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A World Without Limits

Imagine a tech company so visionary that it can take an idea public. A “concept IPO,” they called it.

Picture the three founders, all former Apple employees, two of whom—software engineers Andy Hertzfeld and Bill Atkinson—were already Silicon Valley legends for their work creating the Apple Macintosh. Atkinson’s prolific inventions included the double click, and the drop-down menu. The third founder, Marc Porat, had a gift for seeing the future.

For his PhD dissertation at Stanford in 1976, Porat analyzed (in painstaking detail) a century of transition in the American labor force and predicted a sea change in work. An economy based primarily on transforming matter and energy—via agriculture and industry—had been giving way to one based on transforming information. Computers and telecommunications, he saw, were reshaping every industry. “We are entering another phase in economic history,” Porat wrote. On the first page of the first chapter of his dissertation, Porat coined a term that would become famous: “information economy.”

Porat followed that up by hosting a primetime PBS documentary, The Information Society, in 1980. In it, he positioned information technology as disruptive on a scale matched only by the plow and the steam engine. He delved at length into the power of new technology, as well as emerging problems with privacy, information overload, misinformation, and increasing inequality, and showed that most Americans had no idea that the ground was shifting beneath them.

In 1988, Porat joined Apple’s Advanced Technology Group, where he could apply his prodigious foresight to the team’s task of figuring out what the next big thing would be after personal computers. One day, Porat took a Sharp Wizard—a new electronic organizer with a calendar and phone book—and duct-taped it to a Motorola analog cell phone. He had his concept. Soon he was making plaster models of a combination phone and digital assistant. In 1989, in a large red leather notebook, he drew a visionary product that would fit the future he had foreseen with eerie accuracy. He called it the Pocket Crystal. You don’t need to have seen the sketch before for it to be instantly familiar.

The Pocket Crystal schematic depicted a thin glass rectangle with no protruding buttons—just a touch screen. It would be a computer that combined a phone and fax machine; you would use it to send text messages, watch movies, play video games, buy plane tickets, and download new apps. It would fit in your pocket, and it would be beautiful. Following the sketch, Porat wrote in his red book: “It must offer the kind of personal satisfaction that a fine piece of jewelry brings. It will have a perceived value even when it’s not being used. It should offer the comfort of a touchstone, the tactile satisfaction of a seashell, the enchantment of a crystal.”

In 1989, only 15 percent of American households even had a computer, which didn’t fit in anyone’s pocket; zero percent were browsing the web, because it didn’t exist. And yet, there was Marc Porat, essentially sketching the iPhone.

[image: Paragraph break image]

The project was green-lit, but with a caveat: It was too big, even for Apple.

Early adopters were only just talking on their brick-like mobile phones. The Pocket Crystal would require not only unprecedented hardware and software, but networks that could link the world and new digital communication standards.

In 1990, Porat and Apple CEO John Sculley agreed that Apple would invest and take a board seat, but the project would spin out as a separate company and start courting partners. For this new enterprise, the founders chose a name that evoked both the country’s most revered companies and the adage from science-fiction writer Arthur C. Clarke that “any sufficiently advanced technology is indistinguishable from magic.” Thus, General Magic was born.

Sculley introduced the founding trio to Sony. They made their pitch, and within days Sony was on board, with a stake and a licensing deal. Next came Motorola, and then AT&T. In quick succession, the world’s telecom titans and consumer electronics giants were convinced to join what became known as “the Alliance.” Philips was next, and then Sony’s bitter rival Panasonic. Then NTT (Japan’s largest telecom), then Toshiba, then France Telecom, and on and on, each one investing millions of dollars. General Magic’s partners controlled so much of the world’s communications industry that Alliance meetings had to begin with an antitrust lawyer listing all the topics they were prohibited from discussing. It was, as General Magic’s general counsel put it, the biggest consortium of global companies that had ever existed in American business.

The buzz, and the reputations of Atkinson and Hertzfeld, became a Silicon Valley bat signal for talent. General Magic attracted Apple veterans, like Joanna Hoffman, who ran Mac marketing; artist Susan Kare, who designed Mac’s graphics (like the trash can that would sit in the corner of millions of screens); even Sculley’s personal publicist, Jane Anderson. It also drew the young, brilliant, and ambitious from within Apple and without, some of them sleeping on the office doorstep in the hope of landing a job.

General Magic engineers were custom-building almost everything, and innovation came fast and furious: an early form of USB; touchscreens with a virtual keyboard; “skeuomorphic” graphics that depicted their functions, like a filing cabinet, a game room, and a virtual street with a store for new applications (i.e., an app store); messages with stickers and animated characters (i.e., precursors to emojis); interactive graphics, like a pair of lips you could tap if you wanted to record your voice and send it as a message; Telescript, a new programming language that would allow devices to communicate in a virtual network for information sharing and e-commerce. Their name for that remote gathering space: the cloud.

When two employees in their early twenties—Steve Jarrett and Tony Fadell—traveled to Japan to do a hardware demo for Mitsubishi Electric (another Alliance member), the Mitsubishi team halted the presentation. Here is how Jarrett recalled it in an interview for Valley of Genius, an oral history of Silicon Valley:


Five minutes later, guys in all these multicolor factory jumpsuits show up and fill the room. And then they say, “Tony, again, please. Please describe your architecture.” So Tony gets to the part and he says, “Well, this is where there’s no modem because we’ve done it entirely in software.” The one guy grabs his head in his hand and just hits his head on the table. I said, “Is everything okay?” The guy who organized the meeting says, “You have just obsoleted Kato-san’s division.”



With regular displays of brilliance, the atmosphere back in California was euphoric. General Magic was going to change the world. The work was nonstop—one programmer who slept under his desk would ask of meetings, “A.M. or P.M.?”—but the company maintained aspects of garage-startup culture. A rabbit and parrot roamed the office freely; water-fights were common; a window was accidentally broken with slime fired from a giant slingshot.

The vision, the scope, the camaraderie, the talent, the Alliance—it was all so intoxicating that General Magic began the process of going public with no revenue, based purely on the strength of its concept. One investment banker came to visit and offered Porat the literal shirt off his back to get involved with the initial public offering. Porat accepted, and the banker stripped off his suit in the middle of General Magic’s office. In 1995, Goldman Sachs took General Magic public. On the first day of trading, the stock price doubled.

Years later, Porat would say that one of his goals in raising so much money so quickly had been to create “heaven for engineers.” “They were free to imagine and play and invent and write,” he said. “They were inventing one thing after another, after another, after another and for an engineer, what more can you ask for?”

The answer, it turned out: a little less freedom.
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You have never heard of General Magic (most likely) because that brief heaven for engineers did not, in fact, birth the iPhone long before its time. General Magic’s fall was even more precipitous than its rise. All of that incredible innovation never turned into a coherent device that solved anyone’s problem.

When a product finally launched, the book-sized device running General Magic’s battery-sucking operating system was a disaster. In six months, it sold three thousand units, many of those purchased by friends and family. A year after the IPO, the stock price was down 85 percent. Ecstatic early hires were already gone, or leaving. Soon, Alliance partners started to bail, and the prescient Porat stepped down as CEO. A rocket ship that appeared fit for the information economy had instead exploded on the launchpad.

General Magic had it all: a visionary leader at the helm of a driven team; an anything-is-possible attitude; vast resources; loads of freedom; and talent—so much talent. In addition to members of the original Mac team, General Magic alumni went on to become executives at Apple, Google, Adobe, Samsung, and other household-name companies. They designed or led Safari, the iPod, iPhone, Apple Watch, Dreamweaver, search at Google, and AI at Apple. “Magicians,” as they were known, also cofounded LinkedIn, Nest, and Android, among other companies. One young engineer was later appointed the first female chief technology officer of the United States by President Barack Obama.

How could a company with such an obviously correct vision of the future, and an almost unbelievable roster of talent, collapse so spectacularly? An answer to that question happens to be unusually well documented, because General Magic hired a pair of in-house videographers to record their history-making effort in real time. One of those videographers, Sarah Kerruish, grew up on a tiny island in the Irish Sea and was twenty-seven when she was hired at General Magic. “I was on Mars,” she told me in 2023. “These people are wearing shorts and there are rabbits running around, and there was a ton of buzz in the Valley about them.” She met her husband there—Steve Jarrett, he of the halted Mitsubishi Electric demo.

Two decades after the collapse, she dug up the old footage and began to turn it into a documentary. General Magic (the movie) debuted in 2018, and it is a remarkable portrait of brilliance and downfall. As Kerruish told me: “It was just too much creative freedom fueled by too much money.” Too much freedom and too much money is not an idea one hears every day, but it is what the footage and interviews show.

For starters, General Magic custom-built everything from scratch as they pushed the limit of what was possible, on several fronts at once. One engineer likened it to hand-building a car instead of using a factory. Another said that instead of standing on the shoulders of giants, “we were building the giant from the toes all the way up to his head.” That was exciting, but also reckless.

As it turned out, even with their prolific in-house innovations, the technology needed to realize the Pocket Crystal vision was years away. As the project dragged on, it became clear that General Magic would have to start with a less-majestic intermediate step, but nobody had a clear idea of what that should be. As Megan Smith, the magician who went on to become a Google executive and then CTO of the United States, put it: “Probably the most challenging part of the product was deciding what not to do. What to do, and what not to do.”

With their combination of resources and talent, the team could do anything, so they often did. If an engineer had an idea they thought was cool, they went ahead, even if it was superfluous or pushed back a deadline—when deadlines existed at all. Kerruish recalled sitting late at night with a frustrated marketing executive. “She’d say, ‘Yes, we have a walking lemon [animation], but the device will keep shutting down, and the battery life is terrible,’” Kerruish told me. “She was actually doing a valiant job of trying to put constraints in place.”

In a poignant moment in the film, cofounder Andy Hertzfeld reflects on a looming deadline: “I was still in creative mode, working on a flipping coin so the game room would have something in it. . . . I was setting a bad example for the team by doing stuff that was relatively frivolous, when we needed to concentrate on the boring but necessary parts.”

But even the necessary parts weren’t particularly clear. The General Magic team only vaguely defined their target customer (“Joe Sixpack”), which meant they didn’t have clear user needs to help focus the project. (And Joe Sixpack, whoever he was, probably did not yet have email.) As Tony Fadell reflects in the film: “I started to understand where the cracks are starting to begin. And where we didn’t have a real message and a real clear [idea of] what we were building and what we weren’t building and for whom and how much was it gonna cost and when it was gonna ship.”

Another telling scene features a young Darin Adler, who had already led a team that built a Mac operating system before coming to General Magic. Engineers are sitting on the floor in a circle listening to Adler as he tells them that there are “moments where somebody has to start doing something, and what we’ve decided is that for each of those important moments we want to make sure that there’s real responsibility for someone to say, ‘I’m at this important moment, start doing your work.’” The response, Adler recalled: “They said, ‘Oh, we don’t need a manager. We don’t want you because we don’t need a manager. Our leaders are Andy and Bill. That’s what makes this place great is we don’t have managers.’”

Meanwhile, balancing the sixteen global partners in the Alliance—some of whom were anxiously waiting to manufacture devices—added enormous complexity to an already complicated endeavor. One reason General Magic went public so early was to be less financially reliant on the Alliance partners it had courted. But that just raised the stakes. The money was used to hire more engineers, and the project kept growing. At every step, it kept getting bigger when it desperately needed to get smaller. The IPO scene in the film, rather than a triumph, feels like a death knell. As Michael Stern, General Magic’s VP of business affairs and general counsel, told me: “We had too much money. We never had to worry about payroll. What startup in the world never has to worry about payroll?”

In the end, the first device running General Magic’s operating system didn’t appear for more than four years after the company was founded and the Alliance formed. It had a unique interface—a grayscale office with a desk, calendar, and inbox, from which users could touch the screen to navigate down a virtual hallway to a library and game room, or “downtown” to a street with stores for shopping and new apps. But that appealing imagery belied the complexity of using a massive array of features that filled a two-hundred-page user manual and overburdened the hardware of the time so much that the user experience was choppy. It was much larger than an iPhone, and didn’t include a phone; it had to be plugged into a phone line to make calls or send messages. It was a mobile device in the sense that it was small enough to carry (albeit not in a pocket), but not in the sense we use today—connected on the go. It was expensive, and demand was nonexistent. It was ahead of its time but didn’t seem to solve any pressing problems for the mythical Joe Sixpack, or any other consumer. The many tantalizing innovations never cohered into a single product. And during that time when General Magic was repeatedly pushing back deadlines, the internet exploded, which rendered the notion of a proprietary cloud obsolete.

General Magic didn’t use the technological environment around them to find useful limits, or at least an understanding of what might be possible in a given amount of time. Nor did they create their own project boundaries internally, based on a clear sense of who they were building for, and why, and when they would get it. Overflowing with resources and talent, they were bereft of helpful constraints. As the renowned venture capitalist Bill Gurley (Uber, Zillow) told me: “We have a saying in venture: ‘More startups die of indigestion than starvation.’”
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In the 1960s, computer scientist Fred Brooks led the development of the IBM computers that NASA used to send humans to the Moon. He later founded the computer science department at the University of North Carolina. But he is most widely remembered for his popular writing on design and project management, including what became known as Brooks’s Law, the idea that adding people to a software project that is already late will make it even more late. We underestimate how adding stuff, including team members, also adds complexity. The trouble is, absent helpful boundaries, we have a deep-seated compulsion always to add.

Leidy Klotz, an engineering and architecture professor at the University of Virginia, has shown that humans reflexively add in order to solve problems—more people, more money, more features, etc.—even when subtracting is better. In the simplest demonstration in Klotz’s research, adults were given a Lego structure that needed to be strengthened in order to hold a masonry brick over the head of a Star Wars stormtrooper action figure. Each problem solver could earn money by completing the task, but there was a catch: Every Lego piece they added reduced their reward. And yet, most added multiple pieces even though removing just a single, obviously precarious piece would have solved the problem instantly.

This instinct always to add, Klotz and his colleagues have shown, is a strong cognitive bias. Long before their work documented it scientifically, product designers had come up with various names for this tendency, like “featuritis” or “the Christmas tree effect.” Both refer to the tendency to pile more on—like hanging ever more ornaments on a Christmas tree—often at the expense of coherence and usability. Journalists have the macabre phrase “drown your kittens” to refer to getting rid of lines the writer has fallen in love with but that don’t serve the reader. Without helpful constraints, our powerful instinct is more, more, more; bigger, bigger, bigger. In the absence of bounds, that instinct was on grand display at General Magic.

Steve Perlman—before he cofounded the company that became MSN TV—was an engineer at General Magic charged with creating a calendar function. He wrote it to go from the year 1904 to the year 2096, and assumed it was finished. He was wrong. Here’s how he remembered it in an interview that was filmed for the General Magic documentary but not included:


Andy came back, he said, “Steve, this just goes from 1904 to 2096.” I said, “When should it go from?” He said, “Well, someone may write an app that does historical things. It needs to go back to earlier dates. And who knows, maybe there’s something projecting something to the future; it needs to go to future dates beyond 2096.”



Perlman rewrote the calendar to start at year one. Again, he assumed he was done. Again, he was wrong. A member of another team asked why he was using the arbitrary starting point of year one. Why not start with the beginning of astronomical time instead? And so, like everything at General Magic, it grew. “I look at that as an astounding waste of time,” Perlman said. “If we just stuck between 1904 and 2096, it was about four lines of code.”
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The General Magic saga is unique in its details but fits snugly into the typical pattern of how big projects go awry.

Since the 1990s, researcher Bent Flyvbjerg has kept a database that tracks giant undertakings. He has planned some himself—like the building of twenty thousand earthquake-resistant schools in Nepal; consulted on others (more than a hundred that cost at least $1 billion); and studied many more as chair of Major Programme Management at Oxford University’s business school. His database now spans sixteen thousand projects, and it testifies to a global epidemic of mismanagement.

Only 8.5 percent of projects finished on time and on budget; 0.5 percent did that and delivered the prophesied benefits. Almost every major infrastructure project goes over budget, but at least not by as much as IT projects, which have a greater tendency to go hundreds of percent over budget. The pattern of disaster that Flyvbjerg has documented is relatively simple: With few constraints, exciting projects get too large too fast, going from big idea to giant endeavor extremely quickly. Flyvbjerg’s conclusion could fairly be called the General Magic problem: Rather than accelerating like a plane speeding up and gradually ascending, it’s more like a harrier, lifting straight into the air. He calls the disaster pattern “think fast, act slow.”

“Think fast” means that the period when a project was small enough for frequent experimentation, and for defining constraints, is essentially skipped. On the back of an intoxicating idea, resources pile into the project. It grows without clear boundaries. Lessons that early on could have helped define the project will now come slowly, and painfully, because the undertaking is large and changing its momentum is difficult. Inevitably, regular surprises will now lead to major delays, and—as was the case at General Magic—the project team can work furiously but will effectively still “act slow” as deadlines whiz by.

Flyvbjerg has also documented the (comparatively rare) pattern of big projects that succeed. They take the opposite course: “Think slow, act fast.” They take time to work out boundaries that make the scope of a project clear. Then, when it’s time to hit the gas, work can proceed quickly. Flyvbjerg has a term that he uses to refer to the successful pattern: “Pixar planning.”
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A World with Limits

Ed Catmull, the cofounder and longtime president of Pixar, just hit pause on the General Magic documentary. He’s headed for a bookshelf, where there’s something he wants to show me.

We’re sitting in his home office, on a hill overlooking a tendril of the San Francisco Bay, beneath the spoils of a vision realized: a framed picture of Woody, his hand resting gently on Buzz Lightyear’s jet pack; another of Remy the Ratatouille rat balancing on a pan handle and salting a stew; an atmospheric black-and-white of Miguel from Coco bent over his filigreed guitar.

I’m here to try to understand how he and Pixar were able to pull off what Marc Porat and General Magic couldn’t. Just like Porat, Catmull was a graduate student in the 1970s when he began to see the future. That’s when he set the goal of making a fully computer-animated film. And, again like Porat, at the time the technology he needed was more sci-fi than fact. When Catmull entered grad school, the cutting edge of computer graphics featured simple objects slowly rotating on a black screen. And yet, in 1995, the same year that General Magic went public and then imploded in spectacular fashion, Pixar released Toy Story, the world’s first computer-animated feature film.

When Catmull returns from the shelf, he’s holding a laptop-size book with giant red letters splashed across the cover: BY SPACE SHIP TO THE MOON, published in 1952. The cover illustration depicts an astronaut in a clunky metallic spacesuit, knee joints accordioned like a bendy straw, collecting rock samples at the base of lunar mountains. The text is clearly targeted at adolescents, but it gives meticulous summaries of the state of 1952 technology—everything from space fuel to space food—and the distance between the current state of the art and how far it needs to go for a trip to the Moon. NASA representatives actually used it when they needed to explain to Congress what the first Moon landing would take. For Catmull, it has symbolic significance.

Nearly two decades before the actual Moon landing, scientists and engineers were thinking slow, breaking a giant challenge into tiny pieces. “It goes through chapter by chapter the things that have to be solved,” Catmull explains. “The supplies; the fuel; how do you get up into space; what’s it like to actually be there; landing; food; the process of getting back. It’s a step-by-step of what it takes to get to the Moon.” His point is that even literal Moon shots aren’t “moonshots” in the way they’re often mythologized—just give bright people an inspiring vision and tons of money and the rest will fall into place. General Magic, he suggests, went the mythical moonshot route.*

At one point while we’re watching the documentary, a confident young man appears onscreen and professes a philosophy for getting big things done. He is not affiliated with General Magic, but his words are part of a montage that sets the stage for the introduction of Porat’s grand vision. “The greatest people are self-managing,” the man says. “They don’t need to be managed. What they need is a common vision. Once they know what to do, they’ll go figure out how to do it.”

Catmull looks like he just opened a carton of sour milk. The man on screen was his longtime Pixar business partner, Steve Jobs. It doesn’t sound like the person Catmull knew, the one who obsessed over the number and placement of bathrooms in the Pixar office such that people would be forced to bump into one another and talk. “That is not how Steve ended up working,” he tells me.* He concludes that Jobs was either just very young in that clip, or in “mythmaking” mode, providing inspirational soundbites for the media.

For the next seven hours, Catmull and I took turns hitting pause as we discussed the film and his career, and I learned that it’s not how he worked either.
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The “think slow” part of Pixar planning started before Pixar even existed.

Catmull originally wanted to be a Disney animator, but all animation was hand-drawn at the time, and he wasn’t an exceptional draftsman. His route into animation would have to be different, and longer, focused on one proximate problem at a time en route to his moonshot.

In grad school, Catmull managed to create a 3D computer animation of his own left hand. The hand would briefly appear in a sci-fi feature film, the first ever to incorporate 3D computer graphics. He subsequently became the director of the New York Institute of Technology’s new computer graphics lab, where he worked on software that could automatically generate frames of motion between two still frames.

Catmull made enough progress that, in 1979, George Lucas hired him to work on merging computer technology with moviemaking. But the graphics that would one day create effects as realistic as those made from physical models for Star Wars were still far away, never mind Catmull’s dream of a fully computer-animated feature. Among other challenges that had to be surmounted, the computing power of the time simply wasn’t sufficient for an entire film.

Catmull was surprised then, in 1980, when a Lucasfilm competitor spent $10 million on a Cray-1 supercomputer. He and his colleagues wondered if they should chase that competitor, so they sat down and made specific estimates for the computing power it would take to animate an entire film. Their estimate: It would take one hundred Cray-1 computers, which would cost $1 billion. Totally out of the question. “It was like, OK, they’ve just done something unwise economically,” Catmull told me. “So we decided we’re not going to worry about them, and there are a whole bunch of other things we have to solve first.” It was the kind of exercise that General Magic often skipped, but that Catmull used repeatedly to contain a grand vision with clear boundaries.

He and his colleagues were meticulous in using estimation exercises to frame those other things that had to be solved first. The estimates repeatedly helped define the short-term focus on the path to a long-term vision. At one point, they calculated the exact number of pixels (five million) and “micropolygons” (eighty million) that they figured software would need to render in order to make a Star Wars quality sequence, down to the realistic blur of speeding objects. Like the summaries in By Space Ship to the Moon, the estimates were guiding lights that helped them keep track of the distance between their current work and their goal.

In 1986, Steve Jobs purchased Lucasfilm’s computer division and established Pixar as its own company. The technology Catmull needed to achieve his dream was getting closer. And still, he kept things as small as possible.

Where General Magic had its sixteen-partner Alliance, Catmull’s small team shared early plans with seventeen computer graphics companies and gathered their suggestions for features. But rather than building every cool thing the companies suggested, the team added features only if they fit naturally into the system and were flexible and adaptable for changing needs. Requests for highly specialized, one-off features were ignored. “Features that removed complexity were strongly preferred over features that added complexity (less is more),” Catmull and a colleague, Pat Hanrahan, wrote years later in an academic paper.

In 1988, Pixar released its RenderMan software, and changed filmmaking forever. It was used to seamlessly integrate computer graphics into live-action films like Terminator 2 and Jurassic Park. And then, in 1995, to create an entire film: Toy Story. After twenty years of small steps, Catmull finally achieved his personal moonshot. And while he never got to draw characters for Disney, he did become the president of Disney Animation when it acquired Pixar in 2006.

Thirty years later, RenderMan is still being used in the creation of blockbusters like Inside Out 2 and Oppenheimer. “The fact that Render-Man was developed in a time of scarce computational resources,” Catmull and Hanrahan wrote, “led to a design that was scalable.”
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After Toy Story fulfilled his twenty-year dream, Catmull turned his attention to creating a place that could do it repeatedly. Part of that effort entailed a never-ending quest to fashion useful constraints for creators.

Creative ideas abound in many organizations, Catmull told me, but a process for refining them into something useful is comparatively rare. As I listened to his General Magic commentary, I began to picture his leadership at Pixar as the metaphorical equivalent of someone setting up bumpers in a bowling lane to keep the balls trundling in the right direction, even as they’re allowed plenty of zigzagging along the way. During his time at Pixar, the bumpers started before actual film development.

The “Three Pitches Rule” required directors to pitch not one but three film ideas, so that they wouldn’t get stuck on one and fixate too early. Pixar directors were then allowed to spend years with a tiny team in the development phase of a film, probing ideas, trying out script drafts, and creating and re-creating storyboards while they hunted for and simplified the core of a story. That often involved drowning a director’s kittens, so to speak. The director of Inside Out, which features characters that embody the emotions in a girl’s mind, had to cut characters for ennui and schadenfreude because the large cast was making the story too complicated. Years of that “thinking slow” might sound frivolous, or even wasteful, except iteration and learning are cheap when the project is small. The costs only explode once a film moves into production, at which point experimenting and learning become slow and expensive. Everything stayed as small as it could as long as it could. As Catmull told me, “I found early on that an abundance of resources leads to sloppiness.”

Once in production, Catmull and his colleagues used the schedule to enforce regular feedback and learning. There were “dailies” every single morning, in which animators shared incomplete work with colleagues; “Braintrust” meetings, in which a small group watched a version of a film and highlighted aspects that weren’t working, without mandating solutions (Steve Jobs was barred, lest his powerful persona carry undue weight); and, after a film was done, postmortems, the main benefit of which was the pre-postmortem—the fact that the looming postmortem forced team members to collect and reflect on their lessons. Boundaries and constraints were everywhere, forcing experimentation and subsequent learning, and channeling creative ideas toward creative achievements.

Near the end of our day together, I was standing in Catmull’s foyer admiring the single eyeball on a blue Monsters University baseball cap when Catmull told me about a particular problem that Pixar producers called “the beautifully shaded penny.” It is precisely what Andy Hertzfeld was doing at General Magic when he labored over a flipping coin for the virtual game room: Pixar artists had a tendency to spend days, or weeks, refining some tiny detail akin to the shading on a penny that the audience would never notice. Their conscientiousness and creativity actually worked against them as they lost track of larger goals.

In his memoir, Creativity, Inc., Catmull recounts how the director of The Incredibles became obsessed with getting the fish in an aquarium in the background of a scene to flicker like flames, so animators worked on the inconsequential detail for months. Meanwhile, major characters still needed work. Eventually, a producer and department manager created a system in which popsicle sticks—each one representing the amount of work a single animator could complete in a week—were Velcroed to a wall and arranged next to characters that needed to be animated. If the director wanted to keep obsessing over the fish, he’d have to start taking sticks away from some other character and moving them to the fish. As it turned out, crafting visible constraints did the trick.

As I walked down the hill away from Catmull’s house, I thought about the structures he cultivated at Pixar, and something dawned on me. I had personally experienced an exquisite example of the kind of helpful boundaries he had been describing.
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Ira Glass was missing, again. It was 2015, and the small Manhattan office of This American Life was being renovated. Glass, the host and executive producer, had been missing frequently of late, but staff members were beginning to figure out where to find him. The office renovation included a door disguised as a bookcase, which opened into a secret nook from a different world—a speakeasy-style reading room with a single upholstered reading chair beneath a deer mount. Ira was behind the bookcase, again.

By the time of that renovation, This American Life, which Glass started as an hour-long narrative radio program in 1995, had become one of the most listened to podcasts in the world. I happened to be in the office (and assisting the search for Ira) because, after several tries, I’d pitched a story the TAL team had accepted.

The process began when a producer told me the theme of an upcoming episode. Each episode of This American Life is structured around a broad theme into which several otherwise unrelated segments (or “acts”) fit. The theme for episode 577 would be: “Something Only I Can See.” I pitched the story of a woman with an incredibly rare genetic mutation that caused her body to lose fat. Based purely on photos she saw online, she had decided that an Olympic bronze-medalist sprinter had a similar gene mutation. Improbably, the sprinter agreed to get a genetic test, and she was right. Over half an hour we were going to tell the story of something only she had been able to see.

It fit the theme perfectly, but there was a looming obstacle: me. I had never written an audio script of any length before, never mind thirty minutes for the world’s most popular narrative podcast, and I had no idea what I was doing. Nonetheless, I had taken a stab at a first draft, and it was time to share.

After Ira was retrieved from behind the bookcase, staff members gathered for the first read-through. It worked like this: Ira held up a track-coach stopwatch and hit “start”; I, the narrator, began reading the script; at various points, I stopped narrating and my producer, Miki Meek, played audio from interviews we had recorded; after each audio clip, my narration resumed. For everyone but me and Miki, the material was new. That first read-through was rough.

I had no experience writing to a time limit, only a word limit, so the draft was seven minutes over the allotted time. And while listeners around the table loved the concept, they were confused. The medical-mystery story was filled with detailed explanations of genetic tests and esoteric diseases. I had a tendency to pack magazine articles with scientific details I found fascinating. In print, the audience could slow down, or reread. In an audio story, as information whizzed by, my proclivity for the written version of “featuritis” was a fatal flaw. But This American Life had a process that fixed my weakness.

Just as with Pixar’s Braintrust meetings, the read-through listeners pointed out moments in the story that left them confused, but did not prescribe how to fix them. And just as at Pixar, Miki and I were required to address the problems but were left to our own ingenuity to decide how. We were given clear problem boundaries, not solutions. We went back to work, cutting the script for time and rewriting the confusing spots to make them clearer. Soon, we convened another read-through. It included people who had not heard the first version. The material was completely new to them, just as it eventually would be for a public audience. Ira held up the stopwatch; I read the script; the new listeners shared their points of confusion.

This cycle repeated several more times. The script crept closer to the time limit. Every session included at least one listener who had never heard the story before, and each time that new person shared their confusions. With each read-through, new listeners called out fewer problems. Finally, we finished a read-through in which the new person had nothing to highlight. The system had titrated out confusion.

Only once that process was done did Ira Glass commence intense, hands-on editing. The listening sessions and iterations had been the “think slow”; now came “act fast.” Because the segment was at the allotted time, and the confusions excised, Ira, whose attention was at a premium, could work quickly. Extremely quickly. The final editing session occurred the same afternoon that the episode went live and was sent to hundreds of radio stations around the country. In less than an hour, Ira and Miki corrected the volume of a few interview clips, picked from various takes of my narration, adjusted the entry points of background music, and finalized Ira’s introduction to the segment. And out the episode went. It was a beautiful example of “think slow, act fast.”

The metaphorical bowling bumpers had worked. All along the way, the new listeners acted as boundaries helping me figure out what shouldn’t be in the story and where to focus my problem-solving. In short order, the process made a first-time scriptwriter and narrator seem like a seasoned pro, and all without anyone ever telling me explicitly what to do. That, I think, is a special kind of freedom.
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Prior to my This American Life experience, I (like many writers) was apt to think of freedom as an absence of editing. It seems silly to me in retrospect, but it’s the same kind of “no limits” thinking that animated General Magic, and its failure left a powerful impression on those who lived it.

Tony Fadell came away from the General Magic experience obsessed with constraints. “If you don’t have constraints, then make up constraints!” he told me the first time we spoke. Fadell was just out of college when he joined the company, and the formative lessons he learned there permeated the rest of his remarkable career.

Fadell first learned of General Magic in 1991 from the gossip column of a computer magazine. He didn’t even know what the company was doing, just that his heroes were doing it. Shortly after graduating from the University of Michigan with a degree in computer engineering, he packed his parents’ station wagon and drove to California—where he called the General Magic office manager so relentlessly that she begged her bosses to hire him so that he’d stop. “These people were rock stars,” as he put it. Several of them had, in fact, already been featured in Rolling Stone.

Of course, as the company imploded, Fadell learned that his rock-star heroes could be brilliant, visionary, and fallible all at once. After General Magic, Fadell joined Philips as a twenty-five-year-old chief technology officer, where initially he “swung the pendulum too far the other way,” he said, and fell into micromanaging.

When he left Philips, it was with a plan to make a portable, digital music player. He founded Fuse Systems, just in time for the dot-com bubble to burst in 2000. As he struggled for funding, Apple reached out, and the Fuse team moved in. Fadell immediately put to use the lessons he’d learned at General Magic about the importance of constraints. For a first version, he looked at the external limits of existing technology for what he called “boundary conditions.” MP3 files had just become popular, and spacious hard drives were getting smaller. Several MP3 players had already hit the market, but they were either bulky, very expensive, or short on storage space for music.

Fadell wanted something sleek, simple, and affordable that could carry loads of songs for the ballooning music collections of the MP3 era. He had already done his slow thinking in terms of understanding existing technology and identifying a specific customer problem—the desire to carry an expanding digital music collection on the go. And he was worried that if the project grew too much it would drag on, and unexpected changes in the market would foil his plans. “It could be the internet all over again,” he told me, referring to how the ground shifted beneath General Magic. So he moved into “act fast” mode.

He got the initial call from Apple in January 2001. In March, he showed Steve Jobs a Styrofoam model of a music player and got the green light. He wasn’t given a deadline to ship a first version, but Fadell insisted on setting one linked to an external beacon, “so that everybody has an understanding of what it looks like, and it isn’t just the boss cracking the whip.” He chose Christmas. It meant that rather than building the giant from the toes up like at General Magic, the team had to use existing technology resourcefully. Their soon-to-be famous scroll wheel, for instance, was inspired by the wheel on a Danish cordless phone that a team member brought to a meeting. The first iPod shipped that November.

Fadell eventually moved on to the iPhone, where the team set internal deadlines for experimental prototypes. Fadell refers to those deadlines as “heartbeats,” because they determine the rhythm of work from the inside. They gave themselves just ten weeks to make a first basic version of an iPod-plus-phone, during which time they learned that the wheel would take up too much space. They allotted five months for a second version, and learned that more of their assumptions were wrong; an antenna and speaker couldn’t be as close together as they’d wanted. The third version worked, enough. The internal deadlines (or heartbeats) weren’t for finishing the entire project; they were signals for everyone to pause, collect lessons, and regroup.* Fadell later wrote: “We would have never reached that third design if we hadn’t given ourselves hard deadlines with the first two—if we hadn’t cut ourselves off after a few months, reset, and moved on. We forced as many constraints on ourselves as possible: not too much time, not too much money, and not too many people on the team.”

After the iPhone, Fadell left Apple, took a short break, and then cofounded Nest, the smart-thermostat (and smoke- and carbon-monoxide alarm) company. It was the apotheosis of Fadell’s fervor for constraints. He forced the team to work inside a literal box. Long before there was a product, they made a prototype of the packaging as it would look on a store shelf. It pushed them to prioritize the most important features and to work out how they would convey the problems they were solving to someone encountering the box for the first time. A few years later, Google bought Nest for several billion dollars. “With these ultra-constraint-based things, it makes you really think hard,” Fadell told me. “It slows you down, but it forces that thinking.”
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For most of the twentieth century, Bell Labs was AT&T’s corporate research lab, but it produced basic research that led to an astonishing ten Nobel Prizes, from the invention of the transistor to the discovery of the cosmic microwave background. It is often remembered as the epitome of unfettered exploration. But that framing misses a crucial point about how Bell Labs wielded helpful boundaries. Eric Gilliam, who studies and writes about innovation history, coined the beautiful phrase “long leash, narrow fence” to describe the ethos at Bell Labs in its heyday. New researchers were given extraordinary latitude in determining what to work on, but were expected to interact with engineers and manufacturing facilities to identify specific problems that needed solving. There was an entire staff—sometimes as large as the basic research staff itself—specifically devoted to finding and defining problems. They kept track of the various things going on in
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