


Chapter 1

THE PAPER CLIP AND THE PROBLEM

What does it take to invent? How do you invent something—create something that didn’t exist before you brought it into the world? How do people come up with great ideas?


WHAT MAKES A GREAT IDEA GREAT?
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Figure 1.1: The “ordinary” paper clip. Photo by Ivan



Let’s start by looking at an example of a great idea—the paper clip. What makes the paper clip such a great invention? First, it solves a significant and obvious problem: temporarily holding sheets of paper together without deforming them in any way. Before the advent of computers and electronic communication, paper was, and arguably still is, the primary means of written communication. A simple way to hold together sheaves of paper was a significant need for anyone who dealt in written documents. The fact that this method—unlike stapling, pinning, or binding—was temporary provided another valuable feature in that papers could be easily reordered, added, or removed from the bound stack. While all this is nice, it still doesn’t explain what is so intriguing about the simple paper clip.

Let’s look at the paper clip in terms of what it can do. My first assignment in engineering school was to find fifty uses for a paper clip outside its intended use. This was not very difficult. Some of the more creative uses I have seen include a device to pick locks, a linkage to fix a broken automobile transmission, and a heated knife to sculpt foam. This simple invention provides the germ of many more inventions. That we can do so many things with something so simple begins to show why the paper clip is such a great invention.

Is it hard to make? Is it costly? The paper clip is simple in design, materials, and manufacture. It is merely a piece of extruded metal wire with three bends. And yet it can be used to do so many things.

Let’s look at some of the characteristics of the paper clip as an invention.


	Simplicity. The paper clip is an extremely simple solution to the problem of temporarily holding sheaves of papers together.

	Adaptability. The paper clip’s simplicity gives it flexibility in use that can be adapted to variation. Whether you want to bind two sheets of paper or twenty, the paper clip can be bent to accommodate the need.

	Ease of use. The paper clip is easy and intuitive to use. No instruction manual is needed. It is obvious what to do with it. Its obviousness comes from its multisensory appeal. One can figure out how to use it by sight or by feel.

	Robustness. The paper clip always works. Its simplicity ensures that failure will be rare. A user can determine immediately by sight whether a particular clip is likely to fail.

	Unintended functionality. The fifty other things to do with a paper clip are an added bonus. Simplicity often leads to universality. The paper clip is merely a bent piece of wire, and there are many things that can be done with a piece of wire. Perhaps this is the genius of the design: that we can do so much with so little is what makes this an exceptional invention.

	Elegance. Elegance is a combination of the above characteristics. Elegance means achieving a task by doing a lot with just a little. Elegance in design or invention means solving a problem in a very simple yet comprehensive manner.



The attributes above can be encapsulated in my personal design mantra. The goal of any design is to be simple, elegant, and robust. This applies to complex inventions and designs as well. No matter if I am designing a shoelace nib or a nuclear power plant, the simple, elegant, and robust guidelines apply. Addressing the seeming paradox of making complex things simple, Albert Einstein, a man who more than dabbled in complex things, is reputed to have famously said, “Everything should be made as simple as possible, but not simpler.”

Even in developing complex theories of the workings of the universe, Einstein strove to be as simple as possible. As he also said, “Any intelligent fool can make things bigger, more complex, and more violent. It takes a touch of genius—and a lot of courage—to move in the opposite direction.”

The ideas of simplicity, elegance, and robustness apply both to invention and to its close cousin, design. As we will see in the following chapters, inventions that fit these criteria are often considered the most profound and successful.




THE HISTORY OF THE PAPER CLIP
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Figure 1.2: Samuel B. Fay’s 1867 “ticket holder.” Photo courtesy of the Early Office Museum.



Who invented the paper clip, and how did he come up with this great idea? There was not one individual who had an “aha!” moment and invented the paper clip as we know it today. The original embodiment is thought to go back to Byzantine times, when a form of the paper clip was fashioned from brass to hold together very important documents. Unlike today’s paper clips, these were not inexpensive, mass-produced throwaways. The wire paper clip was first patented in 1867 by Samuel B. Fay, whose intention was to create a device that would hold tickets to fabric. However, he noted in his patent application that his clip could also be used to hold papers together. The popularity of such clips for holding papers together soon overtook Fay’s original interest in clipping price tags or laundry tickets to clothing. A patent for another paper clip design was issued in 1877, and patent applications for several more designs were filed in 1896 and for several years thereafter. By the 1890s, paper clips were commonly used in business offices. The March 1900 issue of Business commented that “[t]he wire clip for holding office papers together has entirely superseded the use of the pin in all up-to-date offices.”1

Several interesting things emerge from looking at the question of how Fay came up with this invention. First, the original invention was designed to solve a much narrower problem than the one it actually solved. The inventor did not recognize the potential of his invention. This is commonly the case. An inventor looks to solve one problem and inadvertently solves a much larger one. There are many examples of this in the history of invention. The inventor of chewing gum, for instance, was originally trying to develop synthetic rubber from chicle sap. Leo Baekeland, the inventor of Bakelite, the first synthetic plastic, was trying to develop an alternative to shellac for insulating electrical wires.

Second, we can see that inventions evolve. Inventors are still searching for means to improve the paper clip. They identify problems with what seems to be a mature design and try to find novel improvements. The initial idea is repeatedly modified and refined until the change reaches a point of diminishing improvement. Even after that point was supposedly reached and paper clip design seemed to have reached an ideal, multicolored plastic-coated paper clips were introduced as a new variation on a theme. This is an example of looking at an invention from a different perspective and seeing how it can be refined.

Finally, and very importantly, invention depends on technology. The paper clip could not have been invented and popularized fifty years earlier. Its design and mass production required inexpensive steel wire and machines that could cheaply, rapidly, and efficiently cut and bend it into useful shapes.2

Without the technology to inexpensively mass-produce paper clips, they would have remained a novelty item. Technology not only makes invention possible, it makes it relevant. In our time, the technology of the personal computer created an entire industry of application software. Had computers never progressed beyond large expensive mainframes, this industry would not have been born.




WHAT’S THE PROBLEM?

The more specific and well defined the problem, the clearer the solution. If my problem statement is “I want to create an end to war,” it will be very difficult to generate a clear and realistic solution. If my problem is “I want to develop a means of attaching a ticket to fabric,” then solutions are easier to visualize. Constraints help to produce creative solutions. Boundaries provide clarity to the thought process. To invent, we need to think about the very specific problem we are solving. Paradoxically, the more sharply our problem is defined, the more room we have to dream up wild ideas.

As with any rule, there is a caveat to this one. Not every great invention was inspired by a problem. Sometimes, incredible inventions were created by luck or by chance or by “just fooling around.” The problem solved was only discovered afterward. Chewing gum, mentioned previously, is an example of this. What prompted the inventor, Thomas Adams, to put a piece of his synthetic rubber product in his mouth? Boredom? Frustration? An instinctive desire to chew something soft and gooey? The genius here comes not in the invention, per se, but in realizing the nature of the “problem” that could be solved.

For most of us, as we proceed along the path to invent, the problem we want to solve will come first. Our challenge is to define the problem in a way that gives us a very specific and clear target to aim for but does not exclude possible solutions by its specificity. Let’s look at some examples.

I sometimes give my students the following scenario and ask them to come up with solutions:


There is a serious problem at the county zoo. It seems that the elephants are getting too many cavities in their teeth. Your team is hired by the zoo to develop a way to prevent the elephants from developing so many cavities.



The teams go to work and, inevitably, they all come up with some kind of mechanical device to brush teeth. Of course, this is a solution to the problem. But the problem statement is broad enough to allow for many other—perhaps better—solutions as well, such as fluoridating the water or changing the elephants’ diet.

Had the problem been defined as “Design a toothbrush for elephants,” it would be a different problem.

Here’s the rub: “Design a toothbrush for elephants” is a very clear and specific problem statement. I know exactly how to proceed; the rest is engineering. Within the constraint of making a toothbrush for elephants, I can do some very inventive engineering, but in the end, it will still be a toothbrush. The problem of preventing elephants from getting cavities gives way to a much greater variety of solutions. Imagine for a moment a team of biologists, chemists, and engineers attacking this problem at the beginning of the twentieth century. Let’s say they were broad-minded and looked for nonobvious solutions. Perhaps they stumbled on the relationship between diet and tooth decay. Clearly, this discovery would have had a huge impact that went well beyond elephants.

We need to define our problem with great detail and specificity in order to create a clear picture in our minds of what needs to be solved. However, we do not want to limit possible solutions in the problem statement, nor do we want to suggest the solution in the problem statement. “Design a metal clip to attach a ticket to a piece of fabric” is an engineering problem. “Design a way to attach a ticket to a piece of fabric” opens up a whole new range of possibilities. However, this could be improved by adding constraints. “Design a low-cost ($0.10 or less) method to securely but nonpermanently attach a ticket to a piece of fabric” provides a clearer picture of the problem to be solved. By using the words method or way instead of clip, we don’t solve the problem in the problem statement, thereby limiting possibilities. By using the constraints of low-cost and securely but nonpermanently, we set up clear boundaries for our solution.
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Figure 1.3: Michelangelo’s David. Photo courtesy of iStockphoto.



Michelangelo’s masterpiece statue David is a prime example of using constraints to enhance a creative solution. The story goes that a statue of the biblical hero David was originally commissioned and begun twenty-five years before Michelangelo was approached. The giant block of marble was already chiseled in many areas by the original artist, who discontinued his work partway through. The partially cut block then sat exposed to the elements for a quarter of a century during which it suffered additional erosion. When Michelangelo accepted the commission to finish the statue, he used all these constraints to his advantage, fashioning his powerful image of David out of this partially hewn and damaged block. He created tension in stone—a David on the verge of confronting Goliath. Had Michelangelo started from a pristine block of marble without these constraints, would this masterpiece have come into existence?




IS IT THE RIGHT PROBLEM?

It is worth spending time to truly understand the problem that needs to be solved before trying to generate solutions. As with a military engagement, it is essential to get “the lay of the land” before coming up with a strategy. Many times the problem you think you have turns out to be something else entirely. Sometimes, the problem you are trying to solve doesn’t even exist.

In his book Conceptual Blockbusting, James Adams describes an attempt to design a device to retard or damp the opening of solar panels on the Mars Mariner IV spacecraft. The solar panels were designed to open in space, where there is no air. Engineers were concerned that the force of opening—with no opposing force to damp or slow the panels—would damage the fragile solar cells. Therefore, the problem was understood to be “Develop a mechanism to retard the opening force of solar panels so they are not damaged during deployment.” The engineering team created several solutions to this problem, but none proved satisfactory. Finally, with time running out and the launch imminent, the engineering team went into full panic mode. Working twenty-four hours a day at great expense, the engineers struggled to make the damper more reliable, while measuring the effects on the delicate solar panels of all the various ways the damper might fail. One of the tests assumed that the damper would fail completely and that there would be nothing to slow the opening of the solar panels. To their amazement, the engineers found that even a complete failure of the damper did not lead to an unacceptable risk of damage to the solar panels. It was only necessary to provide a shock absorber that would cushion the panels as they snapped into position. Adams concluded, “The retarders were not, in fact, necessary at all.”3

The assumption that the solar panels would be damaged upon opening generated a faulty problem statement. Once the problem was initially stated, the engineers proceeded to seek a solution. Only the fact that a satisfactory solution eluded them led the team to discover that the problem they were solving didn’t really exist.

Often, due to time or monetary pressures, problems are presented and not questioned. Whether you come up with an initial problem statement or the problem is given to you with the instruction to solve it, your job as the inventor is to pause and ask the important question: Is this the right problem? Other questions follow: Yes, I see that there is a problem here, but is it the true problem? Is the problem statement too broad or too narrow? Is the problem statement too suggestive of a solution? Are the constraints well defined? Is the context understood?




REFRAMING THE PROBLEM

The process of examining and restating a problem is often a greater creative act than determining the solution. As Jeff Bezos, founder of Amazon.com remarked, “The significance of an invention isn’t how hard it is to copy, but how it reframes the problem in a new way.”4 Reframing a problem can lead to an entirely different perspective on how to solve it. The idea of reframing a problem is analogous to reframing a picture. When you change the frame on a picture, you view it in a different way—even though it is the same picture. When you reframe a problem, you look at it differently. For example, the difference between the problem statement “Design a bridge” and “Design a method for crossing the river” is immense. The inventor needs to spend time understanding all the dimensions of the problem he seeks to solve before beginning to contemplate solutions. Invention is the right solution to the right problem.




THE EVOLVING INVENTION

Looking back in time, the obvious is very easy to see. Of course, in retrospect, the paper clip is obviously a good idea, as are the personal computer and the Declaration of Independence. But all these ideas were radical at the time of their birth—so radical, in fact, that they needed to be born in stages. The paper clip started with a much more limited and well-understood use; the personal, or “home” computer was a vision of a small group of people at a time when computers were looked at exclusively as scientific or business tools. After all, what use could a computer have besides being a niche machine for technically savvy hobbyists? Even after IBM decided there was a marketplace for personal computers worth entering, their paradigm that only hardware mattered caused them to neglect the opportunity to purchase their software provider, a tiny company called Microsoft. When the eventual signers of the Declaration of Independence first gathered to address the problem of British oppression of the colonies, they had no intention of declaring independence from Great Britain. They were merely seeking an accommodation with the ruling power. Only after repeated rejection of their attempts at compromise was the radical idea of declaring independence even contemplated.

The obvious is usually only obvious in retrospect. The great idea is rarely considered great upon first examination. Often, the power of an idea or concept cannot be captured initially by the person who originates it. A great idea may only become great as the context in which it is applied and refined changes. First word processing, then spreadsheets gave the personal computer a reason for existence. Later, the Internet made it a necessity in every home. None of these existed when the personal computer was first invented.

The inventor, much like the science fiction writer, needs to divorce himself from the real world and imagine possibilities he has never experienced. The inventor needs to learn both to open his mind to fantasy and to be the consummate realist. He is both the creative writer and the hard-nosed editor. As inventors, how do we see what will be obvious in the future? One way is to create it. During my business career, I often used Alan Kay’s remark to the 1989 Stanford Computer Forum as a guidepost:


The best way to predict the future is to invent it. This is a century in which you can be proactive about the future; you don’t have to be reactive. The whole idea of having scientists and technology is that those things you can envision and describe can actually be built.5



While our life experience determines our vision of the possible future, today we all have a life experience that shows how rapidly fantasy can become reality. The pace of inventive and technological change over the past fifty years has been staggering. We have all experienced that. We know that when we dream up things that are not feasible today, they might be feasible, or even outdated, ten years from now. Our horizons have been expanded by our life experience. We can dare with more courage, more impunity, more imagination.




INVENTION IN CONTEXT

Because of the rapid pace of change, we are freer to imagine future scenarios in which our inventions can function. Had I invented the automobile in the seventeenth century, would it be considered a great invention? A curiosity, certainly. Brilliant, most definitely. Intriguing in its possibilities, absolutely.

But useful?

Absolutely not.

Inventions are successful only in context. The railroad train needed an infrastructure of rails. The automobile needed an infrastructure of passable roads. They both needed an economical and practical means of supplying energy. The context of an invention is the infrastructure, technology, or cultural environment that can support the invention to make it useful. Without these, the invention remains either a curiosity or a “great idea before its time.” The context of an invention determines commercial success or failure. Without wire-extruding and wire-forming machinery, the paper clip could never be mass-produced. Without mass production, our paper clip would never achieve the economy of cost necessary to make it a useful implement. While the design of the paper clip is simple, elegant, and robust, the paper clip would not have been a successful invention unless it had been developed within the context of the nineteenth-century industrial age.

Our great advantage today is the rapid change in what is possible. Figure 1.4 shows the number of patents issued per year over the past 150 years. A cursory look at the graph shows an exponential increase in patents granted.
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Figure 1.4: The number of US patents granted annually, 1850–2008. Information courtesy of the US Patent Office.



This is just one measure of how rapidly our context is changing—especially in the area of technology. The area of technology has a direct effect on other areas, such as culture. We have all experienced changes in our lives wrought by the Internet. The advent of instantaneous global communication has changed how we behave as a society.

With the accelerated pace of change, new social, political, cultural, and technological challenges are being created every day. The alert inventor has many opportunities to seek out new problem areas being created by this rapid change. Change can produce many unwanted side effects in its wake. For example, while twentieth-century industrialization produced great benefits for society, it also created the by-products of air, land, and water pollution. Each of these must be dealt with in the same creative manner as the processes that brought them into existence. The twenty-first century promises vastly expanded horizons in what can be achieved. We inventors are limited only by our imaginations.









Chapter 2

THE HIDDEN OBVIOUS


THE DESTINATION

A hiker comes upon a clearing in the woods. He looks forward in the direction he wishes to travel and clearly sees the peak of a mountain. He gazes upon the peak, knowing that this is where he wants to go; it seems so close, so clearly visible, even though many miles separate the hiker from his destination. He knows that as he starts out he will reenter the woods and sometimes lose sight of his destination. He keeps a mental image of the peak in his head—he also keeps an image of the direct path to get there. In reality, his path will be indirect, winding, tortuous, and perhaps circuitous. But in his mind’s eye, he can always envision the destination and the direction he must travel to get there.

The mental image of the destination drives our hiker forward. Each step along a path through the woods and underbrush is reinforced by the vision of his ultimate destination. The trail twists, descends, and ascends, and, every so often, our hiker can glimpse the peak and reassure himself that his heading is correct. He can gauge his progress.

Much of what propels him forward is belief—a clear knowledge of where he wants to go and the strong belief that he can get there. He believes both in himself and in his ability to reach his destination.

The inventor is like the hiker. In his mind’s eye, he sees his destination. He believes that he possesses the wherewithal to get there. He is not sure of the exact route—he will have to feel his way—but he is certain that he will arrive. Often the invention is clearly visualized. He can see it, feel it, know it, and know that it belongs uniquely to him. He refines it in his imagination, sleeps on it, verifies its veracity in the clear light of day. He internalizes it. He owns it.

The question becomes how to get from here to there.




BEING CONFIDENTLY NAIVE

I believe that naïveté is one of the main keys to invention. Even though we can clearly see where we want to go—what it is we want to invent—we have to be naive to believe that we can really invent it. There are always huge obstacles to overcome; we cannot focus on their immensity. There are a million reasons why it cannot be done, why it will never work; we cannot abide by them or fear them. Surely, if it were possible, someone smarter than us would have done it already; we must have the courage of conviction.

In short, the inventor must be both naive and supremely confident. He must believe that he can do something that has never been done before. The courage of belief, the naïveté that he can do it, and the clear vision of what he needs to do are what the inventor must possess in order to venture forth into the unknown.

The quote below, attributed to Robert Jarvik, the inventor of the Jarvik-7 artificial heart, addresses the issue of inventors as leaders, pursuing their vision into uncharted areas:


Leaders are visionaries with a poorly developed sense of fear and no concept of the odds against them.



One must be naive to believe that one can succeed in creating something completely novel. This naïveté is what leads the inventor to have big thoughts—ideas that stretch the boundaries of the imagination. In many ways, this is what separates the inventor from the rest of the population. This ability to think in an unrestrained way goes against the grain of our formal education. From our beginning years in school, we are instructed on how to think rationally. When we are taught to solve problems, we are shown how to proceed methodically in a stepwise fashion—to look for logical connections and progress in an orderly way. We are instructed on how to find realistic solutions that work, and we are rewarded for success. While this systematic kind of thinking is crucial to learning, it is emphasized throughout schooling to the near exclusion of any other kind of thinking.

Creativity takes a different approach. Creativity involves playing around with disorder and does not necessarily lead to immediate results. Rather, the creative process often ends in failure. Our education tells us that failure is a bad thing—something to be avoided at all costs. In order to avoid failure, we instinctively look for a solution to a problem











THE VISION AND THE VISIONARY



	1. Seeing a problem that has not previously been recognized or acknowledged. An example of such a problem is the length of time between sending a package and its delivery to the recipient. The logistics of the mail processing system dictated that the transit time was typically close to a week. Federal Express pioneered the idea that a package could be delivered the next day.

	2. Seeing a solution and discovering the problem it solves. The invention of chewing gum described in the previous chapter is an example of having a solution and then finding the problem.

	3. Seeing a new use for existing technology. Examples of this include the idea that electricity, when it was first harnessed, could be used for communication (as developed by Samuel Morse and others); that radar could be transformed into a cooking device (microwave oven); and that the integrated circuit could be used to make a handheld calculator.

	4. Seeing a novel solution to an existing problem. Here the vision or insight is seeing a better way to do something that is already being done. Fasteners such as the paper clip and Velcro are examples of this approach.
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NEEDFINDING AND PARADIGMS















SEEING THE HIDDEN OBVIOUS



	Active awareness

	Technological fluency

	Seeing the flower from the seed

	Desire to create, curiosity

	Courage
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THE VISION REFINED
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