
But legs come with a high price: the software to control them. A 
wheel, merely by turning, changes its point of support gradually and can 
bear weight the whole time. A leg has to change its point of support all at 
once, and the weight has to be unloaded to do so. The motors controlling 
a leg have to alternate between keeping the foot on the ground while it 
bears and propels the load and taking the load off to make the leg free to 
move. All the while they have to keep the center of gravity of the body 
within the polygon defined by the feet so the body doesn't topple over. 
The controllers also must minimize the wasteful up-and-down motion 
that is the bane of horseback riders. In walking windup toys, these problems 
are crudely solved by a mechanical linkage that converts a rotating 
shaft into a stepping motion. But the toys cannot adjust to the terrain by 
finding the best footholds. 
Even if we solved these problems, we would have figured out only how 
to control a walking insect. With six legs, an insect can always keep one 
tripod on the ground while it lifts the other tripod. At any instant, it is stable. 
Even four-legged beasts, when they aren't moving too quickly, can 
keep a tripod on the ground at all times. But as one engineer has put it, 
"the upright two-footed locomotion of the human being seems almost a 
recipe for disaster in itself, and demands a remarkable control to make it 
practicable." When we walk, we repeatedly tip over and break our fall in 
the nick of time. When we run, we take off in bursts of flight. These aerobatics 
allow us to plant our feet on widely or erratically spaced footholds 
that would not prop us up at rest, and to squeeze along narrow paths and 
jump over obstacles. But no one has yet figured out how we do it. 
Controlling an arm presents a new challenge. Grab the shade of an 
architect's lamp and move it along a straight diagonal path from near you, 
low on the left, to far from you, high on the right. Look at the rods and 
hinges as the lamp moves. Though the shade proceeds along a straight 
line, each rod swings through a complicated arc, swooping rapidly at 
times, remaining almost stationary at other times, sometimes reversing 
from a bending to a straightening motion. Now imagine having to do it 
in reverse: without looking at the shade, you must choreograph the 
sequence of twists around each joint that would send the shade along a 
straight path. The trigonometry is frightfully complicated. But your arm 
is an architect's lamp, and your brain effortlessly solves the equations 
every time you point. And if you have ever held an architect's lamp by its 
clamp, you will appreciate that the problem is even harder than what I 
have described. The lamp flails under its weight as if it had a mind of its 
own; so would your arm if your brain did not compensate for its weight, 
solving a near-intractable physics problem. I 
A still more remarkable feat is controlling the hand. Nearly1 two thousand 
years ago, the Greek physician Galen pointed out the exquisite 
natural engineering behind the human hand. It is a single tool that 
manipulates objects of an astonishing range of sizes, shapes, and 
weights, from a log to a millet seed. "Man handles them all," Galen 
noted, "as well as if his hands had been made for the sake of each one of 
them alone." The hand can be configured into a hook grip (to lift a pail), 
a scissors grip (to hold a cigarette), a five-jaw chuck (to lift a coaster), a 
three-jaw chuck (to hold a pencil), a two-jaw pad-to-pad chuck (to 
thread a needle), a two-jaw pad-to-side chuck (to turn a key), a squeeze 
grip (to hold a hammer), a disc grip (to open a jar), and a spherical grip 
(to hold a ball). Each grip needs a precise combination of muscle tensions 
that mold the hand into the right shape and keep it there as the 
load tries to bend it back. Think of lifting a milk carton. Too loose a 
grasp, and you drop it; too tight, and you crush it; and with some gentle 
rocking, you can even use the tugging on your fingertips as a gauge of 



how much milk is inside! And I won't even begin to talk about the 
tongue, a boneless water balloon controlled only by squeezing, which 
can loosen food from a back tooth or perform the ballet that articulates 
words like thrilling and sixths. I 
common man marvels at uncommon things; a wise man marvels at 
the commonplace." Keeping Confucius' dictum in mind, let's continue to 
look at commonplace human acts with the fresh eye of a robot designer 
seeking to duplicate them. Pretend that we have somehow built a robot 
that can see and move. What will it do with what it sees? How should it 
decide how to act? 
An intelligent being cannot treat every object it sees as a unique 
entity unlike anything else in the universe. It has to put objects in categories 
so that it may apply its hard-won knowledge about similar objects, 
encountered in the past, to the object at hand. 
But whenever one tries to program a set of criteria to capture the 
members of a category, the category disintegrates. Leaving aside slippery 
concepts like "beauty" or "dialectical materialism," let's look at a textbook 
apes. And the ultimate goal of natural selection is to propagate genes, 
but that does not mean that the ultimate goal of people is to propagate 
genes. Let me show you why not. 
This book is about the brain, but I will not say much about neurons, 
hormones, and neurotransmitters. That is because the mind is not the 
brain but what the brain does, and not even everything it does, such as 
metabolizing fat and giving off heat. The 1990s have been named the 
Decade of the Brain, but there will never be a Decade of the Pancreas. 
The brain's special status comes from a special thing the brain does, 
which makes us see, think, feel, choose, and act. That special thing is 
information processing, or computation. 
Information and computation reside in patterns of data arid in relations 
of logic that are independent of the physical medium that carries 
them. When you telephone your mother in another city, the message 
stays the same as it goes from your lips to her ears even as it physically 
changes its form, from vibrating air, to electricity in a wire, to charges in 
silicon, to flickering light in a fiber optic cable, to electromagnetic waves, 
and then back again in reverse order. In a similar sense, the message 
stays the same when she repeats it to your father at the other end of the 
couch after it has changed its form inside her head into a cascade of neurons 
firing and chemicals diffusing across synapses. Likewise, a given 
program can run on computers made of vacuum tubes, electromagnetic 
switches, transistors, integrated circuits, or well-trained pigeons, and it 
accomplishes the same things for the same reasons. 
This insight, first expressed by the mathematician Alan Turing, the 
computer scientists Alan Newell, Herbert Simon, and Marvin Minsky, 
and the philosophers Hilary Putnam and Jerry Fodor, is now called the 
computational theory of mind. It is one of the great ideas in intellectual 
history, for it solves one of the puzzles that make up the "mind-body 
problem": how to connect the ethereal world of meaning and intention, 
the stuff of our mental lives, with a physical hunk of matter like the 
brain. Why did Bill get on the bus? Because he wanted to visit his grandmother 
and knew the bus would take him there. No other answer will 
do. If he hated the sight of his grandmother, or if he knew the route had 
changed, his body would not be on that bus. For millennia this has been 
dare to seek an evolutionary explanation of how some part of the mind 
works. It is because they botch the job. First, many of them never bother 
to establish the facts. Has anyone ever documented that women like to 
ask for directions? Would a woman in a foraging society not have come 
to harm when she approached a stranger? Second, even if the facts had 



been established, the stories try to explain one puzzling fact by taking for 
granted some other fact that is just as much of a puzzle, getting us 
nowhere. Why do rhythmic noises bring a community together? Why do 
people like to be with happy people? Why does humor relieve tension? 
The authors of these explanations treat some parts of our mental life as 
so obvious—they are, after all, obvious to each of us, here inside our 
heads—that they don't need to be explained. But all parts of the mind 
are up for grabs—every reaction, every pleasure, every taste—Lwhen we 
try to explain how it evolved. We could have evolved like the Samaritan I 
robot, which sacrificed itself to save a sack of lima beans, or like dung 
beetles, which must find dung delicious, or like the masochist in the old 
joke about sadomasochism (Masochist: "Hit me!" Sadist: "No!"). 
A good adaptationist explanation needs the fulcrum of an engineering 
analysis that is independent of the part of the mind we are trying to 
explain. The analysis begins with a goal to be attained and a world of 
causes and effects in which to attain it, and goes on to specify what 
kinds of designs are better suited to attain it than others. Unfortunately 
for those who think that the departments in a university reflect meaningful 
divisions of knowledge, it means that psychologists have to look outside 
psychology if they want to explain what the parts of the mind are for. 
To understand sight, we have to look to optics and computer vision 
systems. To understand movement, we have to look to robotics. To 
understand sexual and familial feelings, we have to look to Mendelian 
genetics. To understand cooperation and conflict, we have to look to the 
mathematics of games and to economic modeling. 
Once we have a spec sheet for a well-designed mind, we can see 
whether Homo sapiens has that kind of mind. We do the experiments or 
surveys to get the facts down about a mental faculty, and then see 
whether the faculty meets the specs: whether it shows signs of precision, 
complexity, efficiency, reliability, and specialization in solving its assigned 
problem, especially in comparison with the vast number of alternative 
designs that are biologically growable. 
The logic of reverse-engineering has guided researchers in visual perception 
for over a century, and that may be why we understand vision 
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better than we understand any other part of the mind. There is no reason 
that reverse-engineering guided by evolutionary theory should not bring 
insight about the rest of the mind. An interesting example is a new theory 
of pregnancy sickness (traditionally called "morning sickness") by the 
biologist Margie Profet. Many pregnant women become nauseated and 
avoid certain foods. Though their sickness is usually explained away as a 
side effect of hormones, there is no reason that hormones should induce 
nausea and food aversions rather than, say, hyperactivity, aggressiveness, 
or lust. The Freudian explanation is equally unsatisfying: that pregnancy 
sickness represents the woman's loathing of her husband and her unconscious 
desire to abort the fetus orally. 
Profet predicted that pregnancy sickness should confer some benefit 
that offsets the cost of lowered nutrition and productivity. Ordinarily, 
nausea is a protection against eating toxins: the poisonous food is ejected 
from the stomach before it can do much harm, and our appetite for similar 
foods is reduced in the future. Perhaps pregnancy sickness protects 
women against eating or digesting foods with toxins that might harm the 
developing fetus. Your local Happy Carrot Health Food Store notwithstanding, 
there is nothing particularly healthy about natural foods. Your 
cabbage, a Darwinian creature, has no more desire to be eaten than you 
do, and since it can't very well defend itself through behavior, it resorts to 
chemical warfare. Most plants have evolved dozens of toxins in their tissues: 



insecticides, insect repellents, irritants, paralytics, poisons, and 
other sand to throw in herbivores' gears. Herbivores have in turn evolved 
countermeasures, such as a liver to detoxify the poisons and the taste 
sensation we call bitterness to deter any further desire to ingest them. 
But the usual defenses may not be enough to protect a tiny embryo. 
So far this may not sound much better than the barf-up-your-baby 
theory, but Profet synthesized hundreds of studies, done independently 
of each other and of her hypothesis, that support it. She meticulously 
documented that (1) plant toxins in dosages that adults tolerate can 
cause birth defects and induce abortion when ingested by pregnant 
women; (2) pregnancy sickness begins at the point when the embryo's 
organ systems are being laid down and the embryo is most vulnerable to 
teratogens (birth defect—inducing chemicals) but is growing slowly and 
has only a modest need for nutrients; (3) pregnancy sickness wanes at 
the stage when the embryo's organ systems are nearly complete and its 
biggest need is for nutrients to allow it to grow; (4) women with pregnancy 
sickness selectively avoid bitter, pungent, highly flavored, and 
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novel foods, which are in fact the ones most likely to contain toxins; ( 5 ) 
women's sense of smell becomes hypersensitive during the window of 
pregnancy sickness and less sensitive than usual thereafter; (6) foraging 
peoples (including, presumably, our ancestors) are at even higher risk of 
ingesting plant toxins, because they eat wild plants rather than domesticated 
crops bred for palatability; (7) pregnancy sickness is universal 
across human cultures; (8) women with more severe pregnancy sickness 
are less likely to miscarry; (9) women with more severe pregnancy sickness 
are less likely to bear babies with birth defects. The fit between how 
a baby-making system in a natural ecosystem ought to work and how the 
feelings of modern women do work is impressive, and gives a measure of 
confidence that Profet's hypothesis is correct. 
The human mind is a product of evolution, so our mental organs are 
either present in the minds of apes (and perhaps other mammals and 
vertebrates) or arose from overhauling the minds of apes, specifically, the 
common ancestors of humans and chimpanzees that lived about six million 
years ago in Africa. Many titles of books on human evolution remind 
us of this fact: The N~zkedA pe, The Electric Ape, The Scented Ape, The 
Lopsided Ape, The Aquatic Ape, The Thinking Ape, The Human Ape, The 
Ape That Spoke, The Third Chimpanzee, The Chosen Primate. Some 
authors are militant that humans are barely different from chimpanzees 
and that any focus on specifically human talents is arrogant chauvinism 
or tantamount to creationism. For some readers that is a reductio ad 
absurdum of the evolutionary framework. If the theory says that man "at 
best is only a monkey shaved," as Gilbert and Sullivan put it in Princess 
Ida, then it fails to explain the obvious fact that men ad mankeys have 
different minds. - - - 
We are naked, lopsided apes that speak, but we also have minds that 
differ considerably from those of apes. The outsize brain of Homo snpiens 
sapiens is, by any standard, an extraordinary adaptation. It has allowed us 
to inhabit every ecosystem on earth, reshape the planet, walk on the 
moon, and discover the secrets'of the physical universe. Chimpanzees,, 
for all their vaunted intelligence, are a threatened species clinging to a . 
few patches of forest and living as they did millions of years ago. Our 
curiosity about this difference demands more than repeating that we 
/ 
Standard Equipment 41 
share most of our DNA with chimpanzees and that small changes can 
have big effects. Three hundred thousand generations and up to ten 



megabytes of potential genetic information are enough to revamp a mind 
considerably. Indeed, minds are probably easier to revamp than bodies 
because software is easier to modify than hardware. We should not be 
surprised to discover impressive new cognitive abilities in humans, language 
being just the most obvious one. 
None of this is incompatible with the theory of evolution. Evolution is 
a conservative process, to be sure, but it can't be all that conservative or 
we would all be pond scum. Natural selection introduces differences 
into descendants by fitting them with specializations that adapt them to 
different niches. Any museum of natural history has examples of complex 
organs unique to a species or to a group of related species: the elephant's 
trunk, the narwhal's tusk, the whale's baleen, the platypus' 
duckbill, the armadillo's armor. Often they evolve rapidly on the geological 
timescale. The first whale evolved in something like ten million years 
from its common ancestor with its closest living relatives, ungulates such 
as cows and pigs. A book about whales could, in the spirit of the human- 
I evolution books, be called The Naked Cow, but it would be disappointing 
/ if the book spent every page marveling at the similarities between whales 
/ and cows and never got around to discussing the adaptations that make 
I them so different. 
To say that the mind is an evolutionary adaptation is not to say that all 
behavior is adaptive in Darwin's sense. Natural selection is not a 
guardian angel that hovers over us making sure that our behavior always 
maximizes biological fitness. Until recently, scientists with an evolutionary 
bent felt a responsibility to account for acts that seem like Darwinian 
suicide, such as celibacy, adoption, and contraception. Perhaps, they 
ventured, celibate people have more time to raise large broods of nieces 
and nephews and thereby propagate more copies of their genes than they 
would if they had their own children. This kind of stretch is unnecessary, 
however. The reasons, first articulated by the anthropologist Donald 
Symons, distinguish evolutionary psychology from the school of thought 
in the 1970s and 1980s called sociobiology (though there is much overlap 
between the approaches as well). 
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First, selection operates over thousands of generations. For ninetynine 
percent of human existence, people lived as foragers j in small 
nomadic bands. Our brains are adapted to that long-vanished way of life, 
not to brand-new agricultural and industrial civilizations. They are not 
wired to cope with anonymous crowds, schooling, written language, government, 
police, courts, armies, modern medicine, formal social institutions, 
high technology, and other newcomers to the human experience. 
Since the modern mind is adapted to the Stone Age, not the computer 
age, there is no need to strain for adaptive explanations for everything we 
do. Our ancestral environment lacked the institutions that now entice 
us to nonadaptive choices, such as religious orders, adoption agencies, 
and pharmaceutical companies, so until very recently there was never 
a selection pressure to resist the enticements. Had the Pleistocene 
savanna contained trees bearing birth-control pills, we might have 
evolved to find them as terrifying as a venomous spider. 
Second, natural selection is not a puppetmaster that pulls the strings 
of behavior directly. It acts by designing the generator of behavior: the 
package of information-processing and goal-pursuing mechanisms called 
the mind. Our minds are designed to generate behavior that would have 
been adaptive, on average, in our ancestral environment, but any particular 
deed done today is the effect of dozens of causes. Behavior is the outcome 
of an internal struggle among many mental modules, and it is 
played out on the chessboard of opportunities and constraints defined by 



other people's behavior. A recent cover story in Time asked, "Adultery: Is 
It in Our Genes?" The question makes no sense because neither adultery 
nor any other behavior can be in our genes. Conceivably a desire for adultery 
can be an indirect product of our genes, but the desire may be overridden 
by other desires that are also indirect products of our genes, such 
as the desire to have a trusting spouse. And the desire, even if it prevails 
in the rough-and-tumble of the mind, cannot be consummated as overt 
behavior unless there is a partner around in whom that desire has also 
prevailed. Behavior itself did not evolve; what evolved was the mind. 
Reverse-engineering is possible only when one has a hint of what the 
device was designed to accomplish. We do not understand theolive-pitter 
until we catch on that it was designed as a machine for pitting olives 
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rather than as a paperweight or wrist-exerciser. The goals of the designer 
must be sought for every part of a complex device and for the device as a 
whole. Automobiles have a component, the carburetor, tharts designed 
to mix air and gasoline, and mixing air and gasoline is af swbgoal of the 
ultimate goal, carting people around. Though the mo/Cess of natural 
selection itself has no goal, it evolved entities that tlik/e the automobile) 
are highly organized to bring about certain goals' and subgoals. To 
reverse-engineer the mind, we must sort them out/and identify the ultimate 
goal in its design. Was the human mind yAtitmately designed to create 
beauty? To discover truth? To love and trfySvork? To harmonize with 
other human beings and with nature? / 
The logic of natural selection gives thef answer. The ultimate goal that 
the mind was designed to attain is maximizing the number of copies of 
the genes that created it. Natural selection cares only about the longterm 
fate of entities that replicate"; that is, entities that retain a stable 
identity across many generation? of copying. It predicts only that replicators 
whose effects tend to ennance the probability of their own replication 
come to predominate/When we ask questions like "Who or what is 
supposed to benefit frqjn an adaptation?" and "What is a design in living 
things a design /or?"/tne theory of natural selection provides the answer: 
the long-term stable replicators, genes. Even our bodies, our selves, are 
not the ultimate beneficiary of our design. As Gould has said, "What is 
the 'individual reproductive success' of which Darwin speaks? It cannot 
be the passage of one's body into the next generation—for, truly, you 
can't take it with you in this sense above all!" The criterion by which 
genesr get selected is the quality of the bodies they build, but it is the 
gejnes making it into the next generation, not the perishable bodies, that 
Are selected to live and fight another day. 
Though there are some holdouts (such as Gould himself), the gene'seye 
view predominates in evolutionary biology and has been a stunning 
success. It has asked, and is finding answers to, the deepest questions 
about life, such as how life arose, why there are cells, why there are bodies, 
why there is sex, how the genome is structured, why animals interact 
socially, and why there is communication. It is as indispensable to 
researchers in animal behavior as Newton's laws are to mechanical engineers. 
But almost everyone misunderstands the theory. Contrary to popular 
belief, the gene-centered theory of evolution does not imply that the 
point of all human striving is to spread our genes. With the exception of 
the fertility doctor who artificially inseminated patients with his own 
semen, the donors to the sperm bank for Nobel Prize winners, and other 
kooks, no human being (or animal) strives to spread his or her genes. 
Dawkins explained the theory in a book called The Selfish Gene, and the 
metaphor was chosen carefully. People don't selfishly spread their genes; 
genes selfishly spread themselves. They do it by the way they build our 



brains. By making us enjoy life, health, sex, friends, and children, the 
genes buy a lottery ticket for representation in the next generation, with 
odds that were favorable in the environment in which we evolved. Our 
goals are subgoals of the ultimate goal of the genes, replicating themselves. 
But the two are different. As far as we are concerned, our goals, 
conscious or unconscious, are not about genes at all, but about health 
and lovers and children and friends. : 
The confusion between our goals and our genes' goals has spawned 
one muddle after another. A reviewer of a book about the evolution of 
sexuality protests that human adultery, unlike the animal equivalent, 
cannot be a strategy to spread the genes because adulterers take steps to 
prevent pregnancy. But whose strategy are we talking about? Sexual 
desire is not people's strategy to propagate their genes. It's people's strategy 
to attain the pleasures of sex, and the pleasures of sex are the genes' 
strategy to propagate themselves. If the genes don't get propagated, it's 
because we are smarter than they are. A book on the emotional life of 
animals complains that if altruism according to biologists is justj helping 
kin or exchanging favors, both of which serve the interests of one's genes, 
it would not really be altruism after all, but some kind of hypocrjisy. This 
too is a mixup. Just as blueprints don't necessarily specify blue buildings, 
selfish genes don't necessarily specify selfish organisms. As we shall see, 
sometimes the most selfish thing a gene can do is to build a> selfless 
brain. Genes are a play within a play, not the interior monologue of the 
players. 
PSYCHOLOGICAL CORRECTNESS 
National Lampoon cover showing a puppy with a gun at its head and the 
caption "Buy This Magazine or We'll Shoot the Dog." 
The knife that separates causal explanations of behavior from moral 
responsibility for behavior cuts both ways. In the latest twis;t in the 
human-nature morality play, a chromosomal marker for homosexuality 
in some men, the so-called gay gene, was identified by the gpneticist 
Dean Hamer. To the bemusement of Science for the People, this time it 
is the genetic explanation that is politically correct. Supposedly it refutes 
right-wingers like Dan Quayle, who had said that homosexuality "is 
more of a choice than a biological situation. It is a wrong choice." The 
gay gene has been used to argue that homosexuality is not a choice for 
which gay people can be held responsible but an involuntary orientation 
they just can't help. But the reasoning is dangerous. The gay gene could 
just as easily be said to influence some people to choose homosexuality. 
And like all good science, Hamer's result might be falsified someday, 
and then where would we be? Conceding that bigotry against gay people 
is OK after all? The argument against persecuting gay people must be 
made not in terms of the gay gene or the gay brain but in terms of people's 
right to engage in private consensual acts without discrimination or 
harassment. 
The cloistering of scientific and moral reasoning in separate arenas 
also lies behind my recurring metaphor of the mind as a machine, of people 
as robots. Does this not dehumanize and objectify people and lead us 
to treat them as inanimate objects? As one humanistic scholar lucidly 
put it in an Internet posting, does it not render human experience 
invalid, reifying a model of relating based on an I-It relationship, and 
delegitimating all other forms of discourse with fundamentally destructive 
consequences to society? Only if one is so literal-minded that one 
cannot shift among different stances in conceptualizing people for different 
purposes. A human being is simultaneously a machine and a -sentient 
free agent, depending on the purpose of the discussion, just as he is also 
a taxpayer, an insurance salesman, a dental patient, and two hundred 



pounds of ballast on a commuter airplane, depending on the purpose of 
the discussion. The mechanistic stance allows us to understand what 
makes us tick and how we fit into the physical universe. When those discussions 
wind down for the day, we go back to talking about each other 
as free and dignified human beings. 
ognize alphabetic characters and carefully pronounced speech. Clients 
with deeper pockets can buy programs that respond to questions in English 
about restricted topics, control robot arms that weld and spray-paint, 
and duplicate human expertise in hundreds of areas such as picking 
stocks, diagnosing diseases, prescribing drugs, and troubleshooting equipment 
breakdowns. In 1996 the computer Deep Blue defeated the world 
chess champion Gary Kasparov in one game and played him to a draw in 
two others before losing the match, and it is only a matter of time before a 
computer defeats a world champion outright. Though there are no Terminator- 
class robots, there are thousands of smaller-scale artificial intelligence 
programs in the world, including some hidden in your personal 
computer, car, and television set. And progress continues. 
These low-key successes are worth pointing out because of the emotional 
debate over What Computers Will-Soon/Won't-Ever Do. One side 
says robots are just around the corner (showing that the mind is a computer); 
the other side says it will never happen (showing that it isn't). The 
debate seems to come right out of the pages of Christopher Cerf and 
Victor Navasky's The Experts Speak: 
Well-informed people know it is impossible to transmit the voice over 
wires and that were it possible to do so, the thing would be of no practical 
value. 
—Editorial, The Boston Post, 1865 
Fifty years hence . . . [w]e shall escape the absurdity of growing a whole 
chicken in order to eat the breast or wing, by growing these parts separately 
under a suitable medium. 
—Winston Churchill, J 932 
Heavier-than-air flying machines are impossible. 
—Lord Kelvin, pioneer in thermodynamics and electricity, 1895 
[By 1965] the deluxe open-road car will probably be 20 feet long, powered 
by a gas turbine engine, little brother of the jet engine. 
—Leo Cherne, editor-publisher of The Research Institute of America, 1955 
Man will never reach the moon, regardless of all future scientific 
advances. 
—Lee Deforest, inventor of the vacuum tube, 1957 
Nuclear powered vacuum cleaners will probably be a reality within 10 
years. 
—Alex Lewyt, manufacturer of vacuum cleaners,! 1955 
The various mental representations connected with a concept like an 
elk can be shown in a single diagram, sometimes called a semantic network, 
knowledge representation, or propositional database. 
knowledge: 
concepts: 
words: 
letters: 
typefaces: 
strokes: 
edges: 
This is a fragment of the immense multimedia dictionary, encyclopedia, 
and how-to manual we keep in our heads. We find these layers upon layers 
of representations everywhere we look in the mind. Say I asked you 
to print the word elk in any typeface you wanted, but with your left hand 
(if you are a righty), or by writing it in the sand with your toe, or by tracing 



it with a penlight held in your teeth. The printing would be messy but 
recognizable. You might have to practice to get the motions to be 
smoother, but you would not have to relearn the strokes composing each 
letter, let alone the alphabet or the spelling of every English word. This 
transfer of skill must tap into a level of representation for motor control 
that specifies a geometric trajectory, not the muscle contractions or limb 
movements that accomplish it. The trajectory would be translated into 
actual motions by lower-level control programs for each appendage. 
Or recall Sally escaping from the burning building earlier in this 
chapter. Her desire must have been couched as the abstract representation 
flee-from-danger. It could not have been couched as run-fromsmoke, 
because the desire could have been triggered by signs other than 
smoke (and sometimes smoke would not trigger it), and her flight could 
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GET SMART 
The Voyager phonograph record, in any case, was a fine idea, if only 
because of the questions it raised. Are we alone? If not, do alien life forms 
have the intelligence and the desire to develop space travel? If so, would 
they interpret the sounds and images as we intended, or would they hear 
the voice as the whine of a modem and see the line drawings of people on 
the cover as showing a race of wire frames? If they understood it, how 
would they respond? By ignoring us? By coming over to enslave us or eat 
us? Or by starting an interplanetary dialogue? In a Saturday Night Live skit, 
the long-awaited reply from outer space was "Send more Chuck Berry." 
These are not just questions for late-night dorm-room bull sessions. 
In the early 1990s NASA allocated a hundred million dollars to a tenyear 
Search for Extraterrestrial Intelligence (SETI). Scientists were to 
listen with radio antennas for signals that could have come only from 
intelligent extraterrestrials. Predictably, some congressmen objected. 



One said it was a waste of federal money "to look for little green men 
with mis-shapen heads." To minimize the "giggle factor," NASA renamed 
the project the High-Resolution Microwave Survey, but it was to<j) late to 
save the project from the congressional ax. Currently it is funded by 
donations from private sources, including Steven Spielberg. 
The opposition to SETI came not just from the know-nothings but 
from some of the world's most distinguished biologists. Why did they 
join the discussion? SETI depends on assumptions from evolutionary 
theory, not just astronomy—in particular, about the evolution of intelligence. 
Is intelligence inevitable, or was it a fluke? At a famous conference 
in 1961, the astronomer and SETI enthusiast Frank Drake noted 
that the number of extraterrestrial civilizations that might contact us can 
be estimated with the following formula: 
(1) (The number of stars in the galaxy) x 
(2) (The fraction of stars with planets) x 
(3) (The number of planets per solar system with a life-supporting 
environment) X 
(4) (The fraction of these planets on which life actually appears) x 
(5) (The fraction of life-bearing planets on which intelligence 
emerges) x 
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(6) (The fraction of intelligent societies willing and able to communicate 
with other worlds) X 
(7) (The longevity of each technology in the communicative state). 
The astronomers, physicists, and engineers at the conference felt unable 
to estimate factor (6) without a sociologist or a historian. But they felt confident 
in estimating factor (5), the proportion of life-bearing planets on 
which intelligence emerges. They decided it was one hundred percent. 
Finding intelligent life elsewhere in the cosmos would be the most 
exciting discovery in human history. So why are the biologists being such 
grinches? It is because they sense that the SETI enthusiasts are reasoning 
from a pre-scientific folk belief. Centuries-old religious dogma, the 
Victorian ideal of progress, and modern secular humanism all lead people 
to misunderstand evolution as an internal yearning or unfolding 
toward greater complexity, climaxing in the appearance of man. The 
pressure builds up, and intelligence emerges like popcorn in a pan. 
The religious doctrine was called the Great Chain of Being—amoeba 
to monkey to man—and even today many scientists thoughtlessly use 
words like "higher" and "lower" life forms and the evolutionary "scale" 
and "ladder." The parade of primates, from gangly-armed gibbon through 
stoop-shouldered caveman to upright modern man, has become an icon 
of pop culture, and we all understand what someone means when she 
says she turned down a date because the guy is not very evolved. In science 
fiction like H. G. Wells' The Time Machine, episodes of Star Trek, 
and stories from Boy's Life, the momentum is extrapolated to our descendants, 
shown as bald, varicose-veined, bulbous-brained, spindly-bodied 
homunculi. In The Planet of the Apes and other stories, after we have 
blown ourselves to smithereens or choked in our pollutants, apes or dolphins 
rise to the occasion and take on our mantle. 
Drake expressed these assumptions in a letter to Science defending 
SETI against the eminent biologist Ernst Mayr. Mayr had noted that 
only one of the fifty million species on earth had developed civilizations, 
so the probability that life on a given planet would include an intelligent 
species might very well be small. Drake replied: 
The first species to develop intelligent civilizations will discover that it is 
the only such species. Should it be surprised? Someone must be first, 
and being first says nothing about how many other species had or have 



the potential to evolve into intelligent civilizations, or may do so in the 
future Similarly, among many civilizations, one will be the first, and 
temporarily the only one, to develop electronic technology. How else 
every imaginable advantage. If they did, every creature would be faster 
than a speeding bullet, more powerful than a locomotive, and able to 
leap tall buildings in a single bound. An organism that devotes some of 
its matter and energy to one organ must take it away from another. It 
must have thinner bones or less muscle or fewer eggs. Organs evolve 
only when their benefits outweigh their costs. 
Do you have a Personal Digital Assistant, like the Apple Newton? 
These are the hand-held devices that recognize handwriting, store phone 
numbers, edit text, send faxes, keep schedules, and many other feats. 
They are marvels of engineering and can organize a busy life. But I don't 
have one, though I am a gadget-lover. Whenever I am tempted to buy a 
PDA, four things dissuade me. First, they are bulky. Second, they need 
batteries. Third, they take time to learn to use. Fourth, their sophistication 
makes simple tasks, like looking up a phone number, slow and cumbersome. 
I get by with a notebook and a fountain pen. 
The same disadvantages would face any creature pondering whether 
to evolve a humanlike brain. First, the brain is bulky. The female pelvis 
barely accommodates a baby's outsize head. That design compromise 
kills many women during childbirth and requires a pivoting gait that 
makes women biomechanically less efficient walkers than men. Also, a 
heavy head bobbing around on a neck makes us more vulnerable to fatal 
injuries in accidents such as falls. Second, the brain needs energy. 
Neural tissue is metabolically greedy; our brains take up only two percent 
of our body weight but consume twenty percent of our energy and 
nutrients. Third, brains take time to learn to use. We spend much of our 
lives either being children or caring for children. Fourth, simple tasks 
can be slow. My first graduate advisor was a mathematical psychologist 
who wanted to model the transmission of information in the brain by 
measuring reaction times to loud tones. Theoretically, the neuron-toneuron 
transmission times should have added up to a few milliseconds. 
But there were seventy-five milliseconds unaccounted for between stimulus 
and response—"There's all this cogitation going on, and we just 
want him to push his finger down," my advisor grumbled. Lower-tech 
animals can be much quicker; some insects can bite in less than a millisecond. 
Perhaps this answers the rhetorical question in the sporting 
equipment ad: The average man's IQ is 107. The average brown trout's 
IQ is 4. So why can't a man catch a brown trout? 
Intelligence isn't for everyone, any more than a trunk is, and this 
should give SETI enthusiasts pause. But I am not arguing against the 
machines, and their "complexity" is functional, adaptive design: complexity 
in the service of accomplishing some interesting outcome. The digestive 
tract is not just patterned; it is patterned as a factory line for 
extracting nutrients from ingested tissues. No set of equations applicable 
to everything from galaxies to Bosnia can explain why teeth are found in 
the mouth rather than in the ear. And since organisms are collections of 
digestive tracts, eyes, and other systems organized to attain goals, general 
laws of complex systems will not suffice. Matter simply does not have an 
innate tendency to organize itself into broccoli, wombats, and ladybugs. 
Natural selection remains the only theory that explains how adaptive 
complexity, not just any old complexity, can arise, because it isf the only 
nonmiraculous, forward-direction theory in which how well something 
works plays a causal role in how it came to be. 
-Because there are no alternatives, we would almost have to accept natural 
selection as the explanation of life on this planet even if there were 



no evidence for it. Thankfully, the evidence is overwhelming. I don't just 
mean evidence that life evolved (which is way beyond reasonable doubt, 
creationists notwithstanding), but that it evolved by natural selection. 
Darwin himself pointed to the power of selective breeding, a direct analogue 
of natural selection, in shaping organisms. For example, the differences 
among dogs—Chihuahuas, greyhounds, Scotties, Saint Bernards, 
shar-peis—come from selective breeding of wolves for only a few thousand 
years. In breeding stations, laboratories, and seed company greenhouses, 
artificial selection has produced catalogues of wonderful new 
organisms befitting Dr. Seuss. 
Natural selection is also readily observable in the wild. In a classic 
example, the white peppered moth gave way in nineteenth-century Manchester 
to a dark mutant form after industrial soot covered the lichen on 
which the moth rested, making the white form conspicuous to birds. 
When air pollution laws lightened the lichen in the 1950s, the then-rare 
white form reasserted itself. There are many other examples, perhaps the 
most pleasing coming from the work of Peter and Rosemary Grant. Darwin 
was inspired to the theory of natural selection in part by the thirteen 
species of finches on the Galapagos islands. They clearly were related to 
a species on the South American mainland, but differed from tlhem and 
than its rivals, it can increase its representation in a population from 0.1 
percent to 99.9 percent in just over four thousand generations, A hypothetical 
mouse subjected to a selection pressure for increased size that is 
so weak it cannot be measured could nonetheless evolve to the $ize of an 
elephant in only twelve thousand generations. 
More recently, computer simulations from the new field of Artificial 
Life have shown the power of natural selection to evolve organisms with 
complex adaptations. And what better demonstration than everyone's 
favorite example of a complex adaptation, the eye? The computer scientists 
Dan Nilsson and Susanne Pelger simulated a three-layer slab of virtual 
skin resembling a light-sensitive spot on a primitive organism. It was 
a simple sandwich made up of a layer of pigmented cells on the bottom, 
a layer of light-sensitive cells above it, and a layer of translucent cells 
forming a protective cover. The translucent cells could undergo random 
mutations of their refractive index: their ability to bend light, Which in 
real life often corresponds to density. All the cells could undergo small 
mutations affecting their size and thickness. In the simulation, the cells 
in the slab were allowed to mutate randomly, and after each round of 
mutation the program calculated the spatial resolution of an image projected 
onto the slab by a nearby object. If a bout of mutations improved 
the resolution, the mutations were retained as the starting point for the 
next bout, as if the slab belonged to a lineage of organisms whose survival 
depended on reacting to looming predators. As in real evolution, 
there was no master plan or project scheduling. The organism could not 
put up with a less effective detector in the short run even if its patience 
would have been rewarded by the best conceivable detector in the long 
run. Every change it retained had to be an improvement. 
Satisfyingly, the model evolved into a complex eye right on the computer 
screen. The slab indented and then deepened into a cup; the transparent 
layer thickened to fill the cup and bulged out to form a cornea. 
Inside the clear filling, a spherical lens with a higher refractive index 
emerged in just the right place, resembling in many subtle details the 
excellent optical design of a fish's eye. To estimate how long it would take 
in real time, rather than in computer time, for an eye to unfold, Nilsson 
and Pelger built in pessimistic assumptions about heritability, variation in 
the population, and the size of the selective advantage, and even forced 
the mutations to take place in only one part of the "eye" each generation. 



Nonetheless, the entire sequence in which flat skin became a complex 
eye took only four hundred thousand generations, a geological instant. 
complex organs are a product of drift or a by-product of some other adaptation. 
Everyone acknowledges that the redness of blood was not selected 
for itself but is a by-product of selection for a molecule that carries oxygen, 
which just happens to be red. That does not imply that the lability of 
the eye to see could easily be a by-product of selection for something else. 
There also are no benighted fools who fail to realize that animals carry 
baggage from their evolutionary ancestors. Readers young enough to 
have had sex education or old enough to be reading articles about the 
prostate may have noticed that the seminal ducts in men do pot lead 
directly from the testicles to the penis but snake up into the body and 
pass over the ureter before coming back down. That is because the testes 
of our reptilian ancestors were inside their bodies. The bodies of mammals 
are too hot for the production of sperm, so the testes gradually 
descended into a scrotum. Like a gardener who snags a hose around a 
tree, natural selection did not have the foresight to plan the shortest 
route. Again, that does not mean that the entire eye could very well be 
useless phylogenetic baggage. 
Similarly, because adaptationists believe that the laws of physics are 
not enough to explain the design of animals, they are also imagined to be 
prohibited from ever appealing to the laws of physics to explain anything. 
A Darwin critic once defiantly asked me, "Why has no animal evolved 
the ability to disappear and instantly reappear elsewhere, or to turn into 
King Kong at will (great for frightening predators)?" I think it is fair to say 
that "not being able to turn into King Kong at will" and "being able to 
see" call for different kinds of explanations. 
Another accusation is that natural selection is a sterile exercise in 
after-the-fact storytelling. But if that were true, the history of biology 
would be a quagmire of effete speculation, with progress having to wait 
for today's enlightened anti-adaptationists. Quite the opposite has happened. 
Mayr, the author of a definitive history of biology, wrote, 
The adaptationist question, "What is the function of a given structure or 
organ?" has been for centuries the basis of every advance in physiology. If 
it had not been for the adaptationist program, we probably would still not 
yet know the functions of thymus, spleen, pituitary, and pineal. Harvey's 
question "Why are there valves in the veins?" was a major stepping stone 
in his discovery of the circulation of blood. 
From the shape of an organism's body to the shape of its, protein 
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passes on the information. If it's cloudy, the other bees estimate the 
direction using the polarization of light in the sky. These feats are the tip 
of an iceberg of honeybee ingenuity, documented by Karl Von Frisch, 
James Gould, and others. A psychologist colleague of mine once thought 
that bees offered a good pedagogical opportunity to convey the sophistication 
of neural computation to our undergraduates. He devoted the first 
week of his entry-level course in cognitive science to some of the ingenious 
experiments. The next year the lectures spilled over to the second 
week, then the third, and so on, until the students complained that the 
course had become an Introduction to Bee Cognition. 
There are dozens of comparable examples. Many species compute 
how much time to forage at each patch so as to optimize their rate of 
return of calories per energy expended in foraging. Some birds learn the 
emphemeris function, the path of the sun above the horizon over the 
course of the day and the year, necessary for navigating by the sun. The 
barn owl uses sub-millisecond discrepancies between the arrival times of 
a sound at its two ears to swoop down on a rustling mouse in pitch blackness. 



Cacheing species place nuts and seeds in unpredictable hiding 
places to foil thieves, but months later must recall them all. I mentioned 
in the preceding chapter that the Clark's Nutcracker can remember ten 
thousand hiding places. Even Pavlovian and operant conditioning, the 
textbook cases of learning by association, turn out to be not a general 
stickiness of coinciding stimuli and responses in the brain, but complex 
algorithms for multivariate, nonstationary time series analysis (predicting 
when events will occur, based on their history of occurrences). 
The moral of this animal show is that animals' brains are just as specialized 
and well engineered as their bodies. A brain is a precision 
instrument that allows a creature to use information to solve the problems 
presented by its lifestyle. Since organisms' lifestyles differ, and 
since they are related to one another in a great bush, not a great chain, 
species cannot be ranked in IQ or by the percentage of human intelligence 
they have achieved. Whatever is special about the humsln mind 
cannot be just more, or better, or more flexible animal intelligence, 
because there is no such thing as generic animal intelligence. Each animal 
has evolved information-processing machinery to solve its problems, 
and we evolved machinery to solve ours. The sophisticated 
algorithms found in even the tiniest dabs of nervous tissue serve as yet 
another eye-opener—joining the difficulty of building a robot, the circumscribed 
effects of brain damage, and the similarities betweein twins 
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reared apart—for the hidden complexity we should expect to find in the 
human mind. 
"[ he hrains of mammals, like the hodies of mammals, follow a common 
general plan. Many of the same cell types, chemicals, tissues, suborgans, 
way-stations, and pathways are found throughout the class, and 
the major visible differences come from inflating or shrinking the parts. 
But under the microscope, differences appear. The number of cortical 
areas differs widely, from twenty or fewer in rats to fifty or more in 
humans. Primates differ Irom other mammals in the number of visual 
areas, their interconnections, and their hookup to the motor and decision 
regions of the frontal lobes. When a species has a noteworthy talent, 
it is reflected in the gross anatomy of its brain, sometimes in ways visible 
to the naked eve. The takeover of monkeys brains by visual areas (about 
one-half the territory) reflects—more accurately, allows—their aptitude 
for depth, color, motion, and visually guided grasping. Rats that relv on 
sonar have additional brain areas dedicated to their ultrasonic hearing, 
and desert mice that cache seeds arc born with a bigger hippocampus— 
a seat of the cognitive map—than closely related species that don't 
cache. 
The human brain, too, tells an evolutionary story. Even a quick sideby- 
side comparison shows that the primate brain must have been considerably 
re-engineered to end up as a human brain. Our brains are about 
three times too big for a generic monkey or ape of our body size. The 
inflation is accomplished by prolonging fetal brain growth for a vear after 
birth. If our bodies grew proportionally during that period, we would be 
ten feet tall and weigh half a ton. 
The major lobes and patches of the brain have been revamped as 
well. The olfactory bulbs, which underlie the sense of smell, have shriveled 
to a third of the expected primate size (already puny by mammalian 
standards), and the main cortical areas for vision and movement have 
shrunk proportionally as well. Within the visual system, the first slop for 
information, the primary visual cortex, takes up a smaller proportion ol 
the whole brain, while the later areas for complex-form processing 
expand, as do the temporoparietal areas that shunt visual information to 



the language and conceptual regions. The areas for hearing, especially 
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for understanding speech, have grown, and the prefrontal lobes, the scat 
of deliberate thought and planning, have ballooned to twice what a primate 
our size should have. While the brains of monkeys and apes are 
subtly asymmetrical, the human brain, especially in the areas devoted to 
language, is so lopsided that the two hemispheres can be distinguished 
by shape in the jar. And there have been takeovers of primate brain areas 
for new functions, Uroca's area, involved in speech, has a homoiogue 
(evolutionary counterpart) in monkeys, but they obviously don't use it for 
speech, and they don't even seem to use it to produce shrieks, barks, and 
other calls. ^^^^^^^^^^m 
Its interesting to find these differences, but the human hrain could 
be radically different from an ape's brain even if one looked like a perfect 
scale model of the other. The real action is in the patterns of connections 
among neurons, just as the differences in content among different computer 
programs, microchips, hooks, or videoeassettes lie not in their 
gross shapes but in the combinatorial arrangements of their tiny constituents. 
Virtually nothing is known about the functioning microcircuitry 
erf the human brain, because there is a shortage of volunteers 
willing to give up their brains to science before they are dead. If we could 
somehow read the code in the neural circuitry of growing humans and 
apes, we would surely find substantial differences. 
Are the marvelous algorithms of animals mere "instincts" that we have 
lost or risen above? Humans arc often said to hove no instincts beyond 
the vegetative functions; wc are said to reason and behave flexibly, Ireed 
from specialized machinery. The featherless biped surely understands 
astronomy in a sense that the feathered biped does not! Irue enough, 
but it is not because we have fewer instincts than other animals: it is 
because we have more- Our vaunted flexibility comes from scores of 
instincts assembled into programs and pitted in competitions. Darwin 
called human language, the epitome of flexible behavior, "an instinct to 
acquire an art" (giving me the title for The Language Instinct), and his 
follower William James pressed the point; 
Nou', why do the various animals do what seem to us such strange things, in 
the presence of such outlandish stimuli? Why does the hen, for example, 
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submit herself to the tedium of incubating such a fearfully uninteresting 
set of objects as a nestful of eggs, unless she have some sort of a 
prophetic inkling of the result? The only answer is ad hominem. We can 
only interpret the instincts of brutes by what we know of instincts in ourselves. 
Why do men always lie down, when they can, on soft beds rather 
than on hard floors? Why do they sit round the stove on a cold day? Why, 
in a room, do they place themselves, ninety-nine times out of a hundred, 
with their faces towards its middle rather than to the wall? Why do they 
prefer saddle of mutton and champagne to hard-tack and pond-water? 
Why does the maiden interest the youth so that everything about her 
seems more important and significant than anything else in the world? 
Nothing more can be said than that these are human ways, and that 
every creature likes its own ways, and takes to the following them as a 
matter of course. Science may come and consider these ways, and find 
that most of them are useful. But it is not for the sake of their utility that 
they are followed, but because at the moment of following them we feel 
that that is the only appropriate and natural thing to do. Not one man in 
a billion, when taking his dinner, ever thinks of utility. He eats because 
the food tastes good and makes him want more. If you ask him why he 
should want to eat more of what tastes like that, instead of revering you 



as a philosopher we will probably laugh at you for a fool. . . . 
And so, probably, does each animal feel about the particular things it 
tends to do in presence of particular objects. To the broody hen the 
notion would probably seem monstrous that there should be a creature in 
the world to whom a nestful of eggs was not the utterly fascinating and 
precious and never-to-be-too-much sat-upon object which it is to her. 
The human reactions described in the passage still may strike you as 
versions of animal instincts. What about our rational, flexible thought? 
Can it be explained as a set of instincts? In the preceding chapter I 
showed how our precision intelligence can be broken down into smaller 
and smaller agents or networks of information processing. At the lowest 
levels, the steps have to be as automatic and unanalyzed as the reactions 
of the most brutish animal. Remember what the tortoise said to Achilles. 
No rational creature can consult rules all the way down; that way infinite 
regress lies. At some point a thinker must execute a rule, because he just 
can't help it: it's the human way, a matter of course, the only appropriate 
and natural thing to do—in short, an instinct. When all goes well, our 
reasoning instincts link up into complex programs for rational analysis, 
but that is not because we somehow commune with a realm of truth and 
reason. The same instincts can be seduced by sophistry, bump up against 
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paradoxes like Zeno's beguiling demonstrations that motion is impossible, 
or make us dizzy as they ponder mysteries like sentience and free 
will. Just as an ethologist unmasks an animal's instincts with clever 
manipulations of its world, such as slipping a mechanical bee into a hive 
or rearing a chick in a planetarium, psychologists can unmask human 
reasoning instincts by couching problems in devilish ways, as we shall 
see in Chapter 5. 
T H E C O G N I T I V E N I C HE 
Ambrose Bierce's Devil's Dictionary defines our species as follows: 
Man, n. An animal so lost in rapturous contemplation of what he thinks 
he is as to overlook what he indubitably ought to be. His chief occupation 
is extermination of other animals and his own species, which, however, 
multiplies with such insistent rapidity as to infest the whole 
habitable earth and Canada. 
Homo sapiens sapiens is indeed an unprecedented animal, with many 
zoologically unique or extreme traits. Humans achieve their goals by 
complex chains of behavior, assembled on the spot and tailored to the 
situation. They plan the behavior using cognitive models of the causal 
structure of the world. They learn these models in their lifetimes and 
communicate them through language, which allows the knowledge to 
accumulate within a group and over generations. They manufacture and 
depend upon many kinds of tools. They exchange goods and favors over 
long periods of time. Food is transported long distances, processed 
extensively, stored, and shared. Labor is divided between the sexes. 
Humans form large, structured coalitions, especially among males, and 
coalitions wage war against each other. Humans use fire. Kinship systems 
are complex and vary with other aspects of their lifestyles. Mating 
relations are negotiated by kin, often by groups exchanging daughters. 
Ovulation is concealed, and females may choose to have sex at any time 
rather than at certain points in a reproductive cycle. 
A few of these traits are found among some of the great apes, but to a 
much lesser degree, and most are not found at all. And humans have 
rediscovered traits that are rare among primates but found in other aniRevenge 
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mals. They are bipedal. They live longer than other apes, and bear helpless 
offspring who stay children (that is, sexually immature) for a substantial 



part of their lives. Hunting is important, and meat a large part of 
the diet. Males invest in their offspring: they tote children around, protect 
them against animals and other humans, and give them food. And as 
The Devil's •Dictionary points out, humans occupy every ecozone on 
earth. 
Aside from the retooling of the skeleton that gives us upright posture 
and precision manipulation, what makes us unusual is not our body but 
our behavior and the mental programs that organize it. In the comic strip 
Calvin and Hobbes, Calvin asks his tiger companion why people are 
never content with what they have. Hobbes replies, "Are you kidding? 
Your fingernails are a joke, you've got no fangs, you can't see at night, 
your pink hides are ridiculous, your reflexes are nil, and you don't even 
have tails! Of course people aren't content!" But despite these handicaps, 
humans control the fate of tigers, rather than vice versa. Human 
evolution is the original revenge of the nerds. 
Perhaps recoiling from the image of the pasty-faced, pocket-protected, 
polyester-clad misfits, theorists on human evolution have looked far and 
wide for alternative theories. Human ingenuity has been explained away 
as a by-product of blood vessels in the skull that radiate heat, as a runaway 
courtship device like the peacock's tail, as a stretching of chimpanzee 
childhood, and as an escape hatch that saved the species from the 
evolutionary dead end of bearing fewer and fewer offspring. Even in theories 
that acknowledge that intelligence itself was selected for, the causes 
are badly underpowered in comparison with the effects. In various stories 
the full human mind sprang into existence to solve narrow problems like 
chipping tools out of stone, cracking open nuts and bones, throwing rocks 
at animals, keeping track of toddlers, following herds to scavenge their 
dead, and maintaining social bonds in a large group. 
There are grains of truth in these accounts, but they lack the leverage 
of good reverse-engineering. Natural selection for success in solving a 
particular problem tends to fashion an idiot savant like the dead-reckoning 
ants and stargazing birds. We need to know what the more general 
kinds of intelligence found in our species are good for. That requires a 
good description of the improbable feats the human mind accomplishes, 
not just one-word compliments like "flexibility" or "intelligence." That 
description must come from the study of the modern mind, cognitive science, 
And because selection is driven by the fate of the whole individual, 
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it is not enough to explain the evolution of a brain in a vat. A good theory 
has to connect all the parts of the human lifestyle-all ages, both sexes, 
anatomy, diet, habitat, and social life. That is, it has to characterize the 
ecological niche that humans entered. 
The only theory that has risen to this challenge comes from John 
Tooby and the anthropologist Irven DeVore. Tooby and DeVore begin by 
J noting that species evolve at one another's expense. We fantasize about 
the land of milk and honey, the big rock candy mountain, and tangerine 
trees with marmalade skies, but real ecosystems are different. Except for 
fruits (which trick hungry animals into dispersing seeds), virtually every 
food is the body part of some other organism, which would just as soon 
keep that part for itself. Organisms evolve defenses against being eaten, 
and would-be diners evolve weapons to overcome these defenses, prodding 
the would-be meals to evolve better defenses, and so on, in an evolutionary 
arms race. These weapons and defenses are genetically based 
and relatively fixed within the lifetime of the individual; therefore they 
change slowly The balance between eater and eaten develops only over 
evolutionary time. 
Humans, Tooby and DeVore suggest, entered the "cognitive niche." 



Remember the definition of intelligence from Chapter 2: using knowledge 
of how things work to attain goals in the face of obstacles. By , 
learning which manipulations achieve khich goals, humans have mastered 
the art of the surprise attack. They use novel, goal-oriented 
courses of action to overcome the hlaginot Line defenses of other 
organisms, which can respond only over evolutionary time. 'The manipulations 
can be novel because human knowledge is not just couched in 
concrete instructions like "how to catch a rabbit." Humans analyze the 
world using intuitive theories of objects, forces, paths, places, manners, 
states, substances, hidden biochemical essences, and, for other animals 
and people, beliefs and desires. (These intuitive theories are the topic of 
Chapter 5.) People compose new knowledge and plans by mentally 
playing out combinatorial interactions among these laws in their mind's 
eye. 
Many theorists have wondered what illiterate foragers do with their 
capacity for abstract intelligence. The foragers would have better 
grounds for asking the question about modern couch potatoes. Life for 
foragers (including our ancestors) is a camping trip that never ends, but 
without the space blankets, Swiss Army knives, and freeze-dried pasta a1 
pesto. Living by their wits, human groups develop sophisticated techRevenge 
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nologies and bodies of folk science. All human cultures ever documented 
have words for the elements of space, time, motion, speed, mental 
states, tools, flora, fauna, and weather, and logical connectives (not, and, 
same, opposite, part-whole, and general-particular). They combine the 
words into grammatical sentences and use the underlying propositions to 
reason about invisible entities like diseases, meteorological forces, and 
absent animals. Mental maps represent the locations of thousands of noteworthy 
sites, and mental calendars represent nested cycles of weather, animal 
migrations, and the life histories of plants. The anthropologist Louis 
Liebenberg recounts a typical experience with the !Xo of the central 
Kalahari Desert: 
While tracking down a solitary wildebeest spoor [tracks] of the previous 
evening !Xo trackers pointed out evidence of trampling which indicated 
that the animal had slept at that spot. They explained consequently that 
the spoor leaving the sleeping place had been made early that morning 
and was therefore relatively fresh. The spoor then followed a straight 
course, indicating that the animal was on its way to a specific destination. 
After a while, one tracker started to investigate several sets of footprints 
in a particular area. He pointed out that these footprints all 
belonged to the same animal, but were made during the previous days. 
He explained that the particular area was the feeding ground of that particular 
wildebeest. Since it was, by that time, about mid-day, it could be 
expected that the wildebeest may be resting in the shade in the near 
vicinity. 
All foraging peoples manufacture cutters, pounders, containers, 
cordage, nets, baskets, levers, and spears and other weapons. They use 
fire, shelters, and medicinal drugs. Their engineering is often ingenious, 
exploiting poisons, smokeouts, glue traps, gill nets, baited lines, snares, 
corrals, weirs, camouflaged pits and clifftops, blowguns, bows and 
arrows, and kites trailing sticky fishing lines made out of spider silk. 
The reward is an ability to crack the safes of many other living things: 
burrowing animals, plants' underground storage organs, nuts, seeds, 
bone marrow, tough-skinned animals and plants, birds, fish, shellfish, 
turtles, poisonous plants (detoxified by peeling, cooking, soaking, parboiling, 
fermenting, leaching, and other tricks of the kitchen magician), 
quick animals (which can be ambushed), and large animals (which cooperating 



groups can drive, exhaust, surround, and dispatch with weapons). 
Ogden Nash wrote: 
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The hunter crouches in his blind 
'Neath camouflage of every kind, 
And conjures up a quacking noise 
To lend allure to his decoys. 
This grown-up man, with pluck and luck 
Is hoping to outwit a duck. 
And outwit it he does. Humans have the unfair advantage of attacking 
in this lifetime organisms that can beef up their defenses only in subsequent 
ones. Many species cannot evolve defenses rapidly enough, 
even over evolutionary time, to defend themselves against humans. 
That is why species drop like flies whenever humans first enter an 
ecosystem. And it's not just the snail darters and snowy owls recently 
threatened by dams and loggers. The reason you have never se^n a living 
mastodon, saber-tooth, giant woolly rhinoceros, or other fantastic 
Ice Age animal is that humans apparently extinguished them thousands 
of years ago. 
The cognitive niche embraces many of the zoologically unusual features 
of our species. Tool manufacture and use is the application of 
knowledge about causes and effects among objects in the effort to bring 
about goals. Language is a means of exchanging knowledge. It multiplies 
the benefit of knowledge, which can not only be used but exchanged for 
other resources, and lowers its cost, because knowledge can be acquired 
from the hard-won wisdom, strokes of genius, and trial and error of others 
rather than only from risky exploration and experimentation. Information 
can be shared at a negligible cost: if I give you a fish, I no longer 
possess the fish, but if I give you information on how to fish, I still possess 
the information myself. So an information-exploiting lifestyle goes 
well with living in groups and pooling expertise—that is, with culture. 
Cultures differ from one another because they pool bodies of expertise 
fashioned in different times and places. A prolonged childhood is an 
apprenticeship for knowledge and skills. That shifts the balance of payoffs 
for males toward investing time and resources in their offspring and 
away from competing over sexual access to females (see Chapter 7). And 
that in turn makes kinship a concern of both sexes and all ages. Human 
lives are long to repay the investment of a long apprenticeship. New 
habitats can be colonized because even if their local conditions differ, 
they obey the laws of physics and biology that are already within humans' 
ken, and can be exploited and outsmarted in their turn. 
objects sewed up the case: the brain rotates shapes around an 
optimal axis in three dimensions, but no more than three dimensions. 
Mental rotation is clearly one of the tricks behind our ability to recognize 
objects. 
Mental rotation is another talent of our gifted visual systems, with a 
special twist. It does not merely analyze the contours coming in from the 
world, but creates some its own in the form of a ghostly moving image. 
This brings us to a final topic in the psychology of vision. 
IMAGINE THAT! 
What shape are a beagle's ears? How many windows are in your living 
room? What's darker, a Christmas tree or a frozen pea? What's larger, 
a guinea pig or a gerbil? Does a lobster have a mouth? When a person 
stands up straight, is her navel above her wrist? If the letter D is turned 
on its back and put on top of a J, what does the combination remind 
you of? 
Most people say that they answer these questions using a "mental 



image." They visualize the shape, which feels like conjuring up a picture 
available for inspection in the mind's eye. The feeling is quite unlike the 
experience of answering abstract questions, such as "What is your 
mother's maiden name?" or "What is more important, civil liberties or a 
lower rate of crime?" 
Mental imagery is the engine that drives our thinking about objects in 
space. To load a car with suitcases or rearrange the furniture, we imagine 
the different spatial arrangements before we try them. The anthropologist 
Napoleon Chagnon described an ingenious use of mental imagery by 
the Yanomamo Indians of the Amazon rainforest. They had blown smoke 
down the opening of an armadillo hole to asphyxiate the animal, and 
then had to figure out where to dig to extract it from its tunnel, which 
could run underground for hundreds of feet. One of the Yanomamo men 
hit on the idea of threading a long vine with a knot at the end down the 
hole as far as it would go. The other men kept their ears to the ground 
listening for the knot bumping the sides of the burrow so they could get a 
sense of the direction in which the burrow ran. The first man broke off 
the vine, pulled it out, laid it along the ground, and began to dig where 
the end of the vine lay. A few feet down they struck armadillo. Without 
favored term) and early, rigid toilet training. He wrote, "It is unlikely that 
Joey's calamity could befall a child in any time and culture but our own." 
According to Bettelheim, postwar parents had such an easy time providing 
their children with creature comforts that they took no pleasure in it, 
and the children did not develop a feeling of worth from having their 
basic needs satisfied. Bettelheim claimed to have cured Joey, at first by 
letting him use a wastebasket instead of the toilet. (He allowed that the 
therapy "entailed some hardship for his counselors.") 
Today we know that autism occurs in every country and social class, 
lasts a lifetime (though sometimes with improvement), and cannot be 
blamed on mothers. It almost certainly has neurological and genetic 
causes, though they have not been pinpointed. Baron-Cohen, Frith, and 
Leslie suggest that autistic children are mind-blind: their module for 
attributing minds to others is damaged. Autistic children almost never 
pretend, can't explain the difference between an apple and a memory of 
an apple, don't distinguish between someone's looking into a box and 
someone's touching it, know where a cartoon face is looking but do not 
guess that it wants what it is looking at, and fail the Smarties (falsebelief) 
task. Remarkably, they pass a test that is logically the same as the 
false-belief task but not about minds. The experimenter lifts Rubber 
Ducky out of the bathtub and puts it on the bed, takes a Polaroid snapshot, 
and then puts it back in the bathtub. Normal three-year-olds 
believe that the photo will somehow show the duck in the tub. Autistic 
children know it does not. 
Mind-blindness is not caused by real blindness, nor by mental retardation 
such as Down's syndrome. It is a vivid reminder that the contents 
of the world are not just there for the knowing but have to be grasped 
with suitable mental machinery. In a sense, autistic children are right: 
the universe is nothing but matter in motion. My "normal" mental equipment 
leaves me chronically dumbfounded at the fact that a microdot and 
a spoonful of semen can bring about a site of thinking and feeling and 
that a blood clot or a metal slug can end it. It gives me the delusion that 
London and chairs and vegetables are on the inventory of the world's 
objects. Even the objects themselves are a kind of delusion. Buckminster 
Fuller once wrote: "Everything you've learned . . . as 'obvious' becomes 
less and less obvious as you begin to study the universe. For example, 
there are no solids in the universe. There's not even a suggestion of a 
solid. There are no absolute continuums. There are no surfaces. There 



are no straight lines." 
"I shall never believe that God plays dice with the world," Einstein 
famously said. Whether or not he was right about quantum mechanics 
and the cosmos, his statement is certainly not true of the games people 
play in their daily lives. Life is not chess but backgammon, with a throw 
of the dice at every turn. As a result, it is hard to make predictions, especially 
about the future (as Yogi Berra allegedly said). But in a universe with 
any regularities at all, decisions informed by the past are better than decisions 
made at random. That has always been true, and we would expect 
organisms, especially informavores such as humans, to have evolved acute 
intuitions about probability. The founders of probability theory, like the 
founders of logic, assumed that they were just formalizing common sense. 
But then why do people often seem to be "probability-blind," in the 
words of Massimo Piattelli-Palmarini? Many mathematicians and scientists 
have bemoaned the innumeracy of ordinary people when they reason 
about risk. The psychologists Amos Tversky and Daniel Kahneman 
have amassed ingenious demonstrations of how people's intuitive grasp 
of chance appears to flout the elementary canons of probability theory. 
Here are some famous examples. 
• People gamble and buy state lottery tickets, sometimes called "the 
stupidity tax." But since the house must profit, the players, on average, 
must lose. 
• People fear planes more than cars, especially after news of a gory 
plane crash, though plane travel is statistically far safer. They fear 
nuclear power, though more people are crippled and killed by coal. Every 
year a thousand Americans are accidentally electrocuted, but rock stars 
don't campaign to reduce the household voltage. People clamor for bans 
on pesticide residues and food additives, though they pose trivial risks of 
cancer compared to the thousands of natural carcinogens that plants 
have evolved to deter the bugs that eat them. 
• People feel that if a roulette wheel has stopped at black six times in 
a row, it's due to stop at red, though of course the wheel has no memory 
and every spin is independent. A large industry of self-anointed seers hallucinate 
trends in the random walk of the stock market. Hoop fans 
believe that basketball players get a "hot hand," making baskets in clusters, 
though their strings of swishes and bricks are indistinguishable from 
coin flips. 
the world. Educated understanding is an enormous contraption of parts 
within parts. Each part is built out of basic mental models or ways of 
knowing that are copied, bleached of their original content, connected to 
other models, and packaged into larger parts, which can be packaged 
into still larger parts without limit. Because human thoughts are combinatorial 
(simple parts combine) and recursive (parts can be embedded 
within parts), breathtaking expanses of knowledge can be explored with a 
finite inventory of mental tools. 
EUREKA! 
And what about the genius? How can natural selection explain a Shakespeare, 
a Mozart, an Einstein, an Abdul-Jabbar? How would Jane 
Austen, Vincent van Gogh, or Thelonious Monk have earned their keep 
on the Pleistocene savanna? 
All of us are creative. Every time we stick a handy object under the 
leg of a wobbly table or think up a new way to bribe a child into his pajamas, 
we have used our faculties to create a novel outcome. But creative 
geniuses are distinguished not just by their extraordinary works but by 
their extraordinary way of working; they are not supposed to think like 
you and me. They burst on the scene as prodigies, enfants terrihles, young 
turks. They listen to their muse and defy the conventional wisdom. They 



work when the inspiration hits, and leap with insight while the rest of us 
plod in baby steps along well-worn paths. They put a problem aside and 
let it incubate in the unconscious; then, without warning, a bulb lights 
up and a fully formed solution presents itself. Aha! The genius leaves us 
with masterpieces, a legacy of the unrepressed creativity of the unconscious. 
Woody Allen captures the image in his hypothetical letters from 
Vincent van Gogh in the story "If the Impressionists Had Been Dentists." 
Vincent writes to his brother in anguish and despair, "Mrs. Sol Schwimmer 
is suing me because I made her bridge as I felt it and not to fit her 
ridiculous mouth! That's right! I can't work to order like a common 
tradesman! I decided her bridge should be enormous and billowing, with 
wild, explosive teeth flaring up in every direction like fire! Now she is 
upset because it won't fit in her mouth! . . . I tried forcing the false plate 
in but it sticks out like a star burst chandelier. Still, I find it beautiful 
dents in a dozen years) that a slang term for losing one's temper is "going 
postal." But running amok is not unique to America, to Western nations, 
or even to modern societies. Amok is a Malay word for the homicidal 
sprees occasionally undertaken by lonely Indochinese men who have 
suffered a loss of love, a loss of money, or a loss of face. The syndrome 
has been described in a culture even more remote from the West: the 
stone-age foragers of Papua New Guinea. 
The amok man is patently out of his mind, an automaton oblivious to 
his surroundings and unreachable by appeals or threats. But his rampage 
is preceded by lengthy brooding over failure, and is carefully planned as a 
means of deliverance from an unbearable situation. The amok state is 
chillingly cognitive. It is triggered not by a stimulus, not by a tumor, not 
by a random spurt of brain chemicals, but by an idea. The idea is so standard 
that the following summary of the amok mind-set, composed in 
1968 by a psychiatrist who had interviewed seven hospitalized amoks in 
Papua New Guinea, is an apt description of the thoughts of mass murderers 
continents and decades away: 
I am not an important or "big man." I possess only my personal sense of 
dignity. My life has been reduced to nothing by an intolerable insult. 
Therefore, I have nothing to lose except my life, which is nothing, so I 
trade my life for yours, as your life is favoured. The exchange is in my 
favour, so I shall not only kill you, but I shall kill many of you, and at the 
same time rehabilitate myself in the eyes of the group of which I am a 
member, even though I might be killed in the process. 
The amok syndrome is an extreme instance of the puzzle of the 
human emotions. Exotic at first glance, upon scrutiny they turn out to be 
universal; quintessentially irrational, they are tightly interwoven with 
abstract thought and have a cold logic of their own. 
UNIVERSAL PASSION 
A familiar tactic for flaunting one's worldhness is to inform listeners that 
some culture lacks an emotion we have or has an emotion we lack. 
Allegedly the Utku-Inuit Eskimos have no word for anger and do not feel 
the emotion. Tahitians supposedly do not recognize guilt, sadness, longing, 
or loneliness; they describe what we would call grief as fatigue, sicikness, or 
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bodily distress. Spartan mothers were said to smile upon hearing that their 
sons died in combat. In Latin cultures, machismo reigns, whereas the 
Japanese are driven by a fear of shaming the family. In interviews on language 
I have been asked, Who but the Jews would have a word, naches, 
for luminous pride in a child's accomplishments? And does it not say 
something profound about the Teutonic psyche that the German language 
has the word Schadenfreude, pleasure in another's misfortunes? 
Cultures surely differ in how often their members express, talk about, 



and act on various emotions. But that says nothing about what their people 
feel. The evidence suggests that the emotions of all normal members 
of our species are played on the same keyboard. 
The most accessible signs of emotions are candid facial expressions. 
In preparing The Expression of the Emotions in Man and Animals, Darwin 
circulated a questionnaire to people who interacted with aboriginal 
populations on five continents, including populations that had had 
little contact with Europeans. Urging them to answer in detail and 
from observation rather than memory, Darwin asked how the natives 
expressed astonishment, shame, indignation, concentration, grief, good 
spirits, contempt, obstinacy, disgust, fear, resignation, sulkiness, guilt, 
slyness, jealousy, and "yes" and "no." For example: 
(5.) When in low spirits, are the corners of the mouth depressed, and the 
inner corner of the eyebrows raised by that muscle which the French call 
the "Grief muscle"? The eyebrow in this state becomes slightly oblique, 
with a little swelling at the inner end; and the forehead is transversely 
wrinkled in the middle part, but not across the whole breadth, as when 
the eyebrows are raised in surprise. 
Darwin summed up the responses: "The same state of mind is expressed 
throughout the world with remarkable uniformity; and this fact is in 
itself interesting as evidence of the close similarity in bodily structure 
and mental disposition of all the races of mankind." 
Though Darwin may have biased his informants with leading questions, 
contemporary research has borne out his conclusion. When the 
psychologist Paul Ekman began to study emotions in the 1960s, facial 
expressions were thought to be arbitrary signs that the infant learns 
when its random grimaces are rewarded and punished. If expressions 
appeared universal, it was thought, that was because Western models 
had become universal; no culture was beyond the reach of John Wayne 
and Charlie Chaplin. Ekman assembled photographs of people express366 
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ing six emotions. He showed them to people from many cultures, including 
the isolated Fore foragers of Papua New Guinea, and asked them to 
label the emotion or make up a story about what the person had gone 
through. Everyone recognized happiness, sadness, anger, fear, disgust, 
and surprise. For example, a Fore subject said that the American showing 
fear in the photograph must have just seen a boar. Reversing the 
procedure, Ekman photographed his Fore informants as they acted out 
scenarios such as 'Your friend has come and you are happy," "Your child 
has died," "You are angry and about to fight," and 'You see a dead pig that 
has been lying there for a long time." The expressions in the photographs 
are unmistakable. 
When Ekman began to present his findings at a meeting of anthropologists 
in the late 1960s, he met with outrage. One prominent anthropologist 
rose from the audience shouting that Ekman should not be allowed 
to continue to speak because his claims were fascist. On another occasion 
an African American activist called him a racist for saying that black 
facial expressions were no different from white ones. Ekman was bewildered 
because he had thought that if the work had any political moral it 
was unity and brotherhood. In any case, the conclusions have been replicated 
and are now widely accepted in some form (though there are controversies 
over which expressions belong on the universal list, how much 
context is needed to interpret them, and how reflexively they are tied to 
each emotion). And another observation by Darwin has been corroborated: 
children who are blind and deaf from birth display virtually the full 
gamut of emotions on their faces. 
Why, then, do so many people think that emotions differ from culture 



to culture? Their evidence is much more indirect than Darwin's informants 
and Ekman's experiments. It comes from two sources that cannot 
be trusted at all as readouts of people's minds: their language and their 
opinions. 
The common remark that a language does or doesn't have a wprd for 
an emotion means little. In The Language Instinct I argued that the influence 
of language on thought has been exaggerated, and that is all the 
more true for the influence of language on feeling. Whether a language 
appears to have a word for an emotion depends on the skill of the translator 
and on quirks of the language's grammar and history. A language 
accumulates a large vocabulary, including words for emotions, when it 
has had influential wordsmiths, contact with other languages, rules for 
forming new words out of old ones, and widespread literacy, which 
which comes first). For example, fear is triggered by a signal of impending 
harm like a predator, a clifftop, or a spoken threat. It lights up the 
short-term goal of fleeing, subduing, or deflecting the danger, and gives 
the goal high priority, which we experience as a sense of urgency It also 
lights up the longer-term goals of avoiding the hazard in the future and 
remembering how we got out of it this time, triggered by the state we 
experience as relief. Most artificial intelligence researchers believe that 
freely behaving robots (as opposed to the ones bolted to the side of an 
assembly line) will have to be programmed with something like emotions 
merely for them to know at every moment what to do next. (Whether the 
robots would be sentient of these emotions is another question, as we 
saw in Chapter 2.) 
Fear also presses a button that readies the body for action, the socalled 
fight-or-flight response. (The nickname is misleading because the 
response prepares us for any time-sensitive action, such as grabbing a 
baby who is crawling toward the top of a stairwell.) The heart thumps to 
send blood to the muscles. Blood is rerouted from the gut and skin, leaving 
butterflies and clamminess. Rapid breathing takes in oxygen. Adrenaline 
releases fuel from the liver and helps the blood to clot. And it gives 
our face that universal deer-in-the-headlights look. 
Each human emotion mobilizes the mind and body to meet one of the 
challenges of living and reproducing in the cognitive niche. Some challenges 
are posed by physical things, and the emotions that deal with 
them, like disgust, fear, and appreciation of natural beauty, work in 
straightforward ways. Others are posed by people. The problem in dealing 
with people is that people can deal back. The emotions that evolved 
in response to other people's emotions, like anger, gratitude, shame, and 
romantic love, are played on a complicated chessboard, and they spawn 
the passion and intrigue that misleads the Romantic. First let's explore 
emotions about things, then emotions about people. 
THE SUBURBAN SAVANNA 
The expression "a fish out of water" reminds us that every animal is 
adapted to a habitat. Humans are no exception. We tend to think 
that animals just go where they belong, like heat-seeking missiles, but the 
animals must experience these drives as emotions not unlike ours. Some 
THE SMELL OF FEAR 
Language-lovers know that there is a word for every fear. Are you afraid 
of wine? Then you have oenophobia. Tremulous about train travel? You 
suffer from siderodromophobia. Having misgivings about your mother-inlaw 
is pentheraphobia, and being petrified of peanut butter sticking to 
the roof of your mouth is arachibutyrophobia. And then there's Franklin 
Delano Roosevelt's affliction, the fear of fear itself, or phobophobia. 
But just as not having a word for an emotion doesn't mean that it 
doesn't exist, having a word for an emotion doesn't mean that it does 



exist. Word-watchers, verbivores, and sesquipedalians love a challenge. 
Their idea of a good time is to find the shortest word that contains all the 
vowels in alphabetical order or to write a novel without the letter e. Yet 
another joy of lex is finding names for hypothetical fears. That is where 
these improbable phobias come from. Real people do not tremble at the 
referent of every euphonious Greek or Latin root. Fears and phobias fall 
into a short and universal list. 
Snakes and spiders are always scary. They are the most common 
objects of fear and loathing in studies of college students' phobias, and 
have been so for a long time in our evolutionary history. D. O. Hebb 
found that chimpanzees born in captivity scream in terror when they first 
see a snake, and the primatologist Marc Hauser found that his laboratorybred 
cotton-top tamarins (a South American monkey) screamed out alarm 
calls when they saw a piece of plastic tubing on the floor. The reaction of 
foraging peoples is succinctly put by Irven DeVore: "Hunter-gatherers will 
not suffer a snake to live." In cultures that revere snakes, people still treat 
them with great wariness. Even Indiana Jones was afraid of them! 
The other common fears are of heights, storms, large carnivores, 
darkness, blood, strangers, confinement, deep water, social scrutiny, and 
leaving home alone. The common thread is obvious. These are the situations 
that put our evolutionary ancestors in danger. Spiders and snakes 
are often venomous, especially in Africa, and most of the others are obvious 
hazards to a forager's health, or, in the case of social scrutiny, status. 
Fear is the emotion that motivated our ancestors to cope with the dangers 
they were likely to face. 
Fear is probably several emotions. Phobias of physical things, of social 
so much as awaken it, for if the film shows the monkey recoiling from a 
flower or a bunny instead of a snake, the viewer develops no fear. 
The ability to conquer fear selectively is an important component of 
the instinct. People in grave danger, such as pilots in combat or Londoners 
during the blitz, can be remarkably composed. No one knows why 
some people can keep their heads when all about them are losing theirs, 
but the main calming agents are predictability, allies within shouting distance, 
and a sense of competence and control, which the writer Tom 
Wolfe called The Right Stuff. In his book by that name about the test 
pilots who became Mercury astronauts, Wolfe defined the right stuff as 
"the ability [of a pilot] to go up in a hurtling piece of machinery and put 
his hide on the line and then have the moxie, the reflexes, the experience, 
the coolness, to pull it back in the last yawning moment." That 
sense of control comes from "pushing the outside of the envelope": testing, 
in small steps, how high, how fast, how far one can go without bringing 
on disaster. Pushing the envelope is a powerful motive. Recreation, 
and the emotion called "exhilaration," come from enduring relatively safe 
events that look and feel like ancestral dangers. These include most noncompetitive 
sports (diving, climbing, spelunking, and so on) and the genres 
of books and movies called "thrillers." Winston Churchill once said, 
"Nothing in life is so exhilarating as to be shot at without result." 
THE HAPPINESS TREADMILL 
The pursuit of happiness is an inalienable right, says the Declaration of 
Independence in its list of self-evident truths. The greatest happiness of 
the greatest number, wrote Jeremy Bentham, is the foundation of morality. 
To say that everyone wants to be happy sounds trite, almost circular, 
but it raises a profound question about our makeup. What is this thing 
that people strive for? 
At first happiness might seem like just desserts for biological fitness 
(more accurately, the states that would have led to fitness in the environment 
in which we evolved). We are happier when we are healthy, 



well-fed, comfortable, safe, prosperous, knowledgeable, respected, noncelibate, 
and loved. Compared to their opposites, these objects of striving 
are conducive to reproduction. The function of happiness would be 
to mobilize the mind to seek the keys to Darwinian fitness. When we are 
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unhappy, we work for the things that make us happy; when we are happy, 
we keep the status quo. 
The problem is, how much fitness is worth striving for? Ice Age people 
would have been wasting their time if they had fretted about their 
lack of camping stoves, penicillin, and hunting rifles or if they had 
striven for them instead of better caves and spears. Even among modern 
foragers, very different standards of living are attainable in different 
times and places. Lest the perfect be the enemy of the good, the pursuit 
of happiness ought to be calibrated by what can be attained through reasonable 
effort in the current environment. 
How do we know what can reasonably be attained? A good source of 
information is what other people have attained. If they can get it, perhaps 
so can you. Through the ages, observers of the human condition 
have pointed out the tragedy: people are happy when they feel better off 
than their neighbors, unhappy when they feel worse off. 
But, O! how bitter a thing it is to look into happiness through another 
man's eyes! 
—William Shakespeare (As You Like It, V, ii). 
Happiness, n. An agreeable sensation arising from contemplating the 
misery of others. 
—Ambrose Bierce 
It is not enough to succeed. Others must fail. 
—Gore Vidal 
Ven frait zich a hoiker? Ven er zet a gresseren hoiker far zich. (When does 
a hunchback rejoice? When he sees one with a larger hump.) 
—Yiddish saying 
Research on the psychology of happiness has borne out the curmudgeons. 
Kahneman and Tversky give an everyday example. You open your 
paycheck and are delighted to find you have been given a five percent 
raise—until you learn that your co-workers have been given a ten percent 
raise. According to legend, the diva Maria Callas stipulated that any 
opera house she sang in had to pay her one dollar more than the next 
highest paid singer in the company. 
People today are safer, healthier, better fed, and longer-lived than at any 
time in history. Yet we don't spend our lives walking on air, and presumably 
world. Selection among branches of the tree of life is possible, but that 
has nothing to do with whether organisms are designed for unselfishness. 
Animals just don't care what happens to their group, species, or 
ecosystem. Wolves catch the old and weak deer because they are the easiest 
to catch. Hungry lemmings set out for better feeding grounds and 
sometimes fall or drown by accident, not suicide. Stags fight because 
each wants to breed, and one concedes when defeat is inevitable, or as 
part of a strategy that works on average against others playing the same 
strategy. Males who fight are wasteful to the group—indeed, males in 
general are wasteful to the group when they make up half of it, because a 
few studs could sire the next generation without eating half the food. 
Biologists often describe these acts as self-interested behavior, but 
what causes behavior is the activity of the brain, especially the circuitry 
for emotions and other feelings. Animals behave selfishly because of how 
their emotion circuits are wired. My full stomach, my warmth, my 
orgasms, feel better to me than yours do, and I want mine, and will seek 
mine, more than yours. Of course, one animal cannot directly feel what's 



in another one's stomach, but it could feel it indirectly by observing the 
second animal's behavior. So it is an interesting psychological fact that 
animals usually don't experience other animals' observable well-being as 
their own pleasure. It is an even more interesting fact that they sometimes 
do. 
Earlier I said that natural selection selects selfish replicators. If organisms 
were replicators, all organisms should be selfish. But organisms do 
not replicate. Your parents did not replicate when they had you, because 
you are not identical to either of them. The blueprint that made you— 
your set of genes—is not the same as the blueprint that made them. 
Their genes were shuffled, randomly sampled to make sperm and eggs, 
and combined with each other's during fertilization to create a new combination 
of genes and a new organism unlike them. The only things that 
actually replicated were the genes and fragments of genes whose copies 
made it into you, some of which you will in turn pass down to your children, 
and so on. In fact, even if your mother had cloned herself, she 
would not have replicated; only her genes would have. That is because 
any changes she underwent in her lifetime—losing a finger, acquiring a 
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tattoo, having her nose pierced—were not passed on to you. The only 
change you could have inherited was a mutation of one of the genes in 
the egg that was to become you. Genes, not bodies, replicate, and that 
means that genes, not bodies, should be selfish. 
DNA, of course, has no feelings; "selfish" means "acting in ways that 
make one's own replication more likely." The way for a gene to do that in 
an animal with a brain is to wire the brain so that the animal's pleasures 
and pains cause it to act in ways that lead to more copies of the gene. 
Often that means causing an animal to enjoy the states that make it survive 
and reproduce. A full belly is satisfying because full bellies keep animals 
alive and moving and reproducing, leading to more copies of the 
genes that build brains that make full bellies feel satisfying. 
By building a brain that makes eating fun, a gene helps to spread 
copies of itself lying in the animal's gonads. The actual DNA that helps 
build a brain, of course, doesn't itself get passed into the egg or sperm; 
only the copies of the gene inside the gonads do. But here is an important 
twist. The genes in an animal's gonads are not the only extant copies 
of the brain-building genes; they are merely the most convenient ones 
for the brain-building gene to help replicate. Any copy capable of replicating, 
anywhere in the world, is a legitimate target, if it can be identified 
and if steps can be taken to help it replicate. A gene that worked to replicate 
copies of itself inside some other animal's gonads could do as well as 
a gene that worked to replicate copies of itself inside its own animal's 
gonads. As far as the gene is concerned, a copy is a copy; which animal 
houses it is irrelevant. To a brain-building gene, the only thing special 
about that animal's gonads is the certainty that copies of the gene will be 
found in those gonads (the certainty comes from the fact that the cells in 
an animal's body are genetic clones). That is why the brain-building 
genes make animals enjoy their own well-being so much. If a gene could 
build a brain that could tell when copies of itself were sitting in another 
animal's gonads, it would make the brain enjoy the other animal's wellbeing, 
and make it act in ways that increased that other animal's wellbeing. 
When does a copy of a gene in one animal also sit inside another? 
When the animals are related. In most animals there is a one-in-two 
chance that any gene in a parent will have a copy lying inside its offspring, 
because offspring get half their genes from each parent. There is 
also a one-in-two chance that a copy is lying inside a full sibling, because 
full siblings inherit their genes from the same pair of parents. There is a 
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one-in-eight chance that a copy is lying inside a first cousin, and so on. A 
gene that built a brain that made its owner help its relatives would indirectly 
help to replicate itself. The biologist William Hamilton noted that 
if the benefit to the relative, multiplied by the probability that a gene is 
shared, exceeds the cost to the animal, that gene would spread in the 
population. Hamilton developed and formalized an idea that had been 
entertained by several other biologists as well, most famously in a wisecrack 
by the biologist J. B. S. Haldane when he was asked if he wiould lay 
down his life for his brother. "No," he said, "but for two brothers or eight 
cousins." 
When an animal behaves to benefit another animal at a cost to itself, 
biologists call it altruism. When altruism evolves because the altruist is 
related to the beneficiary so the altruism-causing gene benefits itself, 
they call it kin selection. But when we look into the psychology of the 
animal doing the behaving, we can give the phenomenon another name: 
love. 
The essence of love is feeling pleasure in another's well-being and pain 
in its harm. These feelings motivate acts that benefit the loved one, like 
nurturing, feeding, and protecting. We now understand why many animals, 
including humans, love their children, parents, grandparents, 
grandchildren, siblings, aunts, uncles, nephews, nieces, and cousins: people 
helping relatives equals genes helping themselves. The sacrifices 
made for love are modulated by the degree of relatedness: people make 
more sacrifices for their children than for their nephews and nieces. They 
are modulated by the expected reproductive life of the beneficiary: parents 
sacrifice more for children, who have a longer life ahead of them, 
than children sacrifice for parents. And they are modulated by the beneficiary's 
own feelings of love. People love their grandmothers not because 
their grandmothers are expected to reproduce, but because their grandmothers 
love them, and love the rest of their family. That is, you help people 
who enjoy helping you and helping your relatives. That is also why 
men and women fall in love. The other parent of my child has as much of 
a genetic stake in the child as I do, so what is good for her is good for me. 
Many people think that the theory of the selfish gene says that "animals 
try to spread their genes." That misstates the facts and it misstates 
the theory. Animals, including most people, know nothing about genetics 
and care even less. People love their children not because they want to 
spread their genes (consciously or unconsciously) but because they can't 
help it. That love makes them try to keep their children warm, fed, and 


