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Sometimes it is the people no one 
can imagine anything of who do 
the things no one can imagine.


—ALAN TURING 
The Imitation Game

















Chapter 1



Born Pattern Seekers


Al didn’t talk until he was four years old. Even when he started talking, it was clear he was using language differently to most kids. His mind was different right from the start—he was less interested in people and more focused on spotting patterns, and he wanted explanations for everything he saw. He asked people incessant “why?” questions, to understand how things worked. It was exhausting for his listeners. His unstoppable curiosity was at one level refreshing, yet his need for complete explanations was also often just too much for others. He was clearly a different kind of child.


He showed some other unusual characteristics too. For example, he would chant Thomas Gray’s “Elegy Written in a Country Churchyard” over and over (a habit that lasted his whole life). At school, his teachers became exasperated with his persistent questioning. One teacher, in frustration, described Al’s brain as “addled,” meaning confused. But Al’s mind was anything but confused. Rather, his relentless questions were requests for greater clarity because he found other people’s explanations of how things work vague. He wanted to build up an orderly, evidence-based picture of the world. From his perspective, everyone else’s way of thinking was sloppy and imprecise.


But his mother was worried. She could see that her son was frequently being reprimanded in class and put down by his teachers, and she worried this would damage his self-confidence. She needed to act decisively. So, when he was eleven, she decided to pull him out of school completely and to home-school him. This was not a decision she took lightly. But given his insatiable appetite for knowledge and the school viewing him so negatively, this seemed the right thing to do. Her child had a right to learn in the way that suited his different kind of mind.
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Free of the constraints of a conventional school, Al’s mother watched with amazement as her son devoured books at home and at the local library. When Al read an account of how something worked, whether it was in chemistry or physics, he would rush down to the basement of the house to conduct his “experiments,” to prove that the explanation was true. Free of school, he could finally pursue his passion for seeking patterns in the world, without a teacher telling him to sit still, stop asking questions, and do what he was told. Home-schooling was a liberating gift from mother to son. No longer imprisoned by group learning, Al could finally choose what, when, and how to learn, through individual learning. This suited his mind perfectly, because he was never content to be told by a teacher how something worked, but instead always wanted evidence to verify it for himself. He needed to question all evidence and test things out for himself. His was a mind that didn’t follow the crowd. Instead, he wanted to understand things from first principles, to check that his knowledge was true.


Al’s mother could clearly see that her son’s learning style was different. Some described it as pedantic, obsessive, rigid, precise, and exhaustive. For example, when it came to reading in the library, Al would start by reading the last book on the bottom shelf, then systematically read every book in the order they were on the shelves above, not randomly jumping around the bookshelves. He would follow an unbending rule: one book at a time, in a strict, linear sequence, so he could be sure he hadn’t missed any information. Even though he was most interested in scientific and technical books, he would never deviate from his rule. And he loved rules, because rules were themselves patterns.


By the age of twelve, Al had read Newton’s Principia, taught himself physics, questioned theories of electricity, and conducted his own experiments at home to see if they were right. By age fifteen, Al had become fascinated by Morse code, the ultimate language of patterns. And once he became interested in anything, he had to master it. He couldn’t understand how most people would just dip into lots of topics superficially, since for him a topic had to be understood completely. It was all-or-nothing. He loved how in Morse code the same underlying message could be mapped onto patterns in a variety of ways, using auditory clicks, light flashes, or written symbols. He loved how each letter was a unique sequence of dots or dashes, how a dot was a unit of time, and how a dash was equal to three dots in duration. He loved how a letter was like a musical note, some worth one beat, others two or four beats. He grasped the patterns intuitively—he was a born pattern seeker.


When Al was sixteen, he left home. He wandered the country and discovered that his Morse code skills could earn him money, working as a telegraph operator. But at night he would follow his deeper interests, staying up till the small hours, still performing his “moonlight experiments” on whatever machinery he could lay his hands on. Just as when he was a child, he still loved taking things apart to see how they had been assembled, to see what controlled what. And then when he had done that, he was just as excited to reassemble them.


At age just sixteen, Al produced his first public invention. His “automatic repeater” was a device that could transmit Morse code signals between unmanned telegraph stations, so that anyone could translate the code when it suited them. And as we shall see, he would go on inventing right through his adult life.
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Two-year-old Jonah was another child who, like Al, was not yet talking. But unlike Al’s mother, who stayed calm, Jonah’s mother panicked. She was distraught that everyone else’s kid was chattering away, so she took her little boy to a pediatric clinic to be assessed.1


She watched anxiously as the pediatrician did various tests. The doctor could see that Jonah’s mother was worried and thought it might help to show her a chart outlining how every child’s language development is different:2




“Can you see how toddlers vary in their rate of language development? They’re just different. And which track you end up on depends to some extent on your genes.”3





Still very upset, Jonah’s mother tried to focus on the chart but just couldn’t understand it. She explained to the doctor that all the different lines just seemed confusing. She tried to hold back her tears. The doctor put her hand on the arm of Jonah’s mother to comfort her as she continued her explanation:




“You see the solid black line? These are the average kids. And the top line are the early talkers, who are super-sociable, the chatty ones. The bottom line are the late-talkers, who are more spatial, more musical, more mathematical—they love patterns.”
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Figure 1.1. Different types of children’s language development


The doctor turned to her, waited as if to gauge how much to say, and said:




“Jonah is one of these kids. They’re just not that interested in chatting but are fascinated by how things work. These kids are not better or worse than those on the other tracks. They’re just different.”





The doctor again paused, and seeing that Jonah’s mother was now calming down, she said:




“I love these kids because they show originality. They may be late to talk, but when they start talking what they say is so much more interesting! Some of them end up as talented musicians or chess players, some are gifted in math, gardening, cooking, building bicycles, carpentry, or photography. They are perfectionists, who love detail. They spot things that other kids miss.”





Jonah’s mother was now leaning forward, paying attention to the chart, her tears gone. Then the doctor got out her pen and drew a big X.




“A lot of the kids I see in this clinic are just like Jonah, where the X is, and I’ve seen them grow up. Some end up as engineers or artists who show originality, successful businessmen or women with a new angle, or scientists who can see patterns in data and make discoveries.”4





She turned to Jonah’s mother:




“And you know what? I was one of these kids. Apparently, I didn’t talk till I was three, and I grew into one of those kids who just loved science.”





The doctor smiled for a moment, and then looked Jonah’s mother straight in the eye:




“Be proud of Jonah. He’s just on a different track. Believe me, he’ll start talking when he’s ready. And if other parents ask why Jonah’s not talking yet, just say, ‘He’s different, but not worse.’”
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Just before his third birthday, Jonah did finally start talking. But how he used language was unusual. When he spoke, he didn’t look up at people to address them. Nor did he use his index finger to point at things, to share interest. Instead, he pointed at things to name them, for himself, even when he was alone. His mother realized that, unlike other kids, he wasn’t pointing at things to communicate something about them to another person. Rather, he was pointing to classify objects, for himself. And as he pointed to each object, he named it—endlessly classifying. But she was reassured that at last he was finally talking!


But she noticed another difference in how Jonah used words: He wasn’t naming things with general words, like “car” or “mushroom.” Rather, he named them with highly specific words, referring, for example, to the precise make, model, and year of a car (“This is a black 2006 Renault Laguna 2.0S”), or the particular species of mushroom (“This is a porcini mushroom”).


Jonah’s mother was nevertheless very proud of how he spoke, because Jonah’s use of language revealed his very exact mind, his laser-sharp attention to detail, not unlike her own—she too would notice if the tiniest thing had been moved in the house and felt compelled to always put it back in its original position.5 It dawned on her that Jonah’s language reflected his strong drive to categorize, which was not unlike her husband’s fascinations: he would sit for hours poring over books of photographs of different species of birds, or different types of cars. She knew that genes inherited from one or the other parent could cause a child to have blue or brown eyes, but could genes also cause a child to have a mind compelled to be precise and to classify?


She kept in mind the doctor’s words: Jonah wasn’t worse than other kids, he was just different. She could see that other three-year-olds didn’t do what he did. For example, Jonah would sit, rapt, in front of the television watching the weather forecast, to see what had changed in the graphs and the numbers since the last weather report. And still at just three years old, when he was in the hospital for a few days, she noticed he was reading the names of the different drugs on the trolley as the nurse wheeled it past his bed. When she mentioned it to the pediatrician, the doctor called this “hyperlexia,” the opposite of dyslexia. Jonah had taught himself to read, even before he had started school. How had this happened? All of her friends needed to sit for hours with their child, painstakingly trying to teach them to read, yet Jonah just took to reading like a duck to water.


One of her friends noticed that whenever she came over to the house, Jonah was always obsessively “experimenting.” For example, he would spend hours turning just one light switch in the house—the one at the top of the stairs—to the down position, leaving all the other light switches in the up position, as though to confirm that the light switch at the top of the stairs controlled the light in the downstairs hallway. He would do this over and over and over again, as if to rerun the experiment, delighted as the light came on, flapping his hands and making a series of high-pitched squeals. When her friend narrowed her eyebrows presumably to say, What’s wrong with him?, Jonah’s mother leapt to her son’s defense and said assertively, “Jonah’s just different.”


By age four, Jonah’s interest had moved on to his large collection of toy cars. He would spin one wheel on one car, round and round and round, seemingly getting great pleasure in confirming it spun in exactly the same sequence every time. He would arrange his toy cars in patterns, lining them up in a strict order according to their color and size, and would have a tantrum if anyone rearranged them even slightly.


Jonah’s other favorite activity was sitting in front of the washing machine, listening for when it made the precise click or whirr he expected to hear as it went through each stage of the cycle. And when it reached a particular predictable point in the sequence, he would flap his hands excitedly. His mother ignored these odd behaviors, feeling they were harmless, and they seemed to make him happy.


But at school the teachers were becoming concerned because Jonah just wouldn’t join in. During group reading, when all the kids sat together on the carpet, Jonah would sit with his eyes tight shut, his fingers in both ears. He hated sitting with other children, and he wouldn’t look at their faces. The other kids started calling him “finger ears” and would chant it when he came into the classroom, upsetting him. He would run outside when he heard it, leaving his teacher Julia trying to persuade him to come back in. Julia worried about Jonah, and spoke to him gently, asking him how he was feeling. He said he felt anxious when other children moved because they were “unpredictable.” She was surprised at a five-year-old using such a grown-up word.


In the playground, Julia noticed that Jonah always tried to keep to himself. Despite the school’s best efforts, and even with her help, sometimes he was bullied. She was mortified to discover that on one occasion some kids had picked him up, put him into a dustbin, dumped rubbish on top of him, laughing as he screamed, and then closed the lid. He stayed in there, terrified to move or make a sound in case the bullies were still there, waiting for him to come out. He was in the bin for hours until, fortunately, he was discovered by the school caretaker at the end of the day.


Generally, Jonah preferred to be alone at the edge of the playground, collecting leaves, classifying them into precise categories. Julia, who had by this point decided she should take him under her wing, asked him one day what he was doing. Initially, he didn’t answer. When she asked him again, he said, without looking up, in a monotonous voice:




“Yesterday I sorted all the leaves into five different piles: these ones all have a stalk; these ones all have a single blade; these ones all have a smooth edge; these ones all have an elliptical shape; and these ones have a main vein with all the other veins coming off it. But today I realize there’s a sixth way leaves can differ: these ones all have leaves that are opposite each other along the stem.”6





Julia was amazed. She’d never come across a child who was so logical, so different, so self-contained. She asked him why he wanted to find all the different ways to sort the leaves, and he answered simply:




“So I know all the patterns.”





Julia felt she was in the presence of a child-scientist who needed no encouragement to conduct his observations but was motivated by pure curiosity to understand the world. When Jonah’s mother came to the school gates to collect him that day, Julia told her she should be proud of her son’s remarkable mind.


But Jonah’s mother was increasingly anxious about his behavior. Other parents were starting to say Jonah was “obsessive” or “weird.” He was the only child in the class who wasn’t invited to other children’s birthday parties. She would dread picking him up at the end of each school day, in case a teacher or a parent came over to her to report yet another incident. On one occasion, Jonah had reacted to another child chanting the “finger-ears” nickname by pushing him so forcefully that the child fell backwards and hit his head. On another occasion, she arrived to pick up Jonah and was called into the head teacher’s office. He had apparently picked up some scissors, walked over to a girl sitting at the same table, and cut her bangs because it bothered him that they weren’t straight. The little girl was speechless with shock, and her parents were furious.


Jonah’s mother longed to have a child who played easily with other children and didn’t come home with odd collections in his pockets, of snails, small rocks, or crumpled pieces of paper with his handwritten lists of cars—their make, model, number plate, color, year, and owner—all systematically organized in a grid. And she worried about Jonah because he totally trusted other people.


One time, a child in the playground had asked if he could see Jonah’s wallet, and when Jonah agreed and handed it over, the other boy ran off with it. His mother despaired at how she would ever teach him all the different ways someone might trick him. He just didn’t seem to understand other children. He said that social interactions were incomprehensible to him, unlike the world of objects or patterns, for which he had an intuitive understanding. So Jonah preferred to be solitary, learning not from others but by and for himself.


It seemed as if everyone completely missed why Jonah was doing what he was doing, endlessly sorting and classifying. One child psychiatrist to whom Jonah’s mother took him called his behavior RRBI, which he explained stood for “repetitive and restrictive behavior and interests,” as if reifying it in this way somehow explained it. To Jonah’s mother, calling it RRBI was insulting: the label medicalized his behavior as a symptom of some disease. And she thought it was meaningless because it was totally circular: “Jonah collects things because he’s got RRBI.”7


She decided not to go back to the child psychiatrist and instead to talk to the kind pediatrician, who she felt understood Jonah better. The pediatrician was delighted to see her again and told her that, if you watched Jonah’s repetitive behavior carefully, you could see that he was trying to discover the laws for how things work. Jonah’s mother felt this doctor was helping her to open her eyes, to see what motivated her son.


And then the pediatrician shocked her:




“I get so annoyed when I hear a psychiatrist calling a child’s repetitive behavior RRBI. He may as well say that all science, including medicine, is RRBI. Doesn’t he realize that every scientific discovery and every invention that has ever been made over the centuries was discovered through repetition?”





The doctor shook her head.




“When Jonah’s doing his experiments, with the light switches, he’s like a little scientist, changing just one feature, while trying to hold all the other variables constant, to make discoveries. He’s trying to understand the system.”8





Jonah’s mother sat in admiration of this doctor who was helping her to finally see her son as gifted.
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As young children, Al and Jonah were remarkably similar. They both struggled to understand people, yet their minds were tuned to a hyper level to analyze and understand patterns and systems, questioning, experimenting with, and classifying everything they encountered. Both of these two children, despite being born in different centuries (Al was born in 1847, Jonah in 1988), questioned everything: “Why did X happen? What happens when I do this? Is this an X or a Y? What’s the proof that A really causes B and that it’s not some other factor C?” With their critical minds, they were constantly analyzing and experimenting.


Both Al and Jonah looked at the world in a fresh way, uninfluenced by social convention, not feeling compelled to follow the consensus. And they both wanted explanations that were complete, without gaps. As his pediatrician had astutely observed, Jonah was like a little scientist, examining every assumption and testing the evidence for it—except that Jonah, like Al, was doing this without any formal training. All these two children seemed to care about was the search for “truth,” which for them was simply a word for consistent patterns. Anything that did not fall into a pattern or follow a predictable rule or law was of no interest to them. They were born pattern seekers.


Despite their similar characteristics as children, their lives took very different trajectories. As an adult, Al became famous. He was Thomas Alva Edison, became a celebrated scientist and inventor with 1,093 US patents, and invented remarkable, transformative technologies, such as the lightbulb. He was affectionately nicknamed “the Wizard of Menlo Park” by those who respected his different way of thinking.9


In contrast, Jonah today is a young man who still seeks patterns in the world around him. He didn’t become a world-famous inventor, but in his own quiet way, he shows the same drive to understand, experiment, and invent. For example, as an adult, he is fascinated by patterns on the surface of the ocean. He drives to the coast every weekend to go fishing, and the local fishermen all know him. Since his teens, they have grown to love having him join them on their boat because, as he gazes at the surface of the sea, he reads the patterns of ripples on the water. The patterns tell him where there’s a shoal of fish, how big it is, how deep beneath the surface it is, and even what kind of fish may be in the shoal. Often he says nothing and simply points. The fishermen have learned to trust him, and they throw their nets where he points. They still marvel at how easily Jonah spots patterns they miss. And they say his predictions are always right. The joy that Jonah experiences on these fishing expeditions is palpable, because he can become engrossed in the detail—there’s no pressure to see the bigger picture—and these trips also allow him to socialize without having to make conversation.


But even though Jonah has a talent for spotting patterns, remarkable attention to detail, and an extraordinary memory, he has struggled to make a single friend. When I pointed out that the fishermen were his friends, he bluntly corrected me.




“They like me because I show them where the fish are, but after the fishing trips they go to the pub, and I go home alone, and still live with my parents.”





Jonah is autistic. But perhaps you already guessed that.


As these two children’s stories make plain, the very same behaviors and fascinations can be viewed very differently. Seen through one lens, a child’s “obsessions” are a symptom of a “disorder” or a “disease” and associated with disability. Seen through another lens, a child’s relentless experimenting and detailed observations are the product of a mind whose pattern-seeking engine operates in overdrive and can lead them to invent, and sometimes to become great inventors.


The capacity to invent is hugely important because once humans became capable of invention, we transformed our world, and we are still doing so today. And yet the capacity to invent is poorly understood. There doesn’t seem to be a theory of how we invent, or an understanding of where this transformational ability comes from. 10 The conventional wisdom is that invention involves playing with or exploring an object, seeing it in a new light, or having an insight into it, but these are vague descriptors and don’t amount to a theory. Yet when we look at the minds of inventors like Edison, or of autistic people like Jonah, we can glimpse a connection between them that needs exploring.


Glimpsing this connection has driven me to ask some fundamental questions: How do we invent? What goes on in the human mind when we invent? Are humans the only species that can invent? At what point in evolution did we or our ancestors start to invent? What is the intriguing link with autism? And does this link hold true across the autism spectrum, including even those who have learning disabilities or very little language?


As a psychologist and an autism researcher, I have studied the human mind for thirty-five years. In this book, I present a new theory of human invention. Here it is in a nutshell.


First, humans alone have a specific kind of engine in the brain. It’s one that seeks out if-and-then patterns, the minimum definition of a system. I call this engine in the brain the Systemizing Mechanism. Second, the Systemizing Mechanism developed at a landmark moment in human evolution, between 70,000 to 100,000 years ago, when the first humans began to make complex tools in a way that no previous animal had ever been able to, or any non-human animal can do today.11 Third, the Systemizing Mechanism allowed humans alone to become the scientific and technological masters of our planet, eclipsing all other species.


Fourth, the Systemizing Mechanism is tuned up super-high in the minds of inventors, and in those in the STEM fields (science, technology, engineering, and mathematics), and in those who strive to perfect any kind of system (such as musicians, craftspeople, filmmakers, photographers, sportspeople, businesspeople, or lawyers, among others). All these people have “hyper-systemizing” minds that can’t help focusing on precision and detail and who love to figure out how a system works, how to build a system, or how to improve a system. Fifth, the Systemizing Mechanism is also tuned up very high in the autistic mind. Sixth, the new science shows that systemizing is partly genetic, so it was likely to have been shaped by natural selection. And here’s the extraordinary connection: that autistic people, those in STEM, and other hyper-systemizers share these genes.


As we look back across evolutionary time, then at the present, and into the future, we uncover an important truth: those humans who had minds with a Systemizing Mechanism in overdrive were—and are—central to the story of invention.















Chapter 2



The Systemizing Mechanism


When the Systemizing Mechanism evolved in the human brain, between 70,000 and 100,000 years ago, instead of looking at an object (or an event or information) as if there was nothing more that could be done with it, our minds started to look at it as a system, something governed by if-and-then patterns. The Systemizing Mechanism was the result of a cognitive revolution in the human brain that led Homo sapiens to diverge from all other animals and to conquer the Earth. And it all came down to the drive to seek out if-and-then patterns.1


These three little words are each very special and important, and I need to take you through their meanings carefully. I would ask of you just one thing: when you look at these three little words, don’t just assume you know what they mean. If, and, and then look like three very familiar words in English, but their apparent simplicity masks an underlying depth to each of them. But more on that shortly.


The Systemizing Mechanism entails four steps, which together I call “systemizing.”2


Step 1 is asking a question. When we humans look at the world of objects or events, we start by asking a “why” question (“Why did the candle blow out?”), or a “how” question (“How do birds fly?”), or a “what” question (“What could I do with that piece of wood?”), or a “when” question (“When is it dangerous to go out to sea?”), or a “where” question (“Where is the best place to plant a tomato seed?”).3 There is no evidence that other animals can ask themselves questions, even without words, as we can. It’s of course difficult to know if other animals can ask themselves questions, but it’s not impossible. That’s because an animal or a person doesn’t need language to ask themselves a question. For example, it’s clear that preverbal children are asking themselves questions when we see them experimenting with a toy in systematic ways to figure out how it works. And it’s obvious that a person with no language (for example, after a stroke) can ask themselves questions when we also see them showing curiosity. Indeed, curiosity turns out to be an important indicator of systemizing. Other animals don’t show this drive to experiment, and they don’t show curiosity, a subject we come back to later.4 In contrast, human toddlers from age two years onwards constantly ask questions, a sign that they have a Systemizing Mechanism in their brain.5 And children like Al and Jonah ask questions to the extreme.


Step 2 is answering the question by hypothesizing an if-and-then pattern. We look for what might have made one thing (the input) change to become different (the output). We search the immediate vicinity in case the cause of the change is visible, or we speculate about a cause that must be there but may be invisible. So, if we see a gun barrel (input) that is smoking (output) and the only visible nearby factor that moved was the trigger, we might hypothesize that the trigger being pulled back was the cause of the change. If the gun barrel is smokeless, and the trigger is pulled, then the gun barrel produces smoke.


Step 3 is testing the if-and-then pattern in a loop. We do this by repeat experimenting, or by making repeat observations, to see if it always holds true. When we test the pattern, this step loops round and round, enabling us to check that we obtain the same results each time. (The loop is depicted by the small black arrow under step 3 in figure 2.1.) The best “systemizers” go around this little loop dozens or even hundreds of times, to be super-sure that the if-and-then pattern holds true. If the pattern is confirmed and is new, we have an invention.


Finally, in step 4, when we find such a pattern, we modify the pattern and test the modified pattern in a loop. We modify the initial if-and-then pattern by taking it apart and varying either the if and/or the and to see what happens to the then. We then test the modified pattern by looping round and round to check whether the pattern is seen every time. If the pattern is consistently seen, and if it is new, we have another invention. We can then decide whether to keep the modified pattern, either because it improves the efficiency of the system and/or because it has resulted in something altogether new and useful.


Note that sometimes the new if-and-then pattern is a discovery rather than an invention. For example, when epidemiologists Richard Doll and Austin Hill back in 1954 found that if you’re a smoker (exposing your lungs to smoke) and you smoke more than thirty-five cigarettes per day, then you are forty times more likely to get lung cancer,6 this was a discovery rather than an invention.


In all cases when you systemize, you end up with control over the system. Think about sailing downwind: if my boat is stationary and I hold my sail perpendicular to the wind, then my boat moves forward in the same direction as the wind.7
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Figure 2.1. How systemizing leads to invention, control, and discovery


The above description may sound a lot like the behavior of a professionally trained scientist or engineer, but let me remind you that we all systemize—we all have a Systemizing Mechanism in our brain. So this theory is not a theory about scientists and engineers, but is a theory about all of us. Though as we’ll see, many of those with a highly tuned Systemizing Mechanism may choose to work in a field like science or engineering. Others may learn to master a musical instrument, a craft, or a sport because these too benefit from a strong drive to systemize. The diagram in figure 2.1 looks very abstract, but figure 2.2 shows how the Systemizing Mechanism can be instantiated in a concrete example.
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Figure 2.2. How systemizing led to the invention of agriculture


The basics of systemizing are evident in every young child, and in all of us as we ask ourselves questions and try to figure out how things work. It’s evident in watching a young child exploring an object, as they discover what can be done with it or what it can do. And that playful curiosity—driven by wanting to understand a system or wanting to solve a challenge—is everyday systemizing at work. It’s that “Aha!” moment, when a toddler figures out how to balance a tower of toy bricks, or how to control a water faucet to change the flow of water, or how to push a light switch to turn on a light. If-and-then thinking.


When we identify an if-and-then pattern, that is a system. Hence my choice of the word “systemizing.” And it turns out that every tool is a system, from the earliest bow-and-arrow to the first musical instrument to the modern-day text message. These are all just tools that we invented to do work for us. My claim is that our only route to inventing a tool, or improving on an existing tool, is via the Systemizing Mechanism and its four steps.8


Just to give you a flavor of how the Systemizing Mechanism works, here’s one of my favorite examples of a mechanical system, invented about 5,000 years ago to address a big question: How can a massively heavy object be moved? Back then, someone must have looked at a heavy stone, for example, and then looked at their ox for its potential use in an if-and-then pattern. What I like about this example is that the ox already existed, but a human looked at the ox in a new way: if a stone is hugely heavy, and I harness it to my ox, then the huge stone moves. The ox was no longer just an ox but now was seen as a causal operation in an if-and-then algorithm. Historians think this is how the huge stones at Stonehenge in England were transported to their eventual location 5,019 years ago.9 This invention likely built on an earlier new tool, the wheel, invented about five hundred years earlier.10 Combining these two inventions yielded the ox pulling the hugely heavy stone on rollers, or on a sledge.11 This, like many inventions, was scalable (figure 2.3).
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Figure 2.3. Inventing a way of moving a heavy stone


Let’s go back to those three little words—if, and, and then—to briefly unpack their precise meanings, since my whole thesis revolves around them. (I joked to my editor that this book could be the shortest book in the world—just three words long. Sensibly, she asked me to elaborate on them.)


The word if has at least three meanings: as a hypothetical, as in “if X is true”; or as an antecedent, as in “if X happens first”; or just to denote the input, as in the starting state of an object or event.


The word and is like a magic word because it refers to an operation, like addition or subtraction, or something that is done to the input. At its most powerful, and refers to a causal operation.12 I think of a causal operation as magic because it changes one thing (the input, the if) into something different (the output, the then). Think of the and in the following pattern: if ice is in a bowl, and the bowl is on a flame, then ice turns to water. The and is the cause of the change.


Finally, the word then also has at least three meanings: as the conclusion, as in “then Y is true”; or as the consequence, as in “then Y follows”; or just to denote the output, as in whatever the input was transformed into. This also means that if-and-then patterns can also be described as “input-operation-output” patterns (figure 2.4).
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Figure 2.4. One meaning of if-and-then. These three little words map onto what engineers call “input-operation-output.”


Humans alone systemize, and we do this to discover, to solve, to control, and to invent.13 When the Systemizing Mechanism evolved, it meant humans could not only invent a tool but also see existing tools in a new light: we could understand a tool, then make small changes to it to produce a new, potentially better tool. The if-and-then algorithm enabled humans to ratchet up earlier tools to create ever new variations, new tools. And as humans continued to do this, rerunning the algorithm, each time tweaking the if and/or the and variable, this led to runaway invention.


Today we are surrounded by a myriad of complex tools in our everyday lives, many of which we just take for granted, but that someone at some point invented. I call them “complex” because they are more complex than the ones we see non-human animals using. Yet they’re not necessary hugely complex. Some are so mundane—like the fork you eat your salad with, your coffee cup, or even the chair you are sitting on—that you may not even think of them as tools, but they are. These are all


mechanical systems. Some are less mundane because they led to a big advance, like the glasses sitting right on your nose, which effectively cured vision problems. And some of these


mechanical systems were game-changing, like human aviation, the result of experiments by Sir George Caley, the nineteenth-–century British inventor who discovered that if a glider has a fixed wing, and the wing has an angle of incidence of six degrees, then the glider will be lifted up.14
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When we systemize, we look for systems (if-and-then patterns) in the world to try to understand them. But mechanical systems, like the ox pulling the heavy stone, are just one variety of system. When we gaze at the world, we also see a myriad of natural systems: the changing weather as snowflakes fall, the movement of the wings of a dragonfly, the motion of tidal waves—all amenable to an if-and-then pattern analysis, and which we can use to make predictions: if there are cumulonimbus clouds in the sky, and there is thunder, then there will be severe weather.15 Such a prediction can be a very useful early-warning system.


With other natural systems, once we have analyzed the if-and-then rule, we can control the system, as when humans invented agriculture. (For example, if a tomato seed is in the soil, and the soil is moist, then the seed will grow into a tomato.) The agricultural revolution 12,000 years ago transformed how humans lived, from a nomadic hunter-gatherer lifestyle that enabled us to feed our families, to the first farms that then enabled us to feed a whole village.


Or consider another natural system. The invention of medicine, unique to humans, answered specific questions, such as “Why did my headache go away?” Herbal medicine is at least 3,300 years old and must have begun when someone hypothesized, for example, that “if I have a headache, and I eat willow bark, then my headache goes away.”16 Why don’t we see apes or monkeys experimenting with herbs when they’re ill? We’ll look at non-human primates and other animals later in the book, including whether they self-medicate, but in short, I will argue that non-human animals just don’t experiment.17 In human societies, for thousands of years, the person who experimented with the effects of plants on health was often elevated to the status of a healer. Modern society still elevates our best medical researchers, deservedly, to a high status because if the if-and-then rule they have discovered holds true, then it has the power to treat a disease across the whole population, at scale, not just in one patient. But all that these medicine men and women are doing, just as they did thousands of years ago and still do today, is just carefully checking if-and-then patterns: “if I measure the size of a cancer tumor, and add this specific drug, then the tumor shrinks.”


Once we analyze the if-and-then rules governing a system, we understand how the system works. Of course, often there’s more to learn, but systemizing is iterative—we can keep exploring the system further to learn more about its inner workings, but the method is always the same: if-and-then.


Harnessing the new knowledge that comes from the Systemizing Mechanism enabled humans to discover how natural systems such as the kidney work and allowed us to invent mechanical systems such as the windmill, the microscope, and the telescope. Today we can breed a new flower, edit a gene, design a new medical drug, or build a new hospital—all systems of different orders of magnitude, all under our control, and all the product of the Systemizing Mechanism. This humble mechanism in the human brain has been grinding away for 70,000 to 100,000 years, delivering ever more impressive inventions.18
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The nineteenth-century English mathematician George Boole first described if-and-then thinking in his analysis of logic, and I acknowledge I am borrowing his terms to describe the workings of the Systemizing Mechanism.19 He is credited with inspiring the invention of modern electronics, the development of the modern computer, and the digital revolution, but to my mind an equally important legacy is the clear terminology he left us for describing the logic of the Systemizing Mechanism. In describing logic in terms of if-and-then, Boole’s terminology beautifully captures the essence of systemizing. To give him credit for this insight, we could call systemizing the “Boolean mind,” which I argue is exclusively human.


The son of a shoemaker, Boole left school after primary school. He was taught by his father and was otherwise largely self-educated. He ended up a mathematician and philosopher of logic and in 1854 wrote a book called The Laws of Thought. To support his siblings and his parents, as the only breadwinner in his family, he became a teacher at age sixteen in Doncaster in Yorkshire. Impressively, by age nineteen he had opened his own school in Lincoln in the East Midlands. Fifteen years later, and despite his lack of any formal mathematics education, he was appointed professor of mathematics at Queens College in Cork, Ireland.


One November day in 1864, aged just forty-nine years old, Boole walked the three miles from his cottage to the university, in the pouring rain, to give his lectures. He arrived soaked through. When he got home, he developed a fever, and his wife Mary, using a bizarre form of logic derived from the homeopathy she practiced, thought that the remedy for an illness should resemble its cause. She therefore wrapped him in damp sheets—some accounts say she also poured buckets of water over him. Poor George got worse (unsurprisingly to us, as modern readers), and he died a few days later.


It is a twist of tragic irony that Boole, the remarkable logician, met his end through Mary’s faulty logic. (It is doubly ironic that Mary was an accomplished mathematician in her own right.20) I’ve not read any account accusing Mary Boole of inadvertently killing her husband, but it could be construed that way. Clearly her intention was to heal him, but his death at just forty-nine years of age deprived the world of one of the greatest logical minds. Fortunately, he had already made an enormous contribution. His intellectual legacy is reflected in the branch of algebra named after him (as is a crater on the moon).







[image: image]










Even two-year-old human children can systemize using basic if-and-then logic.21 This is a clue that we (and no other species) are partly innately wired to seek out these patterns. Preschool children ask why a novel object behaves unexpectedly, and they look for explanations (causes). Even more impressive is that they run “tests” to figure out what’s causing what, keeping track of when there are anomalies, and can identify different kinds of causal chains. For example, preschool children can distinguish between different mechanisms—how a switch might drive one cog wheel rather than another, or drive one cog wheel to drive another—and as they do so they look for evidence that supports different if-and-then patterns.22 So systemizing seems partly hardwired into the human brain.
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There are three different ways we test an if-and-then pattern. The first is via observation. We often resort to observation when the pattern is so big that we can’t get our hands on the variables to manipulate them. An example would be trying to understand and answer the question “Why does the moon’s shape appear to change?” Observation is a powerful way to spot a change and start to hypothesize about and test for an if-and-then pattern. Observation can of course also be used to answer a question about a small-scale, highly delicate phenomenon, such as watching a spider in order to answer the question: How does a spider navigate her web? When we look back at the lives of great scientists, many often spent their playtime as children observing all kinds of patterns in nature out in the back garden, just as Jonah did.


The second way we systemize is via experimentation. We usually resort to experimentation when we can get our hands dirty and test a system, such as trying to figure out and answer the question: How does the kitchen toaster work? Or looking at a Venus fly trap, we might try to answer the question: How does the Venus fly trap work? We test our hypothetical if-and-then pattern by pretending to be a fly, delicately poking its leaves using a little twig to reveal the key mechanism: when one of the tiny short stiff “hairs” on the leaves is bent, that motion triggers the two lobes of the leaves to snap shut in less than a second.23


Finally, the last way we systemize is via modeling. Modeling is doing an experiment using a smaller or simpler model, such as building a model of a bridge that fits on a tabletop and then scaling it up, so the bridge might end up being as long as the one that links Denmark to Sweden.


Let’s look at each of these ways of systemizing in more detail.


Systemizing via observation of if-and-then patterns is what we do whenever we are out in nature. Consider the story of Papillon, the penal colony prisoner who sat on the cliff top and watched the sea tide for weeks. The big question he was faced with was: How can I escape this remote island prison? He had all day every day to think about it. Gazing out to sea, and based on the patterns he was observing, he hypothesized that “if I jump strapped to a homemade raft, and land on the seventh wave, then the wave will be strong enough to carry me safely out to sea.” Systemizing the tidal movements of the waves saved his life when he finally jumped and escaped to freedom, since landing on any other wave would have led to certain death by being dragged back onto the rocks.


But early humans weren’t just looking at the waves. They also loved to systemize the night sky, just as we like to do today when we are out camping or sitting around the fire with friends in the garden on a summer’s night. Imagine an observer, 10,000 years ago, lying on her back at night and asking herself a big question: What’s causing the shape of the moon to appear to change? She notices that if it’s day twenty-nine since the last full moon, and I look at it on day thirty, then the moon’s shape will become a perfect circle. The Systemizing Mechanism works by locking on to a problem and trying to see the pattern in order to understand it.


The Systemizing Mechanism also drives our stargazer from 10,000 years ago to do something very odd, something you never see in other animals. She looks at the moon from exactly the same place every night in order to understand one system: the “moon-as-seen-from-this-particular-spot.” In doing this, she is conducting systematic observations. Why don’t monkeys do that? Our human observer’s behavior is driven by her Systemizing Mechanism, which in turn drives her curiosity, for its own sake. The reward is intrinsic: the pleasure of her curiosity being satisfied and confirming the repeating if-and-then pattern. Curiosity is the grinding of the Systemizing Mechanism.24


We know from archaeology that humans as long as 10,000 years ago were indeed systematically logging the changing shape of the moon. Archaeologists in Scotland found what they believed to be a lunar calendar, comprising a series of twelve specially shaped pits designed to mimic the phases of the moon. The pits align on the midwinter solstice in a way that would have helped their makers keep track of the lunar cycle.25 And sky-gazing was also recorded 3,500 years ago, by the Sumerians in Mesopotamia, who named many of the stars.26 In the Babylonian era, in 164 BC, humans were recording observations of what we now call Halley’s Comet.27 So humans, using their Systemizing Mechanism, were systemizing the skies long before “science” was formally invented.


Now imagine our sky-gazer is a man in China, over 3,000 years ago, who is curious not just about why the shape of the moon is changing, but also about what is causing the color of the moon to appear to change. There was such a man, who wrote a book called the Zhou Shu, which was discovered in a tomb in AD 280.28 The lunar event he described is thought to have taken place in 136 BC, over 2,000 years ago.29 Seeing the moon appear to change from whitish gray to luminous red is breathtaking. Today we know that the color of the moon appears to change when a lunar eclipse occurs, and that the Zhou Shu describes what today we would call a lunar eclipse. Here’s the systemizing algorithm: “if I observe the white moon, and it lies in a straight line with the sun and the Earth, then the moon will seem red.” Our Systemizing Mechanism enables us to reveal the secret laws of how the universe works, secrets that apes, monkeys, and other species will never know or understand.
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If there is one person whom we associate with systemizing the natural world, it’s Swedish botanist and zoologist Carl Linnaeus. You likely know of him as the father of modern taxonomy. Admired for his detailed, hierarchical classification of animals and plants, Linnaeus was a hyper-systemizer, meaning that he systemized unstoppably, compared to most of us.30 We’ll come back to the notion that the Systemizing Mechanism can be tuned to different levels, that in most of us it’s tuned at an average level, but that in people like Linnaeus it’s tuned super-high. (Carl was not the only hyper-systemizer in his family: for example, his brother Samuel wrote a manual on beekeeping. We’ll also return to the question of whether hyper-systemizing runs in families.) By the age of seventeen, Linnaeus had become a voracious reader of all the major books on plants. And in 1732, at just twenty-five years old, he embarked on a six-month sample-hunting expedition to Lapland.


Like Darwin during his famous trip to the Galápagos, Linnaeus traveled by foot and on horseback, covering over 1,000 miles and gathering hundreds of samples of plants, going through each specimen to identify shared and distinctive features. His observations culminated in the publication of Flora Lapponica, a taxonomy of 534 distinct species. Then, whenever any new specimen was found, he would review his existing classification system to see if it fit, and if it didn’t, he created a new taxonomic category for it.31 Linnaeus was the eighteenth-century equivalent of young Jonah in the playground, unstoppably classifying nature.


His grand and abitious goal was to be able to tell apart any two classes of plants, even those that looked superficially alike, and he succeeded. In 1735, he published a book called Systema Naturae, initially just twelve pages long, as a proof of principle of how to classify and systemize nature. After it was published, readers started sending Linnaeus more specimens to be classified and included. By 1758, when Systema Naturae reached its tenth edition, it included 4,400 species of animals and 7,700 species of plants. Linnaeus’s Systemizing Mechanism was clearly tuned super-high. As we’ll see, those with a strong systemizing drive soak up a huge amount of information and organize it systematically into the if-and-then patterns they detect in the world.
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To create a classification system of this kind requires checking off each item on a mental or an actual list, finding the rule that uniquely defines the features of a particular plant or animal. Such taxonomies require identifying the if-and-then rule (for example, “if the specimen has a black head, and a red belly, then it’s a robin”). Think how Jonah was carefully classifying each leaf in the playground. Bird-watchers and their modern-day equivalents, such as plane-spotters or train-spotters, will go out for hours to seek these patterns, come rain or shine.32 They too are hyper-systemizers.


The very same Boolean logic allows us to categorize any living thing, such as the 7,500 different species of apples that exist in the world: “if it’s got an all-green skin, and tastes tart, and has a hard feel and a crisp bite, then it’s a Granny Smith.” (You can add as many ands into the algorithm as you like, to make it more and more precise, so long as it still fits the if-and-then algorithm.) How we distinguish the varieties of apples in the supermarket today is how early Homo sapiens distinguished other species of food in the forest or on the savannah plains 70,000 to 100,000 years ago.33


My contention is that pre-modern humans, like non-human animals today, could see the apples but did not systemize them. That’s because, as we’ll see when we look at their tool use, there is no convincing evidence that our hominid ancestors could systemize. Of course, just like apes and monkeys today, our hominid ancestors knew an apple was edible. They could also discriminate apple A from apple B, learn that A might taste good and B might make them nauseous, and so could develop food preferences and aversions. Equally, just like apes and monkeys today, our hominid ancestors could also see the moon was changing shape or color.


But critically, as we’ll see later, there is no robust evidence that hominids before Homo sapiens could spot causal patterns. It’s not that our ancestors before 70,000 to 100,000 years ago were incapable of recognizing all patterns; they could certainly recognize simple patterns such as “A is associated with B.” Even a rat or monkey can do this, using “statistical learning”: keeping track of how likely it is that A will be associated with B.34 And a rat or monkey can also use other pattern recognition processes, such as associative learning, which is particularly powerful when B is a reward or a punishment.35


Simple associative learning of this kind can explain how our hominid ancestors produced simple tools—like using a rock as a hammer to crack open a shell to get the nut inside, or using a stone ax to cut and scrape—and how they learned what was good to eat. They may even have used spears as a weapon. But in contrast to modern humans, and as so beautifully magnified in Linnaeus, it’s unlikely that our hominid ancestors systematically sorted apples or indeed systematically sorted anything, into categories, or observed if-and-then patterns, or experimentally tested for them. Equally, there’s no convincing evidence that modern apes or monkeys do these things.


When you look at the lightning speed of strong systemizers among humans today and ask how they are able to spot patterns and recall facts so rapidly, it becomes evident that they are building mental spreadsheets, using if-and-then patterns where if is the row, and is the column, and then is where they intersect.36 We can systemize objects or events in space (where we saw it) and time (when we saw it), and as we collect more data or examples, the patterns or laws emerge. By systemizing the natural world, early systemizers would thus have derived the laws of nature—knowledge, for example, about where and when to plant flowers in the garden. Here’s just one “where” example: if you take a rhododendron, and plant it in alkaline soil, then its blooms will change color.37 You can imagine just one mental spreadsheet of a gardening expert: each row might be a particular plant name, each column might be the soil type, and where they intersect might be the color of that plant’s flowers.


If you’re in any doubt that humans love to systemize plants, just visit the Chelsea Flower Show in London. The fact that the event sells out very quickly shows how the human mind loves to systemize plants, and the visitors are not all professional garden designers. Of course, some people go to the show just to enjoy the beauty of garden design, but many go to understand the plants, using if-and-then logic to learn when and where they can be planted, and with what effect.


We can systemize anything, from the menstrual cycle and its link to fertility, to predicting when volcanos will erupt, to classifying rocks by how they were formed.38 Consider how Sir Isaac Newton inferred gravity as a cause from seeing an apple fall from a tree (in my college, Trinity, in Cambridge): if an apple is unsupported, and there is a gravitational force, then it will fall toward the Earth.39 The ocean’s tides are another aspect of nature we systemize via observation. The discovery that tidal patterns are caused by the moon, for example, was documented at least 3,000 years ago.40 The tide information available at the seaside is usually in the form of a table or spreadsheet, reflecting the systematic organization of the information in the mind of a strong systemizer. And when surfers are out in the ocean, they aren’t just observing the tide. They are also classifying waves by their shape and predicting what they will do. These examples illustrate how a single algorithm—if-and-then reasoning—allows us to explain an infinite and diverse range of natural phenomena.
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The second way we systemize is by experimenting. To me, this was the real payoff of the evolution of the Systemizing Mechanism—the ability to understand how things work by identifying causal patterns through experimentation. Think of Al as a young child, performing his chemistry experiments in the basement of his house, or think of the young Jonah, repeatedly (some would say obsessively) flipping the light switch from up to down to see the causal effect on the light going from off to on. Experimenting is not just what scientists, engineers, mechanics, doctors, musicians, cooks, and craftspeople do. It’s what humans have been doing for 70,000 to 100,000 years. It’s all about taking step-by-step actions, monitoring the results of our if-and-then reasoning.


To dispel the notion that it’s only scientists who systemize via experimenting, consider how even in the kitchen, when you boil an egg, you are systemizing by experimenting. If I take an egg, and I boil it for eight minutes, then the yolk will be hard and yellow. If I take an egg and I boil it for four minutes, then the yolk will be soft and orange.


When I was a young child, my brother and I used to love going to the playground, to sit on the seesaw. We would play around to see how high we could go. Unknown to us, we were doing what all kids do on a seesaw: systemizing via experimenting. “If my feet are on the ground and my brother is off the ground, and I push up with my feet, then I go up and my brother goes down.” Why don’t monkeys and apes build seesaws in the wild? Why don’t they spend hours playing with seesaws, to figure out how to control the system? They just aren’t interested in if-and-then patterns. If we ever see two monkeys build a seesaw and play on it, we should worry about humans’ primary position on the planet, because it would mean they have evolved a Systemizing Mechanism in their brain, and they could start to invent.


The seesaws of my childhood could only go up and down, but last week, walking through the park, I noticed that someone had invented a different kind of seesaw. There were two kids, sitting on opposite ends of a heliocyclic seesaw, giggling unstoppably as they played with motion. This new seesaw was not the old-fashioned type that was fixed in the center with a pivot, so that all you could do was go up and down. The new seesaw instead sat on a ball-and-socket, so that the plank could move in any plane in three-dimensional space, going round and round, rotating in a hundred different directions. Someone had changed the and variable in the seesaw. The Systemizing Mechanism had given rise to an invention.


Systemizing via experimenting is also part of how we do sports. Consider skateboarders “dropping in” to the half-pipe, shifting their weight to turn corners, grinding along the edge of a step, getting some “air” by traveling at high speed up a near-vertical wall, doing a somersault, and landing on the wheels to continue skateboarding. Some of these are just young kids who spend hours in the front yard on the mini-ramps they’ve created, shifting their weight from one foot to another to create the desired outcome as they skateboard down them. They are flipping the skateboard 180 degrees, making the skateboard spin, or driving the skateboard upwards to jump up onto a park bench. None of these impressive stunts would be possible without the skateboarder having systemized each move, doing the maneuver over and over and over again, spotting and performing the repeating patterns, until it is perfected, and coming up with new moves that impress the audience. It turns out that there are at least three hundred if-and-then moves you can do with a skateboard, and human teenagers (largely boys) engage in what seems like endless repetition in our town parks, or on the smooth concrete of the streets and plazas of many cities, to enjoy a skate.41 They are experimenting, in this case, with their own movement. Gymnasts and other sportspeople do the same.
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The third and final way we systemize is via experimenting within a model. A clear example was Alexander Fleming’s famous discovery of penicillin’s antibiotic properties. He used a Petri dish with bacteria in it as a model of a human wound containing bacteria. He did this because an actual wound is way too messy, damaged, complex, uncontrolled, and layered to see what is causing what. A model simplifies the real world and does so on a manageable scale you can work with.


The big question Fleming asked was: How can we stop soldiers in World War I from dying of sepsis? At that time, the treatment for infected injuries was antiseptic dressings, but antiseptics, he observed, were actually killing more soldiers than infection itself. He speculated that the antiseptics often made the injuries worse because, although they killed bacteria on the surface of the wound, bacteria could still shelter deep in the wound.


Fleming was studying the bacterium staphylococcus in his model environment (the Petri dish) at St. Mary’s Hospital in London. Before going on holiday with his family in August 1927, he stacked all his Petri dishes on a bench in the corner of his lab. On his return to the lab, on September 3, he noticed that one culture was infected with a fungus. In particular, he observed that the colonies of the bacteria immediately next to the fungus had been destroyed, while those farther away were unaffected. He hypothesized that “mold juice” must be killing the bacteria: if there is a living bacterial colony, and it is close to mold juice, then the bacteria will die. The fungus was penicillin, and he had inadvertently discovered the first-ever antibiotic. As a result of his systemizing, Fleming received the Nobel Prize in Medicine and Physiology in 1945. He wrote, I think with charming modesty,




One sometimes finds what one is not looking for. When I woke up just after dawn on September 28, 1928, I certainly didn’t plan to revolutionize all medicine by discovering the world’s first antibiotic, or bacteria killer. But I suppose that was exactly what I did.42
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Figure 2.5. The brain basis of systemizing.


Key brain regions supporting mental processes relevant to the Systemizing Mechanism.
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The intraparietal sulcus, active during numerical and mechanical reasoning.








This famous episode is often cited as an example of how a discovery can be made by serendipity, but it fits the Systemizing Mechanism beautifully. In step 1, Fleming had a big question, and in step 2 he hypothesized an if-and-then pattern via observation of a chance finding. In step 3, he tested and retested this hypothesis to confirm his novel finding. Others went to step 4 to modify the pattern (for example, by scaling up production), but looping step 3 alone explains both the discovery and its confirmation.
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How is systemizing implemented in the human brain? Neuroscientist Mike Lombardo and I examined brain-scanning (functional magnetic resonance imaging, or fMRI) data from studies in which a person is asked to do tasks related to systemizing. We looked at tasks involving attention to detail, error checking, reasoning, rule learning, numerical reasoning, and pattern recognition. All these aspects of systemizing use the sensory-perceptual areas of the brain. This makes sense because, when you systemize, you analyze the detail coming in through your senses, telling you what the world is actually like. In addition, the fMRI studies show that the Systemizing Mechanism depends strongly on lateral frontoparietal connections within the brain and a brain region called the intraparietal sulcus (IPS).43 The IPS is also active when humans engage in tool-making and is atypical in children with dyscalculia (those who struggle to systemize numbers). While more experiments are needed to determine the brain basis of systemizing, these already give us an indication of how the brain implements the Systemizing Mechanism.44
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Can we also systemize aspects of people’s behavior? Clearly it is hard to see rules or patterns in one-off behaviors—why someone said what they did, or why someone’s emotional expression changed so fast—but we can systemize repeating behavior, such as someone trying to perform the same sequence of actions every time.45 Examples might include a fisherman casting a fishing line, a golfer swinging a golf club, a dancer performing a dance routine, a gymnast executing a somersault on a trampoline, a basketball player shooting a basketball hoop, a congregation repeating a ceremonial chant, a singer singing a song, or a guitarist playing a riff on a guitar. Because such actions can be repeated again and again, to perfect the action sequence, the Systemizing Mechanism can latch onto these “motoric” patterns just as easily as it does when confronted with a pattern like a railway timetable, a light switch, or the changing shape of the moon. We can also systemize some social systems, like the chain of command in a military unit, the rituals in a religious or military ceremony, the processes in a business, or adherence to moral and legal codes.46
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