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Let me be clear. This book is about real maps in your brain. I am 
not being metaphorical or using artistic license; there are actual maps 
in your brain. And not just one or two maps. Your brain is a teeming 
atlas of them.

Before I explain what I mean by a brain map, here’s what I don’t 
mean. Scientists and science writers often describe neuroscience re-
search as “brain mapping” in news articles, popular books, and lec-
tures. By this they mean the scientific effort to discover, for example, 
which chunks of the brain make you feel sleepy or help you select 
one dish from a crowded restaurant menu. This so-called brain map-
ping doesn’t create a map so much as an inventory of known brain 
regions  —  a list that resembles a mechanic’s list of automotive parts. 
Each part, from the crankshaft to the muffler, has a specific func-
tion and belongs in a specific place in the car. Likewise, this brain in-
ventory lists brain chunks, their locations within the brain, and their 
suspected purpose. But once neuroscientists discover an area of the 
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2    |    Introduction

brain to add to the inventory, they inevitably zoom in and investigate 
it closely. When they do, they often find that this chunk of brain has 
its own internal organization  —  an astonishing layout that forms an 
actual map.

Simply put, a map is a spatial representation of something else. 
When you think of maps, you probably think of geographic maps, 
which represent locations on the surface of the earth. But you could 
just as well map locations on the surface of the moon or the arrange-
ments of stars in distant galaxies. In fact, maps are not limited to 
representing physical locations. The maps in your brain chart your 
body, senses, movements, and crucial sources of information in your 
world.

To grasp the beauty of brain maps, you need only think of their 
coordinates. Geographic maps have spatial coordinates, or units of 
distance such as kilometers or degrees of longitude and latitude. A 
point on a geographic map gives you a location on the surface of the 
earth. But a point on a brain map may give you a flash, a flavor, a note, 
a twitch, or a tingle. Your brain maps of vision represent the drop-
lets of light that strike the delicate sheet of cells at the back of your 
eyes. Your maps of hearing represent frequencies of sound imping-
ing on the sensitive coils buried deep within your ears. Your touch 
maps have skin coordinates and represent each instance of pressure, 
warmth, and pain along the many plains and valleys of your skin. 
Your brain contains spatial maps, which help you interact with the 
world, and movement maps, which plan what you are about to do: 
the next blink, swallow, or step. Literally, these are maps of you  —  
your body, from your eyeballs to the bottoms of your feet  —  and what 
you do, what you need, and how you interact with the spaces around 
you. Your brain is brimming with remarkable maps that represent 
these facets of your world and more.

But brain maps aren’t just remarkable. They are also impor-
tant. They offer deep insights into us and why we remember, imag-
ine, learn, and think the way we do. They allow us to peer into the 
minds of other people, even other creatures, and infer how their per-
ceptions differ from our own. They expose how children learn from 
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Introduction    |    3

and adapt to their surroundings, sometimes with lifelong repercus-
sions for health and well-being. And, increasingly, physicians, scien-
tists, and corporations are using brain maps to develop technologies 
that bridge the divide between computers and brains. In short, brain 
maps hold profound psychological, philosophical, societal, and tech-
nological importance. They are a key to understanding ourselves in 
the present and to deciding how brain technologies will shape our so-
cieties into the future.

In the process of writing this book, I found that several themes 
emerged in the story of brain maps. The first is their universality. 
From fruit flies to catfish to elephants, the brains of creatures great 
and small contain maps. And not just one or two! From the front 
to the back of the brain, from left to right and top to bottom, maps 
abound. It is simply what brains on earth do: they make maps. And 
in many cases, they make similar maps. You and I have more or less 
the same types of brain maps, and we share many of them with spe-
cies cloaked in scales, feathers, or fur.

The second theme is the uniqueness of brain maps  —  a concept 
that might seem to contradict their universality. But it does noth-
ing of the sort. Universality and uniqueness are close companions 
throughout the biological world. For instance, fingerprints are uni-
versal to humans  —  we all have them  —  and yet the idiosyncrasies of 
individual fingerprints make each one unique. The same is true for 
brain maps, except that their idiosyncrasies matter. They affect a per-
son’s or a creature’s capacity to perceive, attend, remember, recognize, 
and react to the wider world. As such, brain maps offer clues about 
how perception and even certain types of aptitude, including read-
ing ability, visualization, and fine motor ability, differ from one per-
son to the next.

A third theme is that brain maps are born out of necessity. They 
are not an ornamental flourish in nature’s grand design. Without 
them, perception as you know it would not be possible. There are 
tremendous physical challenges to creating, fueling, and housing a 
brain capable of seeing and feeling worth a damn. In fact, making 
brain maps is only the first step in surmounting these obstacles. To 
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4    |    Introduction

truly overcome them, your brain maps cannot faithfully represent 
the world around you. Instead, they are dramatically warped to save 
energy and space, and these distortions, in turn, shape what you 
can see and feel. This surprising fact lies at the heart of this book 
and its title. As you will see, brainscapes are the distorted represen-
tations of reality that occupy your brain maps and dictate what you 
perceive.

Fourth, the story of brain maps is one of tough trade-offs, not su-
periority. If you came to these pages hoping to learn why some peo-
ple are smarter than others or why humans outshine other creatures 
on earth, I recommend that you look elsewhere. Brain maps reveal 
a different truth: one of limited resources and penurious investment. 
When a species invests and excels in particular abilities such as high-
definition vision, manual dexterity, or ultrasonic hearing, other ca-
pacities are by necessity ceded and sacrificed. Thus the brain maps 
found within a given creature  —  including you  —  reveal the percep-
tual and mental abilities crucial to its survival. A brain map can’t be 
judged superior or inferior based on its intrinsic qualities; its value 
can only be determined in the context of a creature’s environment 
and moment-to-moment needs for survival.

Brain maps also give organisms the chance to adapt. Throughout 
life, these maps retain some capacity to learn from experience and 
reshape themselves in response to new environments and needs. The 
brains of infants and young children are, however, especially pliable, 
and so experiences that occur during key weeks or months of child-
hood can dramatically impact how the maps will be laid out for a life-
time. This process of learning from their environment affords chil-
dren the chance to adapt to it, in some cases by altering their brain 
maps to a dazzling degree. Typically, this process benefits children 
and helps them to thrive throughout life. But when a child’s early en-
vironment is disrupted by transient yet extreme experiences such as 
hospitalization, deprivation, or correctable visual impairments, this 
kind of learning can have the opposite effect. In essence, brain maps 
reveal how children can be particularly resilient when facing changes 
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Introduction    |    5

in their environment and yet also particularly susceptible to suffering  
enduring effects as a result of those experiences.

Finally, a brain map provides an ideal conduit for eavesdropping 
on the living, thinking brain  —  and even directly manipulating it. In 
the late nineteenth century, knowledge about a brain map enabled 
physicians to begin performing successful targeted neurosurgery. In 
the present day, knowledge of additional brain maps allows scien-
tists to detect when people who appear to be in a vegetative state 
are, in fact, fully conscious and aware of their surroundings. It per-
mits some forms of mind reading  —  not just deciphering what a per-
son is seeing or feeling at a given moment, but also what they are re-
membering, imagining, or dreaming about. It has spurred advances 
in neuroprosthetics aimed at restoring movement to patients suffer-
ing from paralysis and vision to people who are blind. And recently, 
commercial attempts to directly integrate computers and the human 
brain  —  a prospect that has opened the wallets of private investors 
and corporations alike  —  are likewise based on information about 
brain maps.

As these themes collectively suggest, the impact of brain maps 
on thought, health, and technology is profound and far-reaching. 
They matter not just to scientists but to every person and creature on 
earth. They matter to you, though you may never have heard of them, 
and they offer answers to questions so fundamental to daily life that 
you may never have thought to ask them: Why does remembering an 
event feel like reliving it? Why do I use my hands to feel things? Why 
can’t I imagine sensations beyond my five senses? Why are children bet-
ter than adults at learning new skills like playing an instrument? Why 
can’t I pay attention to everything around me all at once? Why are com-
puters so good at predicting the next thing I might type but so bad at 
understanding what I actually mean? I wrote this book not just to an-
swer such questions but also to revel in asking them.

Brainscapes is not a how-to book. It will not improve your golf 
game or your love life. It offers no treatments for illness nor tips for 
financial success. These pages offer something else entirely: a chance 
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6    |    Introduction

to view your life from a different perspective. So much about how 
you feel and think may seem obvious. But beneath the ordinary, 
there is plenty to marvel at. Brain maps shape your experience, day 
in and day out. They tell a grand story  —  one that is both universal 
and deeply personal. They reveal surprising truths about our place 
in the world and about the world’s place within us. They raise im-
portant questions about what is real, what is fair, and what is private. 
And they demonstrate how dire necessity can give rise to something 
surprisingly beautiful and even poetic.

This book introduces only a handful of brain maps, each one vi-
tal for perceiving the world and acting upon it. It reveals what brain 
maps are, why they exist, and how your body teaches your brain 
which maps to form. It shows how brain maps serve as the loom 
upon which you weave the threads of perception, attention, imagi-
nation, and dreams. It describes how they shape your thoughts and 
abilities, how they empower you yet at the same time hold you back.

The brain is often described as immensely complex. Writers and 
scientists sometimes compare it to the stars in the heavens in order to 
illustrate the sheer number of cells in the brain and the stunning tally 
of connections between them. Although such comparisons inspire a 
justified awe, they also portray the brain as distant  —  unreachable and 
unknowable. But to consider the brain through its maps is a powerful 
means of understanding it as a close ally. Your brain is intimately at-
tuned to your needs and your self  —  the layout of your body, the sen-
sitivities of your flesh, your abilities and limitations, the space that 
surrounds you, and the tools and fuel you rely on to survive.

Yes, your brain is complex. But it is not out of reach, far off in the 
heavens. It is down in the mud with you. And that is a truly wonder-
ful thing.
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An Atlas of You: 
What Is a Brain Map?

As with so many scientific discoveries, it took both seren-
dipity and suffering to reveal vision’s hidden maps within the human 
brain. The first of these maps was unearthed because of two things: 
bullets and blindness. The story of how they intersected illustrates 
what a brain map actually is and why it matters.

The year was 1904. Two empires, Japan and Russia, were locked 
in a war over territory and naval dominance. As casualties on both 
sides mounted, the Japanese authorities noticed something strange: 
a surprising number of their wounded soldiers had become fully or 
partially blind. Many of these cases, as might be expected, involved 
injuries to the eye. But nearly a quarter were due to brain damage  —  a 
proportion far greater than that of previous wars.

This shift reflected a change in weapons. The Russians were us-
ing a new type of gun: a high-velocity rifle called the Mosin-Nagant 
Model 91. Its bullets were 7.6 mm in diameter, smaller than bullets 
fitted to previous rifle models. Clocking speeds of 620 meters per 
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8    |    B r a i n s c a p e s

second out of the barrel, they were faster as well. These changes en-
abled the Russians to fire bullets that traveled farther yet still hit their 
mark. They also changed the types of injuries these weapons caused. 
Previously, gunshot wounds to the head often shattered the skull or 
sent shock waves through tissue, creating large cavities in the brain. 
Not so with the Mosin-Nagant Model 91. The new bullets sliced clean 
through both brain and bone, leaving small, neatly circumscribed 
holes like perfect rounds in a paper target. As a result, more soldiers 
survived gunshot wounds to the head, and those who did were left 
with fewer mental and perceptual problems than those with head 
wounds in previous wars.

The Japanese soldiers who were shot in a certain part of the head 
reported visual problems. They experienced a hole in vision  —  a 
blind patch called a scotoma  —  and it traveled with their gaze as they 
looked from one place to the next. Damage to the eyeball can cause 
a person to experience a scotoma. Yet the wounds that caused these 
particular scotomas were in an odd location  —  the back of the head, 
far from the eyes.

These holes in vision differed, both in size and location, from one 
patient to the next. One man might have a scotoma in the far right-
hand corner of his vision, so that wherever he looked, objects on the 
right would be obscured. Another man might be unable to see the 
very thing he fixed his gaze upon; whether he tried to look directly 
at a written word or at the face of his wife, the blind patch would 
eclipse it.

These scotomas marred a patient’s vision whether he tried to see 
with only his left eye, only his right, or both eyes at once. It became 
clear that the scotomas would handicap the soldiers for life. To com-
pensate for these injuries and lost future income, the Japanese gov-
ernment planned to award the men larger pensions  —  a complex un-
dertaking, in the bureaucracy of the empire. In order to determine 
the size of each soldier’s pension, the government needed documen-
tation of the location and size of his scotoma. 

The somber task of gathering that information would fall to Dr. 
Inouye Tatsuji, a young ophthalmologist who was just finishing his 
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medical studies when the war broke out. Inouye’s work entailed per-
forming visual field tests on the wounded soldiers. A visual field is 
the expanse that a person can see in all directions without moving 
the eyes. When you fix your gaze on a point in space, you can still see 
a certain distance above, below, and to either side of it. If your vision 
is normal, you will see best at your center of gaze, which corresponds 
to the point in space where you are looking. Yet you also collect visual 
information far from your center of gaze, such as when you notice 
someone “out of the corner of your eye.” Vision scientists and oph-
thalmologists call these regions on the outskirts of the visual field the 
visual periphery. Your visual field is the sum of your vision at your 
center of gaze and in your visual periphery. Ophthalmologists can 
test a patient’s visual fields in many ways, from flashing lights at dif-
ferent places in the visual field to simply holding up fingers in various 
parts of the visual field and asking the patient to count them. When 
a patient fails to see anything in a portion of that field (say, the lower 
left-hand portion), they might have a scotoma.

During his time as an army physician, Inouye performed count-
less visual field tests on patients with gunshot wounds or other trau-
mas, and he compiled records of everything he found. Although his 
government simply needed the records to calculate pensions, the 
young doctor realized that they might also hold the key to resolving 
a long-standing scientific mystery: where was the seat of visual per-
ception in the human brain, and how exactly was vision represented 
there? For decades, scientists had labored to answer these questions. 
Their work hinted at the existence of a map for visual information in 
the brain, but its exact location and layout remained unknown.

A map is a spatial representation of something else. Therefore, a 
brain map is a spatial representation in the brain of something else. 
Brains have sizes and shapes, fronts and backs, tops and bottoms. So 
having something spatial in the brain, something that takes up space in 
its surfaces, bundles, and folds, is easy enough to accept. But what does 
it mean for your brain to represent something about the world, whether 
that something is the sight of a painting or the sound of a siren?

The answer to that question begins not in the brain, but elsewhere 

An Atlas of You: What Is a Brain Map?    |    9
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10    |    B r a i n s c a p e s

in the body. Or rather, the key places where the body meets the out-
side world. Your skin is the largest and most obvious of these, but 
there is also the retina that lines the back of each of your eyeballs. 
There is the cochlea nestled deep inside each of your ears. There are 
the delicate tissues lining the inside of your two nostrils, and there 
are the moist surfaces of your tongue and mouth. And that’s more 
or less it. These surfaces are the conduits through which you collect 
information about the outside world. Each of these surfaces is lined 
with cells called sensory receptors, which detect information from 
the external world and translate it into internal messages that will 
be sent to the brain. These receptors are unimaginably precious. Life 
without them would be a life unmoored from your surroundings.

Take a closer look at one of the features that anchors you to real-
ity: your skin. It forms a continuous surface. If you focus on any spot 
of skin on your body, you will likely find more skin to the left, to the 
right, above and below. Sure, there are interruptions, such as the eyes, 
the mouth, and the nostrils. But the skin continues around them, just 
as the shore continues around a lake. The skin on your foot is next 
to your ankle skin, which is next to your shin skin. In other words, 
your skin has features that are consistently arranged across a contin-
uous surface. That means your skin, like the surface of the earth or 
the moon, has a topography, or landscape. Imagine some microbes 
living on your skin. If colonies of microbes could communicate and 
explore, they might chart out the landscapes (or perhaps skinscapes) 
of your body and travel around, guided by its landmarks. Want to get 
to the armpit? Hang a right at the belly button and a left at that oddly 
shaped mole.

Although your skin is continuous, its touch receptors are not. 
Many thousands of receptors are embedded in your skin. Some de-
tect trauma and signal pain, whereas others register pressure, vibra-
tion, or heat. Consider the set of receptors that specifically registers 
pressure and vibrations on your skin. Thanks to them, you are able to 
feel a poke and distinguish a smooth surface from one that is rough. 
Each of these receptors works its magic at only one spot on your skin. 
A receptor on your right kneecap is tasked with detecting and broad-
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casting touch on one patch of that kneecap. That is all. Think of it as 
something like a reclusive landowner hunkered down with a shot-
gun: The rest of the world may do what it pleases, but if someone sets 
foot on my land, there’ll be hell to pay! 

For that little kneecap receptor, all that matters is its kneecap ter-
ritory. Scientists call this its receptive field; it is the field, or zone, 
from which that cell receives information. Pressure within its recep-
tive field triggers a response, or message, from the cell. Something is 
happening! Pressure outside that receptive field triggers nothing. Like 
landowners, some receptors are responsible for bigger areas than oth-
ers, but all receptors are restricted to their local plots of skin. Don’t 
ask a receptor on your kneecap what is happening on your back. It 
couldn’t tell the difference between a luxurious back massage, a slap 
on the back, or no touch at all. Each sensory receptor simply tells the 
story of its little patch of skin and sends that on to the brain.

This is where representation begins. The signals sent from an in-
dividual receptor, say, one embedded in the skin of your right knee, 
represent compression of that skin. So if I want to know whether 
your knee is being pressed, I don’t have to inspect your knee. Instead, 
I could listen in on the signals sent from your skin to your brain. The 
signal from this receptor tells me all I need to know about that single 
patch of skin. The signal represents the physical forces acting upon 
that one part of your body.

Imagine that we follow the signal sent by the receptor on your 
knee and travel with that signal into the brain, where it reaches a type 
of brain cell called a neuron. Not just any neuron, mind you; this is 
no willy-nilly pairing of sender and receiver, like some cartoon of an 
old-fashioned switchboard. The precious signal will land upon just 
the right neuron: a specialist that gathers signals about touch but not 
sight, taste, smell, or hearing. Not just that, but a super-specialist that 
gathers signals about touch only on and around your knee, not your 
elbow or your face. Even though this neuron is in your brain rather 
than on your skin, it has a receptive field on your body: a plot of skin 
on your knee. That is all it knows; it receives information about that 
solitary site.

An Atlas of You: What Is a Brain Map?    |    11
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12    |    B r a i n s c a p e s

Likewise, when this neuron is ready to send a signal of its own to 
other parts of the brain, it can speak only to what it knows: informa-
tion about touch on your knee. Even though this neuron is in your 
head and not on your kneecap, its signals will represent touch infor-
mation from your knee. When this cell sends a signal to other places 
in the brain, this signal means something. It represents what has hap-
pened on that specific patch of skin. This is the central idea behind 
representation in the brain and a necessary ingredient of brain maps, 
not to mention pretty much everything the brain achieves. If brains 
did not create such representations, we would be done for. Brains al-
low us to gather clues from our sensory receptors and send instruc-
tions to our muscles only by representing what receptors sense and 
how muscles move.

Because of such representation, neuroscientists can now detect 
what a person is feeling on their skin simply by observing activity in 
their brain. Conversely, they can manipulate what a person thinks 
they feel on their skin by directly mucking around with their brain. 
That is the powerful thing about representation: once you know how 
it works, you can use it to listen in on signals or even change them.

Representation works nearly the same way for vision as it does for 
touch. Vision begins at the back of the eyeballs. When tiny packets of 
light, or photons, enter your eyes, they travel through your eyeballs 
and land on the delicate tissues of your retina. Embedded in each ret-
ina are many millions of sensory receptors that detect photons.

Just as skin is continuous, the retina that lines the back of the 
eyeball is a continuous sheet. And just as your skin has a topogra-
phy, so too do your retinas. For instance, each retina has a conspicu-
ous pit called the fovea; when you look directly at something  —  say, 
a stop sign  —  light that bounces off that sign and enters your eye will 
fall upon a sensory receptor in your fovea. Because light travels in a 
straight line and because the receptors in your eye are anchored in 
place, a receptor in your fovea will only ever detect and represent 
light coming in from your center of gaze, the area you are currently 
looking at. Likewise, a receptor far away from your fovea will only 
ever detect and represent light coming from elsewhere, a specific re-
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Figure 1. A schematic illustration of how receptive fields support 
neural representations in touch (above) and vision (below). Paul Kim

An Atlas of You: What Is a Brain Map?    |    13

Schwarzlose_BRAINSCAPES_interior_final.indd   13 3/22/21   1:55 PM



14    |    B r a i n s c a p e s

gion of space far away from where you are directing your eyes. In this 
way, receptors in your eyes, like receptors in your skin, have recep-
tive fields, allowing your retina and, eventually, your brain to repre-
sent the information that you collected with your eyes  —  in essence, 
to represent what you see. 

So although your skin and your retinas are continuous surfaces, 
your ability to detect touch with your skin or light with your eyes 
is not. It is built from the sum of all of those little signals coming 
from tiny patches. Like a mosaic of colored tiles that together form a 
meaningful image, your experience of sight and touch must be cob-
bled together from fragmented bits of information. The same is true 
for your sense of hearing.

How are these shards of perception integrated to form the more 
unified experiences we have of touch, sight, and sound? Scientists 
can’t fully answer this question, but they do know that it doesn’t hap-
pen all at once. The mosaic of information we receive from our sen-
sory receptors is assembled in steps. (See Figure 1.) These steps take 
place as information about a representation moves from one part of 
your brain, containing one map, to another. It might seem odd to 
think that your perception of the world is actively constructed by 
your brain out of thousands of specks, or to imagine that these specks 
merge and meld gradually, in a series of maps, to generate experience 
as you know it. But this is the odd reality of perception and the re-
markable nature of our senses.

By the close of the nineteenth century, not long before Inouye was 
examining bullet wounds and testing visual fields, scientists gener-
ally agreed that the brain’s representation of vision was housed some-
where near the back of the brain. They also knew that the represen-
tation was spatial and that its layout in the brain somehow mirrored 
the layout of light entering the eye. Yet the details of where and how 
this strange map was laid out remained unclear.

Based on his study of more than a hundred patients, the Swed-
ish neuropathologist Salomon Henschen had correctly identified 
the specific place at the back of the brain that housed the visual rep-
resentation. He even proposed a theory for how the map was laid 
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