
Dark 
an d 

Magical 
Places

DarkAndMagicalPlaces_txt_final.indd   1DarkAndMagicalPlaces_txt_final.indd   1 9/28/21   11:28 AM9/28/21   11:28 AM



wellcome collection publishes thought-provoking books exploring 
health and human experience, in partnership with leading independent 
publisher Profile Books. 

wellcome collection is a free museum and library that aims 
to challenge how we think and feel about health by connecting 
science, medicine, life and art, through exhibitions, collections, live 
programming, and more. It is part of Wellcome, a global charitable 
foundation that supports science to solve urgent health challenges, with 
a focus on mental health, infectious diseases and climate.
 
wellcomecollection.org

Dark and Magical Places CS6.indd   2 19/10/2021   11:08



A l s o  b y  C h r i s t o p h e r  K e m p

The Lost Species: 
Great Expeditions in the Collections of 

Natural History Museums

Floating Gold: 
A Natural (and Unnatural) History of Ambergris

DarkAndMagicalPlaces_txt_final.indd   3DarkAndMagicalPlaces_txt_final.indd   3 10/1/21   1:40 PM10/1/21   1:40 PM



Dark 
and 

Magical  
Places

The Neuroscience of Navigation

C H R I S T O P H E R  K E M P

Dark 
an d 

Magical  
Places

The Neuroscience of Navigation

C H R I S T O P H E R  K E M P

DarkAndMagicalPlaces_txt_final.indd   5 10/1/21   1:40 PM

The Neuroscience of How We Navigate

PROFILE BOOKS

Dark and Magical Places CS6.indd   5 19/10/2021   11:17



First published in Great Britain in 2022 by
Profile Books Ltd

29 Cloth Fair
London
ec1a 7jq

www.profilebooks.com

Published in association with Wellcome Collection

183 Euston Road
London nw1 2be

www.wellcomecollection.org

First published in the United States by 
W. W. Norton & Company, Inc.

Copyright © Christopher Kemp, 2022

Illustrations by Nate Kriepp
Book design by Chris Welch

1 3 5 7 9 10 8 6 4 2 

Printed and bound in Great Britain by
Clays Ltd, Elcograf S.p.A.

The moral right of the author has been asserted.

All rights reserved. Without limiting the rights under copyright reserved 
above, no part of this publication may be reproduced, stored or introduced 

into a retrieval system, or transmitted, in any form or by any means (electronic, 
mechanical, photocopying, recording or otherwise), without the prior written 

permission of both the copyright owner and the publisher of this book.

A CIP catalogue record for this book is available from the British Library.

ISBN 978 1 78816 440 5
eISBN 978 1 78283 653 7

Audio ISBN 978 1 78283 986 6

Dark and Magical Places CS6.indd   6 19/10/2021   14:19



For my family  

(and anyone who has ever given me directions)
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Author’s Note

This is not a textbook. There are good textbooks out there on the sub-
ject of navigation, written by neuroscientists. I have used some of them 
in the writing of this book, like Why People Get Lost, by Paul A. Dud-
chenko, and Human Spatial Navigation by Ekstrom, Spiers, Bohbot, 
and Rosenbaum. There are others too. I relied even more heavily on 
the scientific literature, which is bursting at the seams with articles, 
reports, reviews, histories, and commentaries. With an ocean of data 
before me, I merely dipped my toe in it. Every month, a hundred or more 
new scientific papers are published, each describing a different aspect 
of the neural pathways that underpin navigation— a little piece of the 
puzzle. In most instances, I have provided a single scientific reference, 
or maybe two, to support a factual statement even though there might 
be hundreds of references in the literature that illustrate the same 
point. But I never intended to be exhaustive. This book is an attempt to 
understand the shortcomings of my own brain. Perhaps you see a little 
bit of yourself in here, or you recognize someone— a spouse, or a parent, 
or a friend— you’ve patiently guided through a grocery store.

Remember: not all those who wander are lost. 
But some of us are.

CK 2021
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The brain is a world consisting of a number of unexplored conti-
nents and great stretches of unknown territory.

— Santiago Ramón y Cajal (1852– 1934)

I can’t say as ever I was lost, but I was bewildered once for three 
days.

— Daniel Boone

Dad, I think you’re going the wrong way.
— Izzy Kemp, age 7
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Figure 1: Brain Regions Involved in Navigation

Prefrontal Cortex

Precuneus

Occipital Place Area

DarkAndMagicalPlaces_txt_final.indd   14DarkAndMagicalPlaces_txt_final.indd   14 9/28/21   11:28 AM9/28/21   11:28 AM



Figure 2: Internal Brain Regions Involved in Navigation

Retrosplenial Cortex
Precuneus

Entorhinal Cortex

Parahippocampal Place Area

Hippocampus

Anterior Thalamus

Caudate

DarkAndMagicalPlaces_txt_final.indd   15DarkAndMagicalPlaces_txt_final.indd   15 9/28/21   11:28 AM9/28/21   11:28 AM



Dark 
an d 

Magical 
Places

DarkAndMagicalPlaces_txt_final.indd   17DarkAndMagicalPlaces_txt_final.indd   17 9/28/21   11:28 AM9/28/21   11:28 AM



Ch a pte r O n e

Where Is Amanda Eller? 

This is how it begins: in the forest, on an otherwise normal 
Wednesday afternoon, with sunlight filtering through the trees. 
Amanda Eller is hiking the trail. In the green shadows of the 

forest canopy, industrious little birds dart between the swaying stands 
of bamboo, hunting for grubs. As Eller walks farther into the woods, 
the day begins to get hotter. After a mile or so of walking, she’s tired. 
She takes a few steps off the trail, lifting her feet carefully over a riot of 
ferns, and lies down on a fallen tree trunk. For a few quiet moments she 
rests, lying on her back with her eyes closed, face turned up toward the 
sky. Cartoon clouds drift across the gaps in the canopy. But when she 
stands up again and starts to head back toward the trail, she can’t find 
it. Like an illusion, the trail has disappeared. Amanda Eller is lost.

At first, she does what any of us would do. She spins around trying to 
relocate the trail. All she sees are trees: tall straight trees with fluted 
trunks; saplings; spindly stunted trees growing in the shadows; a half- 
fallen tree resting at an odd angle against another canted tree, like a 
lambda λ in the forest; dead fallen trees that are slowly becoming part 
of the forest floor again; a tree with a large, rounded burl. Trying to 
detect something distinctive in their sameness, Eller searches for the 
trail all afternoon until it gets dark.
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2 Dark and Magical Places

It’s May 8, 2019. Eller is standing in the Makawao Forest Reserve in 
Hawaii. Located on the northwest slopes of the volcano Haleakalā, the 
reserve covers around 2,000 acres of Maui’s rugged interior. It’s a forest 
surrounded by even more forest. A wilderness within a wilderness. On 
Google Earth, it resembles a perfectly ripe avocado— if every avocado 
had a cartoonish flotilla of wispy clouds drifting above it. Her situation 
is not trivial. The forest is dense: completely impenetrable in places, 
steep and difficult, crisscrossed with hidden ravines, choked with ferns, 
and draped with vines. Eller had arrived at the reserve around 10:30am, 
parking her SUV at the trailhead. It was quiet. She bent over to place her 
car key beneath the front wheel of the car. The thirty- five- year- old yoga 
teacher and physical therapist had only intended to take a quick three- 
mile hike along a familiar trail. 

Now, standing beneath the moss- green canopy, Eller closes her eyes 
and takes a slow, deep breath to stay calm. She studies the pale clumps 
of lichen growing on the nearby trunks in irregular shapes like the 
maps of unfamiliar countries. Which way did I come from? 

But she is lost in a multitude of trees. By midafternoon, Eller has 
spent several hours searching for the trail. The sun is now high over-
head, hanging above the forest. This is so silly, she thinks. Soon, some-
one will come ambling through the woods along the trail, voices will 
drift to her, and she can shout for help. Hikers will lead her through 
the tangle of undergrowth and the ferns, and back to the safety of the 
path. But no one comes. For a while, Eller follows a few narrow winding 
trails— eventually, she realizes they’re paths made by wild boars as they 
shoulder through the undergrowth. 

The birds trill and chirp in the trees, flitting from one place to 
another, as industrious as always. Somehow, at the same time, Eller’s 
surroundings have both collapsed inward, to the size of a room, and 
expanded infinitely outward. She could be anywhere. Standing in the 
stillness of the trees, she suddenly hears everything, all the quiet, end-
less, subtle sounds of the woods. 

Meanwhile, the sun continues on its arc overhead, slowly disappearing 
into the trees. It’s as if the birds are singing it down. Then, it’s dark. If she 

DarkAndMagicalPlaces_txt_final.indd   2DarkAndMagicalPlaces_txt_final.indd   2 9/28/21   11:28 AM9/28/21   11:28 AM



 Where Is Amanda Eller?  3

looks up through the swaying canopy, she can see a few stars— navigation 
tools, for someone maybe, but not for Eller. Eventually, her cell phone 
begins to vibrate, pinging with text messages from concerned friends. 
But she doesn’t hear it in the woods. Wearing only a tank top and yoga 
pants, Eller has left it, along with her water bottle and wallet, in her car. 
She is unprepared. She had only planned to unplug for a while. So, heart 
hammering in her chest like a trapped bird, Eller sits at the base of a tree 
and waits for the first night to pass. The forest has swallowed her up.

By this point, perhaps some of you are already judging Eller. But 
for almost any of us, her situation would be terrifying. Recently, on a 
camping trip to northern Michigan, my seven- year- old, Rowan, woke 
me at 4am needing the bathroom. We crawled out of the tent together 
and stood beneath the wet roar of the woods in complete, oil- black dark-
ness. A storm was forecast to arrive later that morning. The branches 
of the trees were bouncing madly in the wind, half- seen. I understood 
in a very small and incomplete way how mind- stoppingly terrifying it 
would be to find oneself disoriented and without shelter at 4am in the 
darkness of the woods. 

Before she stepped off the trail and disappeared, Eller had been mak-
ing her way through an unremarkable day. It was a very Wednesday kind 
of Wednesday. Suddenly, that had all changed. In one moment, her possi-
ble futures had begun to look very different— although she couldn’t have 
known that yet. After all, if you set up the same scenario and run it again 
and again, in almost every other version she stands up, swings her legs 
back onto the ground, refreshed, and walks back to the trail. At the park-
ing lot— a little thirsty now, and already thinking about lunch— she opens 
her car door, climbs inside, and glances quickly at her cell phone. No calls.

Almost every time, that’s what happens. But not every time.
And definitely not this time.

•
How can someone take a few steps off a well- marked trail in a busy for-
est reserve and disappear? 

I read about Eller’s 2019 disappearance around the time it happened 
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4 Dark and Magical Places

and was fascinated by the story. I followed along at home as it devel-
oped, reading updates every day. The story stayed with me for a long 
time afterward. It took root like a delicate sapling. Its leaves unfurled in 
my mind. I’ve been lost in the woods like Eller, if only for a few panicked 
moments. 

In fact, I’m permanently lost. I have no sense of direction. If I were 
blindfolded and taken just a few blocks from my house in Grand Rap-
ids, Michigan, where I’ve lived for more than ten years, I’d be as lost 
as if I’d suddenly teleported to the outskirts of Reykjavik. It takes me 
only a few moments to become disoriented. Crowded places. Darkened 
woods. Theme parks. Cities. My own street. Megastores. Stairwells. 
Little one- lane English villages in the rain. Everywhere, at night. I’m 
lost all the time. 

In unfamiliar buildings, I begin to unravel. Once, I was trying to 
leave a hospital floor and I somehow walked deep into the building’s 
innards instead. Suddenly, I was standing in a hot dark chamber sur-
rounded by clanking pipes and half- filled buckets. My doctor’s office is 
a maze- like warren of corridors that seem built to confuse. Malls, espe-
cially, are over- lit masterpieces of panic. A multistory parking lot, in its 
concrete brutalist glory, is a Soviet prison. 

Art museums, however, are beautiful exceptions. The Metropolitan 
Museum of Art in New York is one of a handful of places in the world I 
am happy to be lost. I wander through its spacious galleries, bathed in 
its buttery light, propelled by a quiet and contented bewilderment. 

Not long ago, I spent a week in a vast, sprawling Mexican resort. On 
one side, the ocean was a glimmering, nonnegotiable border. Inland, 
the resort was a green network of undulating paths— like a golf course 
without any holes. There were swimming pools everywhere. It was like 
being trapped in a David Hockney painting. I was lost for a week. One 
hot afternoon, lost yet again on my way back to our room, I realized that, 
earlier that day, I had used an iguana as a landmark— and it had moved.

On occasion— more often than I’d really like to admit— I drive past 
my own home. Maps help, but I’m still error- prone when I use them. I 
can learn the route to a particular location: to my dentist’s office, or the 
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 Where Is Amanda Eller?  5

airport, or my child’s school. But if I don’t take the route for a month or 
so, it slowly begins to decay, and then eventually disappears altogether. 
On a scale of 1 to 10, with 1 being very, very bad, I give my spatial skills 
a score of 1. And that’s important. 

Research has shown that when we’re asked to rate our navigation abil-
ities, our self- assessment is pretty accurate. In other words, we know if 
we’re bad at it. My failures extend to all spatial tasks. I cannot mentally 
rotate an object or imagine the locations of the different rooms in my 
house relative to one another. Not only can I not read a map, I can’t even 
refold one into an orderly rectangle. Jigsaw puzzles, crowded beaches, 
combination locks: all horrors. Origami is insufferable. A Rubik’s cube 
is a deep and lasting humiliation. During a visit to the doctor’s office, 
when I pull on my blue gown, I’m unable to tie a bow in the strings at the 
back of my neck. Driving into an unfamiliar city invokes sweaty, dry- 
throated, full- bodied, hyperventilating, white- knuckled, existential 
dread. Doom. Baroque panic. Gargoyles circle overhead.

Somehow, I managed to reach my early forties before I realized how 
incapable I am of orienting myself in space. It was a revelation. I used to 
just think that everyone was like me. But they’re not. 

My wife, Emeline, is an effortless and intuitive navigator. Her expe-
rience of the physical world is so different from mine that at times I’ve 
thought it was a brilliant and complicated lie. She might as well be 
telling me that she can talk with animals. But she proves her superior 
navigation skills to me all the time. Wherever she goes, she carries a 
complex and fully functioning map with her, stored deep within her 
brain. This inner map is richly detailed and informative. It bristles with 
spatial data. Neuroscientists have a term for it: a cognitive map. We can 
travel to a city we haven’t visited for more than a decade and she will 
readily access her internal spatial map. In unfamiliar environments, 
she quickly begins to construct a new map— extending its borders, fill-
ing in its unknown margins. 

How does she do this? Are our brains different, or do we just use them 
differently? And can I change how I use mine? This book is an attempt 
to try to understand the differences. To my wife, my never- ending state 
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6 Dark and Magical Places

of lostness is a rich source of frustration. It doesn’t make sense to her, 
to someone equipped with a well- functioning and constantly unfurling 
internal map of her surroundings, that I can be lost two blocks from 
home. At times, Emeline will suggest that I’m lost because I’m simply 
not paying attention to where I’m going. To me, this is like telling some-
one with color blindness that if he just studies the trees intently enough 
he will finally understand that they are green. 

Rural places are difficult: rolling farmland, winding roads, bales of 
hay, birds perched on wires like musical notation. A tractor in a field. A 
scattering of crows. A silo. But cities are worse. Cities are dark and mag-
ical places. Hotels seem to disappear and reappear from one moment to 
the next, as if they’re only accessible at certain times of the day. Streets 
disobey the physical laws of the universe. Entire city blocks seem to 
slide from one location to another. In a city— in any city— I am irretriev-
ably lost. Smartphones have made them easier places to navigate. I have 
become a blinking blue cursor that drifts serenely along a street. But the 
dark magic remains. It prowls on the margins of the map like a distant 
storm, waiting for my phone battery to die. 

So, when I first read Eller’s story, I felt it: the heart- stopping moment 
of panic, the first wild seconds of rising fear, in the woods. The boar 
trails that led to nowhere. The cell phone, useless with its dark screen, 
back in the car.

It could have been me.
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