-digit answer, so only one slider need be moved into place. The correct slider to move is the one that causes numbers to appear in the hole under the “3 + 2.” Pull the slider toward yourself and the number increases up to 9. Push it away and it drops to zero. Once you’ve formed your answer you can attempt to turn a big black knob on the front side of the box. If the answer is correct, the knob turns freely and the scroll advances to the next problem. This is how you know your answer is correct. If the knob is locked and the scroll won’t advance, you know you’re wrong.

			Unlike a written test, which requires a teacher to laboriously correct and grade afterward, in theory this device freed her from that labor, at least the labor of grading—she still had to compose the questions. When a student finished an entire scroll of problems, the teacher could assume the student finally got all the answers right.

			Skinner’s accompanying paper at the conference was subsequently reprinted in the Harvard Educational Review and elsewhere, and quickly became one of the most widely cited papers in the field for many years. Like the provocative “Baby in a Box” article from 1945, it sparked discussion and controversy, but most of all great interest. In 1968, he finally extended the ideas born out of that paper into a book-length work entitled The Technology of Teaching. He dedicated the book to Mary Graves.

			—

			Pressey read Skinner’s 1954 paper and contacted him. “He wrote me and asked if we could get together,” Skinner told the author. “So we had breakfast and…he brought me his papers. Later he sent me one of his machines. He was very cordial. And he saw the point of it all.”

			But Skinner never considered Pressey’s machine to be a teaching machine: instead, he felt Pressey’s device was more of a testing machine, not something that taught something new. Still, Pressey’s thinking clearly influenced Skinner, and the eventual outcomes Pressey hoped for in the long term were arguably things Skinner would have agreed with: an “industrial revolution” in education, in which, Pressey had once written, “educational science and the ingenuity of educational technology combine to modernize the grossly inefficient and clumsy procedures of conventional education. Work in the schools of the future will be marvelously though simply organized, so as to adjust almost automatically to individual differences and the characteristics of the learning process. There will be many labor-saving schemes and devices, and even machines—not at all for the mechanizing of education, but for the freeing of teacher and pupil from educational drudgery and incompetence.”

			As Skinner’s ideas spread, and the field of teaching machines and “programmed instruction” exploded over the next few years, a long-retired Pressey began to have a change of heart. “He became unhappy,” Skinner told the author. “He felt that I was wrong, that a teaching machine should be a testing machine. You should instruct, and then use the machine. Not use the machine to instruct.” Which was exactly the pivot Pressey hoped Skinner and the teaching machine practitioners would undertake in their strategy.

			Pressey’s concerns were largely ignored.

			—

			The Shady Hill School had been founded out of necessity by parents and educators in the Harvard community who had been sending their children to the Agassiz public school until 1914, when the building was condemned. Concerned parents, realizing that a new school building was not likely, took matters into their own hands, starting their own Cooperative Open Air School, initially situated on the back porch of Agnes and William Ernest Hocking, who along with other Harvard faculty taught the students. William Ernest Hocking was a noted philosophy professor at Harvard whom later Skinner met during graduate school. In a few years the Hockings found a more permanent location in the nearby Shady Hill neighborhood, and the school took that name. Students arrived in the newly constructed buildings in 1917. It has grown and expanded ever since, and is a highly regarded private school today.

			The school was founded on progressive educational principles, and the faculty were encouraged to study the work of William James, John Dewey, Francis Wayland Parker, Alfred North Whitehead, and Jean Piaget. Katharine Taylor, Shady Hill’s founding director, who had been handpicked from the Francis Parker School in Chicago, would write, in 1937, regarding teaching, “The more you think of teaching the more you realize that it can never be classified as science. It is nearer to being an art. It makes use of the findings of science, but the ability to teach can never be fully acquired through scientific pursuit alone, and the procedure of teaching can never be organized purely as a science.”

			Unlike B. F. Skinner’s own childhood school experience that he looked upon with affection and gratitude, such was not the case for daughter Deborah, the proverbial Baby in the Box, who by the time she was eight and attending Shady Hill School was not happy being there at all. Shady Hill itself was apparently not the problem. She simply felt she wasn’t prepared. “I hated it,” she said, “because I was a poor student and not popular. The reason, I like to think, is that most of the other kids had been taught to read in the womb, but my parents thought school would be the best place to be taught. When I was eight, I was still a poor reader and the teacher complained to my parents!”

			“She wasn’t the most popular of kids,” admits Mary Eliot, “but she wasn’t really disliked.” She was, however, behind a bit in her skills. Eliot would learn that Deborah’s father was not just unhappy with what he saw during that Father’s Day classroom sit-in. There was more. “He was upset about the teaching of arithmetic, math, and later he was very much worried about how spelling was taught.”

			Skinner wanted his daughter to get some extra help. He believed that the breakthroughs he was making with teaching machines and “programmed instruction” could help Deborah. She could be a guinea pig for his ideas. “The school was asked,” says Eliot, “to provide a special time for her to go in a closet, a special little room, and work on spelling, and it was just about programmed learning.” Eliot remained skeptical. She felt Skinner’s approach was too “controlling,” and in the ensuing years she would never warm to his idea of applying behaviorist principles to learning. “[Deborah] had things that he had sketched out for her to learn to spell, and I wasn’t very much impressed by that, because I found that if children wrote and read and had their compositions corrected, they learned to spell just about as fast as if you had spelling lists.”

			—

			A contemporary of John B. Watson’s, the psychologist E. L. Thorndike, in his book Education, wrote,

			
				If, by a miracle of mechanical ingenuity, a book could be so arranged that only to him who had done what was directed on page one would page two become visible, and so on, much that now requires personal instruction could be managed by print. Books to be given out in loose sheets, a page or so at a time, and books arranged so that the student only suffers if he misuses them, should be worked in many subjects.

			

			Thorndike’s vision was remarkable given that he wrote these words in 1912. Hypertext, which serves as the basis of today’s World Wide Web thanks to its HTML language, might arguably claim to be one application of Thorndike’s vision, the notion extended far beyond simply education to all knowledge. It’s also notable that Thorndike’s vision was published more than forty years before Skinner built his first machine, and yet Skinner’s machine lacked that “miracle of mechanical ingenuity,” limiting his machines to the same linear presentation of problems and questions for all students who sat down to use the machine. The idea of a machine that can achieve that miracle, breaking from its linear program to address the truly individual needs of each particular student, was an educational Holy Grail that eluded Skinner’s work.

			Over the course of his career, Skinner would extend this notion of reinforcement in shaping behavior from rats and pigeons to learning in animals in general, including human learning. But Skinner’s theories rubbed some scientists, educators, and psychologists the wrong way. As the decades wore on enterprising researchers realized it might be possible to not only think about brains as computers but even try to model—using a computer—how brains worked. The process of collecting observational data to support “how” the brain worked would have made Watson blow a fuse. Behaviorism’s dismissal of “looking under the hood” to see what was going on in the brain—how consciousness worked, how learning worked—actually spurred entirely new and different “cognitive” theories, unafraid to consider human learning that involved brain functions for which external, observable behavior alone could not account.

			Controversy would follow Skinner and his ideas for decades. In academic corners, his views became less and less popular in the 1960s and 1970s as, coincidentally, computers became more and more available. Noam Chomsky, an MIT professor of linguistics, was one of Skinner’s many rivals and one of the leaders of the cognitive revolution aimed to combat behaviorism with what cognitivists believed was a better explanation of what was going on inside the brain. For years, Chomsky would attack Skinner’s entire thesis, whether it be the behaviorist model or Skinner’s later treatises on broader themes like freedom and dignity.

			Some researchers with a passion for understanding learning and improving education found Skinner a perplexing enigma. Seymour Papert was one. Papert, who was greatly influenced early on in his career by the work of Jean Piaget, helped create and was a major proponent of the LOGO educational computing movement in the late 1960s and onward, and also a major proponent of the “cognitive science” revolution, an entirely different view of the mind and an approach that vigorously attacked, some might even add ridiculed, behaviorism. Instead of a machine teaching a student, Papert was in favor of children teaching machines, and in so doing, learning about mathematical concepts, not to mention gaining skills in computer programming.

			“I find Skinner somewhat of a contradiction,” Papert once confessed to this author, “because as a person he’s intellectually very rich and multi-sided and very literate and likes poetry and I think is a great person. When he thinks about children and education, there’s a lot of richness. The form in which it takes when it gets out into the world is extremely,” he said, pausing for a moment as if to choose the next word carefully, “pernicious. He has a very pernicious doctrine. The pernicious doctrine being that you can break up knowledge into fragments and guide children toward acquiring the knowledge like you might involve the behavior of a rat or a pigeon. I find that a contradiction. I find when you think of Skinner as a whole person, he’s so far away from this kind of thinking and practice of education, well, I’m full of wonderment that he isn’t the main critic of the way that his ideas are being used in the world.”

			—

			In the years following the 1954 debut of Skinner’s teaching machine, he iterated repeatedly on the design, producing newer, more complex devices. His ideas spread around the world, and many others took up the task of tinkering with mechanical devices that could, in theory, teach.

			One of these more advanced machines, heavier, sleeker, enclosed in sheet metal, Skinner designed for use in his Natural Science 114 classes at Harvard University during the middle to late 1950s.

			To operate, an instructor had to first load it with what Skinner would call the “program,” by opening the top and placing a cardboard disk, about the size of an LP record, onto a platter. The disk would have room for about thirty questions, each typed inside a very thin “pizza slice” of the disk. Each slice provided enough room for maybe two or three lines of text. After placing the disk in the machine, the instructor would shut the top and lock it. With the top of the box shut, the student could only read one question frame at a time through a rectangular viewing hole exposing one of those thirty slices of the disk and could only remove the disk once all questions had been answered correctly. The upper-right-hand corner of the little window had a shield, a kind of metallic eyelid, hiding part of the text underneath. This is where the question’s answer was printed.

			
				
					[image: ]
				

				
					
						Skinner’s 1958 teaching machine Credit 4

					

				

			

			Located next to the rectangular window, another area existed for writing your answer on an exposed section of a paper tape. The machine’s innards revealed a fantastic assortment of clocklike gears, pulleys, levers, and other mechanisms working together in a harmonious logic that, through a careful choreography of mechanical motions, permitted the student to advance to the next frame by pulling a lever to rotate the disk slightly.

			As teachers, these machines were not mechanical equivalents of Mary Graves, to be sure. The machine’s elaborate gears and pulleys and knobs, though impressive, had no means of “knowing” whether a student’s response to a question was really correct or not. Nor, for that matter, did it know if a response was inappropriate. If asked for the name of the first president, the student could just as easily write “Mickey Mouse” as he could write “George Washington” and move the lever horizontally, telling the machine that he’d answered correctly. The machine had no way to verify the student’s answer. Skinner’s design placed the responsibility of judging the correct response entirely on the student. Here, the limitations of mechanical engineering forced Skinner to fall back on the safety net of Harvard’s Honor Code prohibiting cheating. Another weakness of this machine, in fact all of the machines Skinner would design over the years, is that the “program” is linear. Each student gets the same questions in the same order; everything is uniform. There is no possibility of branching; no possibility for the machine to think, This here is one bright student, how about we skip to some harder questions.

			Skinner also designed machines that would be manufactured by IBM. One was based on the 1954 “slider” design, built to teach spelling or arithmetic. The “spelling” version of this machine employed a dozen sliders with the alphabet imprinted upon them. Thus, one might be asked to spell the word “manufacture” by positioning eleven sliders with the correct letters until the word is formed.

			A set of six frames is shown in the illustration below. This example shows what at the time was called the “tiny steps” approach Skinner took, based on his experience with training rats and pigeons. The instructional “program” guided the student, through incremental steps, how to “behave” accordingly—in this case, spell the word “manufacture” correctly and understand what it means. The student must correctly spell the first word before being presented with the second, and so on:

			
				
					[image: ]
				

				
					
						A set of frames designed to teach a third- or fourth-grade pupil to spell the word “manufacture” Credit 5

					

				

			

			Skinner actively pursued relationships with commercial firms, from IBM to, improbably, a company called Rheem, a boiler and air conditioner maker, which viewed the teaching machine market as a new craze attractive enough for them to try to cash in on. But after a few frustrating years he learned that American companies simply could not deliver on what they promised. “It was really a terrible thing,” Skinner told this author. “It was shocking. Rheem was the worst one. They obviously took this on, gave me some kind of an arrangement, [but] I don’t remember getting much money out of it….[They] kept me around for several years, never did what they said they were going to do at all. It was a shock.”

			IBM seemed a little bit more hopeful as a partner but in the end disappointed Skinner as well. “They built this machine, which was very good, it was doing what they said it would do, and as a matter of fact they then redesigned it and got a patent based on my patent. But then they stopped it. And one of the engineers there who was dying to see it developed tried hard to get [IBM president] Thomas Watson’s children to try my machine. They had given it to the typewriter division because they had contacts with high schools and he simply said, ‘I can use this money to stay ahead of my competition in typewriters’ and that was that. I don’t think there’s anybody within IBM who knows that that machine is now in the Smithsonian.”

			In a classic example of the right hand not knowing what the left hand was doing, another corporate group within IBM enthusiastically contacted Skinner a few years later inquiring about his machines and how they might be commercialized. They were unaware of IBM’s previous dealings with Skinner. Skinner did not pursue the new opportunity.

			—

			Interest in teaching machines and what was by now called “programmed instruction” was growing. Across the country, in corporate, university, government, and military settings, a variety of mechanical devices were starting to be utilized to teach and train people on numerous subjects.

			Beyond the already cited weaknesses of Skinner’s machines, some experts became concerned with another perceived drawback of Skinner’s design, that students were not given an opportunity to learn why their answers were wrong. The design emphasis of his devices focused on reinforcing and rewarding correct answers. But in the real world, students often get things wrong, and while it is useful to know when one has gotten something wrong, it’s even more useful to know why, so one can learn to get things right in the future.

			As more money and people and resources were brought to bear, the ideas began to develop. One improvement sought to help students know why they got something wrong. Immediate Feedback was a bedrock principle, sure, but how about making that feedback meaningful? Perhaps there was a way to do that. Perhaps using a machine wasn’t the right way to do it. Was there another, simpler way?

			Harking back to Edward Thorndike’s 1912 ideas, researchers believed there was, with textbooks. Not just ordinary textbooks, but “scrambled” textbooks. Make it so a page out of an instructional book—call it a “programmed text”—posed a question to the student, and offered some multiple-choice answers. Tell the student if you chose answer “a,” turn to, say, this page. If you choose “b,” go to this page, and so on. One of those multiple-choice answers was right, but in this framework, the authors of the text could provide meaningful—and instant—feedback to the student dependent on which answer the student chose.

			One proponent of programmed texts was Norman Crowder, who held a variety of psychology and training positions in the U.S. Air Force. Crowder believed a scrambled book was all that was needed to make the feedback meaningful. Unlike Skinner’s devices, if you got the wrong answer you weren’t just locked from moving to the next problem or shown the right answer and forced to move on. You could stop and learn why your answer was wrong. For instance, in the 1960 book Adventures in Algebra, written by Crowder and Grace C. Martin, and marketed by Doubleday as a “Tutor Text,” the reader is presented with concepts and questions of steadily increasing complexity. Each question offers a number of multiple-choice answers, and the reader is told what page to turn to depending upon which answer is chosen. Wrong answers are given detailed explanations, and, occasionally, the authors scold the reader for choosing a particularly boneheaded answer, directing them back to the beginning of the chapter since it appears they didn’t understand the concepts at all.

			Crowder seems to have realized that while Tutor Texts were powerful, they still relied on this honor system, where all of the material, all of the answers, were right there in plain view. It was easier than ever to cheat. In time he began to think about mechanical devices that took this “branching” concept to the next level—devices that finally fulfilled Thorndike’s 1912 vision. He would team up with a company to build the AutoTutor, which presented instructional material as frames in a film, and could be controlled by a computer program on the back end that knew which frame of the film to jump to depending upon a student’s answer.

			
				
				—
			

			In December 1958, all of the major figures in the automated teaching field, including Skinner, Pressey, Crowder, and the rest, met at a conference, “The Art and Science of the Automatic Teaching of Verbal and Symbolic Skills,” in Philadelphia. One notable paper, by Gustave Rath, Nancy S. Anderson, and R. C. Brainerd of IBM, stood out from the others. It was the only presentation that explored the idea of using a computer to teach. They described how they had built a program on an IBM 650 to “simulate a teaching machine,” specifically one that could teach binary arithmetic. The student interacted with the system via an IBM 650 Inquiry Station typewriter. It marked the crude beginning of what would become, as computers became more affordable and more widely available, the obvious direction to pursue with teaching machines. Computers afforded a level of flexibility impossible to achieve in mechanical devices. The key was software: computer software was unquestionably more flexible for programming instruction than the painstaking labeling of disks and paper tapes or twiddling with knobs, sliders, and fragile pulleys and gears.

			One notable finding in the IBM project was the acknowledgment that a computer spends most of its time waiting for the student to do something. In “computer time,” that wait time amounts to what would be thousands of millennia to humans, with brief interruptions when a student types a letter at the keyboard. All computers are this way, even today. Your fancy laptop computer is primarily sitting there idle, checking every tiny fraction of a nanosecond to see if there’s anything to do yet, and from the perspective of the computer processor, usually there isn’t. But the insight that the IBM researchers came away with would prove to be key to all future computers: “Since the computer spends most of its time waiting for the student, suggestions for the utilization of this time are as follows: by multiplexing, the computer could present and score problems for several students who sat at different ‘Inquiry Stations.’ ” Soon the general name for this powerful notion would be called “time-sharing.”

			—

			Skinner had finally achieved his dream of becoming a novelist with the 1948 release of Walden Two, in which he depicts a behaviorist utopian commune. A few years later, John Gilpin, a math major in Dickinson College, found the book in the college library. Intrigued with Walden Two’s notion of a “designed community,” and believing that a Walden Two community actually existed, Gilpin wrote to Skinner asking for more information. He would learn that there was a group attempting to live out the Walden Two vision, so he hopped on a bus and headed for Boston to join the group, but nothing came of it. Gilpin asked Skinner for a job but was told nothing was available. Gilpin told him he’d even work for free—he just wanted a chance to work at the lab. Skinner relented, offering him a one-eighth part-time job, at the lowest possible pay scale, working with Skinner’s research colleagues Jim Holland and Susan Meyer to glean information from the teaching machine data gathered from Skinner’s Natural Science 114. They spent the summer sorting through the pile of data produced from the fifteen or so machines in the lab. “Every time a student completed one of these disks,” Gilpin recalls, “he produced a paper tape, and so they had a paper tape for every disk….They had this huge pile of paper tapes. The task was to go through and see to what extent the students got the right answers. Because, of course, part of the ideology was the student should never be wrong.”

			Gilpin, fresh out of college, was now immersed in what he believed was an “extremely cutting-edge development,” yet something wasn’t right. “I found that every time I went down [to the lab],” says Gilpin, “in less than half an hour, I was fighting sleep.” Using Skinner’s teaching machine, if a student felt she answered a question correctly, she was supposed to move a lever to the right (causing the machine to record a little hole in a paper tape), and not move the lever if she felt she got the answer wrong. Problem was, Gilpin observed, since the programmed instruction had been written in such a way that it was fairly easy to get most of the answers right, a student would move the lever to the right whether or not she thought it was correct or not. “I never quite had the guts to challenge Holland or Skinner about it,” he says.

			Gilpin eventually moved on from Skinner’s lab to Bell Labs, but that didn’t last long, and he later accepted a 1959 offer to work on programmed instruction at Earlham College in Indiana. At Earlham he worked with a team developing scrambled textbooks. One day, Max Beberman, who had founded the University of Illinois Committee on School Mathematics (UICSM) and would become widely known for leading the “New Math” movement of the 1960s, came to speak at Earlham. Gilpin was impressed, and later wrote to Beberman to inquire if there were jobs at UICSM. There were, and in 1962 Gilpin moved to the University of Illinois and joined UICSM, where he developed programmed instructional materials.

			UICSM was located next door to University High School, which happened to be located near an odd-looking four-story brick building with an equally odd-looking radar tower adjacent to it. This was the Coordinated Science Laboratory (the new name for Control Systems Laboratory). Inside, among CSL’s many projects, was one centered around “automatic teaching” via computer. The project was two years old, gaining speed, and had a weird name: PLATO.

		

	
		
			2

			An Educational Emergency

			Seventy thousand fans turned out on the first Wednesday of October 1957 to watch game one of the World Series as the New York Yankees, on their home turf, beat the Milwaukee Braves. The teams met again the next day, but this time the Braves prevailed, 4–2. Friday being a travel day, game three wouldn’t be played until Saturday in Milwaukee. Instead of baseball that Friday, Americans had another notable event to consume their attention: the CBS television network airing of the premiere episode of a new situation comedy series called Leave It to Beaver. No doubt CBS was pleased that there was no World Series game that day to distract potential viewers from its new show, but it’s even less doubtful that anyone at CBS, or anywhere else in America for that matter, could have anticipated something very different happening: an event, a phenomenon, a thing that would distract the nation a great deal that evening, and then even more the next day, and then even more the rest of the weekend, and then kept distracting everyone for months and years to come.

			That Friday, the future came barging in without so much as a knock, and it had a name: Sputnik. While Casey Stengel and the Yankees entourage chugged along on their sixteen-hour, 1,100-mile railroad journey to Milwaukee, the Soviet Union had successfully launched, at 2:28 p.m. New York time, a rocket that carried a 184-pound, twenty-two-inch shiny metal sphere into space, becoming the first man-made artifact to orbit the earth.

			Early the next morning, twenty-five minutes before the sun would rise over Cambridge, Massachusetts, B. F. Skinner, his wife, Eve, and daughters Deborah and Julie were already up and outside, met by a gentle breeze of chilly morning air on the terrace of their Ellsworth Avenue home. The overnight clouds had cleared by the time they went outside, and at around 6:20 a.m., they looked up and saw a tiny dot move across the northeast sky, passing by the Big Dipper and dissolving into the predawn light growing along the edge of the horizon. A delighted Skinner jotted down in his journal, “Newton’s theory of celestial mechanics has been experimentally confirmed!”

			That same weekend, on a farm near the airport just outside Champaign-Urbana, in east-central Illinois, a group of electrical engineer friends gathered in the dark to hoist up a large antenna pole. The group included Jay Gooch, Dominic Skaperdas, and, at twenty-three, the youngest of the bunch, Donald Bitzer, known as “Bitz” to his friends. Bitzer, with his short haircut, can-do spirit, and “tell ya what I’m gonna do” Midwestern car-salesman affability, could have walked right off the set of the brand-new Leave It to Beaver show. They all worked at the Control Systems Laboratory, a classified military research lab on the nearby University of Illinois campus, from which they had “borrowed” a few pieces of equipment. They wired the pole up to some radio equipment, connected the radio equipment to a tape recorder, tuned the radio to the right frequency, and then settled down to wait for Sputnik to streak across the sky. They were hoping to capture and record a certain beep-beep-beep signal that Sputnik was said to be broadcasting. Sputnik did not disappoint.

			—

			There were two kinds of reactions to Sputnik. Only the first kind of reaction got widely reported in the news: that it was something to be feared.

			“A shocker like Pearl Harbor, waking America up and making it buckle down,” is how The New York Times described the events of October 4, 1957. The Soviets had beaten the Americans to space, and Americans were in a state of disbelief. Sputnik—a common Russian word meaning “fellow traveler”—was worldwide news. On Saturday one Frenchman quipped, “The Russians put up Sputnik yesterday, and it goes around the world saying beep-beep-beep. Then, when it gets to the U.S., it says ha-ha-ha.” In those first few days after October 4, American newspapers struggled to describe Sputnik, many choosing to refer to it as “ARTIFICIAL MOON,” or, just as likely, “RED MOON.”

			For many Americans, Sputnik might as well have been a hammer and sickle orbiting the earth. The exceptional Sputnik defied American exceptionalism: a shiny metal ball made by communists, hurled into the heavens by communists, tumbling across a sky now owned by communists, at 18,000 miles per hour, soaring over America every ninety minutes, and there wasn’t a damn thing anyone could do about it. America, busy still with its baby boom a dozen years after the victories of World War II, was suddenly an embarrassed nation.

			How could leading scientists and technologists have let the country down so badly? Did we not have enough of them? Were the Reds smarter? How does America get back in the lead? These were questions the politicians and the media were asking. The White House publicly played down the launch but privately worried about the immediate aftermath: Soviet claims of scientific and technological superiority were gaining wide acceptance amid public concern that the balance of military power was shifting to the USSR. One senator made a billion-dollar Manhattan Project–scale proposal to compete with the Soviets in the Space Race.

			“The more Americans were told by the men in Washington not to worry,” one historian wrote, “the more they panicked. For all its simplicity, small size, and inability to do more than orbit the Earth and transmit meaningless radio blips, Sputnik’s impact on America and the world was enormous and totally unanticipated. To the man or woman in the street, it was vastly confusing and most threatening.”

			“A colossal panic was underway,” wrote Tom Wolfe in The Right Stuff, “with congressmen and newspapermen leading a huge pack that was baying at the sky.” To them Sputnik “had become the second momentous event of the Cold War. The first had been the Soviet development of the atomic bomb in 1953.” Says Wolfe,

			
				From a purely strategic standpoint, the fact that the Soviets had the rocket power
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. The same letter goes in both spaces:

nuf

cture

. The same letter goes in both spaces:

factJre

chairs.
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