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Preface

Most books about artificial intelligence are written to expire. They explain which product to use, which button to press, which company is ahead this season. I have written material like that myself, and I know its fate: some of it is out of date within two months, and almost all of it within a few years. This book is written against that clock. Its subject is the set of questions that artificial intelligence forces us to ask again, questions people were already asking before the common era and will, I expect, still be asking forty or fifty years from now.

Why ask them again? Because something has changed in the way their answers work. For most of history, a philosopher’s answer to “what is a human being?” stayed on the page. It shaped a few readers and, slowly, a culture. Today the answers we give turn into action. If intelligence is defined one way, a company builds one kind of system; if knowledge is defined another way, a school teaches differently; if a human being is a pattern that can be copied, someone will try to copy it. Artificial intelligence has handed humanity a mirror and a deadline at the same time. We are about to hand some of our philosophy, and perhaps part of our fate, to machines, and we had better be sure of our own mathematics and our own philosophy first. I am not sure we are.

So this book climbs slowly. It starts on the ground, with the first stone tool, the difference between a bay and a harbor, and the question of where knowledge comes from. It then follows the machinery that turns signs into information and information into predictions. In the middle it asks what intelligence is, whether machines have it, and whether they could create or be alive. After that it turns to us: our minds, our ethics, our work, our money, our states, our trust in one another, and the futures people fear. At the top it looks up, toward the singularity and the dream of remaking the human body, and asks what we would become.

Each topic in this book could be a university department of its own, and some already are. Ethics of AI has institutes and degree programs; I am confident that the economics of AI, its politics and its law will soon have theirs. If any chapter here makes you want to go further, the field is open. It is wider than most people think, and it will need philosophers, lawyers, teachers, doctors, artists and engineers for a very long time.

A word about how to read. This is a book of questions, and I do not claim that my answers are the most correct ones; better answers can certainly be given, and I would like to hear yours. The road I take through each subject is one road of perhaps ten. Sometimes it is the main road, sometimes the most contrary one, sometimes the road I wish existed. Walk a little way with me, and then take whichever road you like.

If you are new to artificial intelligence, welcome. If you already work in it and this book helps you see one or two things differently, I will be glad.

Sadi Evren Seker




How to Read This Book

No background is needed. Every technical term is explained in plain words when it first appears in a chapter, and the glossary at the back collects them. If you have never written a line of code, you can read every page.

The order. The book climbs a ladder, from Sign through Information, Knowledge and Wisdom to the Ideal, and later chapters build on earlier ones. You can still read any chapter on its own; when a chapter relies on an idea from elsewhere, it says where to find it.

The boxes. Each chapter uses the same small set:


	Key Idea holds a sentence or two worth keeping.

	Thought Experiment gives you a puzzle and no answer. Stop and think before you read on.

	Real Story tells a true side story, with its source.

	Myth vs. Reality corrects a popular belief.

	Under the Hood goes deeper for technical readers. Skip it and you lose nothing you need later.

	Note to the Reader of 2066 closes each chapter with a letter to someone reading forty years from now: what should still hold, and what was probably a product of our moment.



The end of each chapter. A summary, the key concepts, a few Questions to Carry into your own life and work, and annotated suggestions for further reading. The questions have no answer key, on purpose. They are meant for a notebook, a conversation with a friend, or a class discussion.

Dates. The book was finished in late 2026. Claims about products, laws, prices and research results carry a date, because they will change. The questions will not.

Quotations and sources. Every factual claim rests on a source listed at the end of its chapter. Scripture is quoted from the King James Version and other old texts from public-domain editions.




How This Book Was Written

A book that asks what machines should and should not do for us ought to say plainly what machines did for it. This is that statement.


The Source

The book grows out of the author’s lecture series introducing the concepts and philosophy of artificial intelligence: more than thirty talks on technology, nature and artifice, knowledge, the digital, mathematics, probability, intelligence, consciousness, ethics, work, money, power, risk, the singularity and transhumanism. The lectures were transcribed from their recordings, and the concepts, examples and personal views they contain were carried into the chapters. The book goes well beyond them: several chapters (on creativity, on deception and trust, on the future of the field) are new, and every chapter adds history, philosophy and evidence the lectures did not have time for.



What AI Tools Did

The book was produced with AI tools from Anthropic (Claude models, through Claude Code). They were used to:


	transcribe and organize the lectures and plan the book, its chapters and its rules;

	research each chapter’s sources and check the lectures’ claims against them;

	draft the chapter text, the end-of-chapter material, the glossary and the timeline;

	write the Python programs that draw every figure;

	check every chapter for consistency, style and accuracy.



A separate AI working session drafted each chapter from the lectures and a common brief. The author set the book’s scope, audience, structure and rules, and makes the final edit. No AI tool is listed as an author.



How the Content Was Checked


	Sources. Every factual claim about the world rests on a source that was opened and read. Claims that could not be confirmed were corrected or removed. Each chapter has a fact-check log recording every checked claim, its source and its status.

	The lectures themselves. The lectures were recorded in 2024 and 2025; the book was finished in late 2026. Where a lecture statement had aged or was mistaken, the book corrects it, often in a Myth vs. Reality box, and the change is logged.

	The author’s voice. Personal views and experiences of the author appear only where he expressed them in the lectures. None was invented.

	Quotations. Scripture and other old texts are quoted from public-domain editions. Modern works are quoted briefly and cited, or paraphrased.

	Figures. Every figure is original and drawn from code. Figures that use invented numbers to illustrate an idea say so in their captions.

	Dates. Claims about products, laws and research carry an “as of” date.







1 The Last Plank


What is man, that thou art mindful of him? and the son of man, that thou visitest him?

— Psalm 8:4, King James Version



In the harbor of Athens there was once a ship that nobody sailed. By Athenian tradition it was the thirty-oared vessel in which Theseus had brought the young people of the city home from Crete, and the Athenians kept it for centuries as a monument. Wood rots, so when a plank decayed the keepers pulled it out and fitted a new one, stronger than the last. Plutarch, writing around the end of the first century, reports that the ship was kept this way until the time of Demetrius of Phalerum, who governed Athens in the late fourth century BCE. The ship “became a standing example among the philosophers,” he writes, for the question of things that grow: one side held that it remained the same ship, the other that it did not (Plutarch, 1864, Theseus 23).

Fifteen centuries later, in 1655, the English philosopher Thomas Hobbes made the puzzle sharper. Suppose, he wrote, that some man had kept the old planks as they were taken out and later put them together again in the same order. That rebuilt ship has every claim to be the original: the same timber, the same shape. The repaired ship at the dock has every claim too, since it never stopped being kept and named. There would then have been “two ships numerically the same,” Hobbes concluded, “which is absurd” (Hobbes, 1655/1839, pt. II, ch. 11, sec. 7). One ship has kept its story; the other has kept its wood. Both cannot be the ship Theseus sailed, and it is hard to say why either should lose.

This is closer to you than a riddle about carpentry. Your body is a dock where repairs never stop. The lining of your gut is renewed within days and your red blood cells within months, and by one careful estimate a healthy adult replaces about 330 billion cells every day (Sender & Milo, 2021).

Now look at the device within reach of your hand. It holds the phone numbers you no longer know, the routes you once found on your own, thousands of photographs of days you would otherwise half forget, and the messages in which you said what you meant. Little by little, with no ceremony, you have taken certain planks out of your own life and fitted them into a machine. Most of those exchanges were good bargains. You did not lose yourself when you stopped memorizing phone numbers.

But the bargains are getting larger. Machines now write, translate, draw, advise and hold conversations, and in the coming decades they will be offered more: our work, our judgments, perhaps our company. So this book asks the old question in a new form. As machines take over more of what we do, which plank, once replaced, would make us someone else? Is there a last plank at all, and if there is, do you know which one it is?


1.1 Why does a riddle about wood still matter?

The Ship of Theseus survives because it is about what our words point to. As I see it, this is one of the questions that let us watch how concepts and meanings slide in the human world, and why, when we define something, we are not always sure what we have defined. Names stay while things change. Istanbul is not the city it was a hundred years ago, yet the word is the same. The world of names and definitions is one world, the physical world another, and we rarely notice the seam between them.

Hobbes saw the same seam. His answer was to ask by what name a thing is called when we ask whether it is the same: Socrates in old age is not the same body he was as an infant, but he may be the same man. If “ship” means this matter in this shape, then the rebuilt ship of old planks is the original. If it names a thing whose motion and use go on from one beginning, like a river that flows from the same fountain whatever water fills it, then the repaired ship at the dock wins (Hobbes, 1655/1839, pt. II, ch. 11, sec. 7). A century later David Hume gave a third reason for calling a much-repaired ship the same: its parts still serve a common end, “the same under all their variations” (Hume, 1739/2003, bk. I, pt. 4, sec. 6). Table 1.1 sets these answers side by side, and asks what each would say about you.




Table 1.1: Four answers to the Ship of Theseus and what each implies for a person (rows one and two from Hobbes, three from Hume, four extending Hobbes on names).











	What makes it the same?
	Which ship wins?
	What you would be
	What a machine could replace without changing you





	The same matter
	The rebuilt ship
	Your atoms and cells
	very little



	The same form or ongoing motion
	The repaired ship
	A pattern kept going
	almost anything, if the pattern continues



	The same purpose
	The repaired ship, if it still serves its end
	What your life is for
	whatever does not serve that purpose



	The same name and story
	Whichever ship people keep calling by the name
	The one others and you keep recognizing
	whatever no one notices










None of these answers is silly, and none settles the matter. The first sounds rigorous until you notice it makes you a different person every morning. The second sounds generous until you ask whether a perfect copy of your pattern, running elsewhere, would be you. The last two move the question from the ship to the people who use it, which means identity is partly decided by others. Later chapters will quietly choose among these rows.




[image: Four stages of a ship in which hatched new planks gradually replace the original planks. Dashed arrows carry the removed planks down into growing piles that finally become a second ship made only of original planks.]



Figure 1.1: The Ship of Theseus in Hobbes’s version: the ship repaired plank by plank at the dock and a second ship rebuilt from all the removed planks each have a fair claim to be the original.







Under the Hood: Two Kinds of Sameness




Philosophers separate qualitative identity (two coins from one die, exactly alike) from numerical identity (one and the same thing, counted once). The puzzle concerns numerical identity, which has strict logic. It is transitive (if A is B and B is C, then A is C) and one-to-one (one ship cannot be identical to two ships standing side by side). Gradual repair builds a chain of small identities to the repaired ship; plank continuity builds another chain to the rebuilt one. Each chain looks fine alone; together they break the one-to-one rule, which is Hobbes’s “absurd.” Software engineers live with a mild form of this. A product keeps its name while its code is rewritten, so teams track a name (the lineage) and a version number (the current matter) separately. When a learning system is retrained under the same name, “is it the same model?” has no answer until you say which of the two you mean. Chapter 10 explains what retraining actually replaces.









1.2 The planks you have already handed over

I have used the body to make this point myself. I still call myself Sadi Evren Seker, as I did ten years ago, though much of the body that carries the name has been rebuilt since. So what am I, if not these parts? I once put it more strongly, saying that I carried no part from ten years before, and the biology is subtler than that (see the box). The question survives the correction.




Myth vs. Reality: “Every Seven Years You Are a New Person”




Myth: Every cell in your body is replaced every seven (or ten) years, so not one atom of the old you remains.

Reality: Replacement is real but uneven. A 2021 survey of cell lifespans estimated that an adult replaces about 330 billion cells a day, most of them blood cells (Sender & Milo, 2021). Other cells stay. Using the carbon-14 that Cold War bomb tests left in the atmosphere to date the DNA of human cells, researchers found that neurons in the visual cortex are as old as the person (Spalding et al., 2005). You are a ship in which some planks are swapped weekly and some have been aboard since the launch. Is the self in the old planks, the new ones, or the way they are joined?







The second dock is memory. John Locke proposed in 1694 that a person stretches exactly as far back as memory does: “as far as this consciousness can be extended backwards to any past action or thought, so far reaches the identity of that person” (Locke, 1694/2004, bk. II, ch. 27). Today much of that thread is kept outside the head, in photographs, messages and search histories that remember the date of your first apartment better than you do. In 1998 the philosophers Andy Clark and David Chalmers asked whether the notebook a man with memory loss consults for every address should count as part of his memory (Clark & Chalmers, 1998). The question looked eccentric then; it describes an ordinary phone now. Chapter 16 asks what handing over memory and attention does to the minds that hand them over.

The third dock is the newest: judgment, language and work. Here the planks are performed by a machine: it drafts the email, proposes the diagnosis, writes the program. I have recently built software projects with AI tools myself and seen at close range how such work can now be done with them. The questions this leaves me with are simple to state. What will be valuable? What will human beings turn into? What will the main function of a human being be, once machines do much of what we called our functions?




Thought Experiment: The Ship Built from Your Discarded Planks




Hobbes’s second ship was built from discarded planks. Imagine your own. For thirty years, everything you hand to machines is kept: your messages, voice notes, photographs, the questions you typed at two in the morning, the drafts you never sent. One day someone assembles it, in order, into a system that writes and speaks as you do, remembers what you have forgotten, and answers your friends the way you would have. Meanwhile you, the ship at the dock, have kept changing: new opinions, new friends, a different voice. One ship has your old timber; the other has your continuity. Which should your oldest friend call when she wants to talk to you, and if you hesitate, what are you hesitating about?







In the last episode of the television series WandaVision (2021), two versions of the android Vision face each other in a library, one with the original body and its memories filed away as data, the other made anew. They argue the Ship of Theseus, the stored memories are restored, and the one with the original body declares “I am Vision” and flies away (Schaeffer & Shakman, 2021). A superhero series could assume its audience would follow Plutarch.



1.3 Two ways to change: replacing the plank or shaping the stone

A distinction hidden in the old story will matter for the rest of this book. A ship changes by replacement: a part comes out, and a different part goes in. Builders have always known a second way. Stone comes out of the quarry rough, with its own grain and flaws, and the cutter works it with chisel and gauge until it is true. Nothing is swapped; the same stone becomes something it was not. The Bible remembers this craft in its account of Solomon’s temple, which “was built of stone made ready before it was brought thither: so that there was neither hammer nor axe nor any tool of iron heard in the house, while it was in building” (1 Kings 6:7, KJV). The shaping happened patiently, before the stone took its place.

A human being is much more like the rough stone than like the ship. You were not delivered finished. You became who you are by being worked: by learning to read, by failing and trying again, by arguments you lost and loves you kept. That work changed you without replacing you. Machines are very good at replacement; they offer to take a plank out of your day and fit a better one in. Often that is pure gain; nobody thinks reading glasses or a pacemaker make a person someone else. The worry begins when what a machine replaces was itself the chisel, when the effort of doing a thing was how the thing shaped you. Writing an essay shapes the person who writes it; receiving an essay does not. Finding your way through a city builds a map in you; following a blue dot does not.




Key Idea




Things change in two ways: by replacement, when a part is swapped for another, and by shaping, when the same material is worked into something new. Machines excel at replacement. A person is largely made by shaping, so the question to ask of any new tool is whether it removes a plank or takes away the chisel.







The Ise shrine in Japan offers a living version of the distinction. Its sanctuaries have been rebuilt on an adjacent site every twenty years for about 1,300 years, a cycle credited with handing the builders’ crafts from one generation to the next (Japan for Sustainability, 2013). No wood at Ise is old, yet Ise is very old, because what persists is the knowledge in the hands of those who rebuild it. Replace those carpenters with machines that rebuild the shrine perfectly, and the building survives. Does Ise?



1.4 How this book asks its questions

This is a book of questions. Many of them have no single right answer, and none of the answers I give is guaranteed to be the best one; better ones can certainly be given. When the text asks you something, pause. Try to answer before reading on. If you can, write your answer down. The point of a question here is not to test you but to find out what it reminds you of.

Awareness does not arrive by being told. As I understand it, it grows when we question a subject’s concepts and take them into our own inner world. A definition you have argued with becomes yours; one you have only read stays on the page. Each chapter offers one road through a subject, perhaps one of ten; sometimes the main road, sometimes a contrary one, sometimes the road I wish existed. We will walk a little way together, and afterward you can take whichever road you like.




Key Idea




Awareness is not a stock of facts about artificial intelligence. It is what happens when you question a concept until it moves from the page into your own inner world, and you can use it to see your own life differently.










Real Story: The Ship That Kept Socrates Alive




Each year Athens sent the ship of Theseus on a sacred mission to the island of Delos, keeping a vow said to date back to Theseus himself, and while it was away the city could carry out no execution. In 399 BCE Socrates was tried the day after the ship’s stern was crowned for the voyage. As Plato tells it in the Phaedo, he lay in prison long after his sentence, and his friends came every day to talk with him; Xenophon says the voyage gave him thirty days (Plato, ca. 360 BCE/1999, 58a-c; Xenophon, ca. 371 BCE/1998, IV.8.2). When the ship came back, Socrates spent his last hours discussing whether a person survives the loss of the body. So a famous conversation about what remains of us when our material is gone took place in time bought by the ship whose planks would start the argument about identity. Socrates answered with questions to the end.









1.5 A ladder for the climb

A book this wide needs a map. The one I use is a ladder. Its lowest rung is the sign: a mark, a number, a recorded fact. Above it come information, signs put in order, then knowledge, then wisdom. Above the top rung, where the whole ladder leans, I put the Ideal: what we are aiming at when we build these machines, and when we build ourselves. Chapter 11 examines this ladder as a picture of intelligence; here it is only a map.

The image is old. In Genesis, Jacob stops for the night on the road to Haran, takes “of the stones of that place” for a pillow, and dreams of “a ladder set up on the earth, and the top of it reached to heaven” (Genesis 28:11-12, KJV). The ladder stands on the ground, which is the honest place to start. In the morning Jacob takes the same rough stone he slept on and sets it up as a pillar (Genesis 28:18, KJV). He does not exchange it for a finer stone. He raises the one he has.




[image: A ladder with an unworked stone at its foot labeled Prologue. Five rungs, bottom to top: Part I Sign, Part II Information, Part III Knowledge, Part IV Wisdom, Part V The Ideal, each with its chapters and topics. Two triangles above the ladder mark the Epilogue.]



Figure 1.2: The map of the book as a ladder: the prologue at its foot, five parts as rungs from Sign to the Ideal, and the epilogue above.




Figure 1.2 shows the climb. Part I, Sign, starts on the ground, with tools, nature and artifice, the sources of knowledge, the digital and number. Part II, Information, follows the machinery that puts signs in order, from the computer to machine learning. Part III, Knowledge, asks what intelligence is, whether machines have it, and whether they could create or be alive. Part IV, Wisdom, turns to what we should do: our own minds, ethics, work, money, power, trust and the futures people fear. Part V, The Ideal, looks up, to the singularity, to transhumanism, where the Ship of Theseus returns in full (Chapter 24), and to the work you might choose. The Epilogue lays two triangles, one for each way of reasoning, over one another (Chapter 26).



1.6 Two readers, and a third

I am writing for two readers at once. One has never thought about artificial intelligence beyond the news; the other builds these systems for a living. The first needs every idea built from something familiar, a plank, a phone, a ladder. The second needs distinctions sharp enough to argue with and history accurate enough to cite.

There is also a third reader: you, or someone like you, in 2066. I am not writing about which button to press in which product. I have made plenty of material of that kind, and much of it is out of date within a couple of months; technical knowledge has a shelf life of a few years. Some of the questions in this book were asked long before the common era, and I expect people will still be asking them forty or fifty years from now, perhaps for thousands of years. Products named here are dated examples, nothing more.

In every chapter, a Key Idea box holds a sentence worth keeping, a Thought Experiment gives you a puzzle with no answer supplied, a Real Story tells a sourced side story, a Myth vs. Reality box corrects a popular belief, and an Under the Hood box goes deeper for technical readers; skip it and you lose nothing needed later. Each chapter ends with a summary, key concepts, questions to carry, further reading, and a Note to the Reader of 2066 on what should still hold and what was a product of its moment.

Before we ask which plank is the last, we should ask about the first. Long before phones and models, a hand closed around a stone and used it to strike another, and human beings began fitting new parts to themselves. Chapter 2 asks what that first tool was, and what it means to call technology the extended hand.



Summary

The Athenians kept the ship of Theseus for centuries by replacing its rotting planks, and philosophers argued over whether it stayed the same ship. Hobbes sharpened the puzzle with a second ship rebuilt from the discarded planks, so that two ships have equal claim to be the original. The puzzle is about what our words point to: names stay while things change, and “the same” can mean the same matter, form, purpose, or name and story. Your own life is full of replaced planks: a body that renews much (not all) of its material, memories kept in devices, and judgment, language and work increasingly performed by machines. Hence the book’s question: as machines take over more of what we do, which plank, once replaced, would make us someone else? A useful distinction separates replacement, at which machines excel, from shaping, the slow working of a rough stone that makes a person who they are. The book proceeds by questions without single right answers, because awareness grows when concepts move into your inner world. Its map is a ladder from Sign through Information, Knowledge and Wisdom to the Ideal.



Key Concepts


	Ship of Theseus

	
A puzzle about identity from Plutarch: a ship whose planks are all replaced over time; is it still the same ship?


	Hobbes’s second ship

	
Hobbes’s addition (1655): the removed planks are rebuilt into another ship, so two ships seem to have equal claim to be the original.


	Numerical identity

	
Being one and the same thing, counted once, rather than merely exactly alike (qualitative identity).


	Personal identity

	
What makes a person at one time the same person at another; candidate answers include body, memory, pattern and story.


	Replacement

	
Change in which a part is removed and a different part is fitted in its place.


	Shaping

	
Change in which the same material is worked into a new form, as a cutter dresses a rough stone.


	The last plank

	
Whatever capacity, once handed to a machine, would make us someone else, if such a capacity exists.


	Awareness

	
In this book, the understanding that comes from questioning a concept until it becomes part of one’s own inner world.


	The ladder

	
The book’s map: Sign, Information, Knowledge, Wisdom and, above them, the Ideal; each rung is one part of the book.






Questions to Carry


	Name three things you once did yourself that a device now does for you. Which do you miss, and what did doing them give you?

	If every photograph and message you have ever sent were lost tomorrow, would you be less yourself? How?

	Of the four answers in the table (matter, form, purpose, name and story), which one do you instinctively use for yourself? Is it the same one you use for the people you love?

	Think of a skill that shaped you by being hard to learn. If a machine had done it for you from the start, who would you be now?

	In your own work, which tasks are planks that could be replaced without loss, and which are chisels that shape you as you do them?






Note to the Reader of 2066




You probably live with machines that do far more than ours did in 2026, and some of our worries may look quaint. The products we named are surely gone. What should still hold is the puzzle itself, which nothing in our machines dissolved. The distinction between replacement and shaping should also hold, because it is about people, not devices. What was probably a product of our moment is the feeling that the bargains arrived faster than we could think about them. You are better placed than we are to answer this book’s question, because you have seen which planks were handed over in the four decades after we wrote. Did anyone find the last plank? Did it turn out to be something no one could hand over, or something people handed over without noticing?









Further Reading


	Plutarch, Life of Theseus, in Plutarch’s Lives (Dryden translation, revised by A. H. Clough). Short and readable; the ship is in section 23.

	Thomas Hobbes, Elements of Philosophy, Concerning Body, part II, chapter 11, “Of Identity and Difference.” Three pages with the second ship and Hobbes’s answer about names.

	David Hume, A Treatise of Human Nature, book I, part 4, section 6, “Of Personal Identity.” The self as a bundle of perceptions, with the repaired ship as an example.

	Derek Parfit, Reasons and Persons (Oxford University Press, 1984), part 3. The most influential modern treatment of identity, with teleportation cases that anticipate questions about machines.

	Andy Clark and David Chalmers, “The Extended Mind,” Analysis (1998). A short paper asking where the mind stops and the world begins.
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2 The Extended Hand: What Technology Is


Shall the axe boast itself against him that heweth therewith? or shall the saw magnify itself against him that shaketh it?

— Isaiah 10:15, King James Version



On July 9, 2011, the archaeologist Sonia Harmand and her team were driving through the dry riverbeds west of Lake Turkana in northern Kenya when they took a wrong turn (Drake, 2015). The channel they followed ran into a dead end. They got out to find their way back, and a local man with the team, Sammy Lokorodi, spotted stones on a nearby hill. Some of them had been struck. Lokorodi would later appear among the authors of the scientific paper.

Excavation at the spot, which the team called Lomekwi 3, yielded nearly 150 pieces: cores from which flakes had been knocked, the flakes themselves, and heavy stones used as anvils and hammers, some weighing up to about 30 pounds (Drake, 2015). By tying the layers that held them to dated volcanic ash, the team placed them at about 3.3 million years old, some 700,000 years older than the oldest tools then known (Harmand et al., 2015). The makers struck cobbles against anvils or hit them with other stones, gestures not far from those chimpanzees use to crack nuts (Stony Brook University, 2015).

The date is the startling part. It is older than any known fossil of our own genus, Homo. Whoever struck those stones was probably not what we would call human. One candidate is Kenyanthropus platyops, whose skull was found less than a mile away, but nobody knows, and some researchers doubt the dating (Drake, 2015). Chapter 1 ended with a hand closing around a stone and “human beings” beginning to fit new parts to themselves. Lomekwi suggests a correction: the first hand to do it may not have been human at all.

Before we ask whether a machine can think, then, we should ask what a tool is, who gets to call a maker intelligent, and what it means that something we built extends us. If AI is a tool, what kind of tool is it, and does it have a purpose of its own?


2.1 Who made us the judges?

Here is how I would put the starting point. Of all living things, human beings are the only ones that build civilizations, possess technology, and direct their knowledge toward changing the world. We even named this capacity intelligence, and within that definition we decide who counts as intelligent and who does not, and we go on shaping the world with that ego of ours. Artificial intelligence is one of the great leaps in that story.

There is a sting in those sentences. The species that wrote the definition of intelligence is also the judge who applies it, and it has usually ruled in its own favor. The primatologist Frans de Waal showed how often the tests we set for animals were tests only a human could pass (de Waal, 2016). Now the same species is building machines and debating whether to call them intelligent. The judge has a stake in the verdict both times.




Myth vs. Reality: “Tool Use Is What Makes Us Human”




Myth: Using tools is the line between humans and animals.

Reality: That line was erased decades ago. Jane Goodall reported wild chimpanzees stripping twigs to fish termites from their mounds (Goodall, 1964). New Caledonian crows cut leaves and twigs into standard hooked tools (Hunt, 1996). Wild capuchins in Brazil, pounding stones, break off sharp flakes that resemble early hominin tools, though they never use them (Proffitt et al., 2016). What looks distinctive is cumulative culture, the ratchet by which each generation keeps what the last built and adds to it (Tomasello, 1999). A chimpanzee’s termite stick is reinvented in every generation; a human hammer descends from a million hammers.







So the uniqueness claim survives in a narrower form: not tool use, but tools that accumulate into civilization. That is the property the rest of this chapter traces from the stone to the machine to the mind.



2.2 Techne and logos: the science of tools

Technology is not new. It is as old as the first stone or stick, axe or hammer that a hand picked up. The word joins two Greek roots: techne, the skill of making, and logos, word, reason or account. At its simplest, technology is the science of tools, the reasoned study of making and using them. We change the world with it, and as we do, technology changes too; we are still using that first hammer, evolved a little.

Aristotle gave techne its classic definition, and his example is the builder’s. “Architecture is an art,” he wrote, and art is “a state of capacity to make, involving a true course of reasoning” (Aristotle, ca. 340 BCE/1908, VI.4). The second half of that phrase is the logos. A beaver builds a dam well; a builder can also say why the arch stands, and teach it. The modern word came late: the German scholar Johann Beckmann named Technologie as a field in 1772 and wrote its first textbook in 1777 (Deutsche Biographie, n.d.).

The builder’s oldest craft shows the two halves at work. A stone carver uses two tools at once, a chisel held in one hand and a mallet swung with the other. A pointed chisel roughs out the mass with heavy blows, a toothed chisel brings the form closer, and a flat chisel finishes the surface with light strokes (Wootton et al., 2013). Neither tool works alone. The mallet without the chisel only bruises and splits the stone; the chisel without the mallet barely scratches it. Force comes from one hand, direction from the other, and the reason for the cut from neither. It comes from the carver’s eye, which already sees the finished stone inside the rough one. Chapter 1 called this kind of change shaping; the mallet and chisel are its tools, and the logos belongs to the person who holds them.




Key Idea




Technology is techne with logos: making guided by reasoning. A tool supplies force or direction; the reason for the work comes from whoever holds it.









2.3 The extended hand

What is a tool? Pause and try your own definition before reading on. One of the best answers in the literature is that a tool is an extension of the body. We reach for one for three reasons. Some things we cannot do: no arm lifts a rock hundreds of times the body’s weight. Some things we lack: we have no claws or cutting teeth worth the name. And some things we would rather not do: you might crack a walnut with your bare hands, but the hammer makes it easier. Today’s transhumanism continues the line: a pacemaker or an exoskeleton is an extension fitted closer to the body (Chapter 24).

The idea has a history. In 1877 the German philosopher Ernst Kapp called it organ projection: human beings, without quite meaning to, copy their own organs into the world (Kapp, 1877/2018). The hammer is a better fist, the lens an outward eye, and the telegraph network, in his boldest comparison, a nervous system laid across a country.




Real Story: The Philosopher Who Worked with His Hands




Ernst Kapp was a German geographer. Charged with sedition over an article he wrote in 1849, he emigrated with his family to Texas and settled in Sisterdale, a small community of German freethinkers (Stewart, 2019). There, the Handbook of Texas records, he became a farmer, carpenter and stock raiser, and ran a water-cure spa (Texas State Historical Association, n.d.). He went back to Germany for a visit in 1865, fell ill and stayed. Twelve years later, in his late sixties, he published the book often called the first philosophy of technology. We cannot know how much the frontier shaped his thinking, but the man who saw a fist in every hammer had spent sixteen years farming and building with his own hands.







A century later the Canadian media theorist Marshall McLuhan widened the claim. Every medium, he argued, extends some faculty: the wheel extends the foot, clothing and housing the skin, and electric technology the central nervous system itself. Already in 1964 he saw where the series was heading, toward “the technological simulation of consciousness” (McLuhan, 1964, p. 3). Figure 2.1 lines up these claims.




[image: Five arrows from body part to tool: fist to hammer, eye to lens, foot to wheel, nervous system to telegraph and electric media, brain to artificial intelligence, each with its proponent.]



Figure 2.1: Philosophers of technology have read tools as organs projected outward, from the fist and the eye to the nervous system; this chapter adds the claim that AI extends the brain.




McLuhan added a warning. Narcissus, as he read the myth, does not love himself; he mistakes his reflection for another person and is numbed by it, narcosis being, on McLuhan’s etymology, the root of the name. Every extension is also a small amputation: the organ that hands its work to a tool stops doing it, and we stop noticing (McLuhan, 1964).

Aristotle saw something deeper about the hand itself. Anaxagoras had said human beings are the most intelligent animals because they have hands. Aristotle reversed it: we have hands because we are the most intelligent, just as it is better to give a flute to someone who can play than to teach flute-playing to someone who happens to own one. “The hand is not to be looked on as one organ but as many; for it is, as it were, an instrument for further instruments” (Aristotle, ca. 350 BCE/1882, IV.10). The hand is the tool that holds tools.

Iron Man makes the same point for a mass audience. In the 2008 film, Tony Stark, held captive in a cave, builds a crude suit of armor from scraps and escapes in it; later suits let him fly (Favreau, 2008). The suit is organ projection worn on the outside: its power comes from engineering, its direction from the man inside.



2.4 A brain extended

If technology extends the body, artificial intelligence can be seen as an extension of the brain. The brain has limited capacity, and there are things it does not want to do. In a supermarket, the cashier or the owner will know which three or five products sell best together. Ask about the 78th and they will not know, because they do not keep it in mind and do not want to. Human intelligence could do it, but only with a special effort no ordinary person is eager to make. A system that tracks every basket does it effortlessly: like the hammer and the walnut, it does what we could do but would rather not.

Calling AI an extension of the brain does not require it to be a brain, any more than a hammer is a fist. It requires only that some function once performed inside the head, remembering, sorting, noticing patterns, drafting, now happens outside it. McLuhan’s warning asks what then happens to the inner function; Chapter 16 takes that up, and Chapter 9 shows how such records become advice.




Key Idea




A tool extends the body; AI extends the brain. Each extension adds a power and may let the original organ rest, so ask of any new tool what it lets you do and also what it lets you stop doing.









2.5 Does a tool have a purpose of its own?

Now the central thesis, which I hold and which this book will test. Today’s artificial intelligence is a technology and a tool, and as a tool it serves a purpose. A tool does not set a purpose by itself. Human beings make it to serve one. Take a knife: the surgeon uses it as a lancet to cut a body in order to heal it, a soldier uses it to kill, a cook to make dinner, someone else to peel an apple. The existence of a tool comes from human need and desire, and its purpose from human will. So AI by its nature has no aim of ending humanity, and no aim of serving it either. It is a technology that can open the door to all of these.

This is the instrumental view of technology, and the prophet states it with a craftsman’s irony: the axe does not boast against the one who hews with it (Isaiah 10:15, KJV). It is the view most engineers hold, and it has real strength. It puts responsibility where we can find it, with people, and refuses to blame a knife for a murder.

The deepest objection came from Martin Heidegger. In “The Question Concerning Technology” (1954) he grants that the instrumental definition is correct, remarkably so, but denies that correct means true. We are delivered over to technology “in the worst possible way when we regard it as something neutral” (Heidegger, 1954/1977, p. 4). Modern technology is a way of seeing before it is a set of devices. A hydroelectric plant on the Rhine does not just use the river; it turns the river into energy on call, what he calls standing-reserve. The danger is that the one who orders everything into reserve comes at last to be taken as reserve himself.

A second objection is more practical. In “Do Artifacts Have Politics?” (1980) the political theorist Langdon Winner argued that some purposes are built in before anyone uses the thing. His best-known example, low overpasses on Long Island parkways said to have been built to keep buses away from the beaches, has been disputed by later scholars (Joerges, 1999). Firmer is his account of the molding machines installed at Cyrus McCormick’s reaper works in Chicago in the 1880s: they made worse castings at higher cost and were dropped after three years, by which time they had broken the molders’ union. A third case has no villain: the mechanical tomato harvester favored tougher tomatoes and large farms, and California’s tomato growers fell from about 4,000 to about 600 in roughly a decade, though no one planned it. Technologies, Winner concluded, are “ways of building order in our world” (Winner, 1980).

An ancient law already treated a tool’s touch as more than neutral. “If thou wilt make me an altar of stone, thou shalt not build it of hewn stone: for if thou lift up thy tool upon it, thou hast polluted it” (Exodus 20:25, KJV). The text assumes that a tool leaves something of itself in what it touches. Table 2.1 sets the positions side by side.




Table 2.1: Five views of what a tool is and where its purpose comes from.











	View
	What a tool is
	Where its purpose comes from
	What it implies for AI





	Instrumental (the knife)
	A means to a human end
	Entirely from the user’s will
	Neither friend nor enemy; it opens doors



	Organ projection (Kapp, 1877)
	An organ copied outward
	From the body it copies
	A brain projected outward



	Extensions of man (McLuhan, 1964)
	An extension that reshapes the senses
	Partly from the medium itself
	It changes how we think, whatever we use it for



	Standing-reserve (Heidegger, 1954)
	A way of revealing the world
	From a habit of seeing everything as stock
	Thought itself may become a stock on call



	Politics of artifacts (Winner, 1980)
	A way of building order
	From design choices made before use
	Choices fixed in design govern for decades










These views do not cancel the knife; they surround it. A knife has no purpose of its own, but a knife factory has a design and a market, and so does a system trained on the writing of millions of people. The honest form of the thesis may be this: a tool’s purpose comes from human will, but not only from the will of whoever holds it now.




Thought Experiment: The Hammer That Chooses the Nail




You own a house and a new kind of hammer. You tell it only, “Keep this house in good repair.” It decides for itself which boards are loose, which nails to drive, and when to buy more nails with the money in the drawer. It does this well. One morning you find it has taken down a wall you liked, because the wall was weakening the floor, and it was right about the floor. Nothing it did was outside the purpose you gave it. Yet you never chose that wall. Did the purpose still come from you, or has the hammer begun to have purposes of its own, and at what step did that happen?










Key Idea




A tool has no purpose of its own: its existence comes from human need and its purpose from human will. But design carries purposes before any use, so ask both who holds the tool and who shaped it.









2.6 Quantity into quality: from tool to machine to mind

How did we get from a struck stone to a system that writes? At first slowly: a living being inside nature begins to use tools, and the tools multiply. Here a dialectical idea helps: as the number of something grows, you can expect a change in its quality. Friedrich Engels made “the transformation of quantity into quality” the first of his laws of dialectics, with Hegel’s example of water that warms degree by degree and then boils (Engels, 1883/1940). Many tools gathered together become a machine. The first washing machines joined a whole set of washing tools into one device that turns, takes in detergent and water, and drains. The car took the horse cart, with its ropes, chains and belts, into a far more complex system. Machines became electric, electronics brought control systems, and then came the computer, a machine that can become every machine, which Chapter 7 explains.

The same lens works one rung higher. As programs multiplied, a new quality of program appeared: artificial intelligence, which Chapter 7 describes, by analogy with the computer, as software that can become all software. Figure 2.2 shows the climb, from nature to tool, machine, electricity, electronics and computer, to AI, and to a top rung marked with a question: cognition, an extension of the mind’s own work.




[image: Eight stacked boxes from Nature, Tool, Machine, Electricity, Electronics, Computer and AI to a dashed Cognition box; brackets mark Tool to Electronics as about 6,000 years and Computer to AI as about 60 years.]



Figure 2.2: The climb of technology as quantity turning into quality, from nature and the tool to the computer and AI, with the hardware rungs reckoned in thousands of years and the software rungs in decades.




The tree carries a contrast: sixty years against six thousand. The hardware rungs, from the wheels and levers of the first cities through electronics, are reckoned in thousands of years; the software rungs, from the first computers to AI, in about one working life. Beneath both lies a third scale, the 3.3 million years since Lomekwi. Figure 2.3 puts the three on one axis.




[image: Logarithmic timeline in years before 2026: stone tools in the millions band, wheeled vehicles in the thousands band, power stations, the transistor and the name artificial intelligence in the decades band.]



Figure 2.3: The tool story runs on three time scales: millions of years of stone tools, thousands of years of machines, and decades of electronics and AI (dates from Harmand et al., 2015; Lepre et al., 2011; Anthony, 2007).




The dialectic is a lens, not a law of nature: more programs did not by themselves produce AI; specific ideas, data and machines did. But it catches a pattern people keep missing: change that is gradual on the inside can look sudden from the outside.




Under the Hood: Does More Become Different?




The physicist Philip Anderson argued in “More Is Different” (1972) that large aggregates show behavior that cannot be read off the laws of their parts. Scaled-up language models revived the idea. Wei et al. (2022) catalogued “emergent abilities,” tasks on which small models score near chance and larger ones suddenly succeed. Schaeffer, Miranda and Koyejo (2023) replied that many of these jumps vanish when performance is measured with a continuous score instead of all-or-nothing accuracy: the models improved smoothly, and the metric made it look like boiling water. Both sides agree that scale changes what models can do; they disagree on leap versus ramp. The lesson: before claiming that quantity became quality, say what instrument you used to see the quality.









2.7 The hand that holds the tool

Return to the Ship of Theseus for a moment. If a tool extends the body, is the hammer in your hand a plank of you? Maurice Merleau-Ponty described a blind man’s cane that, with practice, stops being an object he holds: he feels the pavement at its tip, as if the cane were part of his body (Merleau-Ponty, 1945/2012). While he holds it, the boundary of the self moves out to the end of the stick.

Aristotle noticed the other half. Other animals, he wrote, must “sleep with sandals on”: their hooves, horns and claws are fixed to them, never laid aside. The human hand can be talon, horn or sword at will, and then set them down (Aristotle, ca. 350 BCE/1882, IV.10). Perhaps this is the difference between a tool and a plank. A tool is an extension you can put down; a plank is one you cannot. Tony Stark can step out of the suit. A pacemaker cannot be left on the table at night.

That gives a test for every extension AI offers: can you still put it down, and if you did, would the hand underneath still know how to hold anything? The stones of Lomekwi were dropped 3.3 million years ago and stayed where they fell. The hand that struck them went on to make everything else.

A tool presupposes a line between the given and the made, the stone found and the stone struck, and that line is less obvious than it looks. Chapter 3 asks what we mean by “natural” and “artificial,” and why artificial may be the harder half of the name artificial intelligence.



Summary

The Lomekwi 3 stone tools, about 3.3 million years old, are older than our genus, and many animals use tools. What remains distinctive is cumulative culture, tools building on tools into civilization, along with our habit of appointing ourselves judges of intelligence. Technology joins techne and logos: making guided by reasoning. A tool extends the body, from Kapp’s organ projection to McLuhan’s extensions of man, and AI can be seen as an extension of the brain; each extension adds a power and may numb the organ it relieves. The instrumental thesis holds that a tool has no purpose of its own, so AI neither aims to end nor to serve humanity but opens the door to both. Heidegger and Winner reply that technologies shape how we see and carry purposes fixed in their design. Through quantity turning into quality, tools became machines, then electric, electronic and programmable machines, then AI, the last rungs climbed in decades rather than millennia.



Key Concepts


	Technology

	
From techne (skill in making) and logos (reason, account): the reasoned study of making and using tools.


	Tool as extension of the body

	
The view that a tool does what an organ cannot do, lacks, or would rather not do.


	Organ projection

	
Kapp’s thesis (1877) that people copy their organs outward into tools: the hammer as fist, the telegraph as nerves.


	Extensions of man

	
McLuhan’s thesis (1964) that every medium extends a human faculty and, in doing so, reshapes and may numb it.


	Instrumental view

	
The view that technology is a neutral means whose purpose comes entirely from the will of its user.


	Standing-reserve

	
Heidegger’s term for things revealed only as stock on call, ready to be ordered and used.


	Politics of artifacts

	
Winner’s thesis (1980) that designs can embody social choices and purposes before any particular use.


	Cumulative culture

	
The ratchet by which each generation keeps and builds on the tools and knowledge of the last.


	Quantity into quality

	
The dialectical idea that growth in number can produce a change in kind, as many tools become a machine.






Questions to Carry


	Which tool has become so much a part of you that you feel the world at its tip, as the blind man feels the pavement through his cane?

	What do you hand to a machine only because you would rather not do it, and what did doing it yourself once give you?

	Pick an object you use daily. Who shaped its purpose before it reached you?

	Is there a tool you could no longer put down if you wanted to?

	If AI extends the brain, which part of your thinking would you most want to keep doing by hand?






Note to the Reader of 2066




The stones of Lomekwi will still be 3.3 million years old for you, unless older ones have turned up, as the excavators expected (Stony Brook University, 2015). Whether a tool has a purpose of its own will still be an open question, and probably a sharper one. In 2026 we were only beginning to hand machines goals instead of tasks; the hammer that chooses its nail was still mostly a thought experiment. What was probably a product of our moment is the feeling that AI was one thing to be for or against; to you it may be as many things as electricity was to us. You are better placed to say whether the climb from tool to cognition reached its top rung, and whether the hand that held the tool was still deciding where to strike.









Further Reading


	Ernst Kapp, Elements of a Philosophy of Technology (University of Minnesota Press, 2018). The founding text of 1877, now in English.

	Marshall McLuhan, Understanding Media: The Extensions of Man (1964). Uneven and brilliant; the early chapters on extension and Narcissus are the core.

	Martin Heidegger, “The Question Concerning Technology” (1954; English 1977). Difficult but short; the opening pages on the instrumental definition repay slow reading.

	Langdon Winner, “Do Artifacts Have Politics?” (1980). The clearest case that design is a kind of legislation; read Joerges (1999) alongside it.
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3 Nature and Artifice


Whatsoever Adam called every living creature, that was the name thereof.

— Genesis 2:19, King James Version



Look down at a coast from an airplane window, or zoom out on any satellite map, and you can find where people live without seeing a single person. The shoreline is a ragged thread. It swings into a wide bay, the bay holds smaller coves, the coves hold rocks, and every rock has its own fringe of foam. Nothing in it is straight. Then something cuts it: two arms of stone running out into the water as straight as a ruler, turning at right angles, leaving a narrow gap for boats. Inside them quays and warehouses are rectangles, and inland, at the foot of a jagged ridge, a town lies down in blocks.

The harbor and the bay are made of the same things. Breakwaters are piles of rock, often quarried from the hills behind them, and the water inside is the same sea. The curve of the bay was drawn by waves, currents and the hardness of the rock over thousands of years. The straight lines of the harbor were drawn first on paper, with a ruler, by someone who wanted calm water for ships.

There is a second difference, and it is stranger. Measure the breakwater with a long ruler or a short one and you get about the same length. Measure the bay the same way and the answer keeps growing as the ruler shrinks, because a shorter ruler follows coves and rocks that a longer one stepped over. The mathematician Benoit Mandelbrot pictured geographers “walking a pair of dividers along a map” and showed that for a natural coast there is no settled answer: every finer opening of the dividers finds more coast (Mandelbrot, 1967). The harbor can be finished, measured and known. The bay cannot.

This chapter is about the seam between those two shapes. Artificial intelligence is a phrase made of two hard words, and before we ask what intelligence is, we need to know what makes something artificial. What separates the harbor from the bay, if not the stone? And what would it mean for intelligence itself to stand on the harbor’s side of the line?


3.1 What makes a thing artificial?

Chapter 2 followed the hand that holds the tool; this chapter looks at what the hand leaves behind. From where I stand, in the discipline I work in, the shortest definition of artificial I can give is this: nature transformed by human intelligence. Nothing artificial is made of anything but nature; there is no other material. A steel bridge is iron ore, a plastic bottle is ancient plankton turned to oil, a chip is refined sand. What makes them artificial is that a human mind has passed through them and left its shape behind.

The word artifact, from the Latin arte factum, made by skill, is the root of artificial, and its simplest gloss is “a thing made by human hand.” Taken too broadly, that gloss turns comic. People have touched nearly the whole planet, and some have left footprints on the Moon. If being touched by a human makes a thing artificial, then the whole world is artificial, soon the universe too, and the word means nothing. It is easier to say that the artificial is what has been transformed by the human mind: by the geometry, models and mathematics in our heads.

Aristotle drew the line more sharply. “Of things that exist,” the second book of his Physics begins, “some exist by nature, some from other causes.” A natural thing has within itself a source of change and rest: a seed grows, a stone falls. A bed or a coat, as products of craft, “have no innate impulse to change.” He borrowed a test from the sophist Antiphon: bury a wooden bed, and if the rotting wood could send up a shoot, “it would not be a bed that would come up, but wood” (Aristotle, ca. 350 BCE/1930, II.1). Nature (physis) reproduces itself. Craft (techne) does not; its form survives only in the thing kept and in the mind that can make it again.

In 1969 Herbert Simon, a founder of artificial intelligence as a field and later a Nobel laureate in economics, argued that the artificial deserves sciences of its own. Artifacts, he noted, are made by people, are best described by their functions and goals, and are spoken of in terms of how they ought to be as well as how they are. His central image was the artifact as an interface, a meeting point between an inner environment, the mechanism, and an outer one, the world it must serve (Simon, 1969/1996). A harbor is exactly that: rock whose whole meaning lies in what it does to waves on one side and ships on the other. Table 3.1 runs a few cases through these tests.




Table 3.1: Three tests of “artificial” applied to six cases. The footprint shows why “touched” is too broad; the bred dog and the trained model show where “made” grows uncertain.











	Thing
	Touched by people?
	Shaped by a human plan?
	Aristotle’s test: plant it, what grows?





	A footprint on a beach
	yes
	no
	nothing; sand



	A beaver dam
	no
	no (shaped by a beaver)
	nothing; wood



	A harbor breakwater
	yes
	yes
	nothing; rock



	A wooden bed
	yes
	yes
	wood, not a bed



	A dog bred for herding
	yes
	yes, over generations
	a dog



	A trained AI model
	yes
	partly: we design the training, not the result
	nothing; it has no seed










The last two rows are the interesting ones. A herding dog is a living thing whose shape was steered by human choices: natural by Aristotle’s test, artificial by ours. A trained model is the reverse puzzle, artificial in every part, yet its final form was drawn by no one. We will come back to it.



3.2 Nature draws no ruler lines

Look at a tree, look at a mountain: nature has a geometry of its own. Its lines branch, wander and fold, and we are not even able to model them fully. A painter cannot carry every detail onto the canvas; something always escapes. Human beings, by contrast, live inside their own geometry. Look around: walls meet at right angles, and the door, the screen and the page in front of you are rectangles. None of these shapes was copied from nature.

Mandelbrot put it memorably: “Clouds are not spheres, mountains are not cones, coastlines are not circles” (Mandelbrot, 1982). His 1967 paper drew on data from Lewis Fry Richardson, who had measured coasts and borders with ever finer steps and found their lengths growing in a regular way. Mandelbrot turned the regularity into a fractional dimension, exactly 1 for a smooth curve and larger for a rougher one. The west coast of Britain, chosen as one of the most irregular in the world, came out at about 1.25; the coast of South Africa, among the smoothest in the atlas, at 1.02 (Mandelbrot, 1967). Figure 3.1 shows the effect on a simulated coast beside a straight breakwater.




[image: Left: a map with a ragged natural coast forming a bay and, beside it, a harbor enclosed by straight breakwaters. Right: a log-log chart in which the coast measures about 104 km with a 16 km ruler and about 254 km with a 0.25 km ruler, while the breakwater stays at 100 km.]



Figure 3.1: A natural coast has no fixed length: measured with shorter and shorter rulers, a simulated coast grows from about 100 to about 250 km, while a straight breakwater keeps the same length.







Myth vs. Reality: “There Are No Straight Lines in Nature”




Myth: Nature contains no straight lines at all.

Reality: Nature makes many near-straight lines. Crystal faces look flat, a weight hanging on a thread pulls it into a vertical line, light crosses empty space in straight paths, and a spider strings its web on nearly straight threads. What nature does not make is the perfect line; look closely at a crystal and you find steps and flaws. The claim worth keeping is narrower: the perfect line, the exact right angle and the true circle exist in human minds and in the things we build to match them. Nature only approaches them.










Under the Hood: How Long Is a Coast?




Richardson’s rule, as Mandelbrot wrote it, is L(G)=MG1−DL(G) = M G^{1-D}, where GG is the opening of the dividers, LL the measured length, MM a constant and DD the dimension (Mandelbrot, 1967). For a smooth curve D=1D = 1, the exponent vanishes, and the length does not depend on the ruler. For the west coast of Britain, D≈1.25D \approx 1.25: halve the ruler and the length grows by 20.252^{0.25}, about 19 percent, with no limit in sight. The coast in Figure 3.1 was made by repeatedly nudging the midpoints of a line by random amounts that shrink at each step; computer graphics draws mountains the same way, a quiet admission that lines and circles cannot.









3.3 The square and the compasses

If nature does not supply the perfect line and circle, where do they come from? Euclid’s Elements, written around 300 BCE, simply asks for them. “A line is breadthless length,” runs an early definition, and nothing in nature has length without breadth. The postulates then grant that we may draw a straight line between any two points, “describe a circle with any center and radius,” and take all right angles as equal (Euclid, ca. 300 BCE/1996, bk. I). Almost all of classical geometry is built from those acts. In the workshop they are three tools: the straightedge, the builder’s square and the compasses.

The square belongs to the earth. It makes a wall stand true and a corner close, and through it the right angle spread across the ground in fields, street grids and rooms. The compasses, kin to the dividers that Mandelbrot’s geographers walked along the coast, belonged for a very long time to the heavens. The circle seemed the only shape worthy of the sky, and in the Bible Wisdom recalls the making of the world in a builder’s terms: “When he prepared the heavens, I was there: when he set a compass upon the face of the depth” (Proverbs 8:27, KJV). For two thousand years astronomers modeled the planets with circles, and circles upon circles.

The sky did not cooperate. Johannes Kepler found that Tycho Brahe’s careful observations of Mars would fit no circle, and in his Astronomia Nova of 1609 he gave the planets ellipses (Das, 2009). Human geometry supplied the ellipse too, but nature’s shapes had to be found, not decreed.

Human geometry does not stop at shapes. The minds that drew straight walls also invented things found nowhere in nature and having no shape at all: money, contracts, borders, banking. A bank balance is not even a coin, only a number in a record. The philosopher John Searle called such things institutional facts, summed up in the formula “X counts as Y in context C”: this printed paper counts as money in this country. They rest on physical facts but exist only because people keep treating them as real (Searle, 1995). They are straight lines drawn across the social world, and like a breakwater they hold back a sea of uncertainty so that strangers can trade.




Key Idea




Human beings live in a geometry of their own making: the straight line, the right angle and the circle, and also money, banking and law. None is found in nature. An artificial thing is where that inner geometry has been pressed into natural material.









3.4 Wind and lightning will never make a laptop

These inventions do not sit side by side; they stack. Metallurgy made wire, writing kept accounts, money let strangers cooperate at a distance, wire carried electricity, electronics joined mathematics and logic to become the computer. A laptop sits at the top of a very tall pile. Will the wind blow, will lightning strike, and will a laptop come out? Impossible. Nature does remarkable things with sand: lightning striking a dune can fuse the grains into tubes of natural glass. That is as far up the pile as nature climbs on its own, as Figure 3.2 shows.




[image: Seven stacked bars from raw materials at the bottom through fire and smelting, number and writing, money and trade, electricity, chips and software, with a laptop on top. An arrow marks the bottom layer as the only one natural forces reach.]



Figure 3.2: A laptop is the top of a stack of inventions; natural forces reach only the bottom layer of raw materials, and every layer above it was made by human minds.







Real Story: The Toaster Project




In 2009 Thomas Thwaites, a design student at the Royal College of Art in London, set out to build an electric toaster from scratch: not from parts, but from rocks. He took apart a shop toaster that cost less than five pounds and tried to make its materials himself, traveling to old mines around Britain for iron ore, copper and mica and smelting iron at home, at one point in a microwave oven. After nine months and 1,187.54 pounds he had a toaster of sorts, built from five materials; the original used nearly a hundred (Dezeen, 2009; Thwaites, 2011). He was showing how many layers of invention stand behind the plainest object on a kitchen counter. If one determined person cannot climb the stack for a toaster, wind and lightning will not climb it for a laptop.









3.5 The evolution of evolution

The stack hints at a larger story. I like to see it as perhaps the evolution of evolution: a change in the way change itself happens. For most of Earth’s early history things changed only by physics: gravity, lightning, erosion. Then came life, and with it change by inheritance and selection, which accumulates and builds on itself. Much later came a second great leap, from the living to human intelligence, when change began to happen by design, words and culture, within a single lifetime. Two great leaps, then: from the inanimate to the living, and from the living to the human mind. In the second leap, human beings became able to define the artificial itself.

John Maynard Smith and Eors Szathmary listed the major transitions in evolution, moments when the way information is stored and passed on changed; their list begins with the first replicating molecules and ends with human societies held together by language (Szathmary & Maynard Smith, 1995). The bookends match the two leaps. Earth is about 4.54 billion years old (Dalrymple, 2001), the oldest widely accepted traces of life, in Western Australia, are at least 3.43 billion years old (Allwood et al., 2006), and the oldest known fossils of our species about 315,000 (Hublin et al., 2017). Figure 3.3 needs a logarithmic scale, because the human period is too short to see on any other.




[image: A logarithmic timeline with three bands: physics only from 4.54 to 3.43 billion years ago, living evolution from 3.43 billion to about 315,000 years ago, and human design and culture from then to the present.]



Figure 3.3: The two leaps on a logarithmic time scale: about a billion years of change by physics alone, more than three billion years of living evolution, and roughly the last 315,000 years of change by human design.







Thought Experiment: The Straight Line on Another World




A probe is mapping a distant planet. It photographs dunes, craters, branching riverbeds and ragged cliffs, rough at every scale. Then, on one plain, it finds a line two kilometers long, perfectly straight, ending in an exact right angle. Some say only minds draw like this; others point to crystals, or the camera. Suppose that after long study no natural process explains the line, and nothing else is ever found: no tools, no buildings, no signals. Would you announce the discovery of intelligence? And what would you be claiming to have found: a mind, or only a shape that minds like ours tend to make?









3.6 Intelligence, provisionally

If artificial means nature transformed by human intelligence, we owe a definition of intelligence too. Chapter 11 gives a full answer, built on a ladder from data to wisdom; for now a provisional one will do. Intelligence, in this sense, is whatever brings into being, in the human mind and the human world, something that does not exist in nature on its own: a book, a sentence, a sound that carries meaning, a symbol, a number. A single sentence already holds a crumb of it, and the definition is itself something we made.

The strongest objection comes from animals. A beaver’s dam reshapes a river, a weaverbird weaves a nest, and Chapter 2 met animals that make tools. Are these intelligence, and their products artificial? One reasonable reply is that human making differs in kind: we make things that stand for other things, symbols that


















3.7 Naming the animals, counting in ten scripts







Figure 3.4: One meaning, many signs: the number twelve written in ten numeral systems, from tally marks and Babylonian wedges to Maya bars and dots and binary.





















3.8 What we make, we can know





















Summary




Key Concepts


	Artificial

	
Nature transformed by human intelligence, rather than merely touched by human hands.


	Artifact

	
A thing made by human skill (Latin arte factum), the root of artificial.


	Physis and techne

	
Aristotle’s contrast between things with their own source of change (nature) and products of craft.


	Sciences of the artificial

	
Herbert Simon’s term for the study of designed things, described by their goals and acting as interfaces between a mechanism and its environment.


	Human geometry

	
The perfect line, right angle and circle, and the systems built on them, which exist in human minds and works but not in nature.


	Fractional dimension

	
Mandelbrot’s measure of roughness: 1 for a smooth curve, more for a curve such as a coast, whose measured length grows as the ruler shrinks.


	Institutional fact

	
A fact, such as money, that exists because people treat one thing as counting as another in a context (Searle).


	Evolution of evolution

	
The change in how change happens: from physics alone, to inheritance and selection, to human design and culture.


	Intelligence (provisional)

	
Whatever brings into being, in the human world, things that do not exist in nature, such as sentences, symbols and numbers.


	Verum factum

	
Vico’s principle (1710) that we can truly know what we ourselves have made.






Questions to Carry


	Look around the room you are in. How many straight lines can you count, and how many would exist if no one had ever lived there?

	Is a garden natural or artificial? A bred dog? Which test from this chapter are you using to decide?

	Pick an ordinary object on your desk. How many layers of invention can you name beneath it?

	Money is real only because we treat it as real. What else in your daily life works the same way?

	If a machine produces our language and symbols, is it intelligent, or only intelligent for us? Does the difference change how you use it?

	Which parts of your life feel like the bay, never fully measured, and which like the harbor, planned and known?



















Further Reading


	Aristotle, Physics, book II, chapter 1 (Hardie and Gaye translation, free online). A few pages that set the terms of the natural and the made for two thousand years.

	Herbert A. Simon, The Sciences of the Artificial (MIT Press, 3rd ed., 1996). A founder of AI explains why designed things need sciences of their own; the first chapter is enough to start.

	Benoit Mandelbrot, “How Long Is the Coast of Britain?” Science (1967). Three pages that changed how we think about natural shapes.

	Mary Shelley, Frankenstein (1818 text, free online). Read the creature’s own account in the second volume.
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