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	 Introduction	 1

Introduction

If you have ever wondered what it feels like to be lost, my 
advice is, don’t try it. The experience is terrifying and often trau-

matizing. People who are truly lost are usually incapable of  making 
decisions that could save their lives, and they may even think they 
are going to die. They lose their minds as well as their bearings.

It is something of  a miracle that we don’t get lost more often. 
The physical world is infinitely complex, yet most of  us are able to 
find our way around it. We can walk through unfamiliar streets 
while maintaining a sense of  direction, take shortcuts along paths 
we have never used and remember for many years places we have 
visited only once. These are pretty remarkable achievements.

One of  the purposes of  this book is to explain how we do it: how 
our brains make the ‘cognitive maps’ that keep us orientated, even 
in places that we don’t know. More importantly, it is about our 
relationship with places, and how our understanding of  the world 
around us affects our psychology and behaviour. The way we think 
about physical space has been crucial to our evolution. As we’ll see 
in the opening chapter, the ability to navigate over large distances 
in prehistoric times gave Homo sapiens an advantage over the rest of  
the human family, allowing us to explore the furthest regions of  the 
planet. As well as defining us as wayfinders, it has shaped some of  



our vital cognitive functions, including abstract thinking, imagina-
tion, aspects of  our memory and even language. We are spatial in 
mind as well as body.

You will have felt this absolutely if  you have ever been mentally 
ill. People with post-traumatic stress disorder (PTSD), depression, 
psychosis and related conditions commonly report feeling lost in 
their minds. This is not just a metaphor: mental illness affects the 
parts of  the brain where cognitive maps form. Some psychologists 
believe that encouraging sufferers to navigate might reduce their 
symptoms by stimulating the growth of  neurons in those areas. 
Wayfinding and spatial awareness not only help us find our way and 
connect us with our surroundings, they can also foster good mental 
health.

These considerations are especially relevant at a time when most 
of  us are not using our spatial skills the way we always have. GPS-
enabled devices allow us to get around without paying attention to 
where we’re going, and without exercising the cognitive faculties 
that have guided us for millennia. This book is not a remonstration 
against smartphones, but it does contain plenty of  advice on how 
we can use satnav technology without compromising our cognitive 
health.

The book begins with the early history of  human wayfinding 
and the systems our ancestors used to interact with the landscape. 
Chapter 2 investigates how these skills develop; children are instinc-
tive explorers when they are allowed to be, though too often these 
days they aren’t, which means that their ‘home range’ is generally 
much smaller than that of  their grandparents. Chapter 3 explores 
the inner workings of  the brain’s spatial system and the specialized 
cells that form cognitive maps, and provides an accessible primer in 
cutting-edge spatial neuroscience. Chapter 4 then considers the 
close association of  space and memory in the brain and the many 
cognitive functions that depend on it.
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The next two chapters examine the various mental strategies 
that people use to find their way, and why some of  us are so much 
better at navigating than others. Chapter 7 tells the stories of  some 
of  the greatest navigators in history and attempts to understand 
what made them so good. We will then return to the question of  
why people get lost, and what happens to them when they do, in a 
chapter that is both a psychological enquiry and the story of  a 
recent tragedy.

The idea of  getting lost evokes images of  dense forests and paths 
not taken, but as we’ll see in Chapter 9 it can just as easily happen 
in cities, especially those that are confusingly arranged. Chapter 10 
describes what happens to some of  us at the end of  our lives, when 
dementia robs us of  our sense of  place and we find ourselves in a 
world that we no longer know. Finally, we will reflect on the impact 
of  GPS devices on our spatial abilities, and how we can prevent 
cognitive decline by exercising our natural navigation aptitude.

The book is the culmination of  many small journeys: with search 
and rescue volunteers, psychologists, anthropologists, neuroscien-
tists, animal behaviourists, psychogeographers, Polynesian sailors, 
US Army Rangers, Ordnance Survey cartographers, orienteering 
champions, map-makers, architects, urban planners, wayfinding 
designers, Alzheimer’s patients, early-twentieth-century aviators 
and modern-day adventurers. All these people have in their own 
way broadened our knowledge of  how we interact with the world.

People’s intense aversion to being lost illustrates how important 
it is for us to know where we are. One reason those with Alzheimer’s 
are deeply distressed much of  the time is that their cognitive maps 
have all but disintegrated; they are incapable of  finding their way 
anywhere and can be lost even in their own homes. My grand-
mother, in the final weeks of  her life when she was affected by 
dementia, repeatedly used the phrase ‘Am I here?’. I used to wonder 
what she meant by it. It’s a question with several possible meanings. 
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The most obvious way to ask it is with your finger on a map, or with 
a certain location in mind. Yet the experience of  a place can never 
be explained in coordinates or in terms of  the firing patterns of  your 
spatial neurons; you only really know where you are if  you can tell 
a story about that place or remember how you found your way 
there. In the end, I believe my grandmother was questioning the 
history of  her relationship with the room she was in, and perhaps 
whether she existed at all. In many ways it is the ultimate question, 
and one that all of  us might ask at some point in our lives. Am I 
here? We want to hope so. What could matter more?
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	 The First Wayfinders	

1

The First Wayfinders

Around 75,000 years ago, a group of  Homo sapiens left 
Africa, the continent where they had evolved, crossed the 

dried-up Bab el Mandeb strait at the southern end of  the Red Sea 
and followed the coastline eastwards, along the sole of  the Arabian 
peninsula. We don’t know why they started this journey, nor why 
they didn’t stop and try to settle along the way as other groups had 
done – after all, they could not have conceived where they would 
end up. Over the next 60,000 years, their descendants trekked, pad-
dled and bushwhacked their way east to the islands of  south-east 
Asia and across the Arafura Sea to Australia, north through the 
Middle East and from there into China and the Steppes of  central 
Asia, west over the Bosporus and down the Danube valley into 
Europe, and eventually, via a land bridge from Siberia, to America 
and on to its windswept southern toe. They have since endured and 
flourished in places that have proved more challenging than any-
thing their ancestors faced in Africa: in dense rainforest and on 
remote islands, in the polar barrens of  the high Arctic and on the 
mountain-bound Tibetan Plateau. Not content with treading the 
far reaches of  this planet, they have also ventured 250,000 miles off 
it, to the Moon and beyond. In a few decades from now, their pro
geny could be kicking their feet in the dust of  another planet, tens 



of  millions of  miles from Earth. Those small steps out of  Africa 
have turned into a perpetual odyssey, and it isn’t over yet.*

All non-African human populations originate from that pioneer-
ing band of  wandering Homo sapiens, though they were not the first 
explorers. At the time they crossed the Red Sea, much of  Europe 
and Asia was already populated with other branches of  the human 
family, such as the Neanderthals and the Denisovans, whose an- 
cestors had left Africa nearly two million years earlier.1 The 
Neanderthals’ territory ranged from Kazakhstan to Wales and from 
the eastern Mediterranean to Spain, but they did not share the 
tenacious wanderlust of  their cousins who, instead of  hunkering 
down when they reached a mountain range or stretch of  water, 
either carried on walking or built a boat.

Over the course of  our evolution between 350,000 and 150,000 
years ago, Homo sapiens developed an appetite for exploration and 

*  The dates of  the Homo sapiens expansion given here are a best guess; the precise 
timeline is much disputed.

Homo sapiens
Homo neanderthalensis
Homo erectus

200,000

100,000

40,000
25,000

15,000

12,000

4,500

70,000

50,000

1500

1500

30,000

1. Routes taken by early sapiens out of  Africa and around the world (years before present).
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a wayfinding spirit that set us apart from other human species. It 
had a huge effect on our future. One of  the most intriguing recent 
ideas in anthropology is that our ability to navigate was essential to 
our success as a species, because it allowed us to cultivate extensive 
social networks. In prehistoric times, when people lived in small 
family units and spent much of  their time looking for food and 
shelter, being able to share information with other groups about 
the whereabouts of  resources and the movements of  predators 
would have given us an evolutionary edge. Friends were a survival 
asset. If  you ran out of  food, you knew where to go; if  you needed 
help on a hunt, you knew who to ask.

Evolutionary biologists believe this sociability drove the evolu-
tion of  our complex brains. All early human species were gregarious, 
preferring the buzz of  the collective to the solitary path favoured 
by most other mammals. Homo sapiens profited by being the most 
social of  all, interacting with groups that lived a long way from 
their own. Fossil evidence shows that as far back as 130,000 years 
ago, it was not unusual for our ancestors to travel more than a 
hundred and fifty miles to trade, share food and, no doubt, to 
gossip and whinge about each other. Unlike the Neanderthals, their 
social groups extended far beyond their own families.2 Remembering 
all those connections, where they fitted into your network, who 
was related to whom and where they lived required considerable 
processing power.3

It also required wayfinding savvy. Imagine trying to maintain a 
social network across tens or hundreds of  square miles of  
Palaeolithic wilderness. You couldn’t WhatsApp your friends to 
find out where they were – you had to go out and visit them, 
remember where you last saw them or imagine where they might 
have gone. To do this, you needed navigation skills, spatial aware-
ness, a sense of  direction, the ability to store maps of  the landscape 
in your mind and the motivation to get out and about. The Canadian 
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anthropologist Ariane Burke believes that our ancestors developed 
all these attributes while trying to keep in touch with their neigh-
bours. Eventually, our brains became primed for wayfinding. 
Meanwhile the Neanderthals, who didn’t travel as far,4 never fos-
tered a spatial skill set; despite being sophisticated hunters, well 
adapted to the cold and able to see in the dark, they went extinct 
(along with every other species of  human) within a few tens of  
thousands of  years of  sapiens populating Europe. In the prehistoric 
badlands, nothing was more useful than a circle of  friends.

Burke says there is archaeological evidence that early modern 
humans had extensive social networks. ‘Those far-flung networks 
were essential to our culture,’ she explained in a phone call from 
her office at the University of  Montreal. ‘Remember that during 
the Palaeolithic, there were comparatively few people around. This 
put a premium on being able to get information about a wider 
territory. Maintaining a spatially extensive social network was a way 
of  ensuring your continued survival. You would need a very 
dynamic cognitive map, which you would constantly have to update 
with information about your contacts and what they were telling 
you about the landscape. There are some signs in the archaeo-
logical record that Neanderthals had also begun developing these 
skills, possibly as a response to the additional stress of  competing 
with humans, but I suspect it was too little, too late.’5

–––––

To find out what life was like in those early days, anthropologists 
have studied the few remaining groups of  people who still practise 
the hunter-gatherer lifestyle of  our ancestors, such as the Aché in 
eastern Paraguay and the !Kung in the Kalahari Desert in southern 
Africa. In areas where they are still able to roam unhindered, their 
patterns of  subsistence have changed little in tens of  thousands of  
years. On a typical day in the rainforest, the Aché might spend 
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seven or eight hours hunting armadillos or deer, gathering fruit and 
honey, moving camp, cutting new trails or walking to visit the 
camps of  their neighbours. The !Kung are likewise almost always 
on the move, whether searching for water, collecting berries and 
tubers, chasing down deer during a ‘persistence hunt’ or tracking 
wounded animals, an exercise that can take several days and requires 
significant skill. Both the !Kung and the Aché think nothing of  
walking a few dozen miles to exchange stories and news with 
another group, though both are outclassed by the Hiwi in Venezuela, 
who have been known to walk sixty miles through day and night to 
visit a neighbouring village before walking back again a couple of  
hours later.6

To survive this kind of  itinerant life in the Palaeolithic age you 
had to know where you were and where you were going. You had 
to be able to walk for days over ground you may not have seen 
before, across prairie, through woods and over mountains, to 
forage, hunt or sit around a fire with distant neighbours. And at 
every point in your journeying you had to know the way home, 
because those who didn’t make it back usually perished. Other 
spatial attributes would have helped, too: a mental map, for instance, 
to remember where to find food and medicinal plants and impor-
tant features such as bear caves, streams and shelter. Getting lost 
was potentially catastrophic. The European countryside of  that era 
was a lot more exotic than it is today: in the underwood lurked cave 
lions, brown bears, leopards, spotted hyenas, wolves and sabre-
toothed cats, and there weren’t many fellow humans around to 
show you the way.7

Our ancestors almost certainly possessed these skills; they would 
not have survived very long, or travelled very far, without them. 
Humans were wayfinders from the get-go; navigation and spatial 
awareness are, quite literally, part of  our DNA. ‘I think prehistorical 
humans would have been expert wayfinders,’ says Burke. ‘They 
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were very mobile people.’ They likely used every tool at their dis-
posal to help them. Ornamental stringed beads, which have been 
found at many Stone Age sites in Africa and the Near East, may 
have doubled up as distance-counting devices, similar to the ranger 
beads used by mountaineers and the military today to count their 
paces.8 Some hunter-gatherers prepared for long journeys by carv-
ing a series of  notches into sticks to help them remember significant 
landmarks and features, like an abstract map. Richard Dodge, a 
colonel in the US Army who was a fastidious recorder of  Native 
American customs during the nineteenth century, recalled hearing 
about a Comanche raiding party of  young men and boys who had 
travelled four hundred miles from Texas to Mexico, a place none of  
them had ever visited, to steal horses, ‘solely by memory of  infor-
mation represented and fixed in their minds by these sticks’.9

Mental imagery can be just as helpful as technology when you’re 
trying to avoid getting lost, and early humans appear to have been 
good at acquiring that, too. The twentieth-century aviator and navi
gator Harold Gatty, an expert on wayfinding in different cultures, 
noticed that all the indigenous peoples he studied used the same 
approach when exploring unfamiliar places. Like Theseus in pur-
suit of  the Minotaur, they would venture into the unknown 
imagining they were connected to their base by a thread, as this 
Australian aborigine described it to him:

I don’t go far in the beginning; I go some distance and come back 

again, then in another direction, and come back, and then again in 

another direction. Gradually I know how everything is, and then I 

can go far without losing my way.10

With a system like that, it was hard to go wrong.

–––––
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In 1960, my grandparents bought a sheep farm in the Grampian 
Mountains on the southern edge of  the Scottish Highlands, in 
country as wild and primitive as any in the British Isles. To the 
north, east and west the ground rises through boggy meadows to 
a vast sweep of  heather moorland overlooked by wind-scoured 
peaks, where in winter little moves apart from mountain hares and 
the eagles that hunt them. On a bleak day you can feel like you are 
the first person to ever set foot in these hills, yet people have crofted 
and lived in this part of  the Grampians for thousands of  years. They 
have left their mark, too, not so much on the physical landscape as 
on the map.

Almost every topographical feature around my grandparents’ 
farm, from towering peak to insignificant hillock, has a name. The 
names are in Gaelic, a language that has not been widely spoken 
here for two centuries, and some of  them also contain remnants of  
Pictish, the extinct language of  the people who lived in eastern and 
northern Scotland between the late Iron Age* and the tenth century 
(though they were by no means the first settlers there). The names 
are highly descriptive and appropriate to their place: in terrain 
where it can be easy to lose your way, this wayfinder’s lexicon was 
designed to prevent you from doing so.

For example, if  you head north-west from the farm, whose 
Gaelic name is Invergeldie, meaning ‘confluence of  the bright and 
shining streams’, and follow the old cattle trail that climbs up onto 
the moor, you’ll come to Creag nan Eun, the ‘rock of  the birds’, 
which is still a favoured nesting site of  buzzards, ravens and mer-
lins. A mile or so further on you’ll be walking in the shadow of  
Meall Dubh Mor, the ‘great black hill’, and crossing Allt Ruadh, 
the ‘red stream’ (named for the colour of  the rocks in its waterfall). 
Directly ahead is Tom a’ Chomhstri, the ‘hillock of  the battle’ 

*  Around 100 BC.

THE FIRST WAYFINDERS 11



(contemporary cultural references would have been just as help-
ful) – so long as you haven’t climbed too high, in which case you’ll 
find yourself  on Meall nan Oighreag, the ‘hill of  the cloudberries’ 
(they still grow there). Finally, as the trail crests the escarpment at 
its highest point, you’ll be confronted with Tom a’ Mhoraire, the 
‘Lord’s hillock’, which fairly lords it over the white-grassed valley 
(Fin Glen) that falls away to Loch Tay to the north-west.

Historians believe that topographical place names – toponyms, in 
geography-speak – provided early settlers with a geographical ref-
erence system, a precursor of  latitude and longitude. A descriptive 
name prompts a mental image – you’ll recognize that ‘grassy emi-
nence on a knoll’ (Funtulich, in Gaelic) when you see it. A sequence 
of  place names constitutes a set of  directions: so equipped, you can 
make your journey.

Place-naming is an ancient practice. Many toponyms in use in the 
UK today originated in the fifth century.11 The names of  certain 
rivers in southern Mesopotamia in modern-day Iraq are thought to 
pre-date the Sumerian invention of  writing in 3100 bc.12 Very likely, 
humans have been defining and expressing features of  the land-
scape for as long as language has existed. In fact, as we’ll see in a 
later chapter, some scientists believe that language may have evolved 
for this very reason: to allow humans to share information about 
their environment, such as the location of  food sources and how to 
find them. That’s quite a thought: the first words ever spoken might 
have been some roughly articulated directions, or a grunted depic-
tion of  a distant valley.

Urbanization has scrubbed out many of  our ancient place names, 
but they live on in the rural hinterland, and among indigenous 
nomadic cultures, the people who are closest to the hunter-gatherers 
of  the past. In such areas, no vagary of  land or water goes unnamed. 
In his book Landmarks, a field guide to the language of  place, 
Robert Macfarlane describes the work of  the linguist Richard Cox, 
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who in the 1990s moved to Carloway, a district of  crofts and scat-
tered townships on the west coast of  the Isle of  Lewis in the Outer 
Hebrides, to record its Gaelic place names. He collected more than 
three thousand of  them, in an area of  less than sixty square miles. 
Many are highly specific; for example, Macfarlane notes that Cox’s 
anthology contains more than twenty different terms for eminences 
and precipices, depending on the character of  the summit and 
slope.13

The Inuit, the semi-nomadic indigenous people of  northern 
Canada, Alaska and Greenland, are just as enthusiastic in their 
delineation of  the land as the Hebrideans. When the explorer 
George Francis Lyon passed through the hamlet of  Igloolik in the 
Canadian Arctic in 1822, in search of  the North-west Passage, he 
noted that ‘every streamlet, lake, bay, point, or island has a name, 
and even certain piles of  stones’.14 The Gazetteer of  Inuit Place Names 
in Nunavik – a vast, sparsely populated tundra region in northern 
Quebec – runs to nearly eight thousand entries.15

To an outsider, the Arctic can look featureless and monotonous, 
yet the place names of  the Inuit, many of  which are centuries old, 
are lavishly descriptive and precise, which makes them invaluable 
aids to wayfinding. They might denote the shape of  an outcrop, the 
nature of  a river current or the character of  a local wind, or make 
reference to what people through the ages have done in that place. 
For example, on the southern heel of  Baffin Island you will find 
Nuluujaak, or ‘two islands that look like buttocks’. Hard to miss. 
Further up the coast you’ll know exactly where you are when you 
see Qumanguaq, ‘the shrugging hill (no neck)’. A few miles east 
from here, look out for Qaumajualuk, ‘the lake with a light- 
coloured bottom that seems to shine’: there’s no lake like it. This 
approach to naming places is very different to the one taken by the 
first European explorers of  the Americas, who tended to celebrate 
friends, backers or notables from their homeland rather than local 
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topography or culture. Lyon’s naval chart of  1823 is packed with 
imperialisms such as Chesterfield Inlet (the Inuit know it as 
Igluligaarjuk, ‘the place with few houses’) and Sir James Lancaster 
Sound (Tallurutiup Imanga, or ‘water surrounding land resembling 
facial tattoos on the chin’). Such names are of  little use to anyone 
who might be navigating without instruments.16

A web of  place names allows extraordinary feats of  orientation. 
The Argentinian anthropologist Claudio Aporta has spent the last 
two decades documenting Inuit geographic knowledge in the 
Canadian Arctic. He recalls travelling near Igloolik with a hunter 
who wanted to retrieve seven fox traps that he had set with his 
uncle twenty-five years earlier. The traps were in thick snow and 
spread over eight square miles, yet he found them, without a map, 
in two hours.17 Aporta thought the area looked ‘flat and indistinc-
tive’ – this was early on in his research project and he had not been 
long in the Arctic. To an experienced Inuit traveller, such snow
scapes are packed with places of  significance, the names of  which 
are passed down orally between the generations. They commit the 
names to memory, which enables them to make a mental map of  
the topography and make journeys along trails that all but disap-
pear when the snow melts in the spring or a blizzard covers the sled 
tracks in winter.

Aporta is fascinated by these trails and how the Inuit remember 
them. In his recent research he has been using GPS technology and 
Google Earth to compile an atlas of  place names and trails across 
sea, ice and open water in the eastern and central Canadian Arctic, 
which he hopes to extend to include Labrador and Greenland. 
When I visited him in his office at the University of  Dalhousie in 
Nova Scotia, a copy of  the atlas was spread out on the table. It 
looked like a piece of  art – a scramble of  flow lines over the land-
scape – and it has been exhibited in a Montreal gallery. It represents, 
he says, ‘a narrative of  space’. The trails that it charts connect the 
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Inuit to their neighbours, and to hunting and fishing grounds.18 
They are as much a social network as a travel system, a reminder 
of  the importance of  journeying to Inuit and other indigenous 
cultures. Aporta writes:

Being introduced to the first journey was, in a way, being intro-

duced to life, as if  both living and moving were part of  the same 

journey. The trail was a place where life unfolded. Life on the trail 

involved the learning from an early age of  an immense amount of  

geographic and environmental information, as the individuals 

experienced the land through actual or figurative travel. Through 

that process, a sense of  community was also developed.19

One reason Aporta has been mapping Inuit place names is that 
their oral traditions have started to stutter, because the knowledge 
is no longer being passed down. Since they moved to permanent 
settlements in the late 1950s and 1960s, journeys have become 
shorter and less regular. Snowmobiles have replaced dogsleds, 
allowing less time for conversation and observation. GPS encour-
ages travellers to take more direct and less traditional routes. The 
old ways are fading. Occasionally, nature delivers a reminder of  
why they may still be useful. In The Arctic Sky, John MacDonald, an 
expert on Inuit culture, recounts a story from the 1990s of  a group 
of  young hunters from Igloolik who, having lost their way in a 
blizzard, ran out of  gasoline and had to camp on the sea ice until 
the weather cleared. They called for help on their shortwave radio, 
but although they recognized some of  the landmarks around them, 
they couldn’t tell their rescuers the names of  any of  them. They 
were eventually found, after much difficulty, and arrived home to a 
stern lecture from the village elders.20

–––––
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For the inhabitants of  Scottish moorland, Arctic tundra and 
other primitive landscapes, place-naming was a survival strategy. 
It helped them find their way to food, water and friends and 
make it home again. A community’s place names reflected what 
was important to them. Of  the 550 toponyms that Aporta has doc-
umented in Igloolik, 65 per cent refer to features of  the oceans or 
coasts, the source of  much of  the traditional Inuit diet.21 Their 
Arctic compatriots the Aleuts, who live on a chain of  islands that 
arc out into the northern Pacific from the Alaska peninsula, have 
hundreds of  names* for the many different types of  rivulet, 
brook, stream, pond, lake and rill on which they travel and fish 
around the coasts, and hardly any for the inaccessible peaks and 
volcanoes of  the interior.22 People of  the desert, whose chief  con-
cern is where to get a drink, unsurprisingly apply a rich vocabulary 
to descriptions of  water sources. In her studies of  the Southern 
Paiute people of  the Mojave Desert in the early 1930s, the anthro-
pologist Isabel Kelly observed that most of  their place names – of  
which she had collected some 1,500 – were for springs, and that 
the names described very clearly how the springs might be iden-
tified: Purple Willow Small Water, Willow Standing in a Row 
Water Comes Out, Cottonwoods Surround it Water Comes Out, 
On the End of  Lava Water Rabbit Trail Water Comes Out, and 
so on.23

Place names serve as much more than descriptive markers and 
wayfinding aids. They also carry a sense of  attachment to the land, 
and the imprint of  those who lived there. Aporta says Inuit place 
names are easy to remember not only because they refer to recog-
nizable topography, but also because ‘they are entangled in a number 
of  narratives that create and recreate people’s sense of  belonging to 
a particular territory’.24 There is a site on Baffin Island called 

*  Today the Aleutian language is spoken by only a few dozen islanders.

16 FROM HERE TO THERE



	

Pigaarviit, which translates as ‘the place you go to stay up late (to 
enjoy the long spring days)’, and another called Puukammaluttalik, 
‘the place where someone once left a pouch’. Characterized in this 
way, an area of  flat, indistinctive ice can suddenly feel like home.

Many of  the landscapes that our ancestors settled in would ini-
tially have seemed bewildering or frightening places to live. They 
had a strong incentive to make them feel familiar and to organize 
them symbolically. This, as much as the basic survival imperative, 
may have driven their enthusiasm for rewarding any significant 
place with a name, so that – to borrow an Inuit phrase – they 
could be ‘surrounded by the smell of  their own things’.25 The sig-
nificance we give to place names reflects our need to know the 
space around us, to reach out and touch the world. They can help 
us navigate the present, and perhaps even imagine what might 
happen in the future.

Just as importantly, they can also connect us with the past. Keith 
Basso, who devoted his career in anthropology to understanding 
the cultural traditions of  the Western Apache in central Arizona, 
observed that their vivid place names allowed them to envisage 
themselves standing in the footsteps of  their ancestors who had 
bestowed the names. In Wisdom Sits in Places, his remarkable 
account of  the Western Apache understanding of  landscape, Basso 
described how, ‘with ear and eye jointly enthralled’, he stood before 
places such as Goshtl’ish Tú Bil Sikáné (‘water lies with mud in an 
open container’), T’iis Ts’ósé Bil Naagolgaiyé (‘circular clearing 
with slender cottonwood trees’) and Kailbáyé Bil Naagozwodé 
(‘gray willows curve around a bend’). Such ‘handsomely crafted 
names – bold, visual, evocative – lend poetic force to the voices of  
the ancestors’, he wrote.26 What better way to domesticate a wild 
place than to conjure up the spirits of  those who have been there 
before you?
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–––––

We owe a great deal to our wayfinding ancestry, and to the spatial 
know-how that allowed us to spread across the world and put down 
roots. It’s easy to forget this. We live in an age in which we can 
travel anywhere in the world without really knowing where we’re 
going. Most of  us are settled; we don’t live in fear of  predators or 
have to constantly journey in search of  food and water. We don’t 
need place names in the same way that our ancestors did.

Yet deep down we are still wayfinders, and we have all the cog-
nitive equipment we need for discovering the world around us. Our 
physical surroundings influence our behaviour and affect us emo-
tionally: we orientate towards home and the neighbourhoods we 
know best, chose symbolic places in which to protest (Tahrir Square, 
Tiananmen Square, Trafalgar Square) and carve our names on 
trees, rocks and buildings. Humans may have dramatically altered 
much of  the Earth’s surface, but our basic settlement model – 

2. Creag nan Eun, the ‘rock of  the birds’, an ancient wayfinding landmark in the 
Grampian Mountains, Perthshire.
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urban centres linked by road and rail – is not that different to what 
it was in the Neolithic age (settlements linked by paths) or the 
Palaeolithic (encampments linked by trails). Some of  our interac-
tions with the earth have changed little: even today, people place 
rocks on trail-side cairns to help their fellow travellers in the wilder-
ness, a practice that has probably existed for millennia.

We are explorers to the bone, and our spatial abilities – which, 
believe it or not, we still possess, despite our modern dependency 
on GPS – are fundamental to what makes us human. In the next 
chapter, we’ll discover how those skills develop as we grow up. 
Children are born adventurers, but they are not always given the 
freedom to follow those inclinations. As we’ll see, the extent to 
which we are permitted to roam and push the boundaries of  our 
worlds when we are young can profoundly influence the kind of  
adults we become.
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Right to Roam

Around thirty years ago, Ed Cornell, a psychologist at the 
University of  Alberta in Edmonton, took a call from a police 

officer who was leading the search for a nine-year-old boy. The boy 
had gone missing from a rural campsite some days earlier, and his 
footprints suggested he had walked off  in the direction of  a swamp 
a few miles away. On the phone, the officer had one question: how 
far do nine-year-olds travel?

Cornell and his colleague Donald Heth had been studying way-
finding behaviour for several years, so they were the obvious experts 
to ask. But when they started pondering it, they realized how little 
they knew – how little anyone knew – about lost children: how they 
behaved, the routes they took, the landmarks they used, how far 
they went. They did a quick review of  the literature on the subject 
and told the officer as much as they could. ‘His response shamed 
us,’ they wrote afterwards. ‘“Well, that’s not much. Don’t worry, 
doc, we may get a psychic out here today.”’1

Soon afterwards, Cornell and Heth ran an experiment, the first 
of  its kind. They contacted the parents of  one hundred children 
aged between three and thirteen who lived on the edge of  the prai-
ries near the university, and with the full permission of  everyone 
involved they asked each child to lead them to the furthest place 



from home they had visited on their own. The researchers followed 
behind, watching what they did, plotting their route and measuring 
distances. The children made all the decisions, and could rest, walk 
home or call their parents whenever they wanted. This was the first 
time anyone had turned a scientific eye to how children navigate. 
The outcome not only improved the chances of  finding lost chil-
dren, it also changed our understanding of  how children interact 
with space and learn about the world. As Cornell discovered, kids 
do things differently.

–––––

It took me a while to track down Ed Cornell. Since his retirement 
from academia he has moved to White Salmon, a small town above 
the Columbia River on the edge of  the Cascade mountain range in 
Washington state, where he continues his commitment to finding 
lost people by working as a volunteer for the local search and 
rescue team. One late September morning, he met me at a cafe on 
the main street and took me on a tour of  the area: the unusual mix 
of  trees (cedar, oak, fir and hemlock), the juxtaposition of  ranches 
and vineyards and the gradual opening of  the landscape eastwards 
from temperate forest to savannah. We stopped frequently so he 
could point out the boundaries of  local ecologies, the changing 
weather and the many places where he has helped rescue people 
who had become disorientated on the open ranges or trapped in 
steep canyons. A natural enthusiast, he is as discriminating an 
observer of  his surroundings as he is of  human behaviour: a useful 
quality in a rescuer, and also in an academic trying to find out why 
people go astray in the first place.

Cornell and Heth’s study of  rambling children turned up some 
surprising results. Their major finding was that children, when left 
to roam by themselves, travel much further than anyone, especially 
their parents, think they do – 22 per cent further, on average, and 
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in some cases three or four times as far. But what really interested 
Cornell was how they travelled. When they asked the children to go 
to the furthest place they’d been, none of  them went there directly. 
They wandered, dawdled (or ‘lollygagged’ as Cornell calls it), got 
distracted and took long circuitous diversions. ‘We followed them 
everywhere,’ Cornell recalled. ‘On “shortcuts” through shopping 
malls, across vacant, snow-filled lots, even through an ongoing 
soccer game. They would climb a fire hydrant to get a better view, 
kick a pile of  leaves, throw rocks or stop to watch a barbecue. They 
seemed to follow their natural inclinations. Many of  them freely 
admitted they were off  the path they thought they knew. One child 
took over two hours to complete his walk.’2

I hope this reminds you of  your own childhood. This meander-
ing, speculative stumbling into the unknown is how children 
develop a spatial understanding and, if  they persist with it, a way-
finder’s confidence. It’s a survival strategy: to know the world is to 
feel comfortable in it. We all start life as impulsive adventurers. 
Cornell, who remembers being this way as a child, says the urge to 
explore is part of  the human condition: ‘To get into the unknown, 
to find some secret route, to know places that are known only to 
you, the secret fort, the shortcut to the cave – kids love that stuff. 
It teaches them about their own cognition, memory, how to use 
landmarks, everything.’ Not only do children see places that adults 
cannot, but they are also impelled to enter them. Robert Macfarlane, 
in a chapter on the topography of  childhood in Landmarks, notes 
that to young children ‘nature is full of  doors . . . and they swing 
open at every step.’ He goes on:

A hollow in a tree is the gateway to a castle. An ant hole in dry soil 

leads to the other side of  the world. A stick-den is a palace. A 

puddle is the portal to an undersea realm. To a three- or four-year-

old, ‘landscape’ is not backdrop or wallpaper, it is a medium, 
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teeming with opportunity and volatile in its textures . . . What we 

bloodlessly call ‘place’ is to young children a wild compound of  

dream, spell and substance.3

Around the time that Cornell and Heth were beginning their 
research, a geographer at the City University of  New York called 
Roger Hart was in the middle of  a two-year study of  the children in 
an unnamed small town in rural New England. Eighty-six children 
lived there, and he observed and talked to all of  them. Hart’s work 
embraces both geography and psychology: he was interested in how 
his subjects engaged with the streets, gardens, fields and paths in their 
neighbourhoods, and how that influenced their thinking and behav-
iour. One of  his most enduring insights was that children enjoy 
getting to places just as much as they enjoy being in them. ‘There 
often is no “there”; they are just exploring,’ he wrote.4 Newly discov-
ered paths and shortcuts were shared with much excitement; often 
they were considered so valuable that the children would go out of  
their way to use them. Self-help gurus love to remind us that the 
journey is more important than the destination. A child does not 
need telling: for them, the journey is everything.

–––––

If  Hart’s depiction of  childhood doesn’t resonate with you, chances 
are you were born in the 1970s or later. The fact is, over the last four 
or five decades, the opportunities for children to wander have 
greatly diminished. Consider these statistics:

•	 A child’s ‘home range’ – the distance from home they are 
allowed to roam while playing by themselves – has declined 
over the last two or three generations in every country 
where it has been measured, in some cases by more than 90 
per cent.5
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•	 In England, the proportion of  primary school children 
whose parents allow them to travel alone to places other 
than school dropped from 94 per cent in 1971 to 7 per cent 
in 2010.6

•	 Less than a quarter of  children between the ages of  seven 
and eleven in the UK regularly play outdoors in a local 
‘patch of  nature’, compared with three-quarters of  their 
parents’ generation when they were young; most are likeli-
est to play indoors at home, and more than 70 per cent are 
supervised wherever they play.7

In 2015, researchers at the University of  Sheffield interviewed 
three generations of  families living in the city about how they 
moved around as children – or, as the academics put it, ‘the spatial 
dimensions of  their childhood’. In a typical case, the grandmother, 
who grew up in the 1960s, regularly walked a couple of  miles by 
herself  to meet friends at the local youth club; her daughter, a child 
of  the 1980s, was allowed to visit a shop a third of  a mile from her 
home; while the furthest her ten-year-old grandson can travel on 
his own is a friend’s house a hundred metres down the road. In this 
family, the home range has contracted thirty-fold in just three gen-
erations.8 That’s a pretty dramatic change, and it’s not unusual. 
Compared with their grandparents, children today explore less, 
experience fewer outdoor places, socialize in smaller groups and 
are generally supervised. Their spatial life is curated for them, and 
it’s focused largely inside their own homes.

How has this change happened? Two factors seem particularly 
relevant. The first is obvious and all around us: traffic. There are 
too many cars in the streets, and too many speeding and careless 
drivers. Since 1950, the volume of  traffic in the UK has increased 
tenfold.9 Unless you live in a cul-de-sac, playing outside your home 
is no longer an option, and parents are reluctant to let their children 
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walk anywhere if  they have to cross a road. The number of  child 
pedestrians killed by cars has actually gone down as traffic density 
has grown, but this is not because the streets have become any safer 
– it is because there are no longer any children in them.

Road safety is a critical and genuine issue for the freedom of  move-
ment of  children. By contrast, the second main reason behind their 
constricted home range exists almost entirely in the imagination of  
parents. ‘Stranger danger’ – the idea that streets, parks and playgrounds 
are full of  people waiting to abduct young children – has convinced 
many parents that their children are only safe when they’re at home. 
Around half  the respondents to a recent international survey of  par-
enthood said that their biggest concern was the threat from child 

3. The decreasing home range of  children across  
three generations of  the same Sheffield family.
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predators (this ranged from 60 per cent in Spain to around 30 per cent 
in Sweden, China and the Netherlands).10 This kind of  anxiety is fuelled 
mostly by disproportionate coverage of  a tiny number of  horrific cases 
of  child abduction, molestation or murder: almost everyone in the UK 
knows about Madeleine McCann, Milly Dowler or Jessica Chapman, 
and in the US about Adam Walsh, Jaycee Dugard or Elizabeth Smart.

The media’s obsession with such cases has exaggerated the actual 
threat. In 2016, four children under the age of  sixteen were killed 
by strangers in England and Wales. In no year over the last two 
decades has that figure exceeded nine, and in some years there were 
no cases or just one.11 It’s important to keep our fear of  strangers 
in perspective, given the impact it is having on children’s freedom. 
The cold truth is that children are at far greater risk of  being killed 
or harmed by people they know, and above all by their parents or 
step-parents. David Finkelhor, director of  the Crimes Against 
Children Research Center at the University of  New Hampshire, 
estimates that children taken by strangers represent ‘one-hundredth 
of  one per cent’ of  all missing children in the US, and that overall 
the number of  assaults, abductions and other serious crimes against 
children has been declining significantly since the early 1990s.12 
What all these data show is that – traffic aside – children are no 
more at risk bimbling about the streets and edgelands of  their 
neighbourhoods than their parents and grandparents were.

Despite this reality, it seems to have become culturally unacceptable 
to allow children to roam unsupervised in some parts of  the US. Police 
have arrested parents and charged them with ‘risking injury to a minor’ 
for letting their children walk to school, play in a park or sit in a car 
alone. In a strike for common sense, the state of  Utah passed a law in 
2018 formally protecting those who choose ‘free-range parenting’, rec-
ognizing that doing things alone helps children become self-sufficient. 
This is good news, but it seems incredible that it should take legislation 
to ensure that children can explore in the ways they always have.
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Some people blame the pinioning of  modern children not on busy 
roads or an overblown fear of  crime but on digital technology and 
social media. Why would they want to go outside when they could 
be playing on their tablet, shooting the breeze with their friends on 
WhatsApp or sharing selfies on Snapchat? For the most part, children 
do online what their grandparents did in the street or the park: hang 
around with friends out of  sight and earshot of  their parents. But the 
decision to do it in a digital space is not always theirs. In a 2009 survey 
of  3,000 seven- to twelve-year-olds in twenty-five countries, most said 
they would rather play outside than anywhere else, and nearly 90 per 
cent said they would prefer to play with friends than use the Internet.13 
A lot of  the time they don’t have that option. We’ve made it very 
difficult for children to get together in person, so it’s hardly surprising 
that they’ve embraced the next best thing.

The lack of  engagement with the outside world almost certainly 
means that children are missing out. They may be able to socialize, 
explore and roam free online to an extent, but for all our sophisti-
cation, we are still spatial creatures, evolved to move around. 
Certain things can only be learnt by interacting with the physical 
world – testing its dimensions, knocking at its doors. If  we can’t do 
that in childhood, when we are most curious and least inhibited, 
we’re unlikely to get another chance.

–––––

What do children gain from unstructured, autonomous playtime 
that they don’t get from its spatially constrained, adult-supervised 
alternative? The American psychologist Peter Gray, who studies 
child development from a Darwinian perspective and is a long-time 
critic of  the modern education system, believes the things they 
learn through play cannot be taught by other means. In his book 
Free to Learn, he writes:
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Lack of  free play may not kill the physical body, as would lack of  

food, air, or water, but it kills the spirit and stunts mental growth. 

Free play is the means by which children learn to make friends, 

overcome their fears, solve their own problems, and generally take 

control of  their own lives . . . Nothing that we do, no amount of  

toys we buy or ‘quality time’ or special training we give our chil-

dren, can compensate for the freedom we take away.14

As you might expect, one of  the things ‘free play’ teaches is  
an awareness of  space and the confidence to move about in it, impor-
tant skills that are fundamental to navigation and wayfinding. 
Psychologists have collected a great deal of  evidence that children 
who are allowed to roam free have a better sense of  their surround-
ings, and a better sense of  direction.15 (This may explain why people 
who grow up in rural areas tend to be better navigators than those 
who grow up in cities.)16 One study found that eight- and nine-year-
olds who regularly cycle around their home towns are able to 
sketch them in greater detail than those who don’t, suggesting an 
advanced level of  spatial cognition for their age.17 Others have 
shown that eight- to eleven-year-olds who make their own way to 
school can draw more accurate maps of  their local area than their 
peers who are accompanied by an adult or travel by car.18 This is the 
difference between active and passive learning: children who are 
driven everywhere never get the opportunity to make their own 
decisions or draw their own maps. They cease being explorers.

Spatial awareness and the ability to navigate depend a lot on 
self-assurance. You are more likely to get lost if  finding your way in 
unfamiliar places makes you anxious, because anxiety can play 
havoc with decision-making (we’ll explore why that is in Chapter 
8). It is also difficult to be confident at anything that you are not 
used to doing. If  you discover when you are young that you are 
perfectly capable of  navigating the world beyond your home, you 
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will recognize that you can find your way anywhere, and that you 
can survive the unknown. This is best learnt in childhood, for as we 
grow older and more risk-averse, it becomes harder to take that 
first step.

Free play makes us less likely to suffer from spatial anxiety and 
more proficient in wayfinding. Those of  us with highly restricted 
home ranges as children make particularly anxious navigators as 
adults.19 This is especially relevant to girls. For various reasons, par-
ents tend to restrict their daughters’ freedom of  movement more 
than their sons’ (in Roger Hart’s study in New England, the boys in 
the town ranged twice as far as the girls).20 It has always been this 
way, and is usually done out of  concern for their well-being. But as 
we’ll see in Chapter 6, it may be having a profound impact on the 
way girls experience the world when they grow up and on their 
overall spatial abilities, which affects their opportunities in later life.

–––––

Soon after Ed Cornell started investigating the behaviour of  lost 
children, he came to the startling realization that before the age of  
three or four, children have no concept of  what it means to be lost. 
All they think is, ‘Where’s Mommy?’ ‘That’s exactly what they say 
when you find them,’ he says. ‘They’re not thinking about being 
lost in a spatial sense. They’re thinking only of  the social context: 
their mother, their sister, and so on.’ They don’t pay much atten-
tion to where they’re going, which can get them into trouble, 
though it makes them gallant explorers. Infants and toddlers will 
happily follow an animal into the woods or allow themselves to be 
led astray by an appealing sight or sound, without a glance back or 
a thought to how they might return.

Some time after they received the call about the nine-year-old 
boy missing from the campsite, the Canadian police asked Cornell 
and Heth about a three-year-old who had wandered away from his 

4. Map drawn by a ten-year-old boy who goes to school on his own (top) compared 
with one drawn by a ten-year-old boy who is driven by an adult; the bottom image 

shows the actual itinerary.
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will recognize that you can find your way anywhere, and that you 
can survive the unknown. This is best learnt in childhood, for as we 
grow older and more risk-averse, it becomes harder to take that 
first step.

Free play makes us less likely to suffer from spatial anxiety and 
more proficient in wayfinding. Those of  us with highly restricted 
home ranges as children make particularly anxious navigators as 
adults.19 This is especially relevant to girls. For various reasons, par-
ents tend to restrict their daughters’ freedom of  movement more 
than their sons’ (in Roger Hart’s study in New England, the boys in 
the town ranged twice as far as the girls).20 It has always been this 
way, and is usually done out of  concern for their well-being. But as 
we’ll see in Chapter 6, it may be having a profound impact on the 
way girls experience the world when they grow up and on their 
overall spatial abilities, which affects their opportunities in later life.

–––––

Soon after Ed Cornell started investigating the behaviour of  lost 
children, he came to the startling realization that before the age of  
three or four, children have no concept of  what it means to be lost. 
All they think is, ‘Where’s Mommy?’ ‘That’s exactly what they say 
when you find them,’ he says. ‘They’re not thinking about being 
lost in a spatial sense. They’re thinking only of  the social context: 
their mother, their sister, and so on.’ They don’t pay much atten-
tion to where they’re going, which can get them into trouble, 
though it makes them gallant explorers. Infants and toddlers will 
happily follow an animal into the woods or allow themselves to be 
led astray by an appealing sight or sound, without a glance back or 
a thought to how they might return.

Some time after they received the call about the nine-year-old 
boy missing from the campsite, the Canadian police asked Cornell 
and Heth about a three-year-old who had wandered away from his 

4. Map drawn by a ten-year-old boy who goes to school on his own (top) compared 
with one drawn by a ten-year-old boy who is driven by an adult; the bottom image 

shows the actual itinerary.
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family’s back porch. To the astonishment of  his parents, the boy 
was found nearly half  a mile away in a tractor yard, sizing up the 
shiny new machinery, and he was not happy about having to go 
home. His mother wanted to know how he had got there, so the 
next day Cornell and Heth asked the boy to re-enact his journey for 
them. He led them along a sidewalk, over a mound of  earth and 
under a torn fence to some swings, where he lingered awhile before 
walking through a small park and across a street to the tractor yard. 
He had not intended to go there, but one thing led to another and 
he ended up very satisfied with his decisions. No doubt he also 
advanced his spatial development, since as Cornell points out, 
‘erratic and extravagant acts of  exploration often lead to wayfind-
ing skills’.

How wonderful it would be if  we could return occasionally to 
those days of  fearless wandering. Needless to say there are apps 
that can help you do that. In the nineteenth century there were 
flâneurs, whose aim was simply to wander without purpose. Their 
modern equivalent, who call themselves psychogeographers, enjoy 
nothing better than to drift randomly through the urban landscape 
while observing how the experience affects them. Rebecca Solnit, 
whose book A Field Guide to Getting Lost is a celebration of  our rela-
tionship with the unknown, describes being deliberately lost in this 
way as being ‘fully present, and to be fully present is to be capable 
of  being in uncertainty and mystery . . . it is a conscious choice, a 
chosen surrender, a psychic state achievable through geography.’21

This sounds very much like early childhood. We should encour-
age our children to make the most of  it, for the curtain comes 
down on this age of  unrestraint at around four years old, when they 
start to get a sense of  themselves as an object in space. The context 
of  their existence moves from social to spatial: I am in this room, 
this room is in this building, this building is in my neighbourhood, 
my neighbourhood is in the city. At this point, they become aware 
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for the first time of  what it means to be lost, and they fear it tre-
mendously. Surveys stretching back more than a century show that 
when children venture into the wild, they are more afraid of  get-
ting lost than just about anything else.22 Kenneth Hill, a colleague 
of  Cornell’s and one of  the leading experts on lost-person behav-
iour, has this advice for search and rescue managers: 

For children beyond the age of  approximately four, fear of  getting 

lost will be exacerbated by numerous other fears, resulting in the 

child becoming terrified and nearly non-functional. It is common 

for lost children to hide from searchers, to ignore their calls, and to 

stand petrified at the approach of  a helicopter – not simply because 

they’ve been taught to avoid strangers, as is often believed, but 

because every strange stimulus under such conditions is a source 

of  terror.23

Hill once interviewed a four-year-old boy who had been missing, 
presumed dead, for three days. The boy had crawled into a shel-
tered place and stayed there until the weather improved. When Hill 
asked him why he hadn’t come out earlier, he said he had seen 
‘monsters with one eye calling my name at night’. He’d been hiding 
from searchers with head torches. Children see the world differ-
ently, and a strange place can be fraught with uncertainties. Yet they 
still go there. They can’t help themselves.

–––––

As children’s brains mature, as their cognitive functions improve 
and their home range expands, they become increasingly aware of  
space and more skilled at wayfinding. They gradually learn to 
imagine objects from different viewpoints, view situations from 
other perspectives, recognize places, identify landmarks, keep track 
of  their bearings, remember routes and – later on – understand 
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how different routes relate to each other. They start to build up 
mental maps of  their surroundings, which allows them to take 
shortcuts.

In the conventional view of  child development pioneered by the 
Swiss psychologist Jean Piaget, awareness of  space happens in stages: 
children have to understand what landmarks are before they can take 
shortcuts, for example, and before the age of  seven they are unable 
to imagine a scene from a position other than their own.24 Other 
researchers believe the process is far more fluid. They point out that 
many five-year-olds can already interpret aerial photographs and 
make abstract models of  their surroundings (Lego villages, for 
instance), which they wouldn’t be able to do if  their outlook was 
purely egocentric.25 By this view, children are natural geographers 
just as they are natural explorers.

Psychologists who study how children behave in real-world envi-
ronments have observed there are things that, say, a ten-year-old 
can understand about her surroundings that a seven-year-old 
cannot. For example, in 1957, the psychologist Terence Lee reported 
that six- and seven-year-olds in rural Devon who took the bus to 
school had trouble adjusting emotionally and socially to school life, 
while those who walked did not. His theory, which is supported by 
more recent evidence,26 was that a child of  that age is unable to 
incorporate a bus journey into her spatial representation of  the 
world – her internal picture. The link between school and home is 
missing, and as a result she cannot fathom the extent of  her sep
aration from her mother.27

Yet even Piagetians agree that age is not the only determinant of  
spatial skills. While thirteen-year-old children have all the cognitive 
attributes they need to be proficient at wayfinding, some are better 
at it than others. By this point, parental attitudes, freedom of  move-
ment, cognitive differences and life experience have already begun 
to leave their imprint, and they never let up. All of  us may be 
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explorers when we’re born, but few of  us stay that way. We end up 
suppressing our childish natures, slipping into routines and follow-
ing the routes we always take. A recent study by Canadian 
psychologists found that 84 per cent of  eight-year-olds navigate by 
scrutinizing their surroundings and building a mental map, a 
so-called ‘spatial’ strategy that is also used by almost all competent 
adult navigators. The alternative is a more closed, ‘egocentric’ strat-
egy, which entails learning and following a sequence of  turns. Only 
46 per cent of  us still use the spatial approach in our twenties, and 
39 per cent in our sixties.28 It seems that we all start off  roaming 
free, but most of  us end up on the straight and narrow. Life has a 
way of  clipping our wings.

–––––

It is hard to know the extent to which a restricted home range 
affects children’s spatial abilities and wayfinding skills, but given the 
importance of  free movement to healthy development, it’s likely to 
be having a significant impact. Since the number of  cars on our 
roads continues to increase, and parents’ fear of  strangers – how-
ever unfounded – will be hard to dispel, is there anything we can 
do to nurture children’s inclination to explore?

In 2002 Roger Hart, the geographer whose 1970s New England 
study revealed so much about children’s fondness for shortcuts, 
published some advice for authorities in New York. Like cities all 
over the world, New York was becoming an increasingly unfriendly 
place for children, with few places to play safely outdoors. The 
response of  city authorities had been to build more playgrounds. 
Hart, an expert on how children relate to their environments, 
strongly disagreed with this policy – playgrounds, he argued, were 
contained environments that denied children the spontaneity  
they craved. ‘Not only do playgrounds fail to satisfy the complexity 
of  children’s developmental needs,’ he wrote, ‘they also tend to 
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separate children from the daily life of  their communities – exposure 
to which is fundamental to the development of  civil society. What is 
needed . . . is not more segregated playgrounds, but a greater attempt 
to make neighbourhoods safe and welcoming for children, respond-
ing to their own preferences for free play close to home.’29

City officials in New York may not have heeded Hart’s warning, 
but plenty of  residents elsewhere have. Neighbourhood groups and 
civic organizations in cities around the world regularly arrange for 
streets to be closed temporarily to traffic, to allow children to ‘play 
out’. In the UK, charities and campaign groups such as Play England 
and Playing Out,30 in cooperation with local authorities, have helped 
to organize regular closures in more than five hundred streets. 
These initiatives are extremely popular with children. In a survey 
of  such projects by researchers at the University of  Bristol, one girl 
described her experience as ‘like a moment where you don’t have 
to think about anything else and you’re just happy’. Another spoke 
of  her delight at finding a place ‘where you can just run and you 
can do whatever you want and nothing can hurt you . . . we don’t 
have to keep looking out and turning, looking out and turning.’31

Street play events have immediate benefits, aside from their 
impact on spatial development and the fact that they make children 
happy. The most tangible is that they increase children’s activity 
levels and reduce their chances of  being overweight. There’s a 
social effect too, as children discover other kids who they didn’t 
know lived in their street, which makes them want to play outside 
more.

In Finland, formal school doesn’t start until age seven, and much 
of  kindergarten is dedicated to free play, which means that Finnish 
four- to six-year-olds spend a lot of  time splashing about in the mud 
and playing fantasy games of  their own devising (selling make- 
believe ice-cream appears to be a favourite). Educators there believe 
that problem-solving, social skills, impulse regulation and cognitive 
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flexibility are learnt most effectively in unstructured play, and 
that children remember best if  they learn joyfully.32 Outside of  
Finland, some unconventional independent schools, such as 
those in the Waldorf-Steiner and Montessori systems, follow a 
similar approach, encouraging exploration, spatial awareness 
and self-directed learning instead of  the prescribed, test-driven 
agenda that is typical elsewhere. The idea that free play helps 
children develop is not just wishful thinking; it is borne out in 
results. By the age of  six, many Finnish children have not yet 
learnt to read, yet at fifteen their scores in maths, science and 
reading consistently rank among the highest in the world. A 
recent study also has the Finns topping the tables in navigation 
ability,33 which is probably no coincidence. 

–––––

5. Play Street, New York City.
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It is hard for many of  us to imagine what a free-roaming childhood 
would have been like. Recently, I was introduced to someone who 
knew it very well. Victor Gregg served with front-line units as a 
rifleman throughout the Second World War and at the time of  
writing was in his hundredth year. He grew up in the King’s Cross 
area of  London, where he spent much of  his youth playing in the 
streets and wandering the city with his friends. As he describes in 
his memoir King’s Cross Kid,34 he would think nothing of  walking 
several miles from his home aged six or seven to run errands for his 
mother in Covent Garden or Smithfield, taking his chances through 
‘hostile’ Hackney or Shoreditch to scrounge some fish from the 
market at Billingsgate or heading west to South Kensington to 
explore the museums. ‘My mother would cut us a couple of  jam 
sandwiches and give us a penny, in case you need the fare back, 
which we’d spend in the first sweet shop we passed,’ he said. ‘It 
used to get kids out the rat-infested house.’ Needless to say, Gregg’s 
grandchildren and great-grandchildren are lucky to reach the end 
of  their road unaccompanied.

Gregg emerged from his childhood spatially confident, you could 
say, and unafraid of  finding his way in places he didn’t know. This 
served him well during the war, when he was posted to the Libyan 
Desert. After two years spent fighting the Italian Army and 
Rommel’s Afrika Korps, he was seconded as a medical driver to the 
Long Range Desert Group, a covert reconnaissance and combat 
force that operated behind enemy lines across thousands of  miles 
of  desert between the Nile Valley and the Tunisian mountains. His 
job was to ferry injured men back to the LRDG’s base, which often 
meant a two- or three-day round trip across the sand in his Chevrolet 
truck guided by a compass, a bundle of  maps and the North Star. 
He says it was easier than it sounds, since the desert is full of  useful 
features if  you know what to look for – parallel dunes, burial 
mounds and the tracks of  previous travellers. ‘You know if  you go 
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north you’ll hit the Mediterranean, if  you go south you’ll hit the 
Great Sand Sea, east that’s the way home, and west you’ll meet the 
German army.’ He denies he has a gift for navigation. Yet he had 
the best training anyone could wish for: a free-ranging childhood.

–––––

In 1996, Ed Cornell again received a call from a police officer lead-
ing a search for a lost child. He and Donald Heth had just published 
their study about the wandering patterns of  young children, which 
as well as including their findings on maximum distances, also cov-
ered walking speed, likely direction of  travel and other variables 
that might be used to estimate the path of  a wandering child. 
Cornell felt that the chances of  finding lost children were consider-
ably better than when he and Heth had begun their research. Still, 
he prepared himself  for the worst. The nine-year-old whose disap-
pearance had sparked their original research had never been found, 
and the loss still felt raw. The death of  a child who has walked away 
from their family seems particularly tragic because they are only 
doing what they were born to do: prospecting, inspecting, getting 
to know the world.

But the police officer had good news. He was calling to let 
Cornell know that his rescue team had just found a missing three-
and-a-half-year-old boy, using the data he and Heth had published 
– and when they found him, he was minutes away from dying of  
hypothermia. Their research had helped save the boy’s life. ‘I felt 
overwhelmed,’ Cornell said. ‘It hit me between the eyes. Nothing 
in my academic life had ever made me feel that way.’

In this chapter we have seen that children are born with an in- 
clination to explore which, if  it is allowed to flourish, ensures that 
they become confident wayfinders as adults. We’re now going to 
take a deep dive into the workings of  the brain to find out how that 
happens: what’s the neural wizardry that allows us to find our way 
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around, remember routes and build a sense of  place? Recently, 
neuroscientists have discovered a number of  specialized cells that 
enable our brains to form ‘cognitive maps’ of  our surroundings. 
Much about these cells is mysterious, but it’s clear they do a pretty 
astonishing job: without them, we’d be permanently lost.
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	 Maps in the Mind	

3

Maps in the Mind

In neuroscience labs, where researchers spend much of  their 
time peering into the brains of  rats, the food of  choice (for the 

rats, not the researchers) is a bowl of  chocolate-flavoured Weetos 
cereal hoops. When the researchers want to coax their furry sub-
jects into doing something, they reach for the Weetos. A hungry rat 
will always oblige. With one exception.

When a rat enters a place for the first time, nothing will induce 
it to eat. Curious and fearful, it will sniff  its way through the new 
territory, hugging the walls, darting out occasionally into the open 
spaces, more intent on covering the ground than filling its belly. 
Paul Dudchenko, a behavioural neuroscientist at the University of  
Stirling, is interested in how animals learn about space and has 
spent a great deal of  time watching rats in mazes. ‘Rats are neopho-
bic – they don’t like new things,’ he says. ‘But put them in a new 
environment – we do this the whole time – and they’ll explore it 
fairly readily, in a very stereotyped way, until they cover the whole 
space, until they know it.’

There’s nothing remarkable about rats in this. Almost all mam-
mals behave the same way in new places. If  you own a cat, try 
taking it to a friend’s house and watch how it scouts out the un- 
familiar space before settling or feeding. Humans, too, are attuned 



to the unknown. As we’ve just seen, children are voracious explor-
ers, if  they’re allowed to be. Getting to know a new place seems to 
be of  great importance to us and to other animals.

How does that happen? What is going on in the brain of  a rat as 
it familiarizes itself  with a maze, or in our own brain as we walk 
around a new city? How does a place start off  alien and end up 
feeling like home? Questions such as these have captivated neuro-
scientists and psychologists for decades, but particularly since 1971, 
when John O’Keefe and Jonathan Dostrovsky, working in the anat-
omy department at University College London (UCL), found a type 
of  nerve cell in the brain of  a rat that was unlike anything anyone 
had seen before.1 Most nerve cells, or neurons, become active – 
meaning that they send a message to other parts of  the brain – in 
response to sensory information from the animal’s body. By con-
trast, these cells seemed to be sensitive to where the animal was in 
its environment, and activated only in certain places. O’Keefe called 
them place cells, and figured that the part of  the brain where they 
existed – a seahorse-shaped formation known as the hippocampus 
– provided the rat with a spatial reference system, or ‘cognitive 
map’, that helped it remember its environment and navigate 
through it.

Since then, neuroscientists studying the brains of  rats have dis-
covered several other types of  neuron that have a particular regard 
for space. There are head-direction cells that work like an internal 
compass, telling the animal which way it’s facing; grid cells that 
mark its position; and boundary cells that spark up whenever it is a 
certain distance from a wall or an edge. Somehow all the different 
types of  spatial cells, which mostly reside in or around the hip-
pocampus, work together to give the animal a sense of  where it is, 
and, crucially, to remember where it has been.

Yet if  the information captured by these cells amounts to a cog-
nitive map, which is how many researchers describe it, it is not a 
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map in the traditional sense: if  you opened up your hippocampal 
area, you would not find the equivalent of  Google Maps for all the 
places you have visited or remember. The place, head-direction, 
grid and boundary cells work together to give us a picture of  the 
external world and allow us to do remarkable things with that 
knowledge: without them we’d never be able to find our way  
anywhere. But how they do it, and the form in which they log 
memories, is still something of  a mystery – one that neuroscientists 
hope they are well on the way to solving.

–––––

The study of  spatial cognition – how the brain acquires and uses 
knowledge about space – has become one of  the most vibrant fields 
in neuroscience, helped in part by the award in 2014 of  the Nobel 
Prize in Physiology or Medicine to John O’Keefe for his four dec-
ades of  work on place cells, along with May-Britt Moser and Edvard 
Moser,* the discoverers of  grid cells. It is also highly intricate and 
technically difficult.

Neuroscientists would struggle to get ethical approval to stick 
microelectrodes into the brains of  healthy humans, so most studies 
on spatial neurons have used rats or mice, whose brains have more 
in common with ours than you might think. It takes considerable 
skill to position microelectrodes that are no thicker than a human 
hair in the precise area of  the rat’s brain that you wish to study; once 
the animal has recovered from this procedure (which takes a few 
days), researchers can record the spikes in voltage in individual neu-
rons known as ‘action potentials’ that occur when a cell responds to 
information and communicates it to its network. In other words, 
they have a window into the rat’s motherboard, where its interac-
tions with the world are processed. Since O’Keefe first recorded place 

*  May-Britt and Edvard Moser were previously married and still work together.
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cells in the hippocampus of  a rat, other researchers have recorded 
them in mice, rabbits, bats and monkeys, as well as in humans suffer-
ing from epilepsy who already had electrodes in their brains as part 
of  their treatment. The place cells always play the same role.

To clarify the role of  these neurons, let’s try a thought experi-
ment. Imagine for a moment that you are a place cell in the 
hippocampus of  a rat, henceforth known as Rat. When Rat enters 
a small room he has never visited before and starts sniffing around, 
nothing happens to you at first. But when he reaches a particular 
spot in the room, your voltage all of  a sudden goes through the 
roof  and remains there until he moves on. You stay becalmed until 
Rat revisits that special place, when your voltage spikes again. As 
you look around the hippocampus at your fellow place cells, you 
notice that a similar thing is happening to them, except they all fire 
in different places – each has its own spike zone, or ‘place field’ as 
it is called.

After a few minutes, Rat scuttles through a doorway into another 
room, and you find that everything has changed. Your place field 
has shifted, and those of  the other place cells have been scrambled, 
too. Then Rat enters a third room and everything is mixed up once 
again: in this one, you don’t fire at all. Now Rat is getting hungry 
and, hopeful for Weetos, returns to the first room, where the place 
fields are exactly as they were when you were last here. There is 
some logic in Rat’s brain, though the rules are confusing.

To put this exercise in the language of  science: when an animal 
enters a space for the first time, a unique combination of  place cells 
in its hippocampus is activated as it explores, and whenever it re-
enters that space, the same combination of  place cells re-activates, 
with each cell firing in exactly the place it did before; this pattern is 
the cognitive map that tells the animal it has been there before. 
O’Keefe has found that a rat in a one-metre-square box requires 
around thirty-two place cells to fire in various parts of  the box for 
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the space to feel familiar. The more often an animal re-visits a space 
and re-activates that same sequence of  place cells, the stronger the 
connections between the cells will be and the more robust its 
memory. Different spaces are represented by different combina-
tions of  place cells – by different maps. Neuroscientists who spend 
a lot of  time studying rats in mazes can sometimes tell the where-
abouts of  a rat to the nearest centimetre just by looking carefully 
at how its place cells are firing, a pretty impressive feat of  animal 
mind-reading.

A cognitive map is not like those you would find in the archives 
of  the Royal Geographical Society in London or the Library of  
Congress in Washington DC. The hippocampus does not hold 
copies of  its place-cell firing sequences, which reappear only when 
the animal is in the relevant space.* The brain must store its spatial 
memories somewhere, but nobody knows where, or in what form.

The place cells in the hippocampus – as opposed to their place 
fields – certainly look nothing like a map: place cells that are next 
to each other don’t necessarily represent adjacent locations on the 
ground, and the way the brain assigns place fields to place cells 
seems quite random. Furthermore, the entire array gets shuffled 
around – or ‘remapped’, as neuroscientists say – whenever the 
animal enters a new room. So far, no one has been able to predict 
how the place cells will behave from one new space to another, or 
where their place fields might be.

‘The lack of  a topographical structure in place cells has always 
been a bit embarrassing to me,’ says John O’Keefe. ‘I’ve worked 
in an anatomy department my whole career. If  you look in the 
neocortex at the cells that represent a finger, they’re sitting along-
side the cells that represent the next finger, so there is some 
topographical representation. But when you have a structure 

*  Or, as we shall see, when it is thinking or dreaming about being there.
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that doesn’t do that, where one place cell is sitting far from the 
place cell that’s representing the place next to it, and it’s meant 
to be a map . . . It ain’t a map.’

In 1998, the late Robert Muller, a colleague of  O’Keefe, demon-
strated the arbitrary nature of  place cell mapping when he recorded 
the electrical activity of  a rat’s place cells as it explored an unfamil-
iar space. He then reset the cells, effectively wiping out the rat’s 
spatial memory, and put it back in the same space to see if  they 
fired in the same way. They didn’t. The rat’s cognitive map – the 
firing pattern of  its place cells – looked nothing like it had the first 
time.2 This suggested not only that the way the brain represents 
locations is unpredictable, but also that there is nothing predeter-
mined about it at all.3 There may well be a good biological reason 
behind this, but it makes the idea of  the hippocampus as a map a 
little hard to grasp.

Since O’Keefe’s discovery of  place cells, it’s become clear that 
cognitive maps don’t just represent spatial information. If  a rat 
scampers down a track before turning around and scampering back 
again, the cognitive map of  its outward journey will look different 
to the cognitive map of  its return journey. In this case, the map 
registers not only the topography of  the track, but also the animal’s 
direction of  travel. As we’ll see, cognitive maps capture many 
aspects of  an animal’s experience (if  there is food on the track, or 
if  the rat is already familiar with it, the map will look different 
again). We couldn’t survive without them, but nobody is quite sure 
what they are.

–––––

Stop for a minute and think about physical space. What is it exactly? 
Is it real? Does it exist beyond our perceptions, and if  it does, how 
can we ever know, if  our senses are our only means of  finding out? 
Philosophers and physicists have wrangled over such issues for  

46 FROM HERE TO THERE



	

centuries, and still they disagree. It is little wonder that the work-
ings of  the cognitive map – how abstract representations in the 
hippocampus translate into a geometric sense of  space – elude us. 
Solving that mystery could teach us not just about how we remem-
ber the road from A to B, but also about the nature of  the physical 
world.

Even though we don’t know how the hippocampus arranges its 
maps or exactly what kind of  maps they are, there’s no question-
ing its importance. Quite simply, if  place cells didn’t fire in the 
way they do, we wouldn’t know where we were most of  the time. 
The next question is, which characteristics of  the environment 
does the hippocampus respond to – in other words, why do place 
cells activate in some places and not others? Since O’Keefe started 
investigating them in the early 1970s, neuroscientists have found 
that place cells are sensitive to a huge range of  environmental 
features, anchoring themselves to landmarks, objects, colours, 
smells and the geometric properties of  space. Recently, research-
ers have been getting excited about one type of  feature that 
appears to be particularly important to cognitive maps: spatial 
boundaries.

All animals seem drawn to boundaries. Recall those wall-hugging 
lab rats.4 Cats are notoriously fond of  boxes and other bounded 
spaces. The foraging trails of  wild rats, rabbits, badgers and deer 
often run alongside fences, hedgerows or the edges of  woods. 
Humans are no exception to this rule: in large urban spaces, such 
as Trafalgar Square in London or the courtyard of  the Louvre 
Palace in Paris, you’ll find many more people around the edges 
than in the middle. When search and rescue volunteers are looking 
for lost people in rural areas, they pay special attention to fences, 
streams, ditches, walls, pipelines, pylon corridors and forest edges, 
as these are the places they are most likely to find them.

But why? The twentieth-century urban activist and writer Jane 
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Jacobs, who spent a great deal of  time observing how New Yorkers 
behaved on the streets, noted that ‘people are attracted to the sides, 
I think, because that is where it is most interesting’.5 Safety also has 
a lot to do with it. In an experiment in a maze, Hungarian psycholo-
gists found that fearful people spent longer milling around the 
edges before venturing into the middle. They also took longer to 
form a cognitive map of  the space, though it isn’t clear whether this 
was because they spent less time exploring it or because fear itself  
disrupts our spatial abilities, as many psychologists and search and 
rescue experts believe.6

Boundaries anchor us to the world and make us feel secure. They 
are also extremely useful for orientation. In the 1980s Ken Cheng, 
a neuroscientist at the University of  Sussex,* discovered that disori-
entated rats use the geometric shape of  a box – the arrangement of  
its boundaries – before any other cues (visual landmarks, smells and 
so on) to work out where they are and where they might find food. 
Cheng put his rats in a black rectangular box with a white stripe 
along one of  the inside walls and taught them to find food in a 
specific corner. When he released them into an identical box, they 
frequently made the mistake of  searching for the food in the diag-
onally opposite corner, indicating that they had ignored the white 
stripe and were using geometry to guide them (in a rectangular 
box, every corner has a mirror opposite).7

From an evolutionary perspective, it makes sense for animals to 
rely on environmental boundaries, since they are extensive and 
don’t change much. But how does an animal’s brain incorporate 
them so effectively into its spatial memory, its cognitive map? In his 
early experiments, John O’Keefe noted that place fields are tied to 
the geometry of  the environment, which helps to explain the 
behaviour of  Cheng’s disorientated rats. In 1996, O’Keefe and his 

*  He is now at Macquarie University in Sydney.
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colleague Neil Burgess designed an experiment to test that relation-
ship. They wanted to see what would happen to a place field when 
the shape of  the environment changed. They put a rat in a square 
box before extending it in one dimension so that it became a rect-
angle. When they did this, the place field they were monitoring 
stretched with the wall – in other words, the place cell fired not just 
within a small spot in the top left corner as it had when the box was 
square, but in a distended, worm-shaped blob that stretched part-
way along the top wall.8

This finding changed how O’Keefe, Burgess and their colleagues 
thought about place cells. Since the place cells’ firing patterns were 
so precisely bound to environmental geometry, the neuroscientists 
reasoned that they must be receiving their information about 
boundaries from somewhere else – another type of  neuron, per-
haps, whose job it was to compute an animal’s relationship with 
boundaries and feed the data to the place cells to help them pin-
point the animal’s position. They dubbed these putative neurons 
‘boundary vector cells’.9 Thirteen years later, in 2009, Colin Lever, 
a neuroscientist at the University of  Leeds,* discovered them in an 
area of  the rat’s brain close to the hippocampus called the subic
ulum.10 This did not go uncelebrated: in science, few things are as 
gratifying as a prediction fulfilled. To add to the excitement, bound-
ary-sensitive cells have also recently been discovered in the subic- 
ulum of  humans.11

–––––

The boundary vector cells (or ‘boundary cells’ as they are com-
monly called) that Lever found follow pretty closely the script that 
was written for them. A typical boundary cell in an animal’s subic-
ulum is activated whenever the animal is a certain distance and 

*  He is now based at the University of  Durham.
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direction from a boundary of  a certain orientation. For example, 
boundary cell ‘A’ will fire whenever the animal is 5 centimetres to 
the east side of  a north–south boundary, and boundary cell ‘B’ will 
fire whenever it is 20 centimetres to the north side of  an east–west 
boundary, and so on.* So unlike place cells, which fire at points or 
in blobs, these cells fire in linear strips, like the margins along the 
edge of  a page: if  you’re walking alongside a building, a boundary 
cell in your subiculum will be active all the way (and all the way 
back, since they are not affected by the direction you’re facing). 
Walk a little further away from the building and a different cell will 
take over.

Lever and his collaborators aren’t yet sure how these cells work 
out the orientation of  boundaries, nor how they know to fire at 
such precise distances from them. It seems likely they get their 
orientation information from head-direction cells – the brain’s 
internal compass – which are also found in the subiculum region 
(we will discuss them in detail shortly). As for how they detect  
distance, they clearly react to visual stimuli, as well as touch (and 
possibly sound), as they can respond to the sight of  a boundary. 
Lever thinks some boundary cells may fire hundreds of  metres and 
even several kilometres from a boundary (albeit with less preci-
sion), and that an animal depends on these long-distance markers 
when it is moving in open spaces – in a field or a wide valley, for 
example.

This raises a question: what constitutes a boundary for bound- 
ary cells? Lever thinks it can be anything that obstructs navigation, 

*  I use the terms north, south, east and west here in the relative sense: the 
brain’s spatial cells are not sensitive to the cardinal directions, but to the geom-
etry of  the space the animal is in. Instead of  north–south we could say up–down, 
and instead of  east–west, left–right. What’s important is the position of  the 
boundaries relative to each other.
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without necessarily preventing it. Boundary cells are known to 
respond to vertical walls, ridges, cliff  edges and crevices, but the 
navigation behaviour of  humans and other animals suggests they 
may even be sensitive to very subtle linear features such as a change 
in floor colour or texture, or the edges of  shadows.

While researchers still have much to discover, there is no doubt 
that boundaries and the neurons that define them are crucial for 
the functioning of  place cells,12 for the formation of  spatial mem-
ories and for effective navigation. It is possible to navigate without 
boundaries using landmarks, and the hippocampal area contains 
two types of  cell that respond specifically to them,13 but the brain’s 
response to boundaries is so spontaneous that they seem to hold 
special value. Animals, humans included, are more likely to get 
lost in places without boundaries, or lose track of  how far they 
have travelled; neuroscientists have shown that if  you put a rat in 
a box and then remove or collapse the walls, its pattern of  place 
fields breaks down completely, and many of  its place cells simply 
stop firing.14 Boundary cells are among the first spatial neurons to 
form in an infant’s brain, preceding even the place cells them-
selves. They may well be the glue that holds the whole cognitive 
map together.

–––––

Edinburgh is a city of  extraordinary views, which makes it a great 
place to test out your sense of  direction. From the North Bridge, 
which carries traffic across a deep valley between the old and new 
towns, a single, clockwise pirouette will deliver you Edinburgh 
Castle, high up on the edge of  a basalt cliff; the stately columns of  
the Scottish National Gallery; the Scott Monument on Princes 
Street, gothic and smoke-sullied; the domed roof  of  the National 
Archives of  Scotland; Carlton Hill, headquarters of  the Scottish 
government; the coastal horizon and the long incline of  Holyrood 
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Park; Arthur’s Seat, the city’s highest point; and the tall tenement 
buildings of  the Royal Mile, which keep much of  the valley in 
shadow during winter.

It doesn’t take long for our brains to clock a panorama like this. 
One full circle is enough to give us a sense of  what’s around us, the 
angles between the landmarks, which direction the sea is in, and so 
on. This ability to orientate ourselves using features of  the land-
scape may feel effortless, but it is, in fact, a remarkable cognitive 
achievement. It wouldn’t be possible without a cluster of  cells in 
our brains that appear to have evolved specifically to give us a sense 
of  direction: the head-direction cells.

Head-direction cells are found in the postsubiculum, near the 
boundary cells, as well as in several other neighbouring brain areas, 
including the retrosplenial cortex and the entorhinal cortex, which 
acts as a kind of  interface between the hippocampus (where the 
place cells reside) and the neocortex (which drives ‘higher order’ 
functions such as perception, thinking and reasoning). Like the 
boundary cells, head-direction cells form at a very early stage in an 
animal’s development, which implies they are crucial for survival. 
As well as keeping us orientated, they supply important directional 
information to other spatial cells, including boundary cells and grid 
cells (whose role we will explore in due course).

The head-direction cell system is often referred to as the brain’s 
internal compass. Unlike place cells and boundary cells, which 
respond to the architecture of  the environment, head-direction 
cells activate when your head is facing a certain direction. Different 
cells respond to different directions, and together they cover the full 
360 degrees. Spin in a circle, and your head-direction cells will take 
turns firing, with one set taking over from another as you rotate. 
The head-direction system is rigidly coordinated: if  cell B fires to 
the right of  cell A in one environment, it will do so everywhere.15

How can the cells tell when my head has turned a specific angle 
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to the right or left? The most likely source of  this information is the 
vestibular system, the networks of  canals and sacs in the inner ear 
that respond to linear and angular acceleration. This is why neurosci-
entists refer to the head-direction system as an internal compass. The 
vestibular signals allow the cells to maintain their direction-specific 
firing patterns even in the dark or when we close our eyes. People 
who suffer damage to their vestibular system lose more than their 
balance: they lose their ability to stay orientated, which makes it very 
hard for them to move about and make sense of  the world.

The compass analogy breaks down slightly once you look more 
closely at how head-direction cells establish sense of  direction. 
They don’t respond to the Earth’s magnetic field or to the cardinal 
directions (north, south, east, west), but instead align themselves to 
landmarks. If  the first feature you notice on arrival in Edinburgh is 
the National Gallery, some of  your head-direction cells will anchor 
themselves to that, and because of  the system that ensures cells fire 
at specific angles relative to each other, the entire ‘compass’ is 
quickly set (with the gallery effectively its ‘north’).

Things will stay that way until you leave that place and go some-
where different. If  you step inside Edinburgh Castle, for example, and 
wander around looking for the Stone of  Destiny, the ancient symbol 
of  the Scottish monarchy, your head-direction system will reset and 
align itself  with the castle’s internal layout, since it is no longer able 
to fix itself  to its original north (unless, of  course, you can see it 
through a window, or have an exceptional spatial memory). At this 
point, it would be difficult to close your eyes and point to the National 
Archives or Arthur’s Seat with any confidence: the vestibular system 
can only maintain orientation for a short time before it requires some 
visual updating (or help from some other sensory cue).16

This dependence on landmarks17 explains why our head-direction 
system can easily get confused in unfamiliar places, particularly if  
we’re not paying attention. The following passage by Erik Jonsson, 
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a Swedish engineer who was fascinated by human navigation, 
should resonate with anyone who has been disorientated in a city 
after being convinced that they knew where they were going. In 
1948, Jonsson visited Cologne. Arriving by train in the middle of  the 
night, he slept for a while on a station bench, then set off  in the 
direction of  the Rhine to board a steamer. When he couldn’t find 
the river, he asked someone for directions, and to his chagrin was 
told to turn around:

I had been walking in the wrong direction, east instead of  west, as 

I thought. Then I saw the sun coming out of  the mist above the 

steamers. Sunrise in the west! Well, that explained it. I must have 

become disorientated when I arrived by train during the night, so 

instead of  going east I had actually been walking west, away from 

the river. Now that I knew what had happened, everything would 

be all right, I thought. Not so! However much I told myself  that the 

sun had to be in the east in the morning, I still felt that it was in the 

west and when I came to the Rhine I ‘saw’ it flowing south. There 

was no way my reasoning could change my inner conviction. 

Apparently some mysterious direction system operating below the 

level of  awareness had decided for me once and for all that in 

Cologne north was in the south.18

Once set, our head-direction system has a tendency to obstinately 
cling to its chosen orientation as if  our life depended on it (which, for 
our savannah-roaming ancestors, it almost certainly did). When 
Jonsson boarded the steamer and departed from Cologne his inner 
compass updated itself, but on returning to the city that evening it 
reverted to its erroneous configuration: ‘In an instant the universe 
spun around 180 degrees.’19 The sun appeared to be setting in the east. 
Unsettled by his mis-firing direction system, he left on the next train.

Disorientation can happen anywhere, but it is more likely in 
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places with few stand-out landmarks, such as inside large buildings 
with restricted window views and limited sight lines. Hospitals are 
notoriously bad for this: in 1990, an investigation at a major regional 
hospital in the US found that staff  were spending 4,500 hours every 
year giving directions to people lost in its network of  indistinguish-
able corridors.20 Wayfinding in such places is hard enough for the 
healthy, let alone those whose cognition may be befuddled by illness 
or old age.

Cities are full of  orientation challenges. To experience a near- 
instantaneous blitzing of  your head-direction system, try walking 
down one of  the deep spiral staircases that connect London’s 
underground stations with the platforms fifty metres or so below. 
Within a few turns, the featureless, rotational descent will have 
scrambled any sense of  direction you had at ground level. This is 
the equivalent of  taking a compass into an iron-ore mine. However, 
if  you walk back up again, your head-direction cells will snap back 
into alignment the instant you emerge into familiar surroundings, 
part of  a small cognitive miracle that tells you, ‘I am here.’

–––––

Landmarks are essential for our sense of  direction, just as boundaries 
are essential for our sense of  place. But how does the brain keep us 
orientated when the landmarks change, for example when we move 
from the garden into the house, or from the street into a supermarket? 
Unless you’re shopping at Ikea or touring Edinburgh Castle, stepping 
indoors does not ordinarily obliterate our directional awareness, 
though we replace distant landmarks (such as a tree or a skyscraper) 
for local ones (a window or a painting). We are able to align ourselves 
to the geometry of  our house while also remaining orientated to the 
outside world, keeping two spatial reference frames in mind simulta-
neously. How do we manage this feat of  cognitive gymnastics?

It happens in a part of  the brain called the retrosplenial cortex, 
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which has the important role of  translating visual cues, particularly 
landmarks, into spatial information that the brain can use in its cog-
nitive map. Neuroscientists have found two types of  head-direction 
cell in the retrosplenial cortex: one that responds to distant land-
marks and one to local. The firing of  these two types of  cell is what 
allows us to stay orientated to the street when we walk into our 
house, and to know the direction of  both the upstairs bathroom and 
the place we parked the car.21

The retrosplenial cortex has another remarkable function: it dis-
criminates between permanent, useful landmarks and transitory, 
unreliable ones. The world is full of  potential landmarks, but clearly 
there would be little point in our internal compass relying on some-
thing that could disappear by tomorrow. The retrosplenial cortex 
responds most strongly to landmarks that are fixed, so trees, wind-
mills and lamp posts win out over vehicles, rainbows and birds on 
fences.22 Again, this makes evolutionary sense, given how costly 
disorientation would have been in the wild landscapes of  our ances-
tors, and it also explains some of  the differences in navigational 
ability among modern humans. Brain imaging studies show that 
the retrosplenial cortices of  good navigators are more responsive 
than those of  poor navigators, which makes them better at picking 
out stable landmarks. Eleanor Maguire, who researches memory 
and navigation at UCL, says she regularly encounters healthy 
people who, bizarrely, are ‘not able to say whether something is a 
stable landmark that is not going to move’. In fact, she counts her-
self  among them, as a self-confessed poor navigator who puts her 
deficit down to a faulty retrosplenial cortex. ‘I lose landmarks all 
the time. I turn the corner and think I’m going to see this landmark, 
and it’s gone! Of  course it’s not gone, it just was never there, 
because I hadn’t put it in the right place.’23

–––––
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One of  the great mysteries of  the cognitive map is how the various 
entities that help create it – the place cells, boundary cells, head- 
direction cells, grid cells and others we haven’t yet met – interact and 
work together.24 We can be fairly sure that place cells get their infor-
mation about geometry from boundary cells, which get their 
information about orientation from head-direction cells, and that 
grid cells tell us something about distance. But the mechanics are 
so complicated and the experiments, which involve monitoring 
single neurons of  around 0.2 millimetres in diameter in the brains 
of  rats or mice, are so difficult and time-consuming that the big 
picture can be elusive.

Recently, Paul Dudchenko and his PhD student Roddy Grieves* 
carried out a series of  experiments to understand how spatial cells 
interact with each other and contribute to a sense of  place. They 
focused on a specific problem: why rats seem unable to discrimin
ate between identical parallel rooms. Researchers had previously 
found that when rats moved between four rectangular compart-
ments that looked alike, their place cells fired in the same way in 
each, suggesting that they couldn’t tell them apart.25 Dudchenko 
and Grieves suspected that this was because the compartments 
were all facing the same direction, and that the place cells would 
only discriminate between identical rooms if  the rooms were ori-
entated differently – in other words, if  the cells had help from the 
animal’s head-direction system.

To test this, they arranged four rectangular compartments side by 
side. At the back of  each they placed four pots of  differently fla-
voured sand (basil, coriander, cumin and rosemary), and buried a 
food reward (Weetos!) in a different pot in each compartment. Then 
they repeated the set-up with another set of  four compartments this 

*  He is now a postdoctoral researcher at UCL’s Institute of  Behavioural 
Neuroscience.
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time arranged in a semicircle at 60 degrees to each other. To get the 
food, the rats would have to work out where it was hidden in the 
various compartments: for example, in the rosemary in box A, or in 
the cumin in box B.

As Dudchenko and Grieves had predicted, most of  the rats 
failed to do this when the compartments were parallel to each 
other, since they couldn’t distinguish between them and so 
couldn’t establish separate cognitive maps to tell them where the 
Weetos were in each one.26 But in the other set-up they were 
much more successful, quickly learning which boxes would  
contain the food. The rats’ place cells told the same story: the 
cells repeated their firing patterns when they moved between  
the parallel compartments (suggesting the animals used the  
same cognitive map for all of  them), but reorganized or ‘rema-
pped’ themselves between the angled compartments, creating a 
different map for each.27

Just to make sure they had the story right, Dudchenko then went 
a step further, using a chemical to disable the head-direction cells 
in the brains of  another group of  rats, before letting them explore 
the angled compartments. This time the rats did no better than 
those in the parallel set-up. ‘Their place cells kept firing the same 
way in each room, as if  they couldn’t tell them apart,’ he said. ‘This 
suggests pretty clearly that the head-direction system allows the 

6. Paul Dudchenko’s experimental set-up.

58 FROM HERE TO THERE

1

1

2

2

3

3

4

4

Basil Coriander Cumin Rosemary

5+ 5+ 5+ 5+

5+

5+

5+ 5+



	

animal to discriminate between similar locations. At least that’s 
what it does for a rat, and it probably does it for us too.’28

When Dudchenko and Grieves first presented these findings to their 
colleagues in cognitive neuroscience at a symposium in Austria in 2016, 
the elegant symmetry of  the experiment and the clear-cut results  
created considerable excitement. This wasn’t because it overturned 
conventional thinking about cognitive maps, but rather because it 
didn’t: the study confirmed that fully functional spatial neurons are 
essential to an animal’s ability to learn about its environment, which 
many neuroscientists already believed. It also clarified something else: 
that a sense of  direction is essential to a sense of  place. 

In June 2016, I visited Dudchenko at his lab at the University of  
Edinburgh (he works at Edinburgh and Stirling). He had recently 
begun a new experiment looking at another vital component of  the 
cognitive map, the grid cell, and had offered to give me a peek. He 
is tall and willow-thin, and stands very straight as he quietly observes 
whatever is in front of  him. He is a remarkably patient explainer of  
science, with an unfussy delivery. He has taught hundreds of  stu-
dents the principles of  spatial neuroscience, and has written a book 
on the subject.29

He ushered me upstairs to his experiment room, where a rat with 
an electrode in the hippocampal region of  its brain was sniffing about 
in a compartmentalized enclosure. The electrical activity of  the rat’s 
neurons showed on a computer monitor, and we watched the wave-
forms flicker and die as it moved about. Dudchenko has developed 
excellent pattern recognition, and he can tell just by the shape of  a 
waveform when something significant is happening – when a grid 
cell is firing, for example. He has spent hundreds of  hours looking at 
firing patterns, and sometimes even sees them in his sleep.

After a while, Dudchenko turned up the volume on the monitor, 
and the waveforms emerged as rapid-fire static. He is just as good at 
reading audio patterns, and can discriminate between the call signs of  
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different types of  spatial cell. That day he was interested in a particu-
lar neuron that seemed to fire whenever the rat tried to climb over 
one of  the walls of  the enclosure. ‘There. Hear it?’ he said. ‘It sounds 
quite distinct. It looks different. You can see more spikes when it’s on 
the wall than any place else. I don’t know what kind of  cell that is. 
Let’s call it a “jumping on the wall” cell.’30 He was certain it wasn’t a 
grid cell, which might have been disappointing, since this was what 
the experiment was mainly designed to capture. But Dudchenko pre-
fers the long view, an essential quality for spatial neuroscientists. He 
eyed the screen. ‘That’s cool,’ he mused. ‘That’s very interesting.’

–––––

The discovery of  grid cells in 2005 by May-Britt and Edvard Moser 
caused great excitement in the neuroscience community, because 
the firing pattern of  this new type of  neuron was unlike anything 
seen before. The Mosers found them not in the rat’s hippocampus, 
where place cells reside, but in an area next to it called the ento
rhinal cortex, which feeds information to the hippocampus. Since 
then, grid-cell firing patterns have also been found in the human 
entorhinal cortex.31

If  you listened to the electrical signal from a single grid cell in 
the brain of  a rat, you would notice that it fired repeatedly and 
precisely as the animal moved across the floor (unlike a place cell, 
which fires in one place only). So precisely, in fact, that if  you put a 
dot on the floor to mark the rat’s position whenever the grid cell 
fired, you would find that each dot was an equal distance from its 
neighbours, so that the resulting pattern looked like a series of  
equilateral triangles or hexagons – a highly uniform grid.*

*  To put that in mathematical terms, if  you were to draw lines from one firing 
position to each of  its six neighbours, the angles between them would all be 60 
degrees, and the lines would be of  equal length.
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May-Britt Moser was as astonished as anyone to find this. ‘This 
beautiful pattern is very strange, and so nice,’ she told me after 
delivering a lecture about her work at the British Neuroscience 
Association annual meeting in Birmingham in 2017. ‘It is not some-
thing you would expect from a biological phenomenon.’32

The grid cells’ triangulated pattern might well feel familiar to 
those who grew up in the ‘trig point’ era, when no one ventured 
into the unknown without an Ordnance Survey map. Before the 
invention of  GPS, Great Britain was mapped using a network of  
6,500 concrete triangulation pillars that were placed on mountains, 
hills and other prominent features between 1936 and 1962. On a 
clear day, surveyors could establish the location of  anything in the 
landscape by measuring the angles between it and two neighbour-
ing trig points using a theodolite, since the coordinates of  the trig 
points were already known. A similar method of  triangulation may 
be how the brain calculates an animal’s position from its grid cell 
firing patterns – a pleasing example of  humans replicating the 
genius of  biology.

The firing patterns of  grid cells are remarkable not only for their 
consistency. The really clever thing about them is their subtle vari-
ations. The variations provide granularity: there’d be little point in 
having thousands of  grid cells all doing exactly the same thing. The 
hexagonal firing patterns differ in three distinct ways: by scale (the 
distance between the nodes in the grid); by orientation (the direc-
tion in which the grid is aligned); and by ‘phase’ (the degree to 
which one grid pattern overlaps with another). Like head-direction 
cells (and unlike place cells), grid cells are highly organized. The 
Mosers and their colleagues have discovered that grid cells are 
arranged in the entorhinal cortex in a number of  separate tiers, and 
that each tier contains cells whose patterns have the same scale and 
orientation, but different phase. They’ve also noticed that the scales 
increase incrementally in size with each tier as you go deeper.
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To explain what that means: if  a grid cell in the top tier of  the 
entorhinal cortex has a firing pattern with nodes that are 30 centi-
metres apart – meaning it fires after the animal has moved 30 
centimetres in a certain direction – the firing patterns of  all its 
neighbouring cells will also be scaled at 30 centimetres, and the axes 
of  their hexagonal grids will all be orientated exactly the same way, 
but their grids will be offset from each other slightly, like badly 
shuffled cards. The next tier down will be organized in a similar 
fashion, except the scale of  its grids will be a little bigger, and so 
on, all the way through the entorhinal cortex. It’s not clear how 
such a weird and distinctive arrangement would have evolved, but 
it seems a highly effective way of  pinpointing location. With enough 
identical offset grids, the system can provide coordinates that cover 
the progress of  an animal across a wide area of  space.

Like so much in the field of  neuroscience, these exciting dis- 
coveries throw up many questions. Why the different scales, for 
instance? In the deepest tier of  the entorhinal cortex, the nodes in 
the firing patterns may be as much as ten metres apart. A resolution 
that low doesn’t provide much detail, so what’s the point? May-Britt 
Moser’s theory is that low-resolution grids are useful in certain 
situations, such as when we’re fearful. ‘This is pure speculation, but 
I think it makes sense that you don’t need precise information in an 
environment where you are afraid,’ she says. ‘You just need enough, 
a snapshot, so you know to keep away. If  you want to learn where 
objects or food or your family are, then you need very good reso-
lution’ – in which case the grid cells in the upper tiers of  the 
entorhinal cortex have that covered.

Another big mystery is what enables the grid cells to fire at such 
precise distances and angles. How do they ‘know’ when the animal 
has travelled, say, 30 centimetres at an angle of  sixty degrees? Our 
best guess so far is that information about angles comes from 
head-direction cells, some of  which sit alongside grid cells in the 
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entorhinal cortex: experiments have shown that if  a rat’s head-di-
rection system malfunctions, so too do its grid patterns.33

Information about distance could come from several sources. 
One candidate is the animal’s own perception of  its movements, 
which comes either from optic flow (the sense of  the environment 
rushing past) or from the vestibular system in the inner ear. Another 
is a type of  neuron known as a ‘speed cell’, also found in the ento-
rhinal cortex, which varies its electrical activity according to the 
speed of  the animal.34 Since both the entorhinal cortex and the 
hippocampus contain time-sensitive cells, it would be easy, know-
ing speed, to calculate distance travelled (which is simply a factor 
of  speed and time).35

A third way in which grid cells might track distance is via a 
low-frequency oscillation of  electrical activity known as the theta 
rhythm, which thrums through the network of  neurons in the hip-
pocampus when an animal interacts with its surroundings. Its 
purpose appears to be to synchronize the firing of  brain cells in the 
hippocampal region, like a cognitive conductor. One of  its most 
distinctive properties is that its oscillating frequency – which aver-
ages four to eight cycles per second in rats, and a little less in 
humans36 – increases the faster the animal moves. In other words, 
it provides a speed signature – more pervasive than the one from 
speed cells – which grid cells might tap into.

In fact, we can be fairly sure they are tapping into it, thanks to 
an ingenious experiment conducted by Shawn Winter and his col-
leagues at Dartmouth College. To find out what aspects of  an 
animal’s movements are critical to the function of  its grid cells, they 
fitted electrodes to the entorhinal cortices of  their lab rats and 
pushed them around the experimental arena in small perspex car-
riages. The rats had the sensation of  movement, but because they 
weren’t propelling themselves, their theta rhythms ticked along at 
a background rate and failed to register any changes in speed. The 
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effect of  this on their grid cells was catastrophic: no theta rhythm, 
no hexagonal patterns.37

–––––

For all the symmetry and precision of  their firing patterns, it is not 
clear exactly how grid cells contribute to an animal’s cognitive 
map, nor how they cooperate with place cells and the other spatial 
units in the hippocampal region of  the brain. They apparently play 
a role in spatial memory: when an animal returns to a place it 
knows, its grid cells fire in the same positions as they did the first 
time it visited. And they’re almost certainly part of  the cognitive 
mechanism that allows us to keep track of  our position when 
there are no landmarks or boundaries to help us – an ability known 
as path integration.

Until recently, it was assumed that grid cells provide the cogni-
tive map with a kind of  metric, a system for measuring distances 
and angles. Without this, it is hard to see how we’d be able to ‘path 
integrate’ at all – to remember how far we’d walked, or how the 
different locations we visit relate to each other in space. Grid cells 
are an obvious candidate for this because their firing patterns, as 
well as being highly regular and dependable, appear to a large 
degree to be independent of  the outside world: to them, 30 centi-
metres is 30 centimetres whether you’re crossing a road, swimming 
in a lake or tramping across a mountain pass.

However, it turns out that things aren’t that simple. Recent 
experiments imply that grid cells are more influenced by the envi-
ronment than previously thought. We already knew that they are 
sensitive to the physical world, since the axes of  their firing patterns 
tend to be aligned to the boundaries of  an environment. Now neu-
roscientists have discovered that if  you alter the shape of  a room 
while an animal is in it, its grid patterns deform accordingly, stretch-
ing or compressing to reflect the new geometry.38 Even more 
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curiously, when an animal enters a room for the first time, its grid 
patterns immediately expand, before slowly retracting to their 
usual configurations as it becomes familiar with the place.39 Clearly, 
grid cells do a lot more than simply keep track of  how far and in 
which direction we’ve travelled. The fact that they respond so dra-
matically to the geometry of  our environment suggests they may 
be helping us learn about places, rather than just distances and 
angles.40

The variability in grid cells could be because they act as both 
path integrators and shape-readers. Or it could represent their con-
tinual attempts to anchor their firing patterns to boundaries or 
landmarks so as to correct the inevitable errors that occur in path 
integration. To visualize what that means, imagine walking across 
a flat field: you’d find it impossible to keep track of  your pos- 
ition unless you could see a fenceline or some trees beyond. 
Neurobiologists at Stanford University have observed the equiva-
lent of  this in mice in an open arena: the more time they spent 
without encountering a wall, the further their grid patterns drifted 
from their original positions, like boats pulling at their anchors.41 It 
seems that boundaries, as well as helping to stabilize the firing fields 
of  place cells, also act as correctives for grid cells.

–––––

Experiments like these indicate once again that parts of  the brain 
seem to be adapted specifically for navigation and spatial aware-
ness. But so far we haven’t been able to solve what for spatial 
neuroscientists is one of  the biggest mysteries of  all: how grid cells 
and place cells work together to give us a sense of  place. Clearly, 
they speak to each other – a recent experiment by the Stanford 
team found that the scale of  an animal’s grid pattern determines 
the resolution of  its place cells: the larger the grid scale, the bigger 
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the place field.42 This suggests that they’re working to the same 
end.43

The idea of  a feedback mechanism between place cells and grid 
cells was first proposed by neuroscientists in 2007.44 Here’s how 
neuroscientist Kate Jeffery, who studies navigation and memory 
at UCL, imagines it might work: ‘Place cells are using static sen-
sory information about the environment, from walls for example, 
and grid cells are using that together with dynamic information 
about movement, and the output of  that computation is going 
back to the place cells to help support them, to reinforce them. 
There’s a kind of  bootstrapping going on.’ That’s the theory, at 
least. As Jeffery acknowledges, the experiment that proves it has 
yet to happen. There’s little doubt, though, that place cells, for all 
their apparent lack of  organization, are the bedrock on which the 
cognitive map is struck. Or as Roddy Grieves describes them, 
they’re ‘a melting pot of  all sorts of  inputs’, of  which grid cells 
are only one.

A year after visiting Dudchenko’s lab in Edinburgh, I stopped 
by to see him at the psychology department at the University of  
Stirling, whose campus is conveniently located between a bound-
ary (the western edge of  the Ochil Hills) and a landmark (a 
towering monument to local hero William Wallace). By contrast, 
the psychology building is completely lacking in orientation 
cues, and the only thing distinguishing his door from the hun-
dreds of  identical doors that line the endless whitewashed 
corridors is its number. It’s an ideal place to study spatial cogni-
tion: Dudchenko claims the bewildering layout has inspired 
several of  his experiments.

Like many others in his field, he is trying to understand how grid 
cells fit into the cognitive map. ‘There was such a hype about them, 
this idea they’re the metric of  the brain, and maybe they are. But 
if  they are, they’re a pretty poor metric,’ he said.45 He mentioned a 
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new study of  mice, by a group of  neuroscientists at UCL, which 
showed that their grid-cell firing patterns fall apart when they 
explore a familiar place in the dark.46 ‘That’s really problematic. As 
a rodent, the one situation you would need your navigation system 
is when the lights go out. If  it falls apart, that’s weird.’47

Dudchenko is excited by the possibility that grid cells behave 
completely differently to how most neuroscientists think they 
behave, and that some of  their fundamental assumptions are 
wrong.48 ‘Sometimes the world is weirder than we think it is. I don’t 
feel we have it all down. Maybe we’re just at the beginning. I sus-
pect there’s a lot more to be found. There are still bombshells to 
come.’

–––––

Without a cognitive map to remind us that we’re in a place we’ve 
been before, the world would be unknowable. But knowing where 
we are is not enough. We also need to know how to get to places, 
and how to follow a route to a destination. It turns out that cogni-
tive maps are particularly adept at calculating routes to goals, and 
at remembering them. Neuroscientists have observed that when a 
rat is navigating a maze, its hippocampus activates more place cells 
when it heads down a branch of  the maze that has a cache of  food 
at the end, resulting in a more detailed map.49 For a rat, food is the 
ultimate goal, and a route to food is worth remembering well. The 
same is likely true of  all mammals; elephants in the Namib Desert 
have an uncanny memory for distant waterholes they only occa-
sionally visit. It’s easy to see how this strategy may have evolved: 
the ability to return easily to a place abundant in fruit, berries or 
edible roots is a major advantage.

The mechanisms in the brain that give preferential treatment 
to important routes are among the most intriguing features of  the 
cognitive map. Neuroscientists have noticed that once a rat has 
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completed a rewarding journey through a maze, the sequence of  
place-cell and grid-cell firing in its hippocampus and entorhinal 
cortex plays over again as it rests or sleeps afterwards, like a song 
on repeat.50 It appears that the rat is consolidating its memory 
map of  the journey by replaying it in its unconscious, albeit at 
between ten and twenty times the original speed. It seems impor-
tant for navigation: disrupt that replay sequence by preventing the 
rat from resting and it finds it harder to repeat the task the next 
day.51

Cognitive replay is important for reinforcing memories of  nav-
igation,52 but that is not its only function: it is also used to plan 
journeys. When they are searching for food, rats will often pause 
at a junction, as if  considering their options. Neuroscientists at 
UCL have been investigating what, if  anything, goes through a 
rat’s brain at such times, by looking at the spike patterns in its 
hippocampus as it ponders which path to take. To their surprise, 
they’ve discovered that as well as consolidating its memories, it 
seems to be reading the future. Before setting off  again, its place 
cells begin spiking in a specific, rapid-fire sequence, as if  rehears-
ing a recent journey, except it is a journey not yet taken: when the 
rat makes a choice and scurries down the track, the same firing 
sequence plays out in its hippocampus. It looks as if  the rat has 
been sizing up its options, before deciding on a plan and executing 
it.53 Mind you, this is not complex decision-making, since it always 
anticipates, and then chooses, only the paths that it knows will 
lead to food. This suggests that cognitive repetition, whether 
‘replay’ or ‘preplay’, developed partly as a way of  helping animals 
achieve explicit goals – if  there’s nothing to gain, why waste the 
brain power?

The researchers have recently begun to successfully predict, at 
least some of  the time, which way a rat will turn in a maze, based 
on the sequence of  place cells they see firing in its hippocampus as 
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it pauses at a junction.54 ‘We’re looking into the mind of  the animal 
and thinking, “OK, that’s what it’s going to do now”,’ says Freyja 
Ólafsdóttir in the cell and developmental biology department at 
UCL. ‘It’s slightly scary.’

It’s hard to know for certain how the human brain handles jour-
neys, since people are understandably reluctant to have electrodes 
inserted into their heads. However, scientists can measure brain 
activity in another way, using a scanning technology called func-
tional magnetic resonance imaging (fMRI). Rather than isolating 
the firing patterns of  individual neurons, fMRI detects the changes 
in blood flow that arise from them, giving a reasonable approxima-
tion of  their activity. Although fMRI machines weigh several tonnes 
and require you to lie motionless on your back inside a scanner, it 
is still possible to ‘navigate’ in such conditions, using virtual reality 
videos that simulate movement – while they discount the vestibu-
lar system and all sense of  motion, they do a fair job of  convincing 
the brain.

fMRI is helping researchers understand what happens in the 
human brain when we navigate to a destination – when we walk 
from our home to the shops, for instance, or from the office to the 
bank. Hugo Spiers, who runs a spatial cognition lab at UCL, has 
spent a good part of  his career trying to answer this question. He 
recently designed a video game in which participants had to find 
their way through a warren of  narrow streets and alleyways in 
London’s Soho – something close to the human equivalent of  a lab 
rat’s maze. First he took his subjects on a walking tour of  the area 
so they could learn the layout of  the streets and the location of  
various shops, restaurants and other landmarks. Then, once they 
were in the fMRI scanner, he played them a number of  first-person 
videos of  different journeys through the Soho streets. The journeys 
were interactive: the challenge was to take the shortest route to the 
goal, and whenever they reached an intersection they had to decide 
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which way to turn. To make things even harder, Spiers sometimes 
changed the destination mid-route, forcing them to re-think their 
strategies on the fly.

Just as Spiers and his colleagues had anticipated, navigation, and 
thinking about navigation, triggered a lot of  neural activity in the 
hippocampus and entorhinal cortex. But both the strength of  the 
activity and its location depended on the kind of  navigation task the 
brain was engaged in. The entorhinal cortex was mainly concerned 
with how far the subject was from their destination ‘as the crow 
flies’: if  this distance changed, as it did when Spiers suddenly revised 
the route, it showed a big spike in its firing patterns. The hippocam-
pus, on the other hand, was more interested in analysing the precise 
path the participant was following: the longer and more compli-
cated the route, the livelier this part of  the brain became.55 The 
hippocampus is concerned with the fine detail of  navigation: in this 
experiment it was particularly sensitive to the connectivity of  the 
street network – it showed the greatest activity in streets that had 
multiple links to other streets, as if  computing all the various 
options for the quickest route to the goal.56

What do these results tell us about the behaviour of  the cells in 
those parts of  the brain? The best interpretation is that, just as in 
rats, the activity in the human hippocampus was caused by place 
cells, which map locations along a route, and the activity in the 
entorhinal cortex was caused by grid cells, which register distances 
and angles. One obvious conclusion is that our cognitive maps, as 
well as recording where we are, are necessary for getting us to 
where we want to be.57 To check that the hippocampus and entorhi-
nal cortex were not simply getting excited by the perception of  
movement or the buzz of  Soho, some of  the videos were ‘control’ 
journeys that involved no navigational decisions at all – at the junc-
tions, participants were told which way to go. On these passive 
journeys, both brain areas were less active. The same thing happens 
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when we navigate by satnav, which makes you wonder what the 
hippocampus and entorhinal cortex are doing when we follow that 
blue dot on our screens. The answer, from Spiers’ evidence, is not 
much at all.

–––––

The hippocampus and its neighbouring regions seem to have 
evolved specifically to help us build mental representations of  the 
outside world that we can use to get around and orientate our-
selves. Consider the great variety of  spatial neurons in that part of  
the rat’s brain: as well as place, grid and head-direction cells, bound-
ary and landmark cells, and speed and time cells, neuroscientists 
have identified ‘trace’ cells that note where objects used to be,58 
‘axis-tuned’ cells that activate when an animal travels in a certain 
direction or its opposite,59 ‘flip’ cells that fire in two head directions 
180 degrees apart,60 ‘goal-direction’ cells in flying bats,61 ‘conjunc-
tive’ cells that do the job of  several spatial cells combined, and 
others that respond to body and head movements.62

Despite this, the idea of  the hippocampus as an organ dedicated 
to the interpretation of  space is controversial. One reason for this 
is that cognitive maps contain abstract representations of  the world 
rather than the like-for-like depictions provided by real maps. No 
one knows exactly how they deliver the feeling of  being in a famil-
iar place or recognizing a familiar scene. ‘Understanding how you 
get from a place cell in the hippocampus to being able to vividly 
recall something that happened twenty years ago as if  we were 
there: that for me is the money question,’ says Eleanor Maguire. 
‘How do you get from a place cell to a memory? We don’t know 
the answer.’

Another reason is that the hippocampus clearly does a lot more 
than mapping and navigation. In the next chapter, we’ll discover 
that it is also crucial to many aspects of  memory, serving as both a 
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place map and a memory map, and that it helps us think about the 
future. It may even organize aspects of  our cognition that, on the 
surface, have little to do with physical space, such as abstract think-
ing. There’s no doubt that cognitive maps underpin many of  our 
most important functions. It’s hard to imagine life without them.

7. Summary of  the four main types of  spatial cell discussed in this chapter  
and their various roles.

Name Location Role

Place cells Hippocampus Place cells activate whenever we are in a 
particular location in our environment. They allow 
us to remember places and they form the basis 
of our ‘cognitive maps’.

Head 
direction 
cells

Postsubiculum, 
retrosplenial 
cortex, entorhinal 
cortex

Head direction cells work like an internal 
compass, activating whenever we are facing 
a certain direction.

Grid cells Entorhinal  
cortex

Grid cells mark our position in a space by firing in 
precise hexagonal patterns as we move across it.

Boundary 
cells

Subiculum Boundary cells indicate our distance and 
direction from boundaries (a wall, an edge, or 
even a change of colour or texture).
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4

Thinking Space

Close your eyes and imagine your next holiday: waves lap-
ping on a tropical beach, or a hike through an Alpine valley. 

Now recall this morning’s breakfast – where you were sitting, what 
you were eating. Easy?

Not for everyone, and certainly not for Blake Ross, software pro-
grammer and co-founder of  Firefox, who in April 2016 revealed on 
his Facebook page: ‘I have never visualized anything in my entire life. 
I can’t “see” my father’s face or a bouncing blue ball, my childhood 
bedroom or the run I went on ten minutes ago. I thought “counting 
sheep” was a metaphor. I’m thirty years old and I never knew a 
human could do any of  this. And it is blowing my goddamned mind.’

Ross had just discovered that he cannot generate visual imagery. 
If  you’re thinking that he must surely be able to imagine something 
like a beach, he has this to say: ‘I have no capacity to create any kind 
of  mental image of  a beach, whether I close my eyes or open them, 
whether I’m reading the word in a book or concentrating on the 
idea for hours at a time – or whether I’m standing on the beach 
itself.’1 And this is someone who grew up in Miami.

Ross’s affliction is not new to science. Over the past few years, 
Eleanor Maguire at UCL’s Institute of  Neurology has followed the 
lives of  several people who, like Ross, have trouble recalling the 



past and imagining the future. All her subjects have a damaged 
hippocampus, usually caused by a disease such as limbic encephal
itis.* They are incapable of  conjuring up visual scenes in their mind’s 
eye, or of  assembling images of  objects into a coherent picture. 
‘They can’t even imagine what’s behind them,’ says Maguire. ‘They 
are literally stuck with what’s in front of  their eyes.’2

Here is how two of  Maguire’s patients described the fruitless act 
of  imagining, as reported in one of  her papers:

‘I feel like I’m listening to the radio instead of  watching it on the 

TV. I’m imagining different things happening, but there’s no visual 

scene opening out in front of  me.’

‘It’s as if  I have a lot of  clothes to hang up in a wardrobe, but there’s 

nothing to hang them on, so they all fall on the floor in a complete 

mess.’3

If  you don’t suffer from this impairment, it is almost impossible 
to imagine how debilitating it can be. Maguire’s patients have only 
a fuzzy recollection of  their pasts, since they cannot bring to mind 
any events they have taken part in. They cannot envisage their 
futures. They are terrible at navigation, because they cannot men-
tally plan routes. Many of  them don’t dream – as Maguire says, it’s 
hard to dream without a scene – and their daydreaming is confined 
to thoughts about the present.4 Few of  them read novels, since they 
can’t drum up fictive scenarios in their minds. Some counterfactual 
thinking – the consideration of  alternative scenarios – is beyond 
them, and because of  this they often feel emotionally overwhelmed 
when making moral decisions: when Maguire presented them with 

*  Ross has not suffered from this disease; he speculates that his condition may 
have been triggered by a severe head injury when he was ten.
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the classic ‘trolley problem’, where you have to decide whether to 
sacrifice one person to save five others, they seemed incapable of  
weighing up the options and became distraught at the prospect of  
killing someone.5 Intellectually and socially they function as well as 
anyone, but their inner visual worlds are much diminished.

–––––

Maguire became known far beyond her field in 2000, when  
she discovered that the posterior hippocampus in London taxi 
drivers, who spend up to three and a half  years learning the layout 
of  their city, including the names and locations of  25,000 streets 
and 20,000 landmarks, are both significantly larger than average 
and significantly larger than before they started training.6 Maguire’s 
interpretation – which many in her field agree with – is that the 
posterior hippocampus acts as a storage site or processing centre 
for detailed spatial and navigational information. The more we use 
it for this purpose, the more it grows – which would explain why, 
in the case of  taxi drivers, its size correlates with how long they 
have been driving and how well they know London’s streets, and 
why it shrinks back to a normal size after they retire.7

Neuroscientists are still not sure whether the hippocampus is a 
repository for memories, a processor that reconstructs them from 
elsewhere in the brain, or both. However, they have known for 
several decades that it is crucial for the creation of  autobiographical 
memories, such as memories of  events and when they occurred, 
because people with severe injuries to this part of  their brain have 
trouble remembering anything that happens to them. The taxi
driver studies showed that in addition to autobiographical memories, 
the hippocampus is particularly attuned to spatial memories and 
seems to reserve the bulk of  its muscle for navigational challenges. 
By contrast, when Maguire examined the brains of  medical doc-
tors8 and world memory champions,9 both of  whom undergo 
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intensive training and acquire large amounts of  (non-spatial) data, 
she found that their hippocampi were no bigger than average. It’s 
no coincidence that patients with hippocampal damage, as well as 
struggling to know who they are, have trouble knowing where they 
are and with navigation in general, even though their working 
memories are intact and they have no problem learning other skills.

Space and memory seem to be closely intertwined, but how? 
One idea is that the hippocampus uses memories of  spaces and 
places as a kind of  scaffolding or map on which to organize other 
memories. By this thinking, to recall a memory is to reconstruct it, 
to pull in the disparate elements from around the brain, like fitting 
the sheets of  a tent around its frame.

Many of  our memories are tied to places: if  you think about it, 
it’s difficult to recall an event – a birthday party, a first date, lunch 
with a friend – without recalling where it happened. One of  the 
finest articulations of  the importance of  place to memory was cap-
tured by the cultural anthropologist Keith Basso in his studies of  
the Western Apache people in Arizona during the second half  of  
the twentieth century. Like many indigenous groups, the Western 
Apache preserve their knowledge and history by passing them on 
as stories. If  the listener cannot picture themselves in the physical 
setting where the events are happening, then the events will be hard 
to imagine and will appear to ‘happen nowhere’, a preposterous 
idea. For them, ‘placeless events are an impossibility’, wrote Basso. 
‘Everything that happens must happen somewhere. The location 
of  an event is an integral aspect of  the event itself, and therefore 
identifying the event’s location is essential to properly depicting – 
and effectively picturing – the event’s occurrence. For these reasons 
. . . placeless stories simply do not get told.’10

Remembering anything becomes easier if  you associate it with a 
place, and a good trick for retrieving a wayward memory is to return 
to the place where you learnt it. ‘Space is a fantastic retrieval cue,’ 
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says May-Britt Moser. ‘If  you’re in the living room and you go to the 
kitchen to fetch something and when you get there forget what you 
wanted, go back to the living room and you’ll suddenly remember.’ 
This might sound like folk wisdom, but plenty of  studies back it up. 
In one of  the most unusual, psychologists at the University of  Stirling 
found that divers who memorized a list of  words while sitting on the 
floor of  the ocean were far better at recalling them when they were 
underwater than when they were at the surface, whereas if  they 
learnt them at the surface the opposite was true.11

Place association is the principle behind an ancient memory tech-
nique known as the loci or ‘memory palace’ method, in which 
words or objects are linked to locations along a familiar route. It was 
used by Greek and Roman orators, who imagined themselves walk-
ing through the streets of  their city or the rooms of  their villa while 
retrieving key points along the way. Almost all modern-day memory 
champions depend on the system, which can help them retain thou-
sands of  words or numbers in sequence. You don’t need a special 
brain for this: researchers have found that the loci method can help 
anyone achieve impressive feats of  recall.12 You can use any path for 
your memory journey: your dog-walking route, for example, or a 
tour of  the rooms in your home. It helps to be creative, and to con-
jure up scenes that stand out. In Joshua Foer’s book Moonwalking 
with Einstein,13 memory grandmaster Ed Cooke suggests that a good 
way of  remembering ‘cottage cheese’ on a shopping list might be to 
visualize someone you fancy swimming in a tub of  the stuff at your 
front door. The more vivid the image, the better it will stick.

The loci method appears to exploit the spatial properties of  the 
hippocampus, and it is no surprise to Maguire that it works so well. 
‘If  you were going to build your brain on something, building it on a 
spatial cognition system is a really good way to do it,’ she says. Working 
with brain-damaged patients has convinced her that the hippocam-
pus’s spatial role, and specifically its aptitude for constructing scenes, 
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is crucial for recalling the past and imagining the future as well as for 
navigation. She thinks of  scenes as the ‘currency’ of  cognition, which 
could be why hippocampal damage causes not just amnesia, but an 
impoverished mental life in general.

Maguire acknowledges that her view of  the hippocampus as central 
to cognition as well as to memory is contentious, though plenty of  
experts agree with her. Howard Eichenbaum, who was one of  the 
leading experts on the hippocampus before his death in July 2017, 
viewed it as a highly complex memory system, one whose main role 
is not to help us navigate through space so much as to ‘navigate 
through life’.14 He believed it enables the brain to wrap together all the 
various constituents of  an event, space and time included, and that 
cognitive maps are ‘maps of  cognition, not maps of  physical space’.15 
In one of  his final articles, Eichenbaum wrote, ‘The hippocampus 
does play a fundamental and essential role in navigation, but as an 
expression of  its more general role in the organization of  memories.’16

The idea that the hippocampus uses a spatial system to organize 
complex memories and other cognitive processes derives from the 
intriguing possibility that it evolved to allow our prehistoric human 
forebears to explore their habitats, thus improving their survival 
prospects (as we saw in the opening chapter). More sophisticated 
cognitive functions that evolved later, such as imagination and 
autobiographical memory, may have built on the hippocampus’s 
existing spatial structures. This could explain how the same brain 
networks that support physical navigation also support mental nav-
igation – and how the ability to understand relationships between 
landmarks may also help us bind together the many components 
of  an event into a coherent memory.17

We may never know for sure whether spatial representation or 
memory came first in the evolution of  the hippocampus, or whether 
they developed hand-in-hand: the fossil record is unlikely to reveal 
such secrets. Either way, given how important spatial awareness is to 
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survival in the wild, we can be fairly sure that the mammalian brain 
became ‘space aware’ very early in its evolution. ‘Think about the 
problems an animal such as a rat has to solve,’ says UCL’s Kate 
Jeffery. ‘Obviously it has to be able to find its way back to its nest, but 
it also needs to remember things that have happened to it in places, 
so that it doesn’t make the same mistake twice. For example, “The 
last time I was here there was a cat behind that wall.” Or, “The last 
time I was here I went left, and that wasn’t a good thing to do, so 
this time I’m going to go right.” It may well be that space and the 
things that happen in that space naturally go together in the brain.’

–––––

One of  the puzzling things about autobiographical memory is that 
while we live life in a continuous stream of  experience, we remem-
ber it as a series of  distinct episodes. Cast your mind back to last 
Saturday, and the hours do not come rushing back in continuous 
motion like the fast-forwarding of  a film – more likely, you remem-
ber it in abbreviated clips, as a sort of  highlights package.

How does our brain decide what makes an episode – when to hit 
the record button, as it were? One of  the main determining factors 
is place. Things that happen in the same place get remembered as 
part of  the same episodic memory; move to another place, and the 
recording starts again. Spatial boundaries represent event bound
aries, in other words. Recently, a team led by Aidan Horner, an 
experimental psychologist at the University of  York, conducted an 
elaborate virtual-reality experiment to demonstrate how important 
space is to long-term memory. They asked a group of  volunteers 
to navigate through a computer-generated house consisting of  forty- 
eight rooms connected by doorways. Each room contained two 
tables, and on each table was an object. The participants had to 
move through the house contemplating each object in turn. Some 
time later, the researchers ran a series of  tests to see how well they 
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remembered the objects and the sequence in which they had found 
them. Presented with a picture of  a pram, for instance, they had to 
say what had preceded or followed it.

The participants turned out to be significantly better at this if  the 
objects they were trying to recall had appeared in the same room 
together. Context was everything: it was easy for them to associate 
a pram with a girl, for example, if  they’d encountered both the pram 
and the girl in the same space. Walking through doorways seemed 
to ‘bookend’ their memories, and the events that happened between 
two bookends remained tightly bound together in memory.18

Walking through doorways seems to have a profound effect on the 
organization of  our memories. It can be catastrophic for short-term 
or working memories, hastening their departure from the front of  
your mind.19 Those times when you’ve arrived in your kitchen won-
dering what you came to fetch are the ‘doorway effect’ in action. One 
theory is that crossing a boundary clears the cache of  our working 
memory and transfers the contents to long-term memory. As Horner’s 
experiment showed, the past is best remembered chapter by chapter. 

By this evidence, spatial boundaries are just as important to the 
mental state of  humans and animals as they are to their physical 
behaviour. As we’ve already seen, all mammals, humans included, 
gravitate towards boundaries when exploring new environments, and 
boundaries are dominant features of  cognitive maps. The sensitivity 

8. Adrian Horner’s ‘Walking Through Doorways’ experiment.
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of  place cells in the hippocampus to edges, walls and borders is 
driven by the boundary cells. It is tempting to speculate that these 
same cells are also responsible for defining the boundaries of  epi-
sodic memories. If  the hippocampus designates a unique place-cell 
firing sequence – a unique cognitive map – for each space, as neu-
roscientists believe, then it’s feasible that events that happen in that 
space are tied in to the map too.

Does this mean there’s a different cognitive map for each episodic 
memory? When I put this to Horner he demurred – understandable, 
given the abundance of  seductive-but-untested explanations for such 
phenomena. ‘It’s one obvious candidate, but we don’t know for 
sure,’ he said. However, in 2017 his colleague Dan Bush at UCL’s 
Institute of  Cognitive Neuroscience showed that walking through a 
doorway does not ‘bookend’ a long-term memory, or disrupt its 
recall, if  the participant immediately returns to the same room. Bush 
thinks this supports the cognitive map theory of  long-term memory: 
events, even if  disrupted, that take place in the same space are 
recalled together because they are encoded by the same sequence of  
place cells. However, he acknowledges that since neuroscientists 
cannot easily study living human brains at the level of  individual 
neurons, the definitive proof  of  this theory may be some way off.20

–––––

Now it’s clear that the brain’s spatial system can help us recall the 
past, it may not surprise you to learn that it can also help us think 
about the future. For one thing, it enables us to take imaginary 
journeys. Horner’s team tested this using another virtual-reality 
exercise, this time in an fMRI scanner. Once again they asked their 
subjects to navigate around a virtual landscape and find a bunch of  
objects. Then they got them to close their eyes and imagine doing 
the same thing. Scanning their brains, the researchers noticed a 
grid-like pattern of  neural activity in their entorhinal cortex during 
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both tasks, the real and the imagined. fMRI scanners cannot pick 
out the actions of  individual neurons, but this pattern was most 
likely caused by their grid cells, a key component of  the cognitive 
map, which implies that grid cells allow us to traverse space men-
tally as well as physically – to make journeys in the mind as well as 
in the real world.21

Other researchers have recently shown that grid cells are also 
involved in abstract mental tasks that have nothing at all to do  
with spatial navigation or orientation. In a highly original study, 
Alexandra Constantinescu, Jill O’Reilly and Tim Behrens at the 
University of  Oxford designed an exercise in which a group of  vol-
unteers had to manipulate the silhouette of  a bird into various 
shapes using a keyboard. By stretching or shortening its neck and 
legs, they could morph it into a stork, a heron, a grebe, a swan, a 
gannet or anything in between. After playing with this for a while, 
the volunteers were told to visualize the bird changing shape – to 
imagine the neck or legs lengthening or shrinking into various 
ratios – while the researchers monitored their brains in an fMRI 
scanner. They wanted to know if  brain areas that typically organize 
spatial knowledge, such as the entorhinal cortex, the retrosplenial 
cortex and the prefrontal cortex, might also be involved in organiz-
ing conceptual knowledge. ‘Those brain areas do lots of  interesting 
things that are not to do with space,’ Behrens told me in an email. 
‘I got wondering about what grid cells were doing in those areas.’

To the astonishment of  many, the fMRI results showed that the 
brain treated the abstract exercise as a spatial task: it looked as if  
the grid cells were mapping the visualizations, which were in one 
dimension, as movements in two dimensions. Stretching the bird’s 
neck caused the grid cells to fire along one trajectory, while stretch-
ing the legs caused them to fire along a perpendicular one. Stretching 
both together resulted in a midway firing trajectory, with the angle 
depending on the neck–leg ratio the player was imagining. The grid 
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cells appeared to be literally walking the players through the prob-
lem. According to Behrens, this suggests that grid cells, which are 
known to underlie spatial cognition, are also used by the brain to 
solve abstract problems.22 The brain’s spatial system seems to use 
maps not just to represent space, but to organize knowledge of  
many different types. It is just as good at helping us navigate our 
inner worlds as our outer ones.23

Findings like these have encouraged much speculation about the 
nature of  cognitive functioning. One of  the more controversial ideas 
is that language – arguably the most fundamental abstract knowledge 
system of  all – is itself  built on a spatial framework. The theory is all 
the more intriguing given that it comes from John O’Keefe, discov-
erer of  place cells and a rigorous empiricist. Although he has spent 
his entire career investigating the hippocampus and how animals 
interact with space, he is not averse to wandering beyond his brief.

Nearly half  a century ago, during his early work on place cells, 
O’Keefe considered the possibility that the cognitive mapping 
system functions as a deep structure for language. His hunch is that 
language evolved to allow humans to share information about the 
layout of  the physical world, such as the location of  important 
resources and how to get to them, and that it co-opted the hippo-
campus (particularly the left hippocampus where much language 
processing takes place)24 along with other areas of  the brain, in the 
same way that memory did. He points out that all languages are 
built around prepositions, almost all of  which describe spatial rela-
tionships between places and objects.

Commonly used prepositions include ‘behind’, ‘in front of ’, 
‘beside’, ‘beyond’, ‘at’, ‘to’, ‘from’, ‘in’, ‘out’, ‘under’, ‘over’, ‘above’, 
‘below’, ‘through’ and ‘across’. They join noun to noun and pronoun 
to pronoun, though in many languages they hitchhike as prefixes or 
suffixes. They represent direction and distance in language the same 
way that vectors do in geometry – not just literally, as in ‘driving 
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from London to Paris’, but also metaphorically, as in ‘from the sub-
lime to the ridiculous’. By O’Keefe’s reckoning, the left hippocampus 
provides us with a semantic map as well as a spatial one, and though 
he admits that he has yet to find the evidence to prove it,25 others 
may have. In 2017, a team of  cognitive neuroscientists led by Nikola 
Vukovic at Aarhus University demonstrated that when we listen to 
someone speak, we process pronoun-based sentences such as ‘I am 
peeling a banana’ or ‘You are cutting a tomato’ using the spatial areas 
of  our brains, and that the viewpoint expressed in the sentence deter-
mines which specific brain region activates.26 For example, if  the 
speaker uses the pronoun ‘you’, prompting us to think about some-
thing from our own perspective, our parietal cortex – traditionally 
one of  the drivers of  ‘egocentric’ navigation – swings into action. If  
they speak in the first person, forcing us to consider their perspective 
– to take a more spatial view, if  you like – the processing happens 
largely in our left hippocampus, much as O’Keefe predicted.27

Spatial metaphors are ubiquitous. The next time someone tells 
you to ‘take a walk down memory lane’, ‘put it all behind you’, ‘get 
a sense of  perspective’ or ‘put yourself  in their shoes’, remember: it’s 
their primeval brain talking. We use this kind of  language all the 
time when describing social relationships: ‘close friend’, ‘growing 
apart’, ‘circle of  acquaintances’, ‘social climber’. Spatial terms like 
these help us depict personal relationships much as we might imagine 
geometric relationships to objects or landmarks.

The fact that we apply a spatial lexicon to relationships, and that 
our brain maps relationships the way it maps space, is not as sur-
prising as it sounds. As you might recall from the opening chapter, 
the need to maintain social networks across hundreds of  miles of  
Palaeolithic landscape may even have driven the evolution of  our 
navigational abilities. Experiments with bats and rats have shown 
that their place cells map not only their own position in space, but 
the position of  others, too28 – clearly it’s important for them to 
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know where their friends are. Measuring such things in humans is 
tricky, but it would be strange if  we didn’t share this trait.

Recently, a group of  neuroscientists led by Daniela Schiller at the 
Mount Sinai School of  Medicine in New York found evidence that 
the human brain uses a spatial approach when processing complex 
social interactions. Schiller studies how emotions play out in the 
brain, and she is especially interested in how people cope with trau-
matic experiences (her father is a Holocaust survivor). She has noticed 
that the most resilient survivors, who go on to live successful and 
productive lives, share a common trait: advanced social skills. ‘The 
way they describe their traumatic experience shows a very acute, 
mature understanding of  their social environment,’ she told me. ‘For 
example, they understood what a soldier intended to do, or that their 
neighbours were actually enemies. They were able to locate each 
person in their social environment, and this helped them survive.’

Schiller wanted to know how this kind of  social intelligence is 
reflected in the workings of  the brain and how the brain tracks 
connections between people. So she and her colleagues invented a 
‘relationships game’ in which volunteers had to interact with fic-
tional characters while their brains were monitored in an fMRI 
scanner. As the game progressed, the team manipulated two factors 
that affect the dynamics of  all relationships: power (are you submis-
sive or authoritative towards the other person?) and affiliation (how 
readily would you share private information with them?). ‘Let’s say 
you have two people who are best friends, and one of  them gains 
a lot of  power, they become your boss for example,’ Schiller 
explained. ‘That would immediately affect your affiliation towards 
them’ – how much you trust them.

She noticed that as the volunteers interacted with the characters, 
the blood flow in their left hippocampus varied with the nature of  
the relationship. Schiller thinks the hippocampus tracks the dimen-
sions of  sociality – in this case power and affiliation – the way it 
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tracks the dimensions of  space.29 This wasn’t the first study to find 
a link between spatial and social cognition. In 2004, researchers at 
the University of  Texas found that students who harboured nega-
tive social attitudes towards Mexicans dramatically overestimated 
how far away Mexican cities were from their campus. In line with 
Schiller’s theory, the students appeared to be using geographical 
distance as a proxy for social distance.30

As well as revealing something about the spatial nature of  social 
cognition, Schiller’s study told her something important about 
emotional resilience. The most socially confident among her volun-
teers – those who scored lowest on a test for neuroticism and social 
anxiety – were also those whose hippocampal activity most accur
ately tracked their relationships with the fictional characters. It 
seemed that she had stumbled on a neural signature for social skills, 
and possibly for psychological resilience – and it was slap bang in 
the middle of  the brain’s navigation centre.

–––––

If  the brain tackles social challenges in a similar way to how it tack-
les spatial ones, you might expect these two skill sets to be closely 
related. Are they? If  you’re good at navigating in an unfamiliar city 
without GPS, are you also likely to be good at deciphering the 
social dynamics of  your workplace and using them to your advan-
tage? Intuitive as this sounds, there isn’t yet the evidence to make 
this leap. Many factors influence social intelligence beyond those 
processed by the hippocampus. There’s little doubt, though, that 
good mental health depends to some degree on the functioning of  
this part of  your brain. Depression, schizophrenia, sociopathy, 
post-traumatic stress disorder (PTSD) and autism are all associated 
with hippocampal dysfunction. The chronic stress of  these condi-
tions appears to cause it to atrophy (though it’s possible that the 
decay precedes the disease). This would explain why mental illness 
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can be so indiscriminate in the way it impacts cognition: a wilted 
hippocampus, like a furred-up heart, impedes many vital functions.

The effect of  mental illness on social cognition – the shrinking 
of  our capacity to read ‘social maps’ and to form and understand 
relationships – may be its most debilitating characteristic. Depression 
is above all a disease of  loneliness. Seriously depressed people in- 
habit an ante-world: they watch from the cave of  their mind as life 
passes them by. In This Close to Happy: A Reckoning with Depression, 
Daphne Merkin describes her loneliness as having ‘wrapped itself  
around my bones . . . like a shadow, moving forward or backward 
whenever I did.’31 William Styron, whose Darkness Visible was one 
of  the first memoirs of  the illness (remarkably it was published as 
recently as 1990), felt it as ‘an immense and aching solitude’.32 It is 
hard to overestimate the terror of  such isolation, and of  how it 
might end. It is the terror of  being lost. For Styron, the most fitting 
metaphor for his depression lay in these three lines from Dante’s 
Inferno:

In the middle of  the journey of  our life
I found myself  astray in a dark wood
where the straight road had been lost sight of.33

Anyone who has gone astray in a dark wood, or on a moor or 
mountain, will attest to the visceral thought-distorting fear it induces. 
Being truly lost touches something primitive. For our ancestors in the 
Palaeolithic, it would have meant almost certain death – little sur-
prise, then, that some of  that remains. Being lost is not the same as 
being depressed, but they share some of  the emotional and psycho-
logical consequences: the distorted decision-making, the sense of  
alienation from all that surrounds you, the conviction that you  
will die. They also share a language: depressed people describe 
themselves as adrift, outcast, at sea. Being mentally and physically 
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lost seem metaphorically, and perhaps cognitively, compatible. In 
depression there is no safe space.

Sometimes, the sense of  being adrift comes full circle and sufferers 
find that they have trouble orientating themselves physically as well 
as psychologically. Researchers at the University of  Calgary have 
shown that people who are highly neurotic or who suffer from low 
self-esteem find it especially difficult to form cognitive maps and to 
envisage spatial relationships between landmarks (to build a ‘bird’s-
eye view’ of  a scene). Most likely this is because of  the debilitating 

9. Gustave Doré’s engraving of  Dante’s lonely plight.
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effects of  stress hormones on the place cells in their hippocampus.34 
Other studies have shown that patients with PTSD are similarly 
handicapped. In this case, rather than collateral damage, their spatial 
glitch may actually be triggering their illness. Unable to process the 
context of  a traumatic scene and consolidate it as a coherent memory, 
as we do with normal events, they are condemned to re-live the neg-
ative part over and over in flashbacks.35

Psychological and cognitive conditions can lead to curious habits 
of  spatial behaviour. Search and rescue experts who track missing 
people have identified distinct patterns of  wandering specific to differ-
ent disorders, which they use to help determine where to look.36 They 
have noticed, for example, that people with dementia, who are usu-
ally disorientated even before they start wandering, tend to travel in 
a straight line. Dementia patients account for the second-largest cat
egory of  people reported missing by search and rescue authorities in 
the UK;37 they are outnumbered by more than two to one by despond-
ents and the clinically depressed who wander off deliberately.

Why would hopelessness propel people to walk? Perhaps they 
have lost their way and are walking to find it. Or they are trying to 
get away from the unhappy place they have washed up in. Or they 
have decided to disappear completely. Rescuers know where to 
search first: the suicidal often head straight for a final look at a place 
they are familiar with – a picnic spot, a viewpoint or a favourite 
walking wood. There is succour in meaningful places, even when 
we are seeing them for the last time.

If  our psychology subverts our interactions with space and place, 
then the opposite is also true: restrictive environments can trigger 
mental breakdown. ‘There are many ways to destroy a person, but 
one of  the simplest and most devastating is through prolonged 
solitary confinement,’ the philosopher Lisa Guenther writes in her 
2013 study of  the subject.38 Maximum-security prisoners, kidnap 
victims and others held in small spaces for long periods suffer great 
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anguish as a result of  their confinement. Panic attacks, paranoia, 
hypersensitivity to external stimuli, obsessional thinking, distorted 
perceptions, hallucinations and difficulties in thinking and memory 
are the norm, and full-blown psychosis and permanent psycholog-
ical damage are not uncommon. Forced to live in a space the size 
of  a double-bed, their cognitive functions, so many of  which are 
spatially organized, appear to collapse. It is an affront not just to a 
person’s dignity and mobility, but to the core of  their being.

Above all, solitary confinement is a deprivation of  social space. 
‘A grey limitless ocean stretches out in front of  and behind you – an 
emptiness and loneliness so all-encompassing it threatens to erase 
you.’39 This is Sarah Shourd, who was held for 410 days in a tiny 
Iranian prison cell between 2009 and 2010 (note how she reframes 
her lack of  space as desolation extending to the infinite, an equiva-
lent hell). Shourd experienced what sociologists call a ‘social death’: 
the conviction that everyone she knew had forgotten her, and that 
she was turning into someone irrevocably different. So much of  
our identity is socially constructed that without meaningful contact 
with others we struggle to know who we are. Guenther, the philos-
opher, says confining someone to a place in which all they can do 
is pace back and forth denies them something the rest of  us take 
for granted: ‘an open-ended perception of  the world as a space of  
mutual belonging and interaction with others.’40

Eventually, many prisoners in solitary confinement go from feel-
ing starved of  human contact to being disorientated and threatened 
by the thought of  it. They lose the ability or the inclination to form 
social maps, which makes it hard for them to adjust to normal life 
after their release. In America today there are around 80,000 pris-
oners in some form of  solitary confinement,41 despite the fact that 
in 2011 the UN Special Rapporteur on Torture called for a world-
wide ban on its use because of  the lasting mental damage it causes.42
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–––––

Just as the loss of  space can crush us, the judicious and creative  
use of  it can bring salvation. Some people in solitary confinement 
have managed to keep their minds more or less intact by embarking 
on flights of  imagination that allowed them to transcend the hor-
rors of  their physical reality. Michael Jewell, who spent forty years 
in prison in Texas for murder, said he coped with seven years  
of  isolation by inventing fantasy scenarios in which he roamed 
open spaces and interacted with strangers. He told the magazine 
Nautilus:

I might imagine myself  at a park and come upon a person sitting 

on a bench. I would ask if  she or he minded if  I sat down. I’d say 

something like, ‘Great weather today.’ The other person would 

respond something like, ‘It is indeed.’ . . . As we conversed, I would 

watch joggers, bicyclists and skateboarders pass by. The conversa-

tion might go on for half  an hour or so. When I opened my eyes 

and stood, I would feel refreshed and even invigorated.43

You don’t have to be locked in a windowless cell to benefit from 
spatial imagining – it can help us in everyday life. In meditation, a 
useful way of  detaching yourself  from distracting thoughts is liter-
ally to distance yourself  from them by imagining them across a 
stretch of  water or rising into the sky. Many authors visualize the 
arc of  their narratives before writing them. J. R. R. Tolkien made 
several maps of  ‘Middle-earth’, his fantastical setting for The Hobbit 
and The Lord of  the Rings, to help him develop the characters and 
storylines – he said he ‘wisely started with a map and made the 
story fit’.44 Creating and telling stories can be a way of  evolving our 
own narratives at times of  crisis or renewal. In The Wounded 
Storyteller, the sociologist Arthur Frank argues that stories ‘repair 
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the damage that illness has done to the ill person’s sense of  where 
she is in life, and where she may be going. Stories are a way of  
re-drawing maps and finding new destinations.’45

We can exercise our cognitive maps just as effectively by being 
spatial, which means interacting with physical space whenever we 
can. We often do this without realizing: watch someone pacing to 
and fro as they chat on the phone, tracing the path of  their conver-
sation on the pavement. Chances are they won’t remember their 
meanderings, though they serve a purpose: mapping out a problem 
in physical space makes it easier to think it through and remember 
it. Barbara Tversky, a cognitive psychologist at Stanford University, 
has found that people are better at remembering a description of  a 
complex space if  they draw it out with their hands while learning 

10. Tolkien’s map of  Middle-earth.
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it.46 Gestures do more than communicate thoughts: they also map 
meanings and ideas when words alone are not enough. Again, this 
may not be all that surprising: as Tversky says, ‘Long before there 
was language, there was space.’47

What is the hippocampus doing when we interact with our sur-
roundings or engage in spatial imagining? Firing on all cylinders, 
most likely. An active hippocampus implies healthy cognition, and 
certain spatial activities are particularly effective at exercising it. 
Navigating using GPS, which is the equivalent of  being led by the 
nose, is not one of  them – in fact, it uses another part of  the brain 
entirely. By contrast, navigating spatially by studying the lie of  the 
land and picturing where you are in relation to where you want to 
be – by building a cognitive map, in other words – is the road to 
cognitive riches. This may be especially true for those whose hip-
pocampi have been damaged by depression, PTSD or other 
disorders. The researchers in Calgary who identified the link 
between neuroticism and spatial ability think that encouraging 
people with mental illness to navigate could help relieve their symp-
toms, by stimulating the growth of  place cells in the hippocampus.48 
Biology aside, spatial navigation – which requires focusing on the 
relationships between landmarks – can be a template for a healthy 
mental life and a foil against loneliness and even depression. 
Therapists often encourage their patients to connect with people 
and viewpoints beyond their immediate experience, to build rela-
tionships, so as to counter the inward-looking orientation that 
comes with mental distress.49

The idea that you can navigate your way out of  loneliness is 
consistent with the way epidemiologists and public health officials 
have come to understand this condition. In 2009, researchers at 
three American universities mapped the distribution of  lonely 
people in a social network of  several thousand in Massachusetts.50 
They discovered that lonely people tend to be clustered together, 
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meaning that if  you are lonely, the people you most often come 
into contact with are more likely to be lonely themselves, which is 
one reason why loneliness can be so hard to shake off. Some local 
authorities in the UK have started producing ‘loneliness maps’ to 
help them identify and target their most isolated residents. The 
obvious next step would be to help these people map their way to 
greater companionship, ideally by connecting them with residents 
beyond their immediate social circle.

To be able to wayfind ourselves into a positive state of  mind 
sounds too good to be true, but the healthy consequences of  exer-
cising our inner maps makes sense when you consider how crucial 
they have been to our evolution and development. We are spatial 
beings, and the way we experience our environment affects us 
deeply. In the next chapter, we’ll look a little more closely at that 
interaction: how our brains make sense of  unfamiliar places, the 
mental strategies we use to help us find our way, and the cognitive 
mechanisms that keep us tethered to our surroundings (and why 
they don’t always work). The world is vast, strange and occasion-
ally terrifying; for all our technology and sophistication, it can seem 
incredible that we aren’t forever adrift in it.
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	 From A to B and Back Again	

5

From A to B and Back Again

Not long ago, while backpacking with my wife through 
South America, we travelled to San Pedro de Atacama, an 

adobe oasis village on the eastern edge of  Chile’s vast northern 
desert. After we arrived, to get a sense of  our surroundings, we 
hired bikes and cycled for seven miles into a sandstone canyon 
called the Quebrada del Diablo, the Devil’s Ravine, where a path 
climbs between eroded cliffs onto an escarpment with fine views 
of  the plains and the Andes to the east. Half  a mile from the top, 
we passed four young European women who, like us, were starting 
to question the wisdom of  pedalling uphill through sand in the heat 
of  the day. 

In the afternoon, while on the way back down, we met two 
policemen on the canyon path who asked us if  we had seen ‘the 
four lost girls’. Not since they became lost, we told them. A little 
later, on the road back to San Pedro, an armoured jeep raced past 
us, blue lights flashing, and a breathless young Chilean man inter-
rupted his furious pedalling to ask if  we’d come across the chicas 
who had borrowed his bicycles – one of  them had phoned him just 
an hour and a half  earlier to say they had lost the path and couldn’t 
find their way out of  the Quebrada. By the time we got back to 
town, everyone was talking about them.



The Atacama is the driest desert in the world and the nights are 
long and cold – it wasn’t hard to understand why people were wor-
ried about the young women. When we had passed them they had 
been wearing shorts, T-shirts and flip-flops, and carrying enough 
water to last an afternoon. Local residents told us that tourists 
hardly ever get lost in the Quebrada del Diablo, despite its ominous 
name; the main path branches into two or three but they all end up 
in the same place, and it’s hard to go wrong. By nightfall, the girls 
were still missing, and the police sent officers on motorbikes into 
the canyon with powerful searchlights.*

It’s easy to scoff  when people lose their way, but it can happen 
to anyone. Getting from A to B (and back again) along an unfamil-
iar route and without GPS is one of  the most complicated and 
difficult of  cognitive tasks. To do it successfully you need to pay 
attention to your surroundings, remember features of  the land-
scape and how they relate to each other, calculate distances, 
coordinate movements, orientate yourself  and heed changes of  
direction, plan a route and be prepared to change it, and process  
all kinds of  sensory information. Unsurprisingly, it requires the 
engagement of  multiple regions of  the brain: the retrosplenial 
cortex, which establishes the permanence of  landmarks and relates 
our heading direction to local geometry; the hippocampus and 
entorhinal cortex, which build cognitive maps and process routes; 
the prefrontal cortex, which assists with decision-making and plan-
ning; the parahippocampal place area and the occipital place area, 
which interpret visual scenes; and the posterior parietal cortex, 
which is responsible for visual-spatial perception and coordination. 
If  one of  these regions malfunctions or our hippocampus is lacking 
grey matter; if  we don’t pay attention at a crucial point or, feeling 

*  We learnt later that they were eventually found that night, confused but 
unhurt.
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anxious, go left instead of  right; if  we’re distracted by the bickering 
of  our companions or have a strong preconception about the direc-
tion of  home that proves to be awry, we’re as good as lost. Navigation 
can feel simple until it goes wrong.

If  you’re not convinced, you should meet Erik the Red. Erik is a 
navigator robot designed by Leslie Pack Kaelbling, a computer sci-
entist at the Massachusetts Institute of  Technology, and named 
after a Viking explorer who, having been banished from Norway 
for various violent misdeeds, went on to ‘discover’ Greenland. Erik 
the robot is also an explorer, though with more modest ambitions: 
to find its way around offices without bumping into furniture and 
to deliver things to people’s desks. Considering that it was built 
nearly twenty years ago, it does this reasonably well.

Erik’s navigation abilities may be primitive compared with ours, 
yet it still requires a large array of  technologies to enable it to learn 
its environment, recognize landmarks and build up a rudimentary 
spatial memory. It uses video streaming to monitor optical flow and 
identify edges and contours, laser beams to measure distance, infra-
red ‘whiskers’ for short-range interactions, sonar for topographical 
mapping and impact sensors to tell it when it has run into some-
thing. It is equipped with a suite of  algorithms to allow it to make 
decisions based on these inputs. If  you multiply that complexity by 
about a thousand, you’re somewhere close to a human navigation 
system.

–––––

Humans are blessed with an inner navigator that is immeasurably 
more sophisticated and capable than any artificial system. How do 
we use it?

Psychologists have found that, when finding their way through 
unfamiliar terrain, people follow one of  two strategies: either they 
relate everything to their own position in space, the ‘egocentric’ 
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approach, or they rely on the features of  the landscape and how 
they relate to each other to tell them where they are, the ‘spatial’ 
approach. The egocentric approach is like following a set of  instruc-
tions: how many streets will I pass before I reach the turning? 
Should I turn left or right when I get there? The spatial approach, 
by contrast, involves taking a bird’s-eye view: where is my house in 
relation to that hill? Should I head south or west? Egocentric is fol-
lowing your nose; spatial is about the big picture.

Both methods work, up to a point, and many of  us use them 
interchangeably. Egocentric navigation is often simpler and quicker, 
and it makes sense to use it when regularly taking the same route 
(on your daily commute, for example). But you shouldn’t rely on it 
all the time, because if  one of  your cues doesn’t match the reality 
on the ground – if  a road is blocked or a landmark has disappeared 
– you’ll have no geographical knowledge to fall back on and no way 
of  calculating a detour. Only a spatial strategy can give you a full 
understanding of  your surroundings and where you are in relation 
to them. An egocentric view is a single-point construal, like a con-
ventional photograph; a spatial view is more like a David Hockney 
landscape, full of  depth and multiple perspectives.

As you might expect, the two approaches use different parts of  
the brain. Egocentric route-following depends on two areas: a 
structure near the centre of  the brain called the caudate nucleus, 
which is involved in movement control and the learning of  habitual 
behaviours, and the posterior parietal cortex, which sits near the 
back of  the brain and plays a big role in spatial reasoning. Spatial 
navigation, on the other hand, is driven by the hippocampus, the 
brain’s map-maker. People who consistently navigate with a spatial 
approach have more grey matter in their hippocampus, presumably 
because they exercise it more; for egocentric navigators, the same 
is true of  their caudate nucleus.

The obvious implication is that our brains respond to how we 
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use them.* Studies on the psychology of  navigation have found that 
in a general population, the ratio of  egocentric to spatial navigators 
is around fifty-fifty.1 Within that, there is great variation dependent 
on age, sex, culture, whether someone has an urban or rural 
upbringing, the state of  their health and even whether they are left- 
or right-handed (in the next chapter we’ll explore why these factors 
are so important).

If  you are a skilled navigator – meaning that you can find your 
way around an unfamiliar area while maintaining a sense of  direc-
tion and an idea of  where you are – then your default strategy will 
almost certainly be spatial. This is because effective navigation 
requires a cognitive map, which is harder to achieve with an egocen-
tric strategy. Skilled navigators, because they use a spatial approach, 
seem to have a more ‘muscular’ hippocampus – at least, this is what 
studies with undergraduate students have told us.2 No one has yet 
analysed the brains of  Inuit elders, Polynesian sailors, Aboriginal 
Australians, Alaskan fur trappers, US Army Rangers, Ordnance 
Survey cartographers, orienteering champions or other renowned 
‘natural navigators’, but it is likely that they are all well endowed in 
the hippocampal area. If  that’s the case, did practice make it that 
way, or were they born with ‘a wayfinder’s flair’? We can’t be sure.

Genes almost certainly play a part. In 2016 a research team led 
by Veronique Bohbot, a neuroscientist at McGill University in 
Montreal, showed that people who carry a particular version, or 
allele, of  the Apolipoprotein E (APOE) gene are more likely both 
to have an enlarged hippocampus and to use a spatial navigation 
strategy.3 The finding is particularly intriguing because the allele the 
researchers were studying – known as APOE2 – is known to protect 
carriers from Alzheimer’s disease, unlike APOE4, which doubles 

*  It could also be that egocentric navigators have dense caudate nuclei to start 
off  with, and spatial navigators dense hippocampi.
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the risk of  developing it. The entorhinal cortex, the retrosplenial 
cortex and the hippocampus are the first areas affected by 
Alzheimer’s, and a decline in spatial abilities is one of  the first 
symptoms of  the disease. Bohbot thinks one reason that carriers of  
APOE2 may be more resistant to Alzheimer’s is that the extra grey 
matter in their hippocampal area acts as a bulwark against the 
neural atrophy caused by the disease. It’s also possible that the extra 
grey matter is due to their use of  spatial navigation strategies, in 
which case, says Bohbot, ‘we could train those who don’t have the 
favourable genes to use spatial strategies that would grow their 
hippocampus, and give them protection that way’.4

Bohbot is one of  many researchers who believe that the spatial 
approach to navigation, by which we build cognitive maps of  our 
surroundings, is more effective than simply following a route, even 
though it requires more brain power. Cognitive map-making 
doesn’t automatically help us find our way home from unfamiliar 
places, but it does allow us to build up reliable spatial memories of  
our neighbourhoods. Bees use cognitive maps to find their nests, 
and elephants to find waterholes. Migratory birds use them at the 
end of  their journeys.5 The navigation skills of  most twenty-first- 
century humans do not compare favourably with those of  other 
animals. This isn’t because we’re inherently bad navigators – it’s 
just that, most of  the time, we don’t use our inner maps to their 
full potential. In fact, we use them less as we get older: Bohbot 
has found that 84 per cent of  us use spatial strategies as children, 
and less than half  of  us as adults.6 But they’re there if  we need 
them – which, for hundreds of  thousands of  years, our prehis-
toric ancestors did. There’s no better way to learn about the 
world, to maintain a healthy hippocampus and, perhaps, to stave 
off  cognitive decline.

–––––
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Among the many expert navigators in the animal kingdom, few 
outshine the desert ant. When foraging for food, desert ants strike 
out from their nest on a meandering course until they get lucky, 
before scurrying directly back in a straight line across ground they 
have never negotiated before. They are able to calculate their return 
course from their outward journey – to path integrate – from at 
least 100 metres away, a distance more than 10,000 times the length 
of  their own bodies. To understand how impressive this is, consider 
that the human equivalent would be to wander randomly away 
from home for a day and a night and then pick a bearing that takes 
you right back to your door, without the help of  GPS. This is far 
beyond most people’s capabilities.7

To path integrate, an animal must rely solely on its sense of  its 
own motion. This information comes from the vestibular system, 
which detects linear and angular acceleration (in humans this hap-
pens in the inner ear); optic flow, which gives a sense of  speed; an 
awareness of  time; and feedback from muscles and joints. The stand-
ard way of  testing the path integration abilities of  humans is to kit 
them out with opaque goggles, walk them along two sides of  a trian-
gle, and ask them to find their way back to the start. The cognitive 
neuroscientist Colin Ellard has found that in these kinds of  tasks, 
people perform ‘at levels barely distinguishable from chance’.8 We 
make errors of  reckoning at every step, which quickly accumulate.

Path integration in its purest form is the ultimate egocentric 
strategy. You would resort to it only on the rare occasions when 
you’re travelling without navigation equipment and in environ-
ments with no landmarks or boundaries: in an ocean or a desert, 
for example, or in complete darkness. For most of  us, this would 
not end well. Fortunately, on most occasions when we are obliged 
to path integrate there are plenty of  environmental cues to help us. 
Taking a shortcut through the park in the dark would be a chal-
lenge, but a glimpse of  a prominent tree or a peculiarly shaped path 
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allows us to combine self-motion with visual data and correct our 
errors. Real-world path integration is a marriage of  the egocentric 
and the spatial. No shame there. Even desert ants get help from 
their environment: their sensitivity to polarized light allows them 
to check their angles against the position of  the sun.

What is happening in and around the hippocampus when we try 
to path integrate? You’ll recall that anything involving angles 
requires the participation of  head-direction cells, and anything 
involving distances requires grid cells,9 so we can assume that  
both these types of  neurons are active. However, the head-direction 
system requires landmarks to stabilize it, and grid cells, which were 
previously thought to provide the cognitive map with an inviolate 
matrix of  distance, are now known to anchor themselves to en- 
vironmental boundaries. This might explain why, when we try to 
navigate without access to any of  those features, things tend to go 
wrong pretty quickly.10

–––––

When Nicholas Giudice was growing up in rural Connecticut, he 
often rode his bike around his neighbourhood and through the 
woods. That sounds unremarkable until you learn that he has been 
almost completely blind since birth (his vision is 20/2000, which 
means that he sees at twenty feet what someone with normal 
vision would see at 2,000 feet). He is now a professor of  spatial 
informatics at the University of  Maine and runs a lab that uses vir-
tual reality and other technologies to study how people use their 
different senses to understand the world.11 ‘I was always interested 
in how people did things spatially, because I knew I did things dif-
ferently,’ he says. ‘As a boy I would ask people sometimes, do you 
remember when we heard that sound and we took a right, and they 
were like, “What are you talking about?”’

In conversation, Giudice is highly attentive, not only to what you 
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are saying, but to what you are doing, where you are sitting and 
what you might be thinking. He is unusual in that the enterprise 
that has occupied his whole life – surviving without vision – has 
also become his life’s work. Despite this, he is not above laughing 
at himself: the two things he sees best, he jokes, are fire and blonde 
hair, both of  which have got him into trouble. He describes himself  
as a spatial person who always imagines his environment as a map, 
though he thinks best ‘when not having to fight the inexorable 
forces of  gravity’: when I interviewed him in his university office 
he was fully reclined in a black leather armchair, with Bernie, his 
German shepherd guide dog, at his feet.

Giudice’s thesis is that you don’t need to see the world to be fully 
aware of  its spatial properties. ‘Most of  what people call visual 
information is really spatial information,’ he says. ‘Look around the 
room: there are edges, planes, lines, surfaces and relations between 
them. Those things are spatial, not visual. Colour is visual. It may 
take someone longer to feel a space than to see it, but if  you allow 
them the time to learn it, I find that they do equally well. There is 
lots of  evidence that a cognitive map built up through non-visual 
senses is operationally and functionally the same as one built up 
through vision.’12

Try this simple thought experiment. Imagine you are standing at 
a table in your favourite pub. Directly in front of  you is an empty 
plate, a fork and an open beer bottle. The plate is two inches from 
the edge of  the table, the fork is two inches to the left of  the plate 
and the bottle is two inches from the top right corner of  the plate, at 
one o’clock. There are several ways you can learn how the objects 
relate to each other. The obvious one (if  you have vision) is to look 
at them. Another, no less precise, is to feel them with your hands. 
Or you could have someone describe them to you. Whichever 
method you choose, the spatial relationships will look pretty much 
the same in your mind’s eye.13
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Giudice likes to use this exercise to demonstrate that spatial 
cognition – how we come to know the space around us – operates 
quite separately to visual processing. We can build an inner map 
with any of  the senses at our disposal. Neuroimaging studies tell 
the same story. The parahippocampal place area, a region of  the 
brain involved in processing three-dimensional scenes which allows 
us to recognise the same place from different viewpoints, has been 
found to be just as effective whether the spatial information it 
receives comes from vision or touch.14 Experiments with rats have 
shown that their place cells can build cognitive maps using sight, 
sound and touch, and there’s every reason to suppose that this is 
also the case with humans. The theta rhythm, the low-frequency 
oscillation that synchronizes the firing of  place cells in the hip-
pocampus when an animal is moving, is as active in blind humans 
as it is in the sighted.15

Our brains are capable of  building maps of  the world from what-
ever information we feed them, though without vision this takes a 
great deal more mental effort. One of  the advantages of  being 
sighted is that you can know at a glance not only where you are, 
but where you have just been. It is much harder for a blind person 
to know this.

‘If  you ask a sighted person what they would fear if  they had to 
move around blindfolded, they say it’s running into stuff, falling 
down the stairs, knowing what’s in your path and how to get 
around it,’ says Giudice. ‘For a blind person, none of  this is a prob-
lem, because you have a cane or a dog or some other aid. The hard 
things are knowing where you are, doing spatial updating, devel-
oping that cognitive map. Hearing and touch convey far less 
information than vision about self-motion, distances and direc-
tions. Instead of  thinking of  a walk as a nice way to relax and zone 
out, for a blind traveller it requires constant environmental aware-
ness, attentional monitoring and spatial problem-solving.’ Blind 
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people are not born with an encyclopaedia of  sounds or an innate 
understanding of  how movement relates to distance; they must 
learn this vocabulary from scratch.

When Giudice visits a foreign city, his experience of  it might be 
just as rich as any sighted person’s, but this does not come easy. To 
make a simple trip to a bakery across the street from his hotel, for 
example, he would have to pay attention to a series of  cues that a 
sighted person may not even notice: the echoes of  his footsteps 
warning him of  street furniture, the sound of  people eating at 
tables on the pavement, a tactile strip beneath his feet indicating a 
pedestrian crossing, the smell of  bread telling him he’s arrived.

Some blind people have learnt to read the world like a bat, using 
echoes from the click of  their tongue or the tap of  their cane to 
create a sonic representation of  what lies ahead: that way a tree, 
this way a wall, that way a bunch of  pedestrians. Daniel Kish, who 
has done more than anyone to promote this technique16 and whose 
echolocation prowess has earned him the nickname ‘Batman’, 
equates it to striking a match in the dark. He says his echoes gen-
erate images in the brain the way light does for sighted people.17 In 
his 2015 TED talk, ‘How I Use Sonar to Navigate the World’, he 
describes how echolocation gives him ‘a 360-degree view. It works 
as well behind me as it does in front of  me. It works around cor-
ners. It works through surfaces. It’s kind of  a fuzzy three-dimensional 
geometry.’18

Anyone can echolocate. Try closing your eyes, walking slowly 
towards a wall and stopping just before you reach it. Most people 
find this quite easy, since the shifting acoustics give a reasonably 
accurate sense of  distance. Giudice calls it ‘facial vision’, though it 
actually uses hearing – if  you tried it with your fingers in your ears, 
you would most likely face-plant into the wall.

To make sense of  echoes, it’s necessary to pay attention to their 
shape. Researchers have found great individual differences in both 
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blind and sighted people’s ability to echolocate that are strongly 
related to concentration skills, rather than to other cognitive  
abilities such as working memory and spatial cognition.19 Blind 
navigators cannot simply toss their cares aside and happily go 
a-wandering – they’d be quickly lost, or scrabbling for a foothold. 
For a blind person, getting out and about is as much a perceptual 
exercise as a physical one.20 Their reward for this perpetual aware-
ness is a vivid and multi-layered impression of  their surroundings. 
It makes you wonder how much better a sense of  place we’d all 
have, and how much better at navigating we’d be, if  we brought all 
our senses into play.

–––––

People’s navigational idiosyncrasies can be fascinating. One after-
noon a few years ago, when my wife-to-be and I were dating, we 
arranged to meet at a bench on a green in Ealing, near to where 
she lived. I had trouble finding it because she had told me it was 
‘due north’ of  the Tube station, when in fact it was due west. When 
I asked her about this, she told me that whenever she steps onto a 
street from a building or station she assumes that whichever direc-
tion she is facing is north. It turns out many people harbour this 
strange idea, including an acquaintance of  mine who works – unbe-
lievably – for a mapping agency. It is not as irrational as it sounds.

When we navigate, we use information from our bodies and our 
surroundings, though to actually get anywhere we must marry the 
two and make a connection with the physical world. The easiest 
way to do this is to align ourselves with something in our environ-
ment that gives us a sense of  direction and anchors our brain’s 
head-direction system, such as a tall building or a long straight 
road. For anyone familiar with maps, the cardinal directions can 
serve just as well, in particular north (providing you know where it 
is): tests of  navigational performance have shown that many people 
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find it easier to learn the layout of  a place if  they explore it while 
heading in a northerly direction, presumably because they are 
accustomed to the ‘north up’ structure of  maps.21

When you’re reading a conventional map, north is generally 
straight ahead, though this is entirely an artefact of  map-making 
culture and has no effect on orientation. Medieval European maps 
were ‘east up’, in line with Christian sensibilities, and early Islamic 
maps were orientated in the direction of  Mecca. Whatever was 
important went at the top. ‘North up’ maps became commonplace 
during the sixteenth century, when European explorers began to 
make extensive journeys using the North Star and the (northward- 
pointing) compass to navigate. Since then, the idea of  north has 
taken on an importance in people’s imaginings: a place to strive for, 
or one that seems forever out of  reach. A standard compass needle 
will assure you that there is always more north to be had, except 
when you reach the North Pole itself, at which point the needle will 
spin like a lost soul, confounded by its goal.22

For a time while researching this book, I wore a device on my 
arm called a North Sense. It vibrates whenever it faces north, allow-
ing you to sense the Earth’s magnetic field. It became a useful 
orientation device but also a kind of  anchor. When I removed it, I 
felt untethered from the planet, and was surprised by how much I 
missed its tug of  alignment.23 Would it have made the same impres-
sion if  it had been a ‘South Sense’? Maybe not.

Under the weight of  such symbolism, it seems understandable 
that in moments of  vacillation we might mistake whatever direc-
tion we happen to be facing for north.24 It is similar to the tendency 
– as common in experienced navigators as in novices – to distort 
our mental maps into simpler or more symmetrical versions of  
the real thing. Our brains carry a sophisticated mechanism for 
mapping and remembering places, but when it comes to envis- 
aging the bigger picture, we are masters of  wishful thinking.  
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We imagine gentle curves as straight lines and oblique angles as 
perpendiculars. We rearrange cities along vertical and horizontal 
axes, which explains why many Brits, forgetting that their country 
tilts twenty degrees to the west, mistakenly believe that Edinburgh 
is more easterly than Bristol. We rotate prominent features such 
as valleys and roads so they conveniently align with the cardinal 
directions. We routinely underestimate distances around major 
landmarks, which have the curious effect of  shrinking the space 
around them.25

In the 1970s, the geographer D. C. D. Pocock asked tourists and 
locals in his home town of  Durham in north-east England to sketch 
a map of  their surroundings. A medieval cathedral city on the steep 
banks of  a meandering river with several bridges orientated in dif-
ferent directions, Durham’s layout is as contorted as New York’s is 
linear. Nonetheless, most of  Pocock’s participants depicted the 
diagonals as parallels and the irregularities as symmetries. They 
tidied the place up in their mind’s eye, succumbing to what Pocock 
called ‘a tendency to good figure’.26 Those most familiar with the 
city seemed most at pains to beautify it, stretching their artistic 
licence the furthest.

Four decades later, the psychologist Dan Montello conducted a 
similar experiment at the Santa Barbara campus of  the University 
of  California. Most of  the Pacific coastline of  the US runs approx-
imately north–south, but the stretch around Santa Barbara runs 
west–east, something that even locals find difficult to square with 
their mental maps of  the country (most Americans assume the 
coastline continues due southwards all the way to the Mexican 
border). When Montello asked students at the campus to indicate 
north, a substantial number pointed west along the coast, and 
when asked to indicate west they pointed south. They were not 
beautifying their surroundings so much as succumbing to ‘edge 
bias’, the tendency to use conspicuous boundaries as orientation 
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cues. Montello ended up wondering whether ‘a fairly large set of  
people along the south coast of  Santa Barbara County may observe 
a sun that appears to rise in the south and set in the north’.27

Why are we so eager to make geography palatable? Perhaps, by 
refining its lines and realigning its edges, we seek to make it easier 
to understand and remember. Or perhaps the refinement is part of  
the process of  building an attachment to a place. The advantages 
of  feeling secure somewhere probably outweigh the risks of  an 
occasional navigational pratfall. After all, who gets lost at home?*

Since you’ve read this far, you should have a good idea of  how 
we navigate, what is going on in our brains when we do and the 
strategies we use to interact with and become familiar with the 
world around us. In the next chapter, we’ll address one of  the most 
interesting and controversial questions of  all: why are some people 
better at all this than others? Researchers have discovered signifi-
cant individual differences in wayfinding abilities and spatial skills. 
It’s time to find out how great these differences are, where they 
come from and why they matter – and how, despite popular opin-
ion to the contrary, we can all become better navigators.

*  Some people do, in fact. We’ll meet them in Chapter 10.
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	 You Go Your Way, I’ll Go Mine	

6

You Go Your Way, I’ll Go Mine

Not long ago, my younger sister asked me whether the city 
of  Newcastle was in England or Scotland. British readers will 

raise an eyebrow at this, both eyebrows when they learn that my 
sister spent three years at university in Durham, a city just a few 
miles south of  Newcastle and a full seventy miles south of  the 
Scottish border. For my family, it was perfectly in keeping with 
what we know of  her. Growing up in the Hampshire countryside, 
she would often phone home after driving to visit friends or rela-
tives and ask to be guided back, with little idea where she was or 
how she had got there. Geography and directions have never been 
her strong suit. As you might imagine, satnav has been a life-saver 
for her.

Everybody knows someone like my sister, and everybody knows 
her antithesis, the natural navigator – I have a cousin who can 
remember for years afterwards routes she has taken only once. 
Why some of  us are so much better at it than others is one of  the 
central mysteries of  human navigation: researchers who study peo-
ple’s sense of  direction and ability to build an inner map of  their 
surroundings routinely report vast individual differences. ‘If  you’re 
good, it’s surprising how fast you can learn a map-like representa-
tion of  the environment,’ says Dan Montello. ‘If  you’re bad, it’s 



surprising how much exposure you can have and still not get it.’
A good way of  finding out how good or bad someone is at nav-

igating is simply to ask them. We’re pretty good at assessing our 
own spatial skills – we’ve had years of  experience, after all – and 
there’s no disgrace in admitting to being perpetually disorientated. 
Psychologists who want to dig a bit deeper typically use a variation 
of  the classic ‘route-integration’ test, in which they ask participants 
to explore two separate routes connected by a path, and then ques-
tion them on their knowledge of  the environment. For example, 
they might ask them to imagine standing beside a landmark on one 
of  the routes and point to a landmark on the other, or to estimate 
the distances between the landmarks, or to sketch a map showing 
how the two routes relate to each other. Most of  these studies find 
that participants fall into three groups: some are quick to learn the 
relationships between all the landmarks and manage to build a 
cognitive map in their minds of  the whole area; some are good at 
remembering landmarks on each route but not at connecting the 
two; and some are hopeless at both tasks.1

–––––

Where do these striking differences in navigational skill come from, 
and how much are they due to genetics, upbringing or experience? 
These are difficult questions to answer, because finding your way 
through an unfamiliar environment engages multiple regions of  
the brain and involves a number of  separate cognitive functions. 
Some of  these functions, such as decision-making and attention, 
are crucial to navigation, for obvious reasons. Others, such as the 
capacity to mentally rotate a 3D shape or visualize the folding of  a 
sheet of  paper, are less so, though they may help with activities 
such as map-reading – if  you’re able to read a map with north at 
the top, rather than having to physically rotate the map so that it 
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aligns with the direction you’re facing, you’re probably good at 
mental rotation.2

Being proficient at one spatial function doesn’t mean you’ll excel 
at the rest: you can be great at assembling Ikea furniture and still 
have a poor sense of  direction.3 Having said that, skilled navigators 
tend to be competent at a whole range of  tasks. They pay attention 
to their surroundings. They make decisions at the right times. They 
can recognize places they’ve visited before when viewing them 
from a different perspective, and are good at perspective-taking in 
general.4 They have good working memories and are able to keep 
track of  how far they’ve travelled, how often they’ve turned and the 

11. The Santa Barbara Sense of  Direction questionnaire,  
the standard test of  navigational proficiency.
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position of  landmarks.5 Their hippocampus – the part of  the brain 
where detailed spatial information is processed – is larger than aver-
age.6 They score highly on tests of  ‘field independence’, which 
measures how easily someone can spot a simple shape within a 
larger and more complex one, a useful skill for organizing land-
marks, paths and other features into a mental map.7 They are also 
adept at using both a spatial or ‘bird’s-eye’ approach to navigation 
and an egocentric, route-based one, and knowing when to switch 
between the two.

Skilled navigators do not necessarily make all-round spatial 
geniuses, nor geniuses of  any other kind – intelligence does not 
tally with a sense of  direction, as my sister, who earned a first-class 
degree in natural sciences from Durham, likes to remind me. But 
some of  the cognitive skills that are relevant in navigation can be 
invaluable in other areas of  life. A child’s performance on small-
scale spatial tests is a strong predictor of  their future academic 
achievement in science, technology, engineering and mathematics 
– the so-called STEM subjects – and of  their career success in these 
fields: if  you want to become an architect, a graphic designer, a 
surgeon, an engineer, a mechanic or an air-traffic controller, you’ll 
have a better chance if  you can rotate shapes in your head at a 
young age (though needless to say, motivation and many other 
attributes are just as important).8

Our spatial skills are rapidly developing by the time we are a year 
old, and they are highly malleable.9 It is never too early for children 
to feel the shapes of  objects, to build things and knock them down, 
to solve spatial puzzles, to talk and gesture about what they’re  
doing, to play action video games10 and above all to explore.11 Nora 
Newcombe, a psychologist at Temple University in Philadelphia who 
has spent much of  her career investigating the effects of  spatial think-
ing on children’s development, believes parents and teachers should 
encourage it whenever possible. ‘Spatial tasks and challenges are 
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everywhere,’ she wrote in a paper with her colleague Andrea Frick in 
2010. ‘Which way does the sheet fit on the bed? Does the left shoelace 
go over or under – and which one is the left? Will the groceries fit in 
one bag? Which shapes do I get if  I cut my bagel the other way – and 
will it still fit in the toaster? For young children, these questions are 
challenging and provide ample opportunities to learn and think 
about space.’12

Spatial dexterity on this scale does not automatically translate 
into navigational proficiency. When you’re out in the great wide 
open, many other faculties come into play, such as decision- 
making, attention and the need to keep track of  your own move-
ments. Newcombe believes that being able to rotate an object in 
your mind is ‘pretty distinct’ from the ability to find your way 
through a big space. ‘They depend on largely different brain areas. 
They are correlated but not strikingly more than many cognitive 
constructs are correlated,’ she says. Air-traffic controllers, for exam-
ple, must be good at manipulating objects in 3D space, but they 
don’t have to be ace navigators.

If  small-scale spatial skills like mental rotation don’t accurately 
predict someone’s wayfinding ability, what does? Recently Mary 
Hegarty, creator of  the widely used Santa Barbara Sense of  
Direction scale, discovered that much of  the variation in people’s 
large-scale spatial abilities can be explained by differences in per-
sonality. In a study of  more than 12,000 individuals, she found that 
those with a strong sense of  direction also scored highly on mea-
sures of  extraversion, conscientiousness and openness, and low 
on neuroticism.13

If  you think about it, this isn’t that surprising. Energy and  
enthusiasm (extraversion), diligence and attention to detail (consci-
entiousness) and curiosity and ingenuity (openness) are all useful 
qualities to have when you’re trying to find your way, because  
they force you to engage with what’s around you. Anxiety and 
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emotional instability (neuroticism) you could do without. If  you 
are animated, self-disciplined, adventurous and confident, you are 
far less likely to get lost than if  you are reserved, scatter-brained, 
closed-minded and phobic (though your adventurousness may put 
you at higher risk of  going wrong in the first place). Likewise if  you 
are neurotic, you’ll be less inclined to explore new places and so will 
lose out on the opportunity to increase your spatial confidence.*

The idea that navigation skills are dependent on personality is 
intriguing. We tend to think of  character traits in terms of  how 
they shape our interactions with people, but as Hegarty’s research 
shows, they also shape our interactions with our surroundings. The 
implication, because personality supposedly remains stable over a 
lifetime, is that it will be difficult for poor navigators to improve. 
Fortunately this is not true. For one thing, personality does change 
– people can become more conscientious (when they’re in a rela-
tionship, for example), less neurotic (with therapy) and more 
agreeable (with age). One recently published study, which followed 
635 people from adolescence to old age, found no correlation at all 
between their personalities at age fourteen and seventy-seven.14

Another consideration is that personality is not the only driver 
of  behaviour. Much depends on context: who I am with, what my 
emotional state is and where I happen to be. People who seem 
self-possessed in familiar places can be overwrought when facing 
the unknown. When we’re navigating, many things can affect our 
performance, some of  which – working memory, spatial aware-
ness, map-reading skills and so on – are easily improved. This means 
that you can be introverted and still be a good navigator, or consci-
entious and still be a poor one. Anxiety, as we’ll see below, is the 

*  The only one of  the Big Five personality traits that Hegarty found had noth-
ing to do with sense of  direction was agreeableness – though if  you were 
travelling in a group this would become acutely relevant.
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wayfinder’s greatest enemy, but the more you do it, the better 
you’ll get and the more confident you’ll become. There’s no deny-
ing the huge differences in people’s navigation skills, but it’s wise 
to view this as an opportunity rather than a condemnation. ‘Can 
most people get better?’ says Montello. ‘I’m sure that’s true.’

–––––

In 2016, a team of  neuroscientists, psychologists, dementia research-
ers and games developers launched a mobile gaming app called Sea 
Hero Quest to investigate how people’s navigation skills decline 
with age.15 The aim was to find a benchmark for ‘healthy’ naviga-
tion that doctors could use to diagnose Alzheimer’s disease, which 
has a catastrophic effect on spatial cognition.16 They hoped for up 
to 100,000 participants, but the app’s popularity has far exceeded its 
developers’ expectations: in addition to its contribution to demen-
tia research, it has become the biggest ever study on individual 
differences in navigation abilities. To date, more than four million 
people have downloaded it.

Sea Hero Quest tests players on their wayfinding ability (how 
well they can keep a map in mind and apply it as they navigate to 
checkpoints) and their path-integration skills. As with all gaming 
studies, there’s a question of  how ‘real’ this is as a navigation ex- 
perience: since players move only their eyes and fingers, they get no 
feedback from their vestibular system or body movements, which 
are thought to be important for path integration, and rely largely 
on optic flow.17 Still, Hugo Spiers, who is leading the project’s data 
analysis, has compared people’s performance in the game with 
their navigation proficiency in the real world and found a strong 
link. Good navigators do well at both.18

Sea Hero Quest has become a valuable research tool because 
many players have chosen to share anonymized demographic infor-
mation with the researchers that could help explain how navigation 
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performance varies across populations. Spiers and his team have 
been looking into whether a person’s spatial abilities are related to 
their sex, the country they live in, whether they grew up in an 
urban or rural environment, their level of  education, whether they 
are left- or right-handed, how good they think they are at navigat-
ing, the length of  their daily commute and even how much sleep 
they get. It would be useful for doctors, when diagnosing dementia, 
to know the typical navigational potential of, say, a fifty-five-year-
old university-educated left-handed British woman with a rural 
upbringing who sleeps for seven hours a night. And it would be 
useful for the rest of  us to understand how our biology, culture, 
background and habits influence how we navigate.

Many of  the results are surprising. For example, spatial memory 
and path-integration skills decline steadily by a small amount each 
year from the age of  nineteen into old age19 – previous research 
had suggested they don’t start falling off  until middle age. The 
data also show significant differences in performance between 
nationalities. ‘It’s like an Olympic medal table for navigation,’ says 
Spiers. Finland is top, closely followed by the other Nordic coun-
tries and Canada, the US, New Zealand and Australia. The UK 
and other northern European countries, Russia and South Africa 
are in the second tier. Next come southern Europe, South America 
and much of  the Middle East and south-east Asia. India and Egypt 
are at the bottom. Spiers has noticed that this geographical scat-
tering tallies with gross domestic product per capita, which 
suggests that some aspect of  economic development may have a 
direct impact on spatial abilities. On the other hand, the superior 
performance of  the Nordic countries could be due to the popular-
ity of  the outdoor sport of  orienteering: the researchers have 
noted a correlation between a country’s navigation performance 
and the success of  its athletes in world orienteering champion-
ships.20 It could also be due to the emphasis on free play in 
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kindergartens, or the fact that many Nordic schools actually teach 
their pupils how to navigate.

–––––

In the discussion of  navigational differences, nothing is as conten-
tious or as widely misconstrued as the idea that men are better at 
wayfinding than women. Most researchers agree that it is generally 
true; almost every study in this area, including Spiers’ Sea Hero 
Quest project,21 has found that men are, on average, a little better 
than women at spatial cognition. They appear to be significantly 
better at small-scale tasks such as mentally rotating a 3D object (the 
average man will outscore 75 per cent of  women on this),22 but they 
also outperform women in real-world endeavours such as wayfind-
ing and path integration.23 These differences are already apparent 
by the time children are seven, though they are much less pro-
nounced.24 They do not apply to every spatial skill. Women and 
men are equally good at mentally folding a piece of  paper (it’s a 
mystery why this should be the case with paper-folding but not 
with 3D rotation), and women are consistently better than men at 
remembering where objects are located.25

1. Mental rotation task

2. Mental folding task

12. Mental rotation and folding, two common tests of  small-scale spatial ability.  
For the rotation task, mentally rotate the far-left object to match two of  those on  
the right (correct answer: B and C); for the folding task, mentally fold the far-left 

drawing to match one of  those on the right (correct answer: A).
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While it is hard to dispute that these sex differences exist,*26 it is 
not at all clear where they come from. It is often assumed that they 
stem from our evolutionary past. In prehistory, when many of  our 
cognitive abilities evolved, men were hunters and roamed far and 
wide across unfamiliar terrain in search of  food. Those with the 
strongest spatial skills could cover more ground and therefore made 
the best hunters, and this also allowed them to travel further in 
search of  mates. So those skills stuck around. Women, on the other 
hand, stayed closer to home, and spent much of  their time gather-
ing fruits, roots and the other immobile constituents of  their diet. 
They didn’t need to be able to travel far, but they needed to be able 
to remember where things grew, which is why women today are 
good at finding things. Or so the theory goes.27

The hunter-gatherer theory is compelling, but it doesn’t hold up 
as an explanation for spatial differences – if  it did, you’d expect the 
males of  other species that show similar sex disparities in spatial 
abilities, such as meadow voles, to gain a significant survival or 
reproductive advantage by ranging further, yet it is not clear that 
they do.28 It’s not even clear that our hunter-gatherer ancestors 
hunted and gathered as commonly portrayed. ‘Evolutionary psy-
chologists are cherry-picking the archaeological and ethnographic 
records,’ says Ariane Burke, the Canadian anthropologist who spe-
cializes in Palaeolithic human behaviour. ‘The evidence that women 
did not travel long distances and did not use allocentric [spatial] 
strategies for wayfinding isn’t there.’

It is hard to be certain of  anything that happened hundreds of  
thousands of  years ago, so researchers prefer to focus on the few 

*  At the same time, it is important to note that sex differences account for a 
small proportion of  the individual differences in spatial and navigation ability 
within a group. Age, experience and other factors together have a more signifi-
cant influence.
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surviving tribes that still live a hunter-gatherer lifestyle. In 2014, 
anthropologists from the University of  Utah published evidence 
supporting the evolutionary theory of  sex differences among the 
Twe and Tjimba peoples in the arid mountains of  north-west 
Namibia. Men in these tribes journey further than women and 
perform better on spatial tests, the researchers observed, and those 
with the biggest ranges and the sharpest spatial skills have children 
with more partners – a kind of  ‘payoff  for travel’, as the researchers 
put it.29

However, plenty of  examples exist of  modern-day hunter-gatherers 
whose roaming behaviour and gender dynamics are very different. 
Anthropologists have recorded several groups, such as the Ju/’hoan 
in north-east Namibia, where husbands and wives hunt and track 
animals together and cover the same distances through the bush.30 
There is a tribe in south-west Venezuela, the Pumé, which adheres 
to the traditional hunter-gatherer division of  labour, yet the women 
travel further on expeditions to gather mangos than the men do on 
their hunting trips (16.1 km against 14.6 km on average).31 Among 
the Tsimane, an indigenous people in the lowlands of  northern 
Bolivia, it is common for women and men to walk several miles 
through the jungle to forage for fruit, honey, firewood and medici-
nal plants. Anthropologists who recently visited them found that 
both sexes were equally good at pointing accurately to important 
locations in the area from wherever they happened to be.32 The 
women and men of  the Mbendjele BaYaka people in the dense 
rainforest of  the Republic of  the Congo also share this skill; like the 
Tsimene, Mbendjele women travel as far as the men to forage, hunt 
and fish.33 

Burke says that before the establishment of  permanent settle-
ments, all adults in hunter-gatherer groups would have been highly 
mobile.34 ‘Young people of  both sexes will have seized opportuni-
ties to expand their landscape knowledge, make friends and perhaps 
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even meet prospective partners.’ There’s no doubt that navigation 
skills were essential survival tools for our hunter-gatherer forebears, 
but it seems likely that women needed them as much as men.

If  evolutionary theory can’t explain sex differences in spatial 
abilities, it is still possible that they are caused by biology. One 
theory is that hormones specific to males, such as testosterone, give 
them an advantage in spatial cognition, as a side effect of  their main 
role in sexual development.35 Some enterprising researchers have 
noted that a drop of  testosterone on the tongue appears to improve 
women’s orientation skills.36 Others have shown that women’s  
navigation strategies vary during their menstrual cycle, switching 
from a route-following approach driven by the caudate nucleus 
when their estradiol and progesterone levels are low to a spatial, 
hippocampus-driven approach when they are high.37 It’s not a big 
deal – sex hormones affect many aspects of  cognition, and we are 
all slaves to them. In fact, one interpretation of  the testosterone 
study is that the drop on the tongue simply made women navigate 
more like men, which wouldn’t always give them an edge. Many 
studies have attempted to link testosterone levels in unborn babies 
to their performance in spatial tasks as children,38 but there has 
been very little agreement over the results. The testosterone expla-
nation seems just as unsatisfactory as the evolutionary one.

–––––

The notion that women and men view the world differently is 
questionable, but it does seem to be true when it comes to nav
igation. Decades of  research have not established why spatial 
performance seems to vary with sex, but they have conclusively 
demonstrated that we favour distinct strategies when finding our 
way through large physical spaces.39 Women tend to pay greater 
attention to landmarks, to plan routes around them and to view 
their surroundings in relation to their own position in space; men, 

122 FROM HERE TO THERE



	

on the other hand, are more likely to use non-local reference points 
such as the sun or the cardinal directions, or to imagine a bird’s-eye 
view. If  you ask directions from a man, expect to hear information 
about distances and bearings; ask a woman and you’re more likely 
to get a rich description of  the things you’ll pass along the way.

This, of  course, is a clumsy generalization – plenty of  men plan 
their journeys as routes between landmarks, and plenty of  women 
read the world like a map – but it may help explain part of  the gender 
difference in test results. Most tests of  navigational accuracy favour 
those who are good at using the geometry of  a space to orientate 
themselves or take shortcuts – in other words, they favour men. By 
contrast, in experiments where the environment contains lots of  
landmarks, women either do just as well as men or outperform 
them.40 This means that in places that are full of  distinguishing fea-
tures, such as a city centre, or in areas where you can’t see distant 
boundaries, such as a forest, you’d expect sex differences in naviga-
tion to disappear. One reason why the women and men of  the 
Tsimane in northern Bolivia and the Mbendjele BaYaka in the Congo 
are equally skilled at pointing to distant locations might be that their 
lowland environments, contain lots of  handy landmarks (trees) and 
few distinctive boundaries (not many hills), which effectively levels 
the playing field.41

–––––

In many types of  terrain, navigating via landmarks (‘turn left at the 
post office’) is just as effective as using a spatial approach (‘head 
south-west for a third of  a mile’). Both strategies allow you to build 
a cognitive map of  the space around you and to know it well enough 
to take shortcuts, though you will achieve this much quicker with a 
spatial approach. Despite this, the common assumption that men, 
with their predominantly spatial strategies, are better than women 
at wayfinding has led many women to believe that they are  
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inherently poor at both spatial tasks and navigation. Could it be that 
this perception – the so-called ‘stereotype threat’ – is holding them 
back?

Mary Hegarty thinks so. She has found that women’s scores 
improve and they do just as well as men in tests of  perspective- 
taking when the task is reframed as a measure of  empathic ability 
(traditionally a female strength) instead of  a purely spatial exercise. 
‘The way in which people measure spatial abilities may be under-
estimating female abilities,’ she warns.42 If  this bias is distorting test 
scores, it may also be partly responsible for the deficit of  women in 
STEM-related careers that depend on the ability to think spatially. 
‘Discovering’ at a young age that you are no good at something is 
a pretty strong incentive not to pursue it. The problem is com-
pounded by parents and teachers who, believing girls are inherently 
less spatial and techy than boys, often steer them away from toys 
and activities (trucks, LEGO bricks, video games, map-reading and 
so on) that would nourish that skill set. The result is that while girls 
initially perform at a similar level to boys in subjects such as science 
and mathematics – and are also just as competent at navigation43 – 
by the time they reach secondary school many of  them have begun 
to lag or lose interest, and by college age a career in STEM subjects 
has slipped out of  the picture.44

This is not true everywhere, however. In countries with a high 
degree of  gender equality, such as Norway, Sweden and Iceland,  
sex differences in mathematics – a strongly spatial subject – are 
non-existent45 (though there are still more men than women in 
STEM-related careers). Gender equality and girls’ academic achieve-
ment in this area appear to be directly linked. The more access 
women have to education and STEM-type jobs and the more oppor-
tunities they have to participate in economic and political life, the 
less their maths scores fall away in school and college and the more 
likely they are to pursue careers in science, medicine or engineering. 
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Role models can help, too. ‘When girls develop in a societal context 
where women have careers in scientific research, they receive a clear 
message that STEM is within the realm of  possibilities for them,’ 
explained a team of  American psychologists in a 2010 paper. 
‘Conversely, if  girls’ mothers, aunts and sisters do not have STEM 
careers, they will perceive that STEM is a male domain and thus feel 
anxious about math, lack the confidence to take challenging math 
courses, and underachieve on math tests.’46

The association between gender equality and behaviour seems 
to apply to all spatial skills. In Hugo Spiers’ Sea Hero Quest study, 
the gap between men’s and women’s navigation performance was 
smallest in countries such as Finland and Sweden where women 
have equal access to resources and opportunities,47 and biggest in 
Saudi Arabia, Lebanon and Iran, where women’s rights are highly 
restricted. Women evidently perform best when they are allowed 
full control of  their destinies. Among the matrilineal Khasi tribe in 
north-east India, where land and wealth pass down the female line, 
women are just as good as men at spatial problem-solving, accord-
ing to researchers who carried out a study there in 2011; by contrast, 
among the neighbouring Karbi, a traditional patrilineal society, 
men seem to have a spatial (as well as an economic) advantage. The 
same is true of  Inuit women in the Canadian Arctic, who live con-
spicuously independent lives.48 The implication is that differences in 
spatial thinking between men and women are caused more by 
culture than by biology – in other words, they are gender differ-
ences rather than sex differences.49

–––––

Culture can shape how people behave at many levels. The environ-
ment in which children grow up may have as great a bearing on 
their spatial and navigation skills as the socio-economic norms they 
are exposed to as adolescents and adults. One way children learn 
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about the world is by exploring it. As we’ve already seen, a child’s 
typical ‘home range’ has diminished considerably over the last 
half-century. However, girls were already at a disadvantage, for they 
have always had less freedom than boys. For various reasons, but 
mainly because girls are generally perceived as more vulnerable, 
parents tend to keep them closer to home and accompany them 
when they do go out. Unsurprisingly, children who are allowed to 
wander know their neighbourhoods a lot better than those who are 
confined to the house, which explains why an eleven-year-old boy 
is generally able to reproduce a map of  his neighbourhood in far 
greater detail than an eleven-year-old girl – and why the maps of  
eleven-year-old girls who are free to roam are just as detailed as 
those of  boys.50 One reason why Inuit women do as well as men on 
spatial exercises could be that they grew up in the Arctic tundra, as 
unrestricted a playground as it is possible to imagine. Young girls 
everywhere are as keen as boys to forage, explore and push at the 
edges of  their worlds, and before the age of  eight they cover just as 
much ground. After that, culture and parental influence begin to 
take their toll, and it is these factors, and not their biology, that 
eventually hold them back.

The fact that girls get fewer opportunities than boys to experi-
ence places directly – to jump into the middle of  things, get their 
hands dirty, fall flat on their face and then reach for the stars, to 
paraphrase educationist Joan L. Curcio – may be affecting their 
ability to navigate as adults. It is hard to improve at anything with-
out doing it. This might explain why most women prefer to follow 
a sequence of  landmarks when wayfinding, a strategy that makes 
it harder to explore and take shortcuts but is also unlikely to get you 
lost, as long as you can remember the directions. A notable excep-
tion to this rule is the Faroe Islands, a tree-less archipelago in the 
middle of  the North Atlantic, where an unusually high proportion 
of  women use a spatial strategy, apparently because the unbroken 
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views make it easier for everyone to judge distances and use car
dinal directions.51

By far the most insidious consequence of  a spatially confined 
childhood is the effect it has on a person’s confidence in negotiating 
unfamiliar streets or open spaces. Numerous studies have found that 
women are almost always more anxious than men when trying to 
navigate in places they don’t know, particularly if  they’re alone. They 
worry more about getting lost, about taking shortcuts and about 
their ability to read a map. They fret about personal safety, for good 
reason: although the risk of  being physically attacked is higher for 
men in most places, the consequences for women can be dire. They 
are more likely to suffer harassment, and may feel less able to defend 
themselves. This could be why wayfinding anxiety among women is 
particularly acute in the US, where crime rates are relatively high.52

One of  the consequences of  this double whammy of  spatial 
anxiety and safety fears is that women walk less than men, though 
the disparity varies considerably from country to country.53 While 
there may be cultural reasons for this walking gender gap, it is 
striking that it is virtually non-existent in Sweden, where women 
and men show similar spatial abilities,54 and much diminished in 
cities like New York that are easier to navigate. Since people who 
walk less are at higher risk of  obesity and other diseases, the spatial 
anxiety that many women feel should not be lightly dismissed. It’s 
a vicious circle: anxiety plays havoc with decision-making, so being 
anxious makes it more likely you’ll get lost, which will make you 
even more anxious. It won’t take many bad experiences to persuade 
you to stay at home.

–––––

The conventional idea that women are inherently worse than men 
at navigation rather falls flat in the competitive sport of  orienteer-
ing, which attracts roughly equal numbers from both sexes. The 
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aim is to find your way as quickly as possible around a series of  
control points that are set out in remote forest or heathland, and 
which you must visit in a specific order using a route of  your own 
devising. The control points are marked on a map which you 
receive just before the start and carry with you as you run, along 
with a small compass. Since the starts are staggered, you’re basic
ally on your own. The hardest courses are ten kilometres or longer, 
physically demanding and covered in woodland or irregular con-
tours, making them a navigational headache.

To be successful at orienteering you need a range of  skills: you 
need to be able to read a map, interpret contour lines, judge dis-
tances and plot a route, and to do it all at a gallop. It also helps to be 
able to make decisions on the fly so that, faced with marshland or 
an impenetrable thicket, you can re-route. Above all, you must be 
able to concentrate for long periods – on the map, on how far you’ve 
come and on the ground in front of  you. Men have an advantage, 
but only because their physique means they can run faster. Take that 
out of  the equation and there is no difference between the perfor-
mances of  men and women in orienteering: they are equally good 
at navigating, plotting a route and staying focused.55

You might think that this is because orienteering attracts women 
with special spatial abilities, just as athletes with powerful gluteal 
muscles are drawn to sprinting and endurance specialists to distance 
running. Yet most orienteers are introduced to the sport through 
their families. They might walk their first mini-course at the age of  
four before starting to run courses with their parents at seven or 
eight and entering their first competitive race at ten. Girls get the 
same training as boys and – no surprise – end up being just as skilful.

In June 2016, at the British Middle Distance Orienteering 
Championships in the Surrey Hills, I met Lucy Butt, a twenty-two-
year-old elite orienteer. She had just won her age category and was 
now British champion, her first major success at senior level. She 
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was a little too out of  breath for a lengthy interview, so we agreed 
to meet again. The next time was in a pub in Farnborough near 
where she lives, for which she provided me with foolproof  direc-
tions. When she bounced in – she is sparky and seems perpetually 
engaged – I was standing by the door looking at a historic local 
map, and she immediately pointed out where we were in relation 
to the old roads and the train station. ‘I love looking at maps,’ she 
laughed. ‘I’m a control freak about making sure I know where I’m 
going. I like to know where things are in relation to other things – 
even when I’m indoors, I like to know which way I’m facing.’

Lucy has been orienteering since she could walk, because this 
was how her family spent their weekends (her mother and older 
sister have both competed at national level). Her strength in the 
sport has always been navigation. She said, ‘Put me in a road race 
with everyone in the talent squad and I would come last. Put me in 
a forest with a map and I’m on a level playing field.’ Lucy grew up 
in the New Forest in Wiltshire, which being flat and full of  trees is 
devoid of  the kind of  landmarks you might find in open country. 
There’s not much to set a compass by, so she learnt to focus on the 
tiny details, and she became good at something that almost every-
one else finds difficult: navigating in fog. ‘I couldn’t tell you how I 
navigate. I can’t take a skill out and work on it separately because 
in my brain it all works as one.’ She’s a natural navigator for sure 
– but not necessarily a natural-born one.

–––––

Can we all get better at finding our way around? It’s very possible 
that the brains of  good navigators are especially suited to the task 
– they might have a large or very active hippocampus, for example, 
or show consistently strong grid-cell firing patterns in their ento
rhinal cortex.56 But there’s plenty of  evidence that we can improve 
– and change our brains into the bargain – simply by getting stuck 
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in (which might mean switching off  the GPS on our phones from 
time to time). Navigation is a complex cognitive process that 
requires a number of  faculties, including memory, concentration 
and confidence. For this reason, starting young is a boon. The stor
ies of  successful navigators often begin with them sitting in the 
front seat of  a car reading a map for their mum or dad, playing in 
the neighbourhood with the other children in their street, growing 
up on a farm or joining the Guides or Scouts.

In 2012, Channel 4 in the UK broadcast a television programme 
called Hidden Talent which set out to find an outstanding navigator 
among 500 randomly chosen people. The outright winner was 
Adele Story, a twenty-six-year-old science teacher from Devon. 
Hugo Spiers, the neuroscientist who set the spatial tasks for the 
show, which included memorizing the maze of  streets in London’s 
Soho, said her performance was the best out of  anyone he had ever 
tested. Five years later I tracked down Adele, who was by this time 
living in Dubai, to find out how she had done it, and to hear her 
story.

If  you were to script the life of  a would-be navigation ace, Adele’s 
would be it. Her father was a police traffic officer with an intimate 
knowledge of  British roads, and she was often his co-pilot. At 
school she completed the Duke of  Edinburgh’s Award, which 
involves a great deal of  outdoor activity and adventuring. She 
joined the RAF Air Cadets aged thirteen and would have become a 
pilot, or a navigator, if  her arms had been long enough (the con-
trols in certain cockpits are surprisingly far from the seats). She 
races motorcycles and enjoys abseiling, rock climbing, skydiving 
and kayaking, all of  which she has done since she was a girl. I 
reached her through one of  her football clubs. ‘I’m fortunate in that 
my parents encouraged me to do what are traditionally thought of  
as boys’ activities,’ she said. ‘I guess I’m not your average girl.’

When Adele came to take Spiers’ tests, she didn’t think of  herself  
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as a hotshot navigator, and the tests didn’t feel like anything she 
would think of  as navigation. ‘It was more about recognizing pat-
terns and solving puzzles and making my own systems for knowing 
Soho,’ she said. But she has always been confident. ‘I will throw my 
hand in and have a go at anything. I try to push myself. I’m a firm 
believer that you can do most things if  you have the time and the 
right reason to do them.’

Sometimes, belief  is all it takes. During my research for this 
book, I emailed a group of  friends and asked if  any of  them had 
ever been lost. One of  them wrote back saying, ‘I intentionally get 
lost when walking the dog and travelling in new countries. How 
else do you discover wonderful new places?’ She manages to reach 
for the stars just by exercising her dog, an example to us all.57 

One of  the lessons of  this chapter is that although our personal-
ity, upbringing and experience play a big role in determining how 
good we are at navigating, we can all get better. One of  the best 
ways to improve at anything is to learn from an expert. In the next 
chapter, we’ll meet some of  the greatest navigators from many 
different cultures and find out about their heroic achievements on 
land, in the air and at sea. What makes them so good, and what can 
they teach us about our own capacity to find our way? The secret 
in most cases is not some mysterious sixth sense, but a clutch of  
skills and attributes that to some degree we all possess.
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	 Natural Navigators	

7

Natural Navigators

Of the many pioneering feats of  aviation that took place 
between the two world wars, Harold Bromley’s attempt to 

cross the Pacific in September 1930 is remembered as one of  the 
most eccentric. He had already tried and failed three times to make 
the 4,800-mile journey from Japan to America alone, so to change 
his fortune he invited the respected Australian navigator Harold 
Gatty to join him.

They didn’t fare well. By the quarter-way mark, the plane’s fuel 
pump had broken, the exhaust system had fractured, the antici-
pated tailwind hadn’t materialized and they were flying blind 
through a bank of  low-hanging fog. Short of  fuel, they headed back 
to Japan. By this time, carbon-monoxide fumes from the broken 
exhaust had started seeping into the cockpit, causing Bromley to 
laugh uncontrollably. His flying became erratic – at one point, for 
no apparent reason, he pitched the plane into a steep dive and only 
snapped out of  it when Gatty hit him on the head with a spanner. 
Both of  them spent the rest of  the journey drifting in and out of  
consciousness. Despite their difficulties, and the low visibility, Gatty 
managed to keep them on course, and after twenty-five hours they 
crossed the Japanese coastline at the very point they had left it.

Gatty was fast growing a reputation as a skilled navigator. The 



following year, he accompanied Wiley Post in his record-breaking 
flight around the world in the Winnie Mae. The journey took them 
eight and a half  days, thirteen less than the German airship that 
previously held the record, and Gatty again had to navigate through 
fog for much of  it. He relied on dead reckoning,* estimating their 
position and direction from the speed of  the plane and the drift of  
the wind. Since this method quickly accumulates errors, he made 
a more accurate assessment whenever the skies cleared by measur-
ing the elevation of  the sun or certain stars with an air sextant and 
cross-referencing the angles against his charts to calculate their 
latitude and longitude. ‘On and on we tore a hole through that 
dense, misty grayness,’ he wrote of  their treacherous Atlantic 
crossing. ‘We were swallowed up as it closed in behind. No sign of  
life, no guide to our path.’1

The basic navigational principles that Gatty was using were 
centuries old, but he was among the first to modify them for avi-
ation. The distinguished naval navigator Philip Weems, with 
whom he collaborated, described him as ‘a compass and map 
expert who has done more practical work on celestial navigation 
than any other person in the world today’.2 Post wrote of  their 
partnership, ‘It was Harold who was the guiding hand of  the 
Winnie Mae. All I did was to follow his instructions.’3 The epithet 
that has come to define him came from one of  his pupils, the 
famed aviator Charles Lindbergh, who in 1927 became the first to 
fly solo across the Atlantic. Gatty, declared Lindbergh, was ‘the 
prince of  navigators’.4

What makes someone that good at navigating? In Gatty’s case, 
there was no clear path. At the Royal Australian Naval College in 

*  Dead reckoning is related to ‘path integration’, the computation that allows 
an animal to deduce its position by keeping track of  the direction and distance 
it has travelled (path integration is described in more detail in Chapter 5).
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Hobart, which he attended between the age of  thirteen and  
sixteen, he struggled with mathematics and failed his navigation 
exams. In his late teens he became fascinated with the night skies 
while serving as an apprentice on a steamboat, and used to lie in a 
hammock on the deck at night as it crossed the southern seas. He 
taught himself  the positions and movements of  the stars, and 
started on his own system of  celestial navigation.

Around this time, he also learnt what it feels like to be truly lost. 
Having landed at San Luis Obispo in California as part of  the crew 
of  an oil tanker in the Pacific, he drove to a local carnival with some 
of  his shipmates, who inadvertently left him behind. Forced to walk 
back to the port in the dark, some twenty miles, he tried a shortcut 
but ended up in a steep ravine with no idea where he was. ‘Aimlessly 
I roamed on,’ he wrote later. ‘My whole career was at stake, the 
career for which I had been studying and working for the past eight 
years.’5 He eventually made it back to the tanker, minutes before it 

13. Harold Gatty (left) with pilot Wiley Post.
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set sail for Australia. The experience rattled him, and he made it his 
life’s work to ensure that he would never be so lost again.

Gatty’s navigation prowess seems to have developed through 
experience and necessity, which is often the way. He possessed one 
attribute that is common to all great navigators: he was good at 
paying attention. Shortly before he died in 1957, aged fifty-four, he 
wrote a book describing how to navigate using natural signs – sun, 
moon, stars, wind, rivers, clouds, snow, sand dunes, the shape of  
trees, the colour of  the sea, the habits of  seabirds, even the orien-
tation of  anthills. Over the years it has carried several titles: Nature 
is Your Guide, Finding Your Way on Land or Sea and Finding Your Way 
Without Map or Compass. Some of  the advice first appeared in a 
survival manual he wrote for US airmen during the Second World 
War that was standard issue in all US Army Air Forces life rafts.6 
Gatty believed that you don’t need a superior sense of  direction to 
be a natural navigator – you just need to observe the world around 
you using the senses you were born with. Here he is describing 
what he learnt about the American countryside by watching it 
from a plane, a discipline he became so good at that he was even-
tually able to recognize where he was without consulting a map:

Many things told me which way the wind was blowing on the 

ground, the smoke of  houses, the bending of  trees, the silvery 

undersides of  their leaves. I found that it was much easier to tell the 

wind direction on Mondays than on any other day by watching the 

clotheslines, for Monday is wash day the world over. And by watch-

ing for the odd details I discovered that certain regions had their 

own peculiarities, almost their signatures. Throughout the farming 

areas of  Ohio, for instance, almost every little barn and building 

had an elaborate lightning conductor.7

–––––
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Three months before the round-the-world flight of  the Winnie Mae, 
the British aviator Francis Chichester completed the first solo cross-
ing of  the Tasman Sea from New Zealand to Australia in his 
wooden-framed Gipsy Moth, an achievement that quickly became 
part of  navigation folklore. Since his plane did not have the fuel 
capacity to fly the 1,200 miles non-stop, he opted to hop across via 
Norfolk Island and Lord Howe Island, two stepping-stones roughly 
equidistant from the two coasts. These islands are so small that a 
compass error of  a fraction of  a degree would result in Chichester 
missing them completely. He relied on an ordinary sextant to fix his 
position, and took shots of  the sun whenever it showed itself. This 
was a precarious exercise as it required both hands, which forced 
him to fly the plane using his feet, knees or elbows. He lacked 
Gatty’s instrument for measuring wind speed, and instead devised 
his own system of  dead reckoning that involved estimating how far 
the plane was drifting on three separate compass headings and cal-
culating the average, an onerous task which he repeated every 
half-hour.

Chichester’s standout idea for ensuring that he didn’t miss an 
island was to ‘aim off ’ a few dozen miles to the left or right until 
he reached a predetermined position roughly at right angles to the 
island, then turn and fly along this line until he reached his goal. He 
referred to this as his ‘theory of  the deliberate error’. Gatty used a 
similar method in the Winnie Mae, and it was popular with sailors 
before they knew how to calculate longitude. It is a neat trick, 
though it can induce cognitive dissonance, as Chichester found 
when he swung hard right towards what he hoped was Norfolk 
Island:

The moment I settled on this course, nearly at right-angles to the 

track from New Zealand, I had a feeling of  despair. After flying in 

one direction for hour after hour over a markless, signless sea, my 
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instinct revolted at suddenly changing direction in mid-ocean. My 

navigational system seemed only a flimsy brain fancy: I had been 

so long on the same heading that the island must lie ahead, not to 

the right. I was attacked by panic. Part of  me urged, ‘For God’s 

sake, don’t make this crazy turn!’ My muscles wanted to bring the 

seaplane back to its old course. ‘Steady, steady, steady,’ I told myself  

aloud. I had to trust my system, for I could not try anything else 

now, even if  I wanted to.8

Anyone who has walked in fog across an unfamiliar moor follow-
ing a compass bearing taken from a map will know something of  
that panic, the conviction that you have picked the wrong line. 
When you’re heading blindly into the unknown, it can take a tre-
mendous act of  will to trust your instruments, but trust them you 
must.

Flying in fog for the first time is among the most disconcerting 
experiences for trainee pilots. The inner ear and eyes stop cooperat
ing, and it can be difficult to know even which way up you are – the 
only option is to disregard the senses and ‘fly by instruments’, rely-
ing on your altimeter, artificial horizon and other indicators. 
Chichester knew when to ignore his instincts. Five hundred miles 
after leaving New Zealand, he spotted Norfolk Island through a 
break in the clouds. It covers less than fourteen square miles. Lord 
Howe Island, 500 miles or so to the west, is half  the size. He found 
that too. Missing either would have meant certain death in the 
South Pacific.

Self-assurance is a great advantage in navigation, and Chichester 
never hesitated to back himself. When he was learning to fly but 
before he had acquired a compass for his Gipsy Moth, he navigated 
by following railway lines across the country, a system known as 
‘flying by Bradshaw’ (after the railway timetable publication 
Bradshaw’s Guide). In his biography The Lonely Sea and the Sky, he 
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relates how he went up above the clouds one overcast day to prac-
tise flying by the sun, confident that ‘if  I got into trouble I could 
force the plane into a spin, that it was bound to spin round the 
vertical axis, and that therefore I should be sure to emerge verti-
cally from the cloud’. It’s easy to forget that he was still a rookie; 
on this occasion, he descended through the murk and, needing  
to fix his position, buzzed a railway station and read the name off 
the platform. ‘By some extraordinary fluke I was right on course. 
I probably uttered for the first time the navigator’s famous cry, 
“Spot on!” ’9

Chichester’s joy at finding that he was where he had hoped to be 
captures the exuberant spirit of  that golden age of  airborne naviga-
tion, when he and Gatty and other long-distance pioneers such as 
Amy Johnson, Amelia Earhart and Antoine de Saint-Exupéry were 
stretching the limits of  what was possible. The world, it seemed, 
was there for the discovering.

Chichester and Gatty had much in common. Both were naviga-
tional innovators, and both were keen to pass their skills on to 
others, Gatty at the navigation schools he founded and later with 
the US Air Force, Chichester as an instructor for the RAF, where he 
taught fighter pilots to memorize landmarks from a map before a 
raid so they could fly without having to take their eyes off  the 
ground. Both set high goals and had an eye for a record: Chichester 
never emulated Gatty’s global circumnavigation in a plane, but he 
achieved something comparable in a boat, becoming the first 
person to sail solo from west to east around the great capes of  the 
southern oceans, aged sixty-five. The two were good friends. On 
Gatty’s death, Chichester wrote an obituary for him in the Royal 
Institute of  Navigation’s journal, in which he recalled the occasions 
over the previous twenty years when he had benefited from Gatty’s 
‘amazingly shrewd, sound advice on navigational matters . . . [He] 
was a great natural navigator, and a fine man.’10
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Aviators tend to make good navigators because they spend a lot 
of  time looking out of  the cockpit window trying to make sense of  
the landscape beneath them. Modern GPS systems can steer a 
plane to its destination, which takes much of  the brainwork out of  
navigation, but pilots still have to be able to identify landmarks and 
understand the spatial relationships between them – to build a cog-
nitive map, in other words. A study by Canadian psychologists 
found that pilots are better than most people at building cognitive 
maps of  new places, at finding their way and at estimating direc-
tions between landmarks. The pilots they tested worked in civil 
aviation and had not been selected for their spatial abilities, so it is 
likely that they became good navigators through training or ex- 
perience, by spending all those hours in the air looking down.11

This is not to say that everyone has the potential to be a Gatty, a 
Chichester or a Jim Lovell, the US Navy pilot and NASA astronaut 
who during the Apollo 8 flight around the Moon verified the space-
craft’s trajectory for 240,000 miles using a sextant, measuring the 
angles between certain stars and the edge of  the Earth. Most virtu-
oso navigators are not only great at navigating – they are also 
courageous, good at innovating on the fly and supremely confident 
in their own abilities. This narrows the field somewhat, but it also 
suggests that a flair for navigation is not simply written in the 
genes, and also that the techniques and know-how involved are not 
an esoteric art. With sufficient training and appetite, there’s noth-
ing to stop anyone becoming a competent wayfinder.

–––––

The navigation difficulties faced by early long-distance aviators 
were similar to those that had been endured by sailors for thou-
sands of  years. The obvious handicap on the ocean, once you’re out 
of  sight of  land, is the absence of  any kind of  landmark. Early 
sailors could get a decent fix on their position using the stars, but if  
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a star fix wasn’t possible it was down to dead reckoning. This was 
always a precarious bet, especially when all you had to calibrate 
your progress was the wind and the movement of  water.

One of  the most celebrated navigational success stories of  the 
modern era is the sixteen-day voyage by Ernest Shackleton and five 
companions in a small boat from Elephant Island to South Georgia 
in 1916. The previous year, Shackleton and twenty-seven others had 
set off  from England in an attempt to make the first land crossing 
of  the Antarctic, but their ship Endurance became trapped in pack 
ice, before eventually breaking up and sinking. The crew salvaged 
three lifeboats and drifted north on the ice for the next four months 
until they reached the open sea. Then they sailed and rowed to 
remote Elephant Island off  the Antarctic Peninsula, from where 
they had no chance of  being rescued. Shackleton decided that their 
best hope was for a small group to try to reach the whaling stations 
on South Georgia, 920 miles to the north-east, then return with a 
relief  party. He picked five of  his most capable men, including his 
navigator Frank Worsley, who had steered them expertly through 
heavy seas to Elephant Island. They prepared their strongest life-
boat, the James Caird, loaded it with provisions for a month, and 
headed north into the ice fields, hurricane-force winds and vast 
rollers of  the south Atlantic. ‘We knew that it would be the hardest 
thing we had ever undertaken,’ Worsley wrote later, ‘for the 
Antarctic winter had now set in, and we were about to cross one of  
the worst seas in the world.’12

To get an idea of  what that journey was like, I met with the 
explorer and environmentalist Tim Jarvis, who re-enacted the jour-
ney of  the James Caird with five companions in a replica boat in 
2016, using equipment, provisions, clothes and navigation equip-
ment identical to Shackleton’s. Among modern-day adventurers, 
Jarvis is as tenacious as they come. In 2006 he recreated the 1912 trek 
of  Douglas Mawson who, half-starved and debilitated, struggled 
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through 300 miles of  Antarctic crevasse fields to safety after losing 
his two companions. Jarvis did it using kit from that period, on 
Mawson’s paltry rations, to see if  it was physically possible. He is 
sturdy, granite-willed and remarkably congenial for someone who 
has spent so long at the limits of  adversity; it’s easy to imagine him, 
patient and resolute, hauling a heavy sled across craggy ice or pilot-
ing a boat through thirty-foot waves.

The hardest thing about those sixteen days, Jarvis said, apart 
from the unimaginable discomfort, was keeping track of  where 
they were. Like Worsley, they carried a large compass, a marine 
clock or chronometer, a sextant to measure the sun’s altitude and 
celestial charts to translate the time and angle to latitude and lon-
gitude, all of  which was sufficient in theory to chart their progress 
to South Georgia. However, like Worsley, they rarely caught sight 

14. Shackleton’s navigator, Frank Worsley.
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of  the sun, so had to estimate their position from their speed and 
the drift of  the current. When the sun did show itself, the rolling 
sea made it almost impossible to steady the sextant for long enough 
to take a reading. ‘We had the whole team doing it: one person 
with the sextant, two others holding his legs, another guy with the 
chronometer, someone else writing it down, the other steering the 
boat. It was very labour intensive.’

This is how Worsley described it:

Navigation is an art, but words fail to give my efforts a correct 

name. Dead reckoning . . . had become a merry jest of  guesswork. 

Once, perhaps twice, a week the sun smiled a sudden wintry flicker 

through storm-torn clouds. If  ready for it, and smart, I caught it. 

The procedure was: I peered out from our burrow – precious sex-

tant cuddled under my chest to prevent seas falling on it. Sir Ernest 

stood by under the canvas with chronometer, pencil and book. I 

shouted ‘Stand by’ and knelt on the thwart – two men holding me 

up on either side. I brought the sun down to where the horizon 

ought to be and as the boat leaped frantically upward on the crest 

of  a wave, snapped a good guess at the altitude and yelled, ‘Stop.’ 

Sir Ernest took the time, and I worked out the result.13

Worsley managed four sextant readings, Jarvis two. Both parties 
made South Georgia at the first attempt, to their considerable sur-
prise. ‘My navigation had been, perforce, so extraordinarily crude 
that a good landfall could hardly be looked for,’ reported Worsley.14 
Jarvis, meanwhile, says he only knew for certain where he was 
when he got there. ‘There was always a nagging doubt. You’re 
travelling on an endless ocean, and you never really believe you’re 
travelling anywhere.’

–––––
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Between 3000 bc and ad 1000, centuries before the invention of  the 
sextant and the chronometer, Polynesian seafarers settled almost 
every habitable island in the central and southern Pacific, an area of  
around seven million square miles. This astonishing achievement 
depended on a precise system of  ‘natural’ navigation: careful obser-
vation and a deep knowledge of  local conditions. Harold Gatty 
believed that many of  the great Polynesian exploratory journeys fol-
lowed the tracks of  migratory birds, such as the Pacific golden plover 
and the bristle-thighed curlew that fly from Alaska to Hawaii via 
Tahiti every September, and back again in April. Gatty estimated that 
the Polynesians regularly made voyages of  more than 2,500 miles – 
between Tahiti and Hawaii, for example, or Tahiti and New Zealand 
– before European sailors had even ventured into the Atlantic. He 
considered the Polynesians ‘the greatest pathfinders in history . . . 
Whatever the cause of  the start of  their great wanderings, they were 
the first of  the world’s peoples to become truly seafaring.’15

The most impressive aspect of  the Polynesian system of  pathfind-
ing was its almost total reliance on dead reckoning. Even good 
modern navigators, paying close attention to the movement of  their 
vessel, struggle to stay on course for long in the absence of  land-
marks or a way to establish their latitude and longitude. The 
Polynesians managed it by calibrating their progress against natural 
signs: the patterns of  waves, the direction of  the wind, the shapes and 
colours of  clouds, the pull of  deep ocean currents, the behaviour of  
birds, the smell of  vegetation and the movements of  sun, moon and 
stars. The strategy was to arrive in the general vicinity of  the target, 
then home in using local cues. The star compass, a circular map 
showing the positions of  thirty-two prominent stars around the hori-
zon, was a crucial tool. Close to the equator, the stars move in 
near-vertical trajectories, transecting the horizon in the same place all 
year round: if  you can see a known star rising or setting, the star com-
pass can tell you quite accurately which direction you’re heading in. 
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This ancient art of  wayfinding would have been largely forgotten 
were it not for the work of  the Polynesian Voyaging Society, a 
group of  Hawaiian enthusiasts who in 1973 built a replica double- 
hulled traditional sailing canoe and recruited Mau Piailug, one of  
the last surviving Polynesian navigators, to teach them his skills. 
Three years later they sailed their canoe, Hōkūle‘a, to Tahiti, the 
first time in 800 years that anyone had made that journey the tradi-
tional way.

Hōkūle‘a is still sailing and has become an ambassador for the 
Polynesian seafaring culture, a reminder of  the crucial role that 
navigators played in the settling of  the Pacific. I caught up with it 
on the Hudson River in New Jersey in late 2016, as it neared the end 
of  a three-year round-the-world voyage. Parked at a marina as it 
waited for the tail end of  a hurricane to pass, it looked diminutive 
next to some of  the big local yachts, though none of  them could 

15. The Polynesian star compass. 
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have matched its achievements on the open ocean: 140,000 nautical 
miles without the help of  GPS, compass, charts, depth gauge or 
even a watch.

When Hōkūle‘a is under sail the navigator sits in the stern, sur-
rounded by the markings of  the star compass, reading the swell 
through his feet. The navigator is known as ‘father’, though plenty 
of  women have assumed the role. It is a position of  great responsi-
bility. In Hawaiian, the word for master navigator is ‘pwo’, which 
also stands for ‘light’: he is supposed to shine for his people, to 
guide them and keep them safe. He is also steward of  their inher-
ited knowledge. Lest he forget any of  this, the names of  previous 
navigators are written all over the canoe, and a sign at the stern 
reads ‘Kapu na Keiki’ – ‘hold sacred the children’ – in reference to 
the navigators of  the future. When I visited, a twenty-five-year-old 
apprentice navigator named Kekaimalu Lee was on board, wearing 
a deep turquoise sailing T-shirt, Hawaiian-style shorts and a back-
to-front baseball cap. His preparation, he told me, was more like a 
life’s training than a technical exercise. He was learning to take 
responsibility not just for the canoe, but for the perpetuation of  his 
culture. ‘When I started, I thought I knew who I was. But it wasn’t 
until I learnt to navigate the canoe, until I got to pull land out of  
the sea in the wake of  my ancestors, that I figured it out.’

The ancestors he was referring to were more than navigators: 
they were the guiding lights of  their age. Among Pacific islanders, 
the role of  navigator has always been highly prestigious, partly 
because it is so difficult. The star compass can tell you your bearing, 
but it won’t tell you where you are. With a dead-reckoning system, 
the only way to know that is to memorize where you’ve come 
from. The navigator must keep a mental log of  the canoe’s path 
from the moment it leaves home: how far did we travel today and 
in which direction, how did the swell affect our course? This requires 
almost constant observation, which is why navigators learn to nap 
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for no more than half  an hour at a time. If  all goes well, they will 
be able to point towards their destination or towards home at any 
point during the journey, even if  they cannot give their precise 
location. If  their memory fails them, disaster awaits. Hōkūle‘a’s 
master navigator, Nainoa Thompson, recalls his guru Mau Piailug 
saying, ‘Just don’t forget. That’s not an option. Forgetting means 
you’re lost. And if  you think you’re lost, you are lost.’16

–––––

In many indigenous cultures, memory for routes, signs, topogra-
phy, places and the names of  places is essential for survival. Native 
Americans, before European colonization restricted their territo-
ries, were known to have an extraordinary memory for landmarks. 
Colonel Richard Dodge of  the US Army, who documented the 
social lives and customs of  Native Americans in the second half  of  
the nineteenth century, noted that ‘each hill and valley, each rock 
and clump of  bushes, has for him its distinguishing features, which, 
once seen, he knows forever after’, and which he can pass on to 
others. As a result, he wrote, ‘with no knowledge of  astronomy, of  
geography, or of  the compass, the Indian performs feats of  travel-
ling for which a white man requires all three.’17

The modern-day Inuit have a similar ability to keep a mental inven-
tory of  their surroundings. Claudio Aporta, who has been studying 
Inuit wayfinding culture in the Canadian Arctic since 1998, has met 
hunters who are familiar with thousands of  miles of  trails which 
they mark in the fresh snow every year, following routes that have 
not changed in generations. The routes are passed down orally and 
are described with reference to numerous landmarks: ice features, 
ocean currents, place names and, crucially, drift patterns in the snow 
created by the primary winds. Each wind leaves a distinctive motif. 
The drifts of  Uangnaq, the gusty prevailing west-north-westerly,  
are hard and tongue-shaped. The Nigiq, a steady east-south-easterly, 
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leaves an even covering. There is a north-north-east wind called 
Kanangnaq, a south-south-westerly called Akinnaq and minor winds 
that blow between these four.18

The Inuit use the winds as Polynesians use the stars, as a natural 
compass. Like those seafaring navigators, they develop what anthro-
pologists call a ‘memoryscape’ – a mental map that embodies not 
just a physical world but a cultural one too, in which environmental 
features are charged with cultural and historical meaning. This is 
not unlike the songlines of  Australian Aborigines, which describe 
in great detail the tracks of  their ancestors, so that you can find 
your way anywhere, taking in waterholes and places of  shelter, if  
you know the right song.19 Aporta has observed that even though 
the Inuit have lived in permanent settlements since the 1960s, they 
still travel extensively to hunt, and they appear to have little regard 
for the spatial constraints of  urban design. ‘They walk or ride their 
snowmobiles or all-terrain vehicles on and off  the streets, cutting 
through house yards, and making trails across the settlement en- 
vironment.’20 Spatial habits die hard, especially when they are so 
fundamental to cultural identity. The situation is changing, how-
ever: the younger Inuit all use GPS to navigate, and their elders 
worry that they will get lost if  the technology fails, and that they 
will lose touch with their culture, because they have stopped engag-
ing with the landscape.21

It takes special skills of  observation to remember an extensive 
network of  landmarks. In many indigenous cultures, wayfinding is 
observation. The British explorer and mountaineer Freddie Spencer 
Chapman, finding himself  fog-bound and disorientated while kayak
ing with an Inuit hunting party in Greenland in the early 1930s, 
watched with amazement as they worked their way along the 
shoreline using the songs of  snow buntings as a sound-guide. They 
had learnt to distinguish between the various territorial melodies 
of  the males, so that ‘as soon as they picked out the notes of  the 
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bird who was nesting on the headland of  their home fjord, they 
knew it was time to turn inshore.’22 On the island of  Igloolik, where 
Aporta has conducted much of  his research, a good navigator is 
known by the term ‘aangaittuq’, which means ‘attentive’. Aangaittuq 
describes not just a person’s wayfinding savvy, but their whole atti-
tude to life. ‘Being a good wayfinder is not different from being a 
good provider,’ Aporta has said, ‘as both hunting and wayfinding 
are parts of  the broader tasks of  dwelling.’23

The nomadic Nenet reindeer herders of  north-western Siberia, 
rather than remember the precise routes of  their frequent migra-
tions, rely instead on a mental map of  ‘known places’ and the 
directions and distances between them. To ensure they stick to  
a steady course when moving from one known place to another, 
they pay constant attention to the direction of  the wind and how it 
hits their body, a practice they call ‘catching the wind’. Like all 
dead-reckoning systems, it works only if  it is applied constantly: if  
the herders allow themselves to drift for any length of  time, par-
ticularly in poor weather, they become lost. They are lost too if  the 
wind changes direction, unless they notice the deviation. The social 
anthropologist Kirill V. Istomin, who has spent many months with 
Siberian reindeer-herders studying how they perceive their environ-
ment, has found that they have a particular way of  dealing with this 
uncertainty. One of  the older herders explained to him:

When you travel in the tundra, you always think ‘Have I taken the 

right direction?’ and ‘Have I not missed the place I am going to?’ 

Everyone has these fears, especially if  you believe that you should 

have already reached a place but you cannot see any sign of  it 

around, these fears become really strong. Now, you should not sur-

render to these fears. You should be brave! It is not easy, especially 

when you are alone in the darkness. You can think, for example, ‘I 

have probably gone too far to the left, I should go a little bit to the 
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right of  the course I am taking now’. You can even eventually 

become completely sure about this, especially if  you do not see the 

place when you think you should already be there. Still, you should 

not change the course. If  you keep on the same course, you will 

eventually come somewhere, maybe not to the place you wanted, 

but still to a place you know.24

Trust your skills, not your instinct – how often have we heard 
that advice! If  you change course just once, you will get lost, the 
herder warned, because if  you change it once you will want to 
change it again. ‘If  you start changing course you will be unable to 
stop, believe me, nobody can. Then you will start to go in circles 
until your reindeer drop down and after that you will walk in cir-
cles. All the people who have become lost in the tundra and died 
did so because they were not brave enough and surrendered to 
their fears.’25

–––––

Great navigators are commonly thought to have an instinctive 
understanding that tells them which way they are facing. A handful 
of  researchers over the years have even claimed that humans, like 
birds, insects and some other mammals, can feel the Earth’s mag-
netic field.26 Disappointingly for some, there is little evidence that 
humans have ever possessed a directional or magnetic sense – the 
fact is, we don’t really need it, because our other senses are more 
than adequate for our wayfinding needs, at least when we attend to 
them.

As Harold Gatty noted, this is what people with a great sense of  
direction are good at. Their extra sense is simply the ability to apply 
all their other senses in careful observation. If  they get distracted, 
or if  weather conditions make it impossible to see, hear, smell or 
feel, they can get disorientated like everyone else. San hunter-
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gatherers in southern Africa are renowned for their wayfinding 
skill, but even they are easily turned around in heavy mist. When 
the Polynesian navigators of  the Hōkūle‘a find themselves fog-
bound and becalmed in the equatorial doldrums, they have little 
option but to sit it out until the wind starts blowing again and they 
can get a fix on their position from the sky or the ocean swell.

An awareness of  space is fundamental to how many indigenous 
people think and speak. The Kuuk Thaayorre language of  the 
Aborigines of  Pormpuraaw, a community on the Cape York penin-
sula in north-eastern Australia, uses cardinal directions instead of  
relative terms like left, right, ahead and behind. The cognitive scien-
tist and linguist Lera Boroditsky, who carried out research there in 
2006, found that people say things like ‘there’s an ant on your south-
west leg’ or ‘move your cup to the north-north-west a little bit’. The 
traditional greeting, rather than something nondescript like ‘hello’, 
is ‘which way are you going?’, to which the speaker will expect a 
literal response (‘south!’). As a result, even five-year-olds can tell you 
at any moment which direction they are facing.27

How do they do this? With full awareness, says Boroditsky. She 
estimates that a third of  the world’s 7,000 languages have similar 
spatial properties, relying on absolute rather than relative descrip-
tions of  space or incorporating spatial terminology into their 
linguistic structure. The vernacular of  the seafaring Kwakwakawakw 
of  coastal British Columbia, for example, contains a large number 
of  suffixes used for expressing location and direction, which makes 
it easy to coin single-word geographical descriptions. Thus ‘the 
place where otters land’ is simply ‘xumdas’ (with -as denoting 
‘place’), and anything ending in –t!a indicates ‘out to sea’ (as in 
‘neget!a’, ‘straight out to sea’).28 Kwakwala, like Kuuk Thaayorre, is 
a language of  perception. For all such people, being spatially 
switched on has helped them thrive or survive, or at least to appre-
ciate how the world stretches out around them.
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Awareness often stems from necessity. More than eighty years 
ago, the psychologist Harry DeSilva interviewed a twelve-year-old 
boy who seemed to know instinctively the direction of  north, 
south, east and west. At first DeSilva thought he had discovered a 
spatial savant, but it turned out that the boy’s mother had trouble 
telling her left from her right and had compensated for this by 
describing spatial relationships using the cardinal directions. She 
would say things like, ‘Get me the brush on the north side of  the 
dresser,’ and ‘Go and sit in the chair on the east side of  the porch.’ 
As a result, the boy had learnt to keep track of  geographical direc-
tions simply to survive in his own home.29

–––––

If  the world’s great navigators can teach us one thing, it is that we 
should pay close attention to what is going on around us. It is not 
always easy to maintain, as Rebecca Solnit writes in A Field Guide to 
Getting Lost:

There’s an art of  attending to weather, to the route you take, to the 

landmarks along the way, to how if  you turn around you can see 

how different the journey back looks from the journey out, to 

reading the sun and moon and stars to orient yourself, to the direc-

tion of  running water, to the thousand things that make the wild a 

text that can be read by the literate. The lost are often illiterate in 

this language that is the language of  the earth itself, or don’t stop 

to read it.30

Attention is at the heart of  wayfinding, but it also serves a greater 
purpose: it connects us to the space around us and tethers us to 
reality. To know that ‘I am here’ – to feel it with all your senses – 
can be immensely reassuring, especially if, like most people, you 
spend a lot of  time distracted by thoughts a long way from the 
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present. Through awareness, wayfinding becomes a kind of  medi-
tation, and in nomadic and seafaring cultures, expert navigators are 
respected not just for their skills, but as teachers or leaders. Their 
role is to guide people through the wilderness of  life, and to orien-
tate them in the mental as well as the physical realm. All cultures 
need navigators.

One reason good navigators are highly regarded in nomadic cul-
tures is that getting lost is often catastrophic. This can be true 
whichever culture you’re from. Everyone seems to have a deep 
aversion to even the threat of  going astray. In the next chapter we’ll 
examine the psychology of  this reaction, and the fascinating insights 
gained by search and rescue experts into how lost people behave. 
The chapter also tells the story of  a woman who lost her way in the 
woods, and is an illustration of  how easily that can still happen.
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The Psychology of  Lost

One day in October 2015, a forest surveyor working in an 
area of  dense woodland near Mount Redington in Maine 

came across a collapsed tent hidden in the undergrowth. He noticed 
a backpack, some clothes, a sleeping bag, and inside the sleeping 
bag what he assumed was a human skull. He took a photograph, 
then hurried out of  the woods and called his boss. The news soon 
reached Kevin Adam, the search and rescue coordinator for the 
Maine Warden Service, who immediately guessed what the sur-
veyor had found. He wrote later, ‘From what I could see of  the 
location on the map and what I saw in the picture, I was almost 
certain it would be Gerry Largay.’1

Geraldine Largay, a sixty-six-year-old retired nurse from Tennessee, 
had gone missing near Redington in July 2013 while attempting to 
walk the length of  the Appalachian Trail, a national hiking route 
that stretches more than 2,100 miles from Springer Mountain in 
Georgia to Mount Katahdin in central Maine. Her disappearance 
triggered one of  the biggest search and rescue operations in the 
state’s history. Over two years, it failed to uncover a single clue. 
Until the surveyor stumbled on her camp, no one had any idea what 
had become of  her.



This was Gerry’s dream trip. She had set off  with a friend, Jane 
Lee, on 23 April 2013 from Harpers Ferry in West Virginia. They 
had planned to hike the trail ‘flip-flop’ style, walking north to 
Katahdin then driving back to Harpers Ferry, before continuing 
south to Springer. They had help: Gerry’s husband, George, was 
shadowing them in his car, resupplying them at prearranged loca-
tions and occasionally taking them to a motel for a rest. They 
made good progress, and by the end of  June were in New 
Hampshire. A family emergency forced Jane to return home, but 
Gerry carried on alone. She was slow, managing about a mile each 
hour (she adopted the trail name ‘Inchworm’, in recognition of  
her larval pace). Her sense of  direction wasn’t great, but she was 
well equipped. She was a meticulous planner – she always knew 
where to find water and shelter – and her gregariousness and 
warmth won her many friends among fellow hikers. One of  them, 
Dorothy Rust, told the Boston Globe, ‘She was just full of  confi-
dence and joy, a real delight to talk to.’2

Rust and her hiking partner, who were walking south, encoun-
tered Gerry at the Poplar Ridge lean-to, a shelter just south of  the 
stretch in Redington where Gerry went missing. They were the last 
people to see her alive. At around 6.30 on the morning of  22 July, 
they watched her gather her things, eat breakfast and strap on her 
rucksack. Rust took a photo of  her. The Warden Service’s case 
report states that Gerry was wearing a ‘blue kerchief, red long 
sleeve top, tan shorts, hiking boots, blue backpack, distinctive eye-
glasses, big smile’. They are all there in that picture. She looks set 
for the trail.

Forty-five minutes after leaving Poplar Ridge, Gerry texted 
George to tell him she was on her way. They had arranged to meet 
at a road crossing twenty-one miles up the trail the following eve-
ning. The first anyone knew that something was wrong was when 
she failed to show up for that rendezvous. George waited a day, 
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then alerted the Warden Service, which instigated its well-rehearsed 
lost-person procedure. Over the following weeks, hundreds of  pro-
fessional rescuers and trained volunteers searched the woods 
around Redington. They found nothing: no shred of  clothing, no 
sign of  a camp. The investigation and many of  the searchers carried 
on for the next twenty-six months, until her body was found. Only 
then did they get some answers.

The day after the surveyor’s gruesome discovery, Kevin Adam 
and his fellow wardens retrieved the remains of  her camp and went 
through her phone records and her journal, which she had wrapped 
in a watertight bag, to try to piece together what had happened. 
They learnt that she had left the trail during the morning of  22 July 
a few miles from the Poplar Ridge shelter to go to the bathroom 
and couldn’t find her way back. Most likely she went no more than 
eighty paces into the woods – this was her usual practice. 
Disorientated in the tangle of  trees and brush, she started wander-
ing. At 11.01 a.m. she sent a text to George: ‘In somm trouble. Got 
off  trail to go to br. Now lost. Can u call AMC [Appalachian 
Mountain Club] to c if  a trail maintainer can help me. Somewhere 
north of  woods road. Xox.’3 Unfortunately she was in an area with 
no cellphone coverage and neither this nor her subsequent texts got 
through. The following afternoon she tried again: ‘Lost since yes-
terday. Off trail 3 or 4 miles. Call police for what to do pls. Xox.’ 
That night she pitched her tent on the highest ground she could 
find. She heard the spotter planes and helicopters looking for her 
and she did her best to be seen. She tried to light a fire. She draped 
her reflective emergency blanket on a tree. She waited.

On 6 August, Gerry used her phone for the last time, though she 
kept writing in her journal for four more days. By then, she knew 
what was coming. She left a note for her would-be rescuers: ‘When 
you find my body please call my husband George and my daughter 
Kerry, it will be the greatest kindness for them to know that I am 
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dead and where you found me – no matter how many years from 
now. Please find it in your heart to mail the contents of  this bag to 
one of  them.’ She survived at least nineteen days on her own in the 
wilderness before succumbing to the effects of  exposure and star-
vation, longer than many experts believed possible. She did not 
know that a dog team had passed within one hundred yards of  her, 
that her campsite was only half  a mile from the trail as the crow 
flies or that if  she had walked downhill she would have soon reached 
an old railroad track that would have taken her, in either direction, 
straight out of  the woods.

–––––

To be lost is a dreadful thing. Most people are unsettled by the 
slightest threat of  it. Fear of  being lost appears to be hard-wired in 
the human brain, as visceral as our response to snakes: millions of  
years of  evolution have taught us that the experience tends not to 
end well.

The fear runs deep in the culture. Children lost in the woods is 
as common a motif  in modern fairy tales as in ancient mythology. 
Usually in fiction there is some kind of  redemption: Romulus and 
Remus are saved by a she-wolf, Snow White is rescued by dwarfs 
and even Hansel and Gretel, facing certain doom in the ginger-
bread house, find their way home. Reality is often more grim: 
during the eighteenth and nineteenth centuries, getting lost was 
one of  the most common causes of  death among the children of  
European settlers in the North American wilderness. ‘Scarcely a 
summer passes over the colonists in Canada without losses of  chil-
dren from the families of  settlers occurring in the vast forests of  the 
backwoods,’ the Canadian writer Susanna Moodie noted in 1852.4 
Moodie’s sister, Catharine Parr Traill, another pioneer and writer, 
based her own novel Canadian Crusoes: A Tale of  the Rice Lake Plains 
on real-life stories of  children who walked into the woods and 
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couldn’t find their way home. Canadian Crusoes is set in Ontario, a 
few hundred miles west of  Maine, yet Traill’s depiction of  the wil-
derness could have been written about the forest that engulfed 
Gerry Largay: ‘The utter loneliness of  the path, the grotesque 
shadows of  the trees that stretched in long array across the steep 
banks on either side, taking now this, now that wild and fanciful 
shape, awakened strange feelings of  dread in the mind of  these 
poor forlorn wanderers.’5

Being lost is still synonymous with tragedy in the public mind. 
In 2002, a survey commissioned by the UK Forestry Commission 
found that many people steer clear of  forests because they feel vul-
nerable and worry that they won’t be able to find their way out 
again. The Commission concluded that ‘Folklore, fairy tales and 
horror films’ have taken their toll on our sensibilities, and that 
‘people are genuinely terrified of  getting lost’.6 They have good 
reason to be.

In the age of  GPS, we forget how easy it can be to get disorien-
tated, and are often fooled into thinking we know the world around 
us. Common cognitive errors, such as the assumption that ridges, 
coastlines and other geographical features run parallel to each 
other, are easily corrected by a compass or mapping app. But tech-
nology, just like our brains, can also lead us astray when we are 
unsure how to use it or are unaware of  its fallibilities. When the 
aviator Francis Chichester was teaching navigation to RAF pilots 
during the Second World War, two of  his students went missing 
during an exercise. Chichester searched for them for days in his 
light aircraft in the Welsh hills, without success. Three months 
later, he heard that they were prisoners of  war: they had misread 
their compass and flown 180 degrees in the wrong direction, travel-
ling south-east instead of  north-west, and had crossed the English 
Channel thinking it was the Bristol Channel. ‘They were grateful 
when an airfield put up a cone of  searchlights for them,’ Chichester 
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recounted in his autobiography, ‘and it was not until they had fin-
ished their landing run on the airstrip and a German soldier poked 
a tommy-gun into the cockpit that they realised that they were not 
on an English airfield.’7 This was the wartime equivalent of  follow-
ing a satnav into a river.

It is hard to predict how someone who is lost will behave, though 
it’s safe to assume – as search and rescue leaders always do – that they 
won’t do much to help themselves. Few people manage to do what is 
often the most sensible thing and stay put. Most feel compelled to 
keep moving, and so throw themselves into the unknown in the hope 
that an escape route will appear. Accounts by people who have been 
lost show that this urge to move is extremely hard to resist, even 
among skilled navigators. Ralph Bagnold, a pioneer of  desert explor
ation in North Africa during the 1930s and 1940s and founder of  the 
British Army’s Long Range Desert Group, recalled being seized by 
‘an extraordinarily powerful impulse’ to carry on driving, in any 
direction, after losing his way in the Western Desert in Egypt. He 
considered it a kind of  madness. ‘This psychological effect . . . has 
been the cause of  nearly every desert disaster of  recent years,’ he 
wrote. ‘If  one can stay still even for half  an hour and have a meal or 
smoke a pipe, reason returns to work out the problem of  location.’8

When you’re lost, fight (or rather, freeze) is better than flight, at 
least until you’ve made a plan. Does knowing this help you drop 
anchor? Up to a point. Hugo Spiers, who studies how animals and 
humans navigate space, inadvertently became his own test subject 
during an expedition to the Amazon basin in Peru. He asked the 
guards at his camp if  he could go for a walk in the jungle. Don’t go 
too far, they told him:

So I didn’t go far, but it’s the jungle, and ten metres into the jungle 

is enough to be completely disorientated. I was lost in this jungle 

for two hours. They sent a dog out to find me. I wasn’t the first 
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person to have a dog sent out. It was terrifying. My brain just 

wanted me to run. Just run. Just keep moving. I was very aware 

that that was not the right strategy. Keeping moving in the jungle 

is not going to save your life. So I tried to calm down and think 

carefully and not react at high speed and look at my environment, 

and I realized I was going in circles, exactly like in the movies. I was 

using a machete to mark big trees, laying down a thread, to know 

if  I’d come that way before. That was starting to work. I’d mark a 

tree with three slashes and if  I ended up back at that tree I knew I’d 

gone in a circle. I was nearly back at the camp when they sent the 

dog out, but it was a huge relief. It just made me very aware that 

being really, really lost is quite terrifying. It’s not a normal thing.9

Some years ago Kenneth Hill, a psychologist at St Mary’s 
University in Halifax, Canada, who has dedicated his career to study
ing how lost people behave, reviewed more than 800 search and 
rescue reports from his home state of  Nova Scotia, which is 80 per 
cent forest and is known as the ‘lost person capital of  North 
America’. In Nova Scotia you can get lost by stepping away from 
your backyard. He found only two cases out of  those 800-plus in 
which the lost person had stayed put: an eighty-year-old woman 
out picking apples, and an eleven-year-old boy who had taken a 
‘Hug a Tree and Survive’ course at school (as the name implies, it 
teaches kids to stay where they are). He says most lost people are 
stationary when they are found, but only because they have run 
themselves into the ground and are too tired or ill to continue.10

The compulsion to move, no matter what, is likely an evolution-
ary adaptation: in prehistoric times, hanging around in a place you 
didn’t know would probably have ensured you were eaten by  
predators. More confusing is another quirk of  lost behaviour, the 
tendency to walk in circles when you can’t see any spatial cues  
(this doesn’t only happen in the movies). In dense woodland, on a 
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boundless plain or in fog, it is almost impossible to walk in a straight 
line for more than a few metres. This perverse habit could have its 
uses: as you panic-charge through the forest or across the open 
moor, at least you can reckon on ending up somewhere in the vicin-
ity of  where you started and no worse off  than you were before. 
It’s a small consolation.

Circling happens where there are no prominent landmarks11 (a cell-
phone mast or a tall tree, for example) or spatial boundaries (a fence 
or a line of  hills), and where all the vistas look similar. Without a 
fixed reference point, we drift. A view of  the sun or the moon can 
help keep us grounded, though the sun is a dangerous guide if  
you’re not aware of  how it moves across the sky. In an appendix to 
Canadian Crusoes, Catharine Traill relates the true story of  a girl 
who, lost in the woods of  Ontario for three weeks, believed the sun 
would lead her out and so followed it hopefully all day as it arced 
from east to west and thus, inevitably, found herself  at night in 
almost the same place she had been that morning.12

The idea that in places without landmarks disorientation causes 
people to walk in circles, or to loop back on themselves, seems 
improbable, but many experiments have found it to be true. One 
popular theory blames body asymmetry: we all have one leg 
longer than the other, which can cause us to veer. But this doesn’t 
explain why some people veer both ways depending on where 
they are.

In 2009, Jan Souman tracked volunteers using GPS monitors as 
they attempted to walk in a straight line through the Sahara Desert 
and Germany’s Bienwald forest. When the sun wasn’t visible, none 
of  them managed it: errors quickly accumulated, small deviations 
became large ones, and they ended up walking in circles. Souman 
concluded that with no external cues to help them, people will not 
travel more than around 100 metres from their starting position, 
regardless of  how long they walk for.13 This says a lot about our 
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spatial system and what it requires to anchor us to our surround-
ings. Unlike the desert ant, humans are not good at dead reckoning, 
which in desert, forest and fog is all you can do. In the absence of  
landmarks and boundaries, our head-direction cells and grid cells, 
which normally do an excellent job at keeping us on track, can’t 
compute direction and distance, and leave us flailing in space. This 
knowledge won’t help you if  you’re lost, but it might persuade you 
to pack a compass or a GPS tracker before you set out, and above 
all to pay careful attention – the wayfinder’s golden rule – when 
you go into the woods.

–––––

The route of  the Appalachian Trail is marked by a system of  white 
rectangular ‘blazes’ painted on trees, posts and rocks every twenty 
or thirty metres. It is a well-trodden path: you can meet a dozen 
other people every day even on the less accessible sections. Around 
twenty trail hikers go missing in Maine each year, but almost all of  
them are found within a couple of  days. For someone to get irre-
trievably lost is extremely rare. Why did it happen to Gerry?

When she went missing, a few press reports suggested she had 
underestimated the difficulties of  ‘thru-hiking’ the entire length of  
the trail. Her friend Jane Lee told investigators that as well as 
having a poor sense of  direction, Gerry had become slower and 
less confident, and was scared of  being alone. Her doctor said she 
had a long-term anxiety issue and could be prone to panic attacks 
– she had been prescribed medication, but apparently wasn’t carry-
ing it. Her husband George noticed that she had been finding the 
hike increasingly hard, and had worried that she might be ‘in over 
her head’.

None of  this adds up as an explanation. Thru-hiking the 
Appalachian Trail is hard, but Gerry seemed to be holding up well. 
Dorothy Rust told the Boston Globe that she ‘really had her wits 
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about her’.14 Gerry had spent years preparing for the trip and had 
completed several long practice hikes. Since leaving West Virginia 
she had walked over 900 miles, which made her more experienced 
than most people on the trail. If  she wasn’t taking her anxiety med-
ication, it’s likely that she wasn’t feeling anxious. She was focused 
on her dream, and she was on track to achieve it.

The mistake she made was an easy one to make. The forest in 
the Redington section of  the Appalachian Trail has a dense under-
story. Eighty paces from the path, it looks the same in every 
direction. If  you fail to pay attention when you walk in – the way-
finder’s fatal error – there is nothing to help you retrace your steps: 
no landmarks, no boundaries, no white blazes on a wayside tree. 
Much of  the area is owned by the US Navy’s Survival, Evasion, 
Resistance and Escape (SERE) school, which teaches pilots and 
special forces personnel how to survive behind enemy lines. The 
Navy chose it because it’s hard to escape from.

Local people say that if  you leave the trail in this part of  Maine, 
it’s easy to be lost. ‘I learnt that lesson,’ says Jim Bridge, who man-
ages one of  the state’s search and rescue dog teams. ‘Like Gerry, I 
had gone off  the trail to go to the bathroom, and when I came back 
I walked right across it. You’re used to this beaten path, which 
draws a line in your mind, but in the other direction there’s no line, 
it’s effectively a dot. It’s easy to look back and not see it.’ Hikers 
know this too. In a forum about Gerry’s case on the discussion 
website Reddit, a contributor who had hiked the trail in 2000 com-
mented:

She was in one of  the more rugged sections of  trail, and while what 

happened was tragic, nothing she did was foolish. I personally 

know hundreds of  people that have hiked the whole trail. Not one 

of  us are asking ourselves ‘How could she get lost peeing’ or ‘Why 

didn’t she have a map and compass’. We are mourning the loss of  
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a fellow hiker, and know that in slightly different circumstances, 

this could have happened to any of  us when we had to wander off  

the trail even a few feet.15

Forests and woods are a challenge for wayfinding because they 
lack distinguishing features. ‘They make you feel small and con-
fused and vulnerable, like a small child lost in a crowd of  strange 
legs,’ writes Bill Bryson in A Walk in the Woods, his memoir of  a hike 
along the Appalachian Trail.16 In forests there is no long view, which 
makes it like navigating in fog. ‘Anyone who spends enough time in 
the woods will, sooner or later, become lost,’ says Kenneth Hill. 
The vast forests of  the eastern United States, thronged with tangled 
undergrowth and towering canopies, can feel daunting and oppres-
sive. The Scottish settlers who emigrated there from the tree-less 
Highlands in the eighteenth and nineteenth centuries in hope of  a 
better life found them discouraging to say the least. ‘Dreary and 
pestilential solitudes . . . one of  the most dismal and impressive 
landscapes on which the eye of  man ever rested,’ is how one visitor 
remembered them in 1831.17

The current inhabitants of  Maine are rather fond of  their forests, 
but they are also in awe of  their capacity to swallow people up. 
Almost everyone around Redington volunteers for the local search 
and rescue team, or has done in the past. Everyone knows the sto-
ries of  those who were lost and found, as well as those who were 
never found. Lost is the existential enemy, the ever-present threat. 
In these parts, it is as salient a danger as it was two hundred years 
ago, or indeed in prehistoric times. Gerry was ready for the trail. 
She had done her homework. She had ticked off  nearly a thousand 
miles and was set for a thousand more. But she wasn’t ready for the 
wilderness, for the solitude beyond the path. Few people ever are.

–––––
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People who have been truly lost never forget the experience. 
Suddenly disconnected from all that surrounds them, they are 
plunged into a relationship with an utterly alien world. They think 
they are going to die. Horror-struck, their behaviour becomes so 
confounding that finding them is as much a psychological challenge 
as a geographical one. One ranger with thirty years’ experience 
told me, ‘You’ll never be able to figure out why lost people make 
their decisions.’

Lost is a cognitive state: your internal map has become detached 
from the external world, and nothing in your spatial memory 
matches what you see. But at its core, it is an emotional state. It 
delivers a psychic double whammy: not only are you stricken with 
fear, you also lose your ability to reason. You suffer what neurosci-
entist Joseph LeDoux calls a ‘hostile takeover of  consciousness by 
emotion’.18 90 per cent of  people make things a lot worse for them-
selves when they realize they are lost – by running, for instance. 
Because they are afraid, they can’t solve problems or figure out 
what to do. They fail to notice landmarks, or fail to remember 
them. They lose track of  how far they’ve travelled. They feel claus-
trophobic, as if  their surroundings are closing in on them. They 
can’t help it: it’s a quick-fire evolutionary response. Robert Koester, 
a search and rescue specialist with a background in neurobiology, 
describes it as a ‘full-flown fight-or-flight catecholamine* dump. It’s 
essentially a panic attack. If  you are lost out in the woods there is 
a chance you will die. That’s pretty real. You feel like you’re sep
arating from reality. You feel like you’re going crazy.’

Veteran adventurers are as susceptible to this as novices. In 1873, 
a contributor to the science journal Nature reported that in the  
forested mountains of  West Virginia, ‘even the most experienced 

*  A class of  compounds released during stress including adrenaline and  
noradrenaline.
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hunters . . . are liable to a kind of  seizure; that they may “lose their 
head” all at once, and become convinced that they are going in 
quite the contrary direction to what they had intended.’ This feel-
ing of  disorientation, he continued, ‘is accompanied by great 
nervousness and a general sense of  dismay and upset’.19 The subject 
was of  considerable academic interest at the time – the writer was 
responding to an article in a previous issue by Charles Darwin, in 
which he argued that the distress caused by disorientation ‘leads to 
the suspicion that some part of  the brain is specialised for the func-
tion of  direction’.20 Just over a century later, the physiologist James 
Ranck discovered head-direction cells in the dorsal presubiculum of  
a rat, proving Darwin right.

It is common for lost people to lose their head as well as their 
heading direction. Stories of  people walking ‘trance-like’ past 
search parties, or running off  and having to be chased down and 
tackled, are part of  search and rescue lore.21 Ed Cornell, the psy-
chologist who studies lost person behaviour, says it is very difficult 
to interview someone just after they’ve been found: ‘They are basi-
cally scrambled’, and can remember little about what happened to 
them.

Occasionally, lost people become delusional. In the winter of  
1847, the railway surveyor John Grant became separated from his 
colleagues while investigating a route for a new line through a 
forest in New Brunswick. He spent the next five days and nights 
wandering the wilderness without a tent or food before being res-
cued, hours from death. During this time he frequently heard 
voices, and at one point he stumbled on what he thought was a 
Native American and his family leaning against a tree:

I hallowed, but to my utter amazement not the slightest notice was 

taken or reply made . . . I approached, but they receded and 

appeared to shun me; I became annoyed and persisted, but in vain, 
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in trying to attract their notice. The dreadful truth at length flashed 

upon my mind: it was really no more than an illusion, and that one 

of  the most perfect description. Melancholy forebodings arose. I 

began to wonder fearfully if  I were going mad.22

Psychologists have gathered lots of  evidence that stress and anx-
iety affect the cognitive functions that are essential to wayfinding. 
Much of  it comes from research involving military recruits. In one 
study, Charles Morgan, a forensic psychiatrist at the University of  
New Haven in Connecticut, tested the mental performance of  
pilots and aircrew at the US Navy’s SERE school, near where Gerry 
Largay went missing, as they underwent survival training.

Morgan used a common psychological exercise in which the 
subject is asked to copy a line drawing, known as the Rey Ostereith 
Complex Figure (ROCF), and then reproduce it from memory. The 
ROCF test is a measure of  visuo-spatial processing and working 
memory, both of  which are needed for map-reading, spatial aware-
ness, planning a route and other navigation tasks. He found that 
recruits who completed the exercise while confined in the school’s 
notoriously oppressive mock prisoner-of-war camp performed 
exceptionally poorly. Not only did they have trouble remembering 
the figure, they also copied it piecemeal, segment by segment, an 
approach usually taken by children under ten.23

Morgan calls this ‘seeing the trees rather than the forest’. It is 
how most of  us behave when we’re highly anxious: the big picture 
eludes us as our cognitive map disintegrates. A common problem 
faced by air-ambulance crews is the inability of  those making the 
emergency call to identify where they are or describe their location, 
a cognitive misstep that is almost certainly caused by stress. ‘No 
one gets smarter under stress,’ says Morgan. ‘The question, really, 
is who gets dumb faster.’24

What does our powerful response to being lost tell us about our 
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relationship with space? For one thing, it shows how important it 
is for us to be grounded in physical reality and to have a sense of  
place – however much time we spend in our digital worlds, we still 
need to know where we are. Where we are has a big impact on how 
we feel: places can frighten and excite us, and make us feel safe. 
Cognitive maps are atlases of  feeling as much as geometry: they 
capture emotional as well as spatial information. It can be hard to 
separate the two: people who have been hopelessly lost in a place 
are usually not keen to go back, and they may avoid visiting any-
where that looks similar. The terror they felt has become part of  
the landscape.

–––––

There are many questions you could ask about Gerry’s decision- 
making during her final nineteen days. She had a whistle with her, 
why didn’t she blow it (perhaps she did). She carried a small com-
pass and a section map of  the trail, why didn’t she use them (she 
probably tried). Why didn’t she move once it was clear the search 
teams weren’t seeing her (in staying put she did what any expert 
would have advised). Such questions are hypothetical when you 
consider the state she must have been in. Not only was she irretriev-
ably lost, she was also alone. Only someone with extensive survival 
training would be able to think straight during such stress.

It is hard to imagine a loneliness so abject. ‘You become a child 
clinging to his mother,’ reflected Ed Rosenthal after wandering lost 
and alone in the Mojave Desert for six days in 2010;25 dehydrated 
and exhausted, he could no longer stand by the time a rescue heli-
copter spotted him. Everything is worse when you’re by yourself: 
you are more vulnerable, more scared, less rational. This is why 
hikers and hunters are often advised to ‘buddy up’ before entering 
the woods. Here again, Gerry did the right thing – it wasn’t her 
fault that her friend had to leave.
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Sometimes you can follow advice to the letter and still come 
unstuck, though the basic rules are easy to remember. The explorer 
Freddie Spencer Chapman, who spent three and a half  years behind 
Japanese lines in Malaya during the Second World War organizing 
resistance with Chinese communists, had some excellent advice. 
His basic rule for keeping a sound mind was to consider the jungle 
neither fearsome nor beneficent, and to take what it gave with 
equanimity. In an essay titled ‘On Not Getting Lost’, written ten 
years after the end of  the war, he reflected:

In the Malayan jungle, when I was particularly bored, I used to go 

out and deliberately get lost just to give myself  the excitement and 

practice of  finding my way back to camp. And this was valuable 

training, for when I really was lost – and the Chinese with whom I 

lived had absolutely no idea how to keep direction – I did not get 

in a panic. And that is the greatest secret of  not getting lost. The 

moment you think you are off  the track, stop and work out just 

where you could have gone wrong, and retrace your steps before it 

is too late.26

It sounds easy. For most of  us, it is quite the opposite.

–––––

At 4.30 p.m. on 25 July 2013, the day after George Largay reported 
Gerry missing, Jim Bridge took a call from the Maine Warden 
Service asking him to prepare his dog team and report to the com-
mand post. ‘We spent the next twenty-four days looking for her,’ 
he says. Jim has forty years of  US Navy service behind him and even 
longer in wilderness rescue. Ruggedly built with a seafarer’s white 
beard up to his cheekbones, he looks like the kind of  guy you’d 
want looking for you in a remote mountain forest.

That evening, Jim and his colleagues gathered with dozens of  
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wardens, forest rangers and police officers and started searching in 
the woods either side of  the Redington section of  the Appalachian 
Trail. Over the next few days, hundreds of  trained volunteers from 
the Maine Association of  Search and Rescue joined in. They worked 
the ground in a grid pattern, their lines tracked by GPS so that 
Kevin Adam and his search coordinators could monitor the ground 
they covered. Adam also dispatched helicopters and spotter planes. 
Meanwhile investigators questioned anyone they could find who 
had been on the trail in the days after Gerry disappeared. They 
became convinced that she had made it at least as far as the next 
backcountry shelter at Spaulding Mountain, nine miles on from 
Poplar Ridge. It was a full two weeks before they realized that they 
had been running on false leads: hikers who claimed to have seen 
Gerry near Spaulding Mountain had mistaken her for someone 
else. They shifted the search back down the trail, but they had lost 
vital time.

‘We probably would have found her if  it wasn’t for bad infor
mation,’ says Jim. ‘If  we’d known she’d never made it to Spaulding 
Mountain we would have had only eight miles of  trail to search 
instead of  twenty-three. That probably would have saved her.’ This 
was one of  the hardest searches Jim has been involved with. These 
woods are among the roughest in Maine, thick with fallen debris 
and treacherously steep and uneven. In places you can hardly see 
twenty-five metres ahead of  you. ‘It was incredibly difficult, going 
back and forth,’ he says. He now knows that two and a half  weeks 
after Gerry was reported missing, his dog team passed below the 
ridge where she was camped, perhaps only a hundred yards away. 
‘She would probably have been still alive. That’s the saddest thing.’

Adam and the other wardens found the lack of  evidence puz-
zling – for twenty-six months, Rust’s photograph of  Gerry at Poplar 
Ridge was their only credible lead. Over that time, they followed 
up hundreds of  tip-offs from all over the country, most of  which 
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were fanciful. Various psychics offered their insights: she had been 
taken by bobcats, she had fallen into a deep ravine, she was beside 
a large rock that resembled a chimney. More plausibly, a number of  
hikers on the trail around Redington called in pieces of  discarded 
clothing and equipment that they thought might have belonged to 
her: a baseball cap, a backpack cover, a trekking pole, a whistle. 
Another mentioned a strong smell of  rotting flesh. The wardens 
looked into every claim: none of  them led anywhere.

As the weeks went by and Gerry wasn’t found, the searchers felt 
it personally, as searchers always do. ‘When we look for someone, 
it’s not just anyone, it’s someone we know and have been briefed 
about,’ explains Jim. ‘People care so much.’ Some of  them were 
devastated. Tammy, who works in a food store in the nearby town 
of  Phillips and helped look for Gerry, remembers it being a very 
stressful time for the community. ‘We so wanted to find her. It 
affected the younger guys very much when they didn’t find her, and 
when it became clear she must have passed.’ To leave someone 
unaccounted for in the woods was almost unheard of. ‘We always 
find people,’ Kevin Adam said at the time. ‘Always.’27

–––––

Psychologists who study navigation use sophisticated virtual-reality 
technologies that can test people’s abilities without them having 
to leave their labs. By controlling the many factors that they can’t 
account for in a physical environment, such as landmarks, geom-
etry or the presence of  other people, they can be sure of  what 
they’re measuring. In a virtual world, researchers can change  
the layout of  a maze or the height of  a city skyscraper and mon-
itor precisely how their subjects respond. Experiments using 
virtual reality have led to many insights, such as how sense of  
direction varies with age or how passing through a doorway 
affects spatial memory. But since those who take part are either 
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sitting in front of  a screen or wired up to a headset, these experi
ments can never capture the full, rich experience of  navigating 
in the real world.

Search and rescue experts, like psychologists, spend much of  
their time observing how people behave. Their subjects are lost 
people spontaneously interacting with their surroundings, and 
their experimental setting – the great outdoors – is as real as it gets. 
Unlike experts in labs, rescuers cannot control their environments, 
which makes it difficult to measure behaviour scientifically – though 
it hasn’t stopped some of  them trying.

Since the 1970s, a handful of  researchers working with search 
and rescue teams in the US, Canada, Australia and the UK have 
been collecting data on what people do when they get lost. They 
are most interested in aspects of  behaviour that can easily be meas-
ured, such as how far and for how long someone travels before 
being rescued, the degree to which they stray from their intended 
course, the type of  place they end up in and, crucially, whether or 
not they survive. They’ve found that these tendencies are to some 
extent predictable and that they vary according to a person’s age 
and gender, their mental state, the terrain they are travelling in, 
what they were doing when they got lost and other considerations 
such as whether they are autistic or suffering from dementia. In 
other words, different types of  people get lost in different ways. 
The International Search and Rescue Incident Database, which is 
run by Robert Koester, holds data from more than 145,000 cases, 
though statistics gathered in one country are not necessarily  
relevant in another.28 When someone goes missing, the search 
coordinator can consult this database, or one specific to their region, 
and, providing they know enough about the person, estimate the 
area in which they are most likely to be found or the route they may 
have taken. ‘The idea is to get inside their head, and predict how they 
will behave in the situation they find themselves in,’ says Dave 
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Perkins from the Centre for Search Research, which collates miss-
ing person data in the UK.29

The use of  statistics in search and rescue is based on the under-
standing that people do not wander randomly (except young 
children, who frequently do, as we saw in Chapter 2) – they are 
steered by the landscape, and by their own state of  mind. The fig-
ures show that overall, most lost people who are found alive end 
up in a building or on what rescuers call a ‘travel aid’ – a road, 
track, path or animal trail; that 96 per cent of  missing children are 
found alive compared with 73 per cent of  adults; that autistic chil-
dren, who often go missing after bolting from an uncomfortable 
situation, usually take refuge in some kind of  structure (an out-
building, a shed or even a thick bush), will not answer rescuers’ 
calls and rarely feel a sense of  danger; that people who go out 
foraging tend to be poorly equipped – they’re not anticipating 
being out for long – so are at high risk of  exposure and death if  
caught in bad weather; that hunters in North America are particu-
larly vulnerable because they deliberately go off-trail to follow 
game and can easily lose track of  time and place; and that solo 
male hikers, once lost, travel much further than any other category 
of  lost person – reluctant to hunker down, they just keep on walk-
ing until someone finds them.30

The more that rescuers know about someone, the better they 
can hone their search, but even if  they know nothing they can 
count on certain behaviours that seem intuitive to all humans (and 
many animals) in unfamiliar environments. We are all drawn to 
boundaries, for instance:* the edge of  a field, a forest margin, a 
drainage ditch, a line of  pylons, the shore of  a lake. One of  the first 
people Hill searched for, a depressed man in his eighties, was found 

*  For an explanation for why this is, see the discussion of  boundary cells in the 
brain’s subiculum in Chapter 3.
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between a wood and a meadow. Rescuers will usually scout out 
such areas first, along with buildings, travel aids and any lines of  
least effort. It’s a strategy of  probabilities: once you’ve ticked off 
the most likely places, the chances of  someone being found else-
where increase.

Before rescue teams began using statistics, searches were essen-
tially random. ‘Often the neighbours used to do better,’ says Hill. 
He recalls feeling helpless in July 1986 as more than five thousand 
volunteers, police, firefighters and soldiers searched in vain for a 
nine-year-old boy, Andrew Warburton, who had disappeared in the 
woods near Hill’s home in Nova Scotia. It was the biggest search 
operation in Canada’s history. His body was found on the eighth 
day, nearly two miles from where he was last seen, further than 
anyone had thought possible. Soon afterwards, Hill began digging 
into the research on lost behaviour and conducting his own field 
studies. He thinks that if  they’d known then what they know now, 
the outcome would have been different. Though as the search and 
rescue teams in Maine know too well, no amount of  science can 
make up for a lack of  information.

–––––

Dartmoor National Park in south-west England is loved for its open 
landscapes, peaty bogs and scuttling rivers. From the granite out-
crops, known as ‘tors’, you can see for miles across the moor, with 
scarcely a tree to break the view. But Dartmoor’s wildness is beguil-
ing: when the weather turns, nothing will shield you from the slap 
of  the wind and the dispiriting rain. People get lost here as fre-
quently as in the woods of  North America. Landmarks and 
boundaries are plentiful, but they’re little use if  you don’t recognize 
them or can’t place them on a map, or if  the fog rolls in, in which 
case you may as well be in dense forest.

As you’d expect, Dartmoor has a search and rescue team – in fact 
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it has four, each of  which is responsible for a quarter of  the park’s 368 
square miles. In 2016, an aunt of  mine who lives near the moor intro-
duced me to Andrew Luscombe, a volunteer for the south-eastern 
team, based in Ashburton.31 Andrew, who is known affectionately as 
‘Lugs’ because of  his reputation for carrying heavy gear, is forty-
something, practical, endearingly chatty and old-school. He drives 
a well-used Land Rover Defender, in which his cherished collie, 
Caleb, rides shotgun. He signs off  emails with ‘rush along steady’, 
a vintage salutation. He collects fossils. When it comes to search 
and rescue, however, he is bang up to date. A few minutes after 
meeting me, he was showing me the latest GPS mapping app on 
his phone. He was responsible for equipping the team’s control 
vehicle with all the high-tech paraphernalia a search and rescue unit 
requires: medical kit, casualty bags, climbing gear, radios and digi-
tal mapping software that can show team members’ positions, lock 
on to a lost person’s mobile-phone signal, apply statistics to narrow 
the search area and so on.

In many respects, Lugs is like search and rescue volunteers 
everywhere. He has lived close to Dartmoor all his life. To qualify, 
he had to endure a twelve-month training programme that cul- 
minated in an all-night navigation exercise across the moor using 
map, compass and dead-reckoning skills. He is always on call and 
is unpaid (in his other life, he’s an artist and a building contractor). 
And as you’d expect, there’s a touch of  machismo: he professes his 
favourite place on Dartmoor to be Mount Misery, a notoriously 
exposed bluff: ‘pitch black, fog, heavy sideways rain and barely 
above freezing’. 

‘A mountain rescue team is probably unique in the voluntary 
world,’ says Lugs’ colleague Nigel Ash, a bearded, pipe-smoking 
journalist who splits his time between Dartmoor and Tunis, where 
he edits the Libya Herald. ‘We train weekly to do serious stuff. We 
are all sorts of  people, such as surveyors, hospital porters, jobbing 
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builders, taxmen, project managers, policemen, gardeners, doctors, 
musicians, marine biologists, secretaries, civil servants, HR profes-
sionals, teachers and outdoor instructors. Bar a shared love of  
walking through lonely places, in the normal course of  events, 
there is absolutely nothing that would ever have thrown any of  us 
together.’32

The Ashburton team deals with all kinds of  cases, from disori-
entated hikers, stranded kayakers and dog-walkers caught out by 
the weather to missing marines and teenagers on the annual Ten 
Tors orienteering competition. But the conversation always comes 
round to two especially challenging categories of  lost person that 
together make up half  of  all incidents in the UK: dementia 
patients – there are several care homes on the fringes of  Dartmoor 
– and despondents, who seem drawn to the open spaces and the 
far views.

Despondent people who end up on the moor are rarely physically 
lost, though they may be mentally lost or trying to lose them-
selves. Compared with other missing people, they usually don’t 
travel far (most are found within a mile of  where they were last 
seen), and a significant proportion of  them are found dead by 
their own hand, particularly those who head to water or wood-
land. Knowing something about them will dramatically increase 
the chances of  saving their lives, since they often head to a place 
they know well.

Dementia patients, by contrast, are lost even before they reach 
the moor. Since they tend to move in a straight line, it helps to know 
which direction they started off  in – whether they went left or right 
from their care home, for example. In urban areas they usually join 
a road and follow it wherever it takes them. In rough country, their 
linear bent can lead them into great peril, since they often attempt 
to plunge headlong through whatever lies in their way rather than 
change tack. On two occasions, Lugs and his colleagues have 
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retrieved elderly men from the middle of  gorse thickets: they just 
kept on going until they could go no further.

Dartmoor’s search and rescue volunteers have many skills that 
could save a person’s life. The one that is most rigorously tested and 
reinforced through training is navigation. ‘You have to be able to 
navigate to a very high standard across any terrain and in any 
weather,’ Lugs explains. If  you think you’re good at this, being on 
the moor with the team can be humbling. They walk with all senses 
ticking, like a cat in an unfamiliar garden, constantly checking the 
map and compass, watching the terrain, counting paces (sixty 
makes one hundred metres, give or take). How long have we been 
going? What are we expecting to see? Which way is the ground 
sloping? Does the slope match the contour lines on the map? Lugs 
can visualize the shape of  the land from the map, and when you’re 
that good, fog – a horror scenario for most of  us – can even be 
desirable, since it forces your attention to the two things you know 
you can trust: the ground under your feet and the bearing on your 
compass. Many hikers go wrong when they ignore their compass 
or their calculation of  distance and try to ‘retrofit’ their surround-
ings with where they think they should be on the map. ‘Some make 
the catastrophic error of  thinking that whatever or wherever they 
are looking for isn’t there or they have missed it,’ says Lugs, ‘and in 
that moment they decide it must be “over there” and change direc-
tion and they will be almost immediately lost.’ The bad news for 
them is that no one will have any idea where they went wrong or 
where to start looking.

–––––

The way to find people who have left no obvious clues is to track 
them. But before you can follow their trail you must find it, and 
very few people possess this skill. One of  the best, according to his 
peers in the search and rescue community, is Dwight McCarter, 
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who for twenty-seven years worked as a back-country ranger in 
the Great Smoky Mountains National Park in Tennessee, where he 
still lives.

McCarter is surprisingly hard to find. I spent three days asking 
around in the area before receiving a brief  message to meet him in 
the parking lot of  a supermarket in Townsend, a small town just 
outside the park’s northern boundary. He was easy to spot, partly 
because his car is a rusted yellow hatchback (it has 300,000 miles on 
the clock and, he says, has never failed him). He wore blue jeans, a 
thick blue cardigan and hiking boots tough enough to withstand a 
snake bite. He has a kind, contoured face, and a sing-song voice. 

We sat on a bench looking south towards the Smokies during the 
late afternoon. A catbird sang from a street lamp and McCarter 
called back to it. As we talked, he noted what was going on around 
us: the changing light, insects and birds, people coming and going 
with their bags of  shopping. This is the art of  tracking, he said. 
‘Seeing something that’s out of  place, that doesn’t fit in. Ninety-
nine per cent of  finding someone in the woods is observing.’ 
Tracking is not a statistics game, like traditional search and rescue. 
McCarter is not interested in what other lost people have done; he 
cares only about the person he is following. He tries to get into 
their mind, to second-guess what they will do next. It helps to know 
something about them: whether their left eye or right is dominant, 
for example, for this will determine the direction they will turn 
before a cliff  or a river and whether they will veer clockwise or 
anti-clockwise in the woods (right-eyed people favour the right side, 
he says, left-eyed people the left). 

McCarter learnt many of  his techniques from his part-Cherokee 
grandmother. ‘Indians just don’t get lost,’ he said. ‘They make signs 
for themselves and they know what to look for.’ He has rescued 
twenty-six people in the Great Smoky Mountains, many of  them 
children, sometimes following their signs of  anguished flight for 
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days. The ones he remembers best are the ones who were never 
found, such as six-year-old Dennis Martin, who disappeared with-
out trace from a family picnic on 14 June 1969 and whose body is 
still missing.

I asked McCarter about Gerry Largay. He was silent for a while, 
then he said: ‘She broke a cardinal rule. Never travel alone. Two 
lost people can reason something out, a person alone can’t.’ Gerry 
was from Tennessee, and some of  her friends asked him to go to 
Maine to join the search. For various reasons he didn’t go, but he 
watched from afar. The Appalachian Trail begins a hundred and 
fifty miles or so south of  the Great Smoky Mountains and runs for 
seventy-one miles right through the national park. He has seen 
plenty of  hikers walking it.

In March 1974, McCarter rescued a twenty-six-year-old teacher 
who after taking a shortcut between the trail and another popular 
walking path in the Smokies ended up in dense undergrowth on a 
remote mountain ridge. Exhausted by her climb and disorientated 
by snow, she pitched her tent and started rationing her food and 
water. She stayed there for five days, until McCarter found her. He 
followed her footprints and the trail of  broken branches up the side 
of  the mountain right to her tent. He reckons she made a smart 
decision by hunkering down, and that this probably saved her life.33 
Clearly she was also lucky. Gerry, by all accounts, made the same 
smart decision. She was not so lucky.

–––––

In October 2016, a year after the discovery of  Gerry’s body, I 
obtained the coordinates of  her final camp from the Maine Warden 
Service and set off  into the woods to find it. I wanted to experi-
ence the environment that had so disorientated her and to see 
where she had spent her last three weeks. Everyone I spoke to 
advised me not to, including two instructors from the US Navy 
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SERE school, who appeared as I tried to access the area through 
their territory. ‘Can we help you, sir? Are you lost?’ Not yet. Is it 
easy to get lost here? ‘Yes sir – a hundred per cent. Once you’re off 
the Appalachian Trail, it’s thick forest for a hundred and forty 
miles to the Canadian border.’

I circled back and joined the trail from the other side and fol-
lowed it until I was about half  a mile from her campsite. I stepped 
off  into the forest. Somewhere near here Gerry had done the same. 
I walked eighty paces through mature birch trees and chest-high 
spruce and hemlock, then stopped and looked back. No sign of  the 
trail: the view was pretty much the same in every direction, a bewil-
derment of  trees. Fortunately I had set a compass bearing, and I 
followed it north-west, in the direction of  Gerry’s camp. Soon I was 
struggling through thick brush and across fallen deadwood. The 
bearing took me along the face of  a slope, down to a stream, over 
a small ridge and across another stream, then up a steep bank and 
finally to a plateau where the trees had thinned out a little and there 
was a patchy view of  the sky. I could understand why she might 
have wanted to stay up here, rather than wrestle through the shad-
owy netherworld below.

I came to a clearing, where there was a raised bed of  decaying 
branches and a small wooden cross. This is where Gerry had set her 
tent, and where she had died. The cross was inscribed with mes-
sages from her grandchildren. I stood there awhile. I could hear the 
stream in the ravine and the whistles of  black-capped chickadees, 
and beyond them was an awful solitude.

I put down my backpack with my compass, map and GPS tracker 
and walked into the undergrowth to see what lay beyond. I didn’t 
go far – probably not more than eighty paces – but when I turned 
back I couldn’t see where I’d left my things and wasn’t sure which 
way I was facing. How stupid! I stumbled about, forgetting every
thing I’d learnt. It can’t have taken me more than a minute to get 
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back to the clearing, but in that skip of  time I felt a terror that 
almost stopped me breathing. Nothing can prepare you for it, that 
tumbling into the void. I don’t ever want to feel it again.

The next chapter takes us out of  the wilderness and into the city, 
where it is harder to get lost, though no less terrifying if  you do. 
Some cities are so confusing to get around that you might as well 
be in the thick of  the woods. Urban design has a big influence on 
our psychology: as we’ll discover, a city that is easy to navigate is 
also easy to live in.
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City Sense

Almost half a century ago, the American psychologist 
Stanley Milgram, best known for his ‘electric shock’ experi-

ments that tested people’s readiness to obey orders, moved to Paris 
to conduct an altogether different type of  study. He had always been 
fascinated by how places affect people’s behaviour and had lately 
become interested in ‘mental maps’ – the spatial representations that 
we carry in our heads. He wanted to know how Parisians imagined 
their city, and how closely their virtual maps reflected reality.

Milgram recruited volunteers from all the twenty arrondissements 
of  Paris and asked them to hand-draw a map of  the city, including 
any features or landmarks that came to mind – boulevards, monu-
ments, squares, and so on. The first thing he noticed was how the 
volunteers drew the Seine: most of  them understated its curves. ‘The 
Seine may course a great arc in Paris, almost forming a half  circle, 
but Parisians imagine it a much gentler curve, and some think the 
river a straight line as it flows through the city,’ he reported.1 Aside 
from this piece of  artistic licence, the maps were impressive: rich in 
detail, full of  symbolic imagery and, usually, pretty accurate. Every- 
one included their own secret places, and the overall impression that 
emerged was that Parisians saw their city as ‘intricate, variegated, and 
inexhaustible in its offerings’.2



Forty years later, the environmental psychologist Negin Minaei 
ran a similar experiment in London, though her aim was slightly 
different: she wanted to know whether people’s mental maps are 
affected by their use of  GPS and their mode of  travel. Like Milgram, 
she presented her volunteers with a blank sheet of  paper, and asked 
them to draw London as they perceived it. The study gives a great 
insight into how Londoners understand the geography of  their city, 
which, on this evidence, is none too well. Most people could only 
conjure up a partial or disjointed map; some knew their neighbour-
hood, but not how it connected with the rest of  the city; and a few 
seemed incapable of  any kind of  geographical representation.3

Why such a difference between what Minaei found in London 
and what Milgram found in Paris? Technological change could be 
partly to blame: the maps of  Londoners who used GPS were espe-
cially poor (we’ll return to the effects of  GPS on spatial awareness 
in the final chapter). Scale is also a factor: London’s size makes it 
challenging to navigate without using public transport, and on the 
bus or the Tube you don’t need to pay attention to where you’re 
going. But a lot of  the difference has to do with the way London is 
laid out: compared with Paris and most other large cities, the 
world’s most-visited metropolis is a wayfinder’s nightmare. In 2008, 
a global survey of  navigation habits found that more people lose 
their way in the city than anywhere else in the world. ‘Getting lost 
in London is inevitable,’ it concluded.4

Something about London makes it very difficult to know. Rich 
and varied, it consists of  a web of  villages with distinct layouts that 
refuse to marry up. It has no universal grid system, unlike New York, 
and its streets curve without us realizing. It doesn’t help that the 
Thames, which many Londoners think of  as running straight west–
east from Twickenham to Dartford, in fact resembles the sinuous 
trail of  an ant; after Hammersmith it runs due south, at Westminster 
Bridge due north, and around the Isle of  Dogs it completes a perfect 
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U-bend. ‘It can be mapped, but it can never be fully imagined,’ says 
Peter Ackroyd in his monumental history London: The Biography. ‘It 
must be taken on faith, not on reason.’5 London is hard to know 
because it was never designed; if  a place is hard to know, it is even 
harder to navigate.

In 2005 Transport for London (TfL), the local government body 
that runs the city’s transport system, set about trying to make it 
easier for pedestrians to find their way around. It commissioned the 
consultancy Applied Wayfinding to design a series of  signs that 
included easy-to-read maps and information about distances and 
walking times. There are now nearly two thousand of  them around 
the capital: outside Tube stations, on street corners and at places of  
interest (if  you’ve been to London recently, you’ve probably used 
one). They are orientated to be ‘heads up’, meaning that they face 
the direction you’re facing, so there’s no need to worry about 
north. Cleverly, they contain two maps: a large-scale one with lots 
of  detail and a five-minute walking circle showing how far you can 
get in that time, and a smaller-scale one with a fifteen-minute walk-
ing circle that shows how the immediate vicinity connects with 
surrounding neighbourhoods. It’s a neat trick for helping people 
build up their mental maps: you visualize a place, walk a few streets 
to the next place and visualize that, and so on, until you’ve turned 
on enough lights and the city takes shape in your mind.6 At least, 
that’s the theory.

–––––

In urban design, cities that are easy to visualize are considered ‘legible’ 
(TfL’s pedestrian scheme is called Legible London). A legible city is 
one that is easily read and remembered, and therefore easy to nav-
igate. The idea that a city can, and should, be legible comes from 
the twentieth-century urban planner Kevin Lynch, who was inter-
ested in how people perceive and respond to built environments. In 
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The Image of  the City, a five-year study of  Boston, Jersey City and 
Los Angeles published in 1960, Lynch identified five elements of  
urban design as being essential for city-dwellers to form a clear 
mental picture of  their surroundings: paths (routes of  travel), edges 
(linear boundaries that separate different areas), districts (distinct 
regions within the city), nodes ( junctions or places where people 
gather) and landmarks (hills, large buildings, monuments, trees and 
so on). Without these principles of  organization, he said, a city 
would be illegible and disorientating, with dire consequences for its 
citizens’ quality of  life:

To become completely lost is perhaps a rather rare experience for 
most people in the modern city. We are supported by the pres-
ence of  others and by special wayfinding devices: maps, street 
numbers, route signs, bus placards. But let the mishap of  disori-
entation once occur, and the sense of  anxiety and even terror that 
accompanies it reveals to us how closely it is linked to our sense 
of  balance and well-being. The very word ‘lost’ in our language 
means much more than simple geographical uncertainty; it car-
ries overtones of  utter disaster.7

Lynch published The Image of  the City a decade before John 
O’Keefe and Jonathan Dostrovsky discovered place cells in the brain 
of  a rat, yet it was remarkably prescient of  the work that was to 
come on the neuroscience of  cognitive maps. We now know that 
the spatial neurons that keep us orientated rely on the features that 
Lynch singled out. If  our physical surroundings lack paths, edges, 
nodes and landmarks, our brains find it hard to build a map. We 
need structure: urban chaos is as disruptive to our sense of  place as 
it is to our peace of  mind.

Urban theorists and neuroscientists now have an idea of  the 
kinds of  layout that make a city a favourable or confusing place to 
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live, though unfortunately those who design and build our cities 
don’t seem to pay much attention to academics.8  Connectivity – 
the degree to which streets link to each other – is crucial. If  it takes 
you ages to get somewhere that’s only a short distance away because 
you have to make a lot of  turns, or if  it isn’t clear from the start 
how to get there, your brain will have a hard time joining the dots 
for you.

Barnsbury, in north London, is known for its high connectivity 
and linear layout, which may be one reason it is so highly sought-af-
ter (it also happens to be full of  beautiful houses and well-tended 
squares). The Barbican, a maze-like brutalist residential estate in 
central London, is at the other end of  the connectivity-legibility 
spectrum (though this hasn’t detracted from its iconic status; it is 
just as coveted as Barnsbury). Low connectivity is a big problem in 
many public housing estates: too little flow and too many dead-ends 
can result in no-go areas and a fragmented social life for residents.9

Prominent features are just as important to a city’s legibility as 
its geometry. Familiar landmarks can be reassuring (you really are 
here, they seem to say), though remember that when using them 
as navigation aids, size isn’t everything. The Shard skyscraper at 
London Bridge, the tallest building in the UK, is not that helpful as 
an orientation cue because it’s in the middle of  the city and looks 
similar from every direction. New York City’s Twin Towers, on the 
other hand, formerly the tallest buildings in the world, were ideal 
because they were situated on the southern tip of  Manhattan; 
wherever you were on the island, if  you wanted to go south, all you 
had to do was look up and follow them. This made their loss on 
9/11 all the more disorientating.

It’s a lot easier to build a mental map of  an unfamiliar city if  the 
streets form a grid pattern, which they do in most cities in the US, 
and easier still if  the grid aligns with the cardinal directions or with 
magnetic north. Manhattan is a good example of  this: all its avenues 
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run north-east–south-west and all its streets north-west–south-east. 
Even animals seem to prefer to navigate using grids. A few years 
ago, a group of  scientists interested in spatial behaviour found that 
their lab rats covered more ground when exploring a model of  
Manhattan for twenty minutes than they did when exploring a 
model of  Jerusalem, a city with a notoriously irregular layout.10

Grids offer super-connectivity, but you can have too much of  
that. Manhattan is not as easy to navigate as one might think. The 
problem is sameness: to a visitor, all the intersections look alike. It’s 
all very well having a grid system that aligns with various points of  
the compass, but it doesn’t help much when you emerge from the 
subway and all you can see is a scrum of  pedestrians and four  
perpendicular streets disappearing into the matrix. With no distin-
guishing features to hand, you may as well be deep in a forest 
(though at least in a city you can ask someone for directions). In 
2007, New York’s transport authority placed wayfinding compass 
motifs in the sidewalks outside several subway stations, telling 
pedestrians which street they were on and which street lay a block 
away in each direction. This was an ideal solution, but it was a pilot 
scheme and for some reason was never extended. So New York’s 
urban geography (organized but lacking variety) continues to con-
fuse visitors in the very opposite way to London’s (varied but 
disorganized).

Uniformity and symmetry are the wayfinder’s nemeses: faced 
with two places that look the same, the hippocampus will assume, 
quite reasonably, that they are the same. Yet these two qualities are 
aesthetically appealing, which is why architects and urban designers 
embrace them. Tim Fendley, whose company Applied Wayfinding 
designed Legible London, says architects and planners ‘are still 
designing things that look the same on every street corner, which 
is a recipe for absolutely not having a clue where you are’. He 
points to the system of  walkways and cycle paths that criss-cross 
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beneath the roads in the middle of  Milton Keynes. While it seems 
a good idea in principle, ‘it all looks the same, and you’re under-
ground so you don’t get any distinguishing architecture, and much 
of  the architecture is pretty bland, anyway,’ he says. After his experi
ence trying to make London more legible, how would he design a 
city from scratch? ‘I’d build in character and interest, with all the 
architecture different, and all the entrances clearly marked, and all 
the streets looking different, some of  them curved, some of  them 
tree-lined, so you could navigate by sight.’ In other words, he’d 
build a city that didn’t need a wayfinding system at all.

–––––

Of  London’s many iconic features, few are revered by residents and 
visitors as much as the Tube map. The map’s creator, Harry Beck, 
was an engineering draughtsman, which is why it resembles an 
electrical circuit board. It is not really a map at all, in the traditional 
sense: Beck reasoned that passengers were more interested in 
knowing how to travel between places than in geographical accur
acy, so he straightened curves, magnified the middle, evened out 
the spacing between stations and made all lines run horizontally, 
vertically or at forty-five degrees, in order to make his depiction as 
efficient and easy to read as possible.

The map’s design has changed little since it was introduced in 
1933. It has become emblematic of  the city, and Londoners are pro-
tective of  it. When Maxwell Roberts, a psychologist at the University 
of  Essex, offered TfL an alternative version more representative of  
the reality above ground, an official told him, ‘You should entitle it 
The Devil’s Map. It satanically undermines all that is good, clean, 
pure about Beck’s sacred qabbalistic [sic] map. Seriously, though, I 
think it’s psychologically very disturbing to see London messed 
around in this way.’11 TfL does, in fact, possess a geographically true 
version of  the map, which emerged from the archives in 2014 after 
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a freedom of  information request.12 It looks a mess, of  course, and 
TfL knows very well that Londoners would never accept it.

TfL recently published a pedestrian version of  the Tube map 
that showed average walking times between the stops.13 In many 
cases it takes less time to walk between two adjacent underground 
stations than it does to take the train, and TfL is hoping to persuade 
more people to take to the streets to help relieve the pressure on its 
creaking infrastructure. Its ‘walking map’ has also inadvertently 
flagged up some of  the distortions in Beck’s design: on the Piccadilly 
Line, Covent Garden is almost as close to Holborn on the standard 
map as it is to Leicester Square, yet the walking times show it to be 
twice as far. More blatantly, the outer zones have been squashed to 
make way for the enlarged middle: Highgate, in zone three, looks 
like a quick stroll from East Finchley in Beck’s imagining, yet it 
would take you twenty-three minutes.

No matter. For many residents, the Tube map is London and pro-
vides them with a mental representation of  their hard-to-imagine 
city. It offers something true that shouldn’t be messed around with, 
even though, topographically, it is barely an approximation. In 2009, 
TfL removed the Thames from Beck’s map, its only geographical 
feature, arguing that it was irrelevant to how people used it. A few 
months later, after a huge outcry, they reinstated it – Londoners 
couldn’t bear to see their iconic map without their iconic river, even 
though the Thames as it is currently portrayed is shockingly out of  
kilter with the real thing (at Westminster the map has it running 
west–east, a backstep from Beck’s original). Before we get too car-
ried away, it’s worth remembering that while the Tube map is an 
excellent guide to the Tube, it is best left underground. During the 
development of  Legible London, TfL discovered that 45 per cent of  
people used the Tube map to navigate the streets (presumably in the 
absence of  anything better), an idea that can only end badly.

Traditional city maps may be useful for navigation but they can 
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also be alienating, because they don’t really reflect what it feels like 
to be in a place. As Milgram discovered in Paris and Minaei in 
London, we all have a highly subjective sense of  our surroundings, 
which is shaped as much by individual experience as physical real-
ity. Familiarity distorts our perceptions of  space, and places we 
know well can become magnified in our mind’s eye.14

It is possible to create maps that reflect people’s actual experi-
ence of  a place, rather than just the raw geometry. The creators of  
Legible London have tried this by incorporating 3D drawings of  
prominent buildings on their signs, making it easier for pedestrians 
to understand what they’re looking at. Archie Archambault, a 
graphic designer in New York, has gone a step further with a series 
of  city maps that he thinks resemble people’s mental maps. He calls 
his approach ‘gestural cartography’ – he starts with the primary 
gestures through which a city expresses itself  (a river, the arrange-
ment of  streets, the shape of  the perimeter) and goes from there. 
Stripped of  detail, his maps are deliberately not to scale, and depict 
neighbourhoods as circles of  varying size, giving prominence to 
places that residents feel are important and marginalizing others. If  
you are used to navigating by GPS, Archambault’s creations may 
come across as monstrous distortions: they look like strange crea-
tures with uncanny arrangements of  organs and arteries. Yet 
somehow they deliver a more accurate sense of  place.

Archambault has made maps of  more than sixty cities, as well  
as the Moon and the solar system,15 but until recently he had  
avoided tackling London. ‘I have no idea how to deal with such a 
ridiculously confusing city,’ he told me in 2016. Then he started 
collaborating with Andy Bolton, a Londoner who has designed 
maps for the British Library, TfL, Heathrow Airport and the city of  
Rio de Janeiro. Together they filtered London’s topographical chaos 
down to a few transport lines and dozens of  neighbourhood bub-
bles of  various sizes all contained within a large circle. Archambault 
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and Bolton both say the exercise highlighted the difficulty of  view-
ing London as an organic whole. Struggling to come up with a 
unified design for a city that has never been designed, they even 
considered straightening the Thames, an idea that Bolton quickly 
rejected. London wouldn’t be London without its contorted 
animus.

–––––

Archambault’s maps resonate with the way many of  us experience 
our cities. When we’re not following a satnav, we tend to feel our 
way around our neighbourhoods, favouring routes that we know 
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or like. Researchers who have studied the navigational patterns of  
pedestrians, motorcycle couriers and minicab drivers have noticed 
that they all instinctively choose routes with the minimum number 
of  turns or that deviate as little as possible from the direction in 
which they are heading, because these routes seem shorter, even 
though they may take longer.16 This tactic may reduce cognitive 
load: cities are highly complex environments, and travelling around 
them in as straight a line as possible is a way to keep things simple.

Of  course, pedestrians are free to take whatever routes they like, 
and their walking patterns can be a good indication of  how well a 
city’s infrastructure accommodates the wayfinding needs of  its citi
zens. All settlements contain ‘desire lines’, informal paths that 
emerge when people spot a more efficient line of  travel than the 
one laid out by urban planners. Desire lines are social trails: they 
demonstrate a pattern of  collective consciousness. In On Trails, 
Robert Moor notes that they exist even in the cities of  the world’s 
most repressive regimes – Pyongyang in North Korea, Naypyidaw 
in Myanmar, Ashgabat in Turkmenistan. He describes them as 
‘geographic graffiti’: they represent, he says, ‘the authoritarian fail-
ure to predict our needs and police our desires. In response, planners 
sometimes attempt to impede desire lines by force. But this tactic 
is doomed to failure – hedges will be trampled, signs uprooted, 
fences felled. Wise designers sculpt with desire, not against it.’17

We need desire lines, and any other wayfinding hacks at our 
disposal, to make cities feel more familiar and understandable. The 
spatial system in the brain evolved hundreds of  thousands of  years 
ago to help us make sense of  the world. It is not particularly suited 
to the urban landscape, with its restricted spaces, repetitive archi-
tecture, lack of  visible landmarks and excess of  boundaries. To 
make matters worse, cities can be highly stressful places to live, 
which is always bad for navigation. Colin Ellard, a behavioural neu-
roscientist who researches how urban design affects psychology, 
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has found that while people in traffic-heavy, densely populated 
places like London and Mumbai may report that the chaos doesn’t 
bother them, their stress responses – measured by skin conductivity 
and sweat activity – are ‘off  the charts’. Ellard thinks they’ve simply 
got used to being stressed all the time and have come to expect it. 
The trouble is, he says, ‘your physiological state is the one that 
impacts your health’.18

Cities are more taxing than they seem. Psychiatric disorders such 
as depression and anxiety are 34 per cent more common in urban 
areas, and growing up in one at least doubles the chances of  devel-
oping schizophrenia.19 Urban living actually changes the biology of  
the brain. Noise, hyper-stimulation and the frenetic pace of  life are 
only part of  the reason. A bigger problem is social stress: it can be 
hard to build meaningful relationships in a city, and it’s easy to be 
lonely. Urban planners can help by designing public spaces that 
people want to be in and that encourage social interaction – the 
greener the better, from a public health perspective.20 You’re more 
likely to want to talk to someone when strolling in a park or pedes-
trianized square than waiting to cross a busy intersection. Cities are 
easier to live in if  they’re legible and simple to navigate, as well as 
being a lot gentler on the brain. It also makes life a lot less stressful 
if  you know where you’re going and can enjoy getting there.

–––––

My favourite place to work in London is the London Library in St 
James’s Square. It is unusual among lending libraries in allowing its 
members to roam freely among its stacks, which placed end-to-end 
would stretch for some seventeen miles. The stacks are arranged 
across nine storeys and are separated by identical cast-iron grilles; 
unless you have paid careful attention to the floor plan or are stand-
ing next to a window, it can be hard to tell where in the building 
you are, let alone in which direction you are facing. It is a delightful 
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place to browse, but if  you harbour any navigational insecurities, 
there is really no hope for you here. I usually sit at a desk hidden 
away in the stacks, where most afternoons the silence is punctuated 
by the shuffle of  weary feet as someone in search of  French 
Literature finds themselves once again in Scottish Anthologies, or 
struggles to find the stairs that will usher them to the exit.

Navigating inside an unfamiliar building can be far more chal-
lenging than navigating unfamiliar streets. The view is restricted, 
there are few useful landmarks and routes can involve many turns; 
you are at the mercy of  the designer, and they don’t always oblige. 
An additional problem in multistorey buildings is that the brain 
seems to map vertical space differently to horizontal space, which 
could explain why people are easily confused if  different floors 
don’t resemble each other.21

One of  the most notoriously disorientating public buildings is 
Seattle Central Library, designed by the Dutch architect Rem 
Koolhaas and completed in 2004. It has won multiple awards for its 
architecture, yet its innovative features – elevators that go up but 
not down, a ramp that spirals through the top four floors, a discon-
nect between where you can see and where you can go – make it 
awkward to use. Ruth Dalton, who studies architecture and cogni-
tive science at Northumbria University and has edited a book about 
the library,22 says it manages to thwart all expectations of  how you 
might move around inside a building. This makes it very hard for 
anyone to build a cognitive map of  the whole place, or even a single 
floor. ‘How could such a great building by such an experienced 
architect be so dysfunctional?’ she wonders. She’s not the only one. 
Many members of  the public have shared their confusion in online 
forums:23

From an architectural standpoint, I’m sure it’s super-dooper but 
as far as function, e-gads! 
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I’m still not sure how I would get out if  there was ever a fire, 
even after visiting weekly for almost two years.

I sure as hell wouldn’t want to try and find a book here, but it 
looks cool.

A few days after the library opened, the staff  had to put up tem-
porary signs to help visitors find their way around. Even the 
designers have accepted that all is not well. Bruce Mau, who was 
responsible for the graphics inside, later wrote:

It is not without heart-breaking irony that we acknowledge a 

near-total lack of  legibility . . . While librarians themselves should 

be commended for their improvisational tactics, overall the patrons 

confront a constant meddle, with one organizational layer of  infor-

mation Scotch-taped over another.24

In the language of  urban design, a place is legible if  it is easy to 
make sense of. Places can also be intelligible if  they are well con-
nected to other places, either visually or topographically. An 
intelligible place can tell you a lot about the rest of  the space and 
allow you to think about your route. Supermarkets such as Ikea 
make a virtue of  being unintelligible, allowing them to lead shop-
pers precisely where they want them to go. The whole point of  
mazes is that they are both unintelligible and illegible; cities and 
public buildings should be the very opposite, though always allow-
ing for corners of  mystery and intrigue. Libraries seem to struggle 
on both measures, perhaps because there are only so many ways 
you can stack books. Among the exceptions to this rule is the 
British Library in London, whose reading rooms adjoin a vast 
atrium; you only have to look up to know where you are.

Most hospitals fail badly on intelligibility and legibility, which 
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makes them difficult to navigate – a serious drawback given the 
fragile state of  those who use them. Disorientating surroundings 
can make patients feel more anxious, particularly if  they are elderly 
and have trouble forming cognitive maps: in some hospitals, patients 
are reluctant to leave their wards for fear they won’t be able to find 
their way back. Having to negotiate a warren of  corridors and the-
atres is irksome for doctors too: in a recent survey of  five large 
teaching hospitals in the UK, all the junior doctors interviewed 
reported getting lost while attending an emergency call.25 Everyone 
is stressed in hospitals, so wayfinding is a challenge from the start. 
Hospital workers are expected to be guides, in addition to their 
other duties. A 1990 study of  an American hospital reported that 
medical staff  were spending so long giving visitors directions that 
it was costing $220,000 a year in lost time.26

What can be done, short of  demolishing the offending buildings 
and starting again? Part of  the solution may lie with technology. At 
the Boston’s Children’s Hospital, whose twelve buildings have been 
added incrementally over the last hundred and fifty years, patients 
and staff  can download a wayfinding app that uses Bluetooth bea-
cons to show their real-time location on a digital map. Other 
systems use Wi-Fi to similar effect (GPS doesn’t work well indoors). 
Another option is augmented reality, which can superimpose direc-
tions on a live stream of  a patient’s route. One problem with all 
these innovations is that many hospital patients do not have smart-
phones.

Smartphone navigation systems are also being introduced in 
museums and art galleries, some of  which are as spatially confusing 
as hospitals (though without the added stress). This may be the 
wrong approach: after all, museums and art galleries are not the 
kind of  places where you want to be staring at your phone. There’s 
too much to miss.

Not long ago, I took a tour of  London’s National Gallery in 
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Trafalgar Square with Tim Fendley, who is helping to redesign its 
signage. Every year the gallery welcomes more than six million 
visitors, and on busy days the passages can be knotted with people, 
many of  whom seem unsure where to go. The directors want to 
ease the flow, and encourage people to visit the far-flung rooms. As 
part of  his research, Fendley and his colleagues interviewed visitors 
as they wandered about and asked them to draw a mental map of  
the building, based on their wanderings. Most of  them could place 
the entrance area, the long straight corridor that connects the two 
wings and some of  the most memorable paintings, but not much 
more. Many of  the maps showed either a confusion of  rooms on 
the periphery or large blocks of  ill-defined space, areas that never 
made it into people’s spatial memories or that they had not both-
ered to visit.

We climb the stairs to the central hall and turn into the main 
corridor, which is thronged with browsers and meanderers. ‘When 
people understand where they are, they should feel more confident 
to wander further, to venture into the unused corners,’ muses 
Fendley. ‘That’s what we’re aiming for.’ Being an avid orienteer, he 
has no problem keeping track of  our direction.

We reach the new Sainsbury Wing and turn north, towards 
one of  the unused corners. A couple of  Japanese students are 
studying a colourful floor plan, one of  Fendley’s additions: they 
seem to find what they are looking for. Two rooms further on 
we stop in front of  Rembrandt’s A Bearded Man in a Cap. It is 
easy to sink into this painting – a study of  an old man with life-
worn eyes – and into thousands of  others hanging on these 
walls, and this is part of  what makes wayfinding in art galleries 
such a challenge. You can stay orientated as you walk about, but 
the moment you give your attention to something else, you lose 
your inner compass. Part of  the joy of  looking at art is to allow 
yourself  to get lost in it and to browse haphazardly, and the 
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National Gallery, with its geometrically similar and highly inter-
connected spaces, will happily oblige. The flipside is that 
disorientation makes people anxious, which makes them more 
likely to head to the cafe.

How do you get the balance right? One of  Fendley’s solutions is 
to use the gallery’s most iconic pictures as permanent landmarks 
and to include them on the gallery plans. There are plenty to 
choose from: Sunflowers, The Hay Wain, Venus and Mars, Bathers at 
Asnières. As we head back out towards Trafalgar Square, he shows 
me what he means. Re-joining the central corridor, we turn east, 
and there at the far end, undiminished through at least five sets of  
glass doors, is George Stubbs’ Whistlejacket, his life-size portrait of  
a wild-eyed Arabian thoroughbred rearing up against a plain canvas. 
Under the gaze of  that potent beast – a permanent exhibit in the 
eastern wing – there’s no doubting where we are.

–––––

If  only we could move through a city the way we move through an 
art gallery: slowly, randomly, pondering as we go. In the urban 
utopia of  Fendley’s imagining, where the layout is so intuitive and 
transparent that you never need a map to get around, meandering 
would be the strategy of  choice. As it is, we must make do with 
what architects and planners have left us and work our way through 
the urban forest using whichever mental shortcuts we can summon.

For most of  us, meandering is a leisurely option, but for people 
with dementia it is often a compulsion: they walk, it seems, to con-
firm their existence. The next chapter looks at what happens to our 
perception of  space at the end of  our lives and the devastating 
effects of  Alzheimer’s disease on our orientation. We take our spa-
tial awareness and our ability to navigate for granted – until they 
go wrong.
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	 Am I Here?	

10

Am I Here?

In the beginning we are as lost as it’s possible to be, and there 
is no map. We arrive in the world not knowing anything about 

it, and not even knowing how to know it. Our spatial machinery is 
barely operational – the place cells and grid cells are yet to form – 
and it will be months before we are capable of  going anywhere of  
our own volition. Eventually we strike out and become sophisti-
cated explorers, but in the latter stages of  our lives this can slip from 
our grasp once again, leaving us back where we started, as  
misplaced and map-less as newborns.

Lostness is not an inevitable consequence of  old age (though 
after sixty-five our spatial skills get progressively worse).1 But it is 
an inevitable consequence of  Alzheimer’s disease, the virulent form 
of  dementia that causes neurons throughout the brain to wither 
and fade. Around a third of  people over the age of  eighty-five have 
Alzheimer’s. As yet, there are no treatments.

Alzheimer’s is commonly understood to be a disease of  memory, 
and its effect on memory is certainly catastrophic: sufferers start to 
forget the names of  friends or what they were doing a minute ago 
and end up remembering nothing but the distant past. More  
fundamentally, it is a disease of  orientation, a slow severing of  ties 
with our surroundings. Spatial lapses are among the very first 



symptoms – misplacing keys more often than usual, getting con-
fused on a regular route or finding it impossible to learn a new 
one. Search and rescue teams are accustomed to looking for miss-
ing Alzheimer’s patients. As their illness advances, they inhabit an 
ever-diminishing ‘life space’,2 consciously sticking to familiar routes 
and places, until their confusion makes it difficult for them to go 
beyond their own room. Ultimately, space and time collapse in on 
each other, and it can be common for a sufferer to believe that they 
are living in a place they knew in childhood.

It is hard to imagine how distressing it must be to wake and rec-
ognize nothing. ‘On bad days, there is a fuzziness, similar to the 
way the picture on the telly looks when it starts to break up, making 
it harder to decipher,’ Wendy Mitchell writes in Somebody I Used to 
Know, a memoir of  her own progressing dementia. ‘A fog descends, 
confusion reigns and there is no clarity from the moment I open 
my eyes. Where am I?’3 My grandmother’s constant refrain, at the 
very end of  her life, was ‘Am I here?’, which just about sums it up. 
She wanted to be sure not just of  where she was, but also of  her 
own existence.

–––––

Alzheimer’s provides evidence, if  it was needed, that our ability to 
orientate ourselves and to navigate through space depends on spe-
cific cognitive networks. The disease particularly affects the brain’s 
spatial areas, notably the entorhinal cortex, the retrosplenial cortex 
and the hippocampus, as well as other areas essential to navigation 
such as the prefrontal cortex (active in decision-making) and the  
caudate nucleus (used for learning routes). Its effect on our spatial 
functions is calamitous. Ultimately, it silences the whole orchestra, so 
patients can no longer use an alternative navigation strategy when 
their preferred one fails. They are left, literally, with nowhere to turn.

The deterioration begins in the entorhinal cortex, where the grid 
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cells reside,* often many years before the sufferer is aware that some-
thing is wrong – by the time they exhibit the mildest of  symptoms, 
they will already have lost a third of  these neurons.4 Those naviga-
tional skills that depend on grid cells – keeping track of  direction and 
distance, for example – are the first to fade. In one navigation study, 
people with a heightened genetic risk of  developing Alzheimer’s, 
whose entorhinal cortex had already started to degenerate, actively 
avoided open spaces where they’d have to rely on their grid cells and 
instead stayed close to the edges of  their environment, where they 
could harness the spatial powers of  their hippocampus – the bound-
ary cells and place cells.5 This happens in normal ageing, but a 
great deal earlier in Alzheimer’s.6 Sufferers cannot count on their 
hippocampus for long, though, as the disease soon finds its way 
there. Once it starts to consume the place cells, patients have 
trouble creating cognitive maps of  new places and recalling maps 
of  familiar ones, and as a result they can’t take shortcuts. In due 
course, spatial memory breaks down completely, and the func-
tions that depend on it, from wayfinding to imagining the future, 
become all but impossible.

The discovery that Alzheimer’s, unlike other forms of  dementia, 
disrupts the brain’s spatial system long before the disease takes hold 
has raised the prospect of  using spatial tests to diagnose it. Early 
diagnosis will be crucial as new treatments become available, 
because they are likely to be most effective before the disease has 
spread. Current tests, such as magnetic imaging resonance (MRI) 
brain scans, are not good at detecting it in the initial stages, and 
several researchers think they could do much better by looking at 
how people perform on spatial tasks.

*  Some researchers question whether human spatial cells are the same as  
the grid and place cells found in rats and mice, though there’s little doubt they 
possess many of  the same grid-like and place-like properties.
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At the University of  Cambridge, Dennis Chan is among a group 
of  neuroscientists who have successfully used a spatial memory 
exercise called the Four Mountains Test to identify patients whose 
mild cognitive deficits are caused by Alzheimer’s, rather than by 
some other, less serious brain disorder. Participants get eight sec-
onds to memorize a computer-generated scene showing four hills 
on a rugged plain. This image is then replaced with four similar 
images – the original seen from a different viewpoint, and three 
false matches. The task is to pick out the rotated original. This 
requires an ability to remember the shape and the position of   
the hills and to mentally manipulate the landscape, which is only 
possible with a healthy hippocampus. People with Alzheimer’s, 
even if  they are still fully functional and leading active lives, do not 
perform well on this task.7

Chan’s team is also developing a test for path integration, the 
ability to keep track of  your position as you move, which relies on 
the grid cells in the entorhinal cortex. Since Alzheimer’s starts there 
before it reaches the hippocampus, measuring path integration 
should allow clinicians to diagnose the disease at an even earlier 
stage than by measuring spatial memory.8 Chan calls this region 
‘ground zero in Alzheimer’s disease pathology’. His test uses 
‘immersive’ virtual reality – his subjects wear a mobile headset, 
which allows them to move around a computer-generated world as 
if  it were a real one. Their task is to walk between three cones 
arranged in a triangle. Each cone disappears once they have passed 
it, and when they reach the third cone they must return to where 
they think the first was, without any visual cues to help them.

People with a high risk of  developing Alzheimer’s flunk this test 
spectacularly. ‘They are absolutely awful – way, way worse than 
those without any underlying disease,’ he says. ‘They are really 
guessing [the position of  the first cone] – they have no idea where 
they are.’ Chan’s subjects were in their forties and fifties, but he 
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thinks those with a predisposition to Alzheimer’s may show these 
path integration deficits even earlier.9

A reliable spatial test would allow the diagnosis of  Alzheimer’s 
at least ten years earlier than is currently possible. You might ask, 
given the complete absence of  effective treatments for the disease, 
why anyone would want to know that they are heading for the 
abyss. One reason is that there are things you can do to delay its 
advance, if  you start doing them early enough. Mostly, these are 
things you might do anyway to stay healthy: take regular exercise, 
refrain from smoking, eat a low-cholesterol diet with plenty of  
vegetables and oily fish and little red meat and sugar. What’s good 
for the heart is supposedly good for the brain.

Another approach would be to use your navigation skills as a 
prophylactic, putting away your GPS and orientating yourself  in 
the world around you. This is completely untested as a defence 
against Alzheimer’s yet it is worth considering, since spatial naviga-
tion is driven by the areas of  the brain that show the first signs of  
the disease, and keeping them exercised could arguably give them 
some protection. ‘It’s like physical fitness,’ says neuroscientist 
Veronique Bohbot. ‘If  you don’t do anything, your muscles are 
going to shrink. It’s the same thing in the brain. Use your brain or 
those areas shrink.’

Bohbot and her team at McGill University in Montreal have 
been trying to figure out why some people with the APOE4 gene, 
which is associated with a higher risk of  Alzheimer’s, manage to 
maintain a healthy brain – including a fully functioning hippocam-
pus and entorhinal cortex – well into old age. They’ve noticed that 
one thing that distinguishes them is their navigation strategy: they 
use a spatial approach, relying on their hippocampus and ento
rhinal cortex to build cognitive maps of  their surroundings. By 
contrast, APOE4 carriers with reduced grey matter in their hippo-
campus and entorhinal cortex, many of  whom go on to develop 
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Alzheimer’s, use an egocentric approach, following a pre-learned 
route.10

It is impossible to say whether using a spatial strategy to find 
your way reduces the risk of  disease, or whether those at higher 
risk of  Alzheimer’s use a route-following approach because their 
hippocampus and entorhinal cortex are already compromised. All 
the same, Bohbot highlights evidence that spatial navigation boosts 
the hippocampus (the studies of  London taxi drivers, for example), 
and that having a strong hippocampus is a good thing for general 
cognition.11 She tries to encourage everyone to exercise their spatial 
faculties. ‘It takes time to build a cognitive map. You need curiosity 
and the inclination to explore, rather than just follow what you 
know. It’s cognitively demanding. Some people don’t want to put 
the work in.’ She’s certain that it’s worth the effort, and that we’ll 
appreciate it a few decades down the line.

–––––

Making sense of  the space around us requires a highly sophisticated 
cognitive system; the experience of  Alzheimer’s patients shows that 
without it, we struggle to stay afloat. All diseases of  orientation can 
be crippling for their sufferers. At the same time, studying them can 
teach us a great deal about how our brains keep us orientated.

About ten years ago, Giuseppe Iaria, a neuroscientist at the 
University of  British Columbia, saw a patient who complained of  
constant disorientation. She was incapable of  finding her way any-
where, including, at times, in her own home. Iaria scanned her 
brain and tested her cognitive functions and found her to be com-
pletely normal on all the standard measures – she had no brain 
damage, no problems with memory or visual imagery and no neu-
rological conditions. Unlike Alzheimer’s patients, she showed no 
sign of  disease. Her navigational hardware was intact, but there 
was something very wrong with her software.
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Iaria, who is now at the University of  Calgary, named her con-
dition Developmental Topographical Disorientation (DTD) and 
appealed for other sufferers to come forward. Many have, and the 
majority are women, though he doesn’t know whether they are 
more prone to it or more comfortable admitting to it. He estimates 
that 1–2 per cent of  the population may be affected. He has tested 
hundreds of  people with the condition in his lab, and found a 
familiar pattern: no brain abnormalities or neurological disorders 
and no deficits of  memory, perception or attention, but a profound 
inability to navigate.

While humans vary hugely in their navigational abilities, those 
with DTD are incapable of  making any kind of  mental representa-
tion, or cognitive map, of  their surroundings, even in places they 
have known their whole lives. Some of  them also have prosopagno-
sia, the inability to recognize faces – they are face-blind as well as 
place-blind – though why these two conditions should occur 
together isn’t clear. On top of  everything, many DTD patients have 
to contend with a bizarre illusion in which their world suddenly seems 
to rotate a quarter-turn around them, so that everything to the  
north now lies to the east or west. In Unthinkable: An Extraordinary 
Journey Through the World’s Strangest Brains, Helen Thomson des- 
cribes a woman whose world flips forty-five degrees whenever she 
drives on a curved road or walks along a winding corridor. ‘From 
the outside you would never know there was anything strange 
about the way she sees the world,’ Thomson writes. ‘Yet her moun-
tains can leap from one direction to another; the home she 
recognizes can change in an instant.’12 In the worst afflicted, this 
rotation can happen several times an hour.

People with DTD can get from A to B if  they rehearse a route and 
have precise instructions, but they are unable to cope if  something 
happens that requires the slightest variation in procedure. A short-
cut is literally inconceivable for them. One sufferer, who preferred 
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to remain anonymous, described to me the sorts of  scenarios that 
frequently get her into trouble while driving near her home in 
Washington State: 

If  there’s construction along the route and traffic is being diverted, 

I’m lost. If  a road has been eliminated and now I need to go 

another way, I’m lost. If  I’m asked to stop in mid-drive to run an 

errand, even one that’s along that road, I’m lost. If  I have to stop 

and pull into a side alley to take a phone call, it’s over.13

In this woman’s spatial atlas, there are only blank pages. It is 
especially uncanny because everything else about her cognition is 
normal. Joanne Sheppard, who I contacted via an online forum for 
people with DTD, told me that she had an ‘appalling and embar-
rassing’ sense of  direction but that her memory for non-spatial 
detail is above average. If  she revisits a restaurant with her partner, 
she is able to recall what they ate the last time they were there, 
what they talked about, who served them and the view from her 
seat, but she will have no idea where in the restaurant they sat. She 
can tell you that the sofa in the living room of  her parents’ house, 
where she grew up, is against the wall, yet she can’t say which wall, 
or where it is in relation to the window. In her own home, she 
knows that the bathroom is at the top of  the stairs, but she cannot 
direct you there: ‘Now that I’m talking to you I can’t think which 
door it is! I can picture what the door looks like – I just can’t picture 
where it’s situated off  the landing. I can’t picture the layout of  a 
building in my head or the layout of  a town or anything like that.’

Iaria thinks these spatial malfunctions are at least partly genetic: 
DTD seems to run in families.14 He has noticed that although the 
brains of  sufferers contain no structural damage, the connections 
between their hippocampus and prefrontal cortex are unusually 
poor: it looks as if  these regions, which are essential for navigation, 
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have never learnt to communicate with each other. This tells us a 
lot about how the brain supports navigation: it doesn’t matter how 
accurate the spatial memory of  the hippocampus, how efficient the 
decision-making of  the prefrontal cortex or how well the retro
splenial cortex links our egocentric frame of  reference to the wider 
world – if  they don’t work together as a network, we aren’t going 
anywhere.15

Being perpetually disoriented can have a huge impact on  
people’s lives. ‘Navigation is such a fundamental skill,’ says Iaria. 
‘Anyone who has experienced disorientation for, say, two seconds, 
will tell you how frustrating it is. Imagine going through it for two 
hours every day, or what it feels like to have it your whole life.’ 
DTD can end up shaping a person’s life: it can determine who they 
socialize with (usually friends who live close by), which college they 
go to (a complex campus is out of  the question) and their choice of  
career (in certain offices they wouldn’t even make it to the job 
interview). It is an isolating condition, and many sufferers keep it 
secret for fear of  being ridiculed. In online DTD support groups, 
newcomers appear overjoyed at meeting others who experience the 
world as they do.

Iaria thinks he can help people with DTD improve their orienta-
tion skills. He has developed a virtual-reality navigation game for 
his patients, the aim of  which is to stretch their underdeveloped 
cognitive maps and encourage connectivity in their brains by having 
them learn the layout of  a virtual town. He says, ‘We are basically 
following the same developmental cognitive process that children 
go through when they develop that important skill, which is start-
ing from simple small-scale places and slowly learning locations of  
landmarks in a large-scale surrounding.’

Since DTD is a lifelong condition, most sufferers find ways of  
coping, but all of  them would leap at the chance to be rid of  it. ‘I 
can’t describe the level of  stress I experience just trying to live a 
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normal life without the ability to navigate and get around,’ the 
woman in Washington told me. ‘Everybody else can use their 
energy to accomplish things, while I’m still struggling just to find 
the place. I constantly feel like the novice right out of  college at her 
first day of  work trying to fit in with veteran co-workers who have 
been at the company for decades. Lots of  us have cried over this. 
We’ve missed dates, lost job interviews and messed up various rela-
tionships by being late. I’m not stupid or lazy. I’m not “not trying” 
or failing to concentrate. I just don’t have the compass in my head 
that most people seem to have.’

–––––

People with DTD, for whatever reason, have never had that com-
pass in their head. The tragedy for Alzheimer’s patients is that the 
compass they have always had is now fading, and their map is 
shrinking. Disorientation becomes their default state, leaving them 
lost in places they have always known. Despite this, many of  them 
choose to walk rather than stay where they are. It seems strange 
that, deprived of  map and compass, they would want to confront 
their limited horizons, yet it is not so different to how most of  us 
behave when we’re lost in the wilderness, preferring to push on 
into the unknown instead of  waiting to be rescued. The awful truth 
about dementia is that no one is coming to rescue you. At least 
moving gives you options.

The movements of  Alzheimer’s patients have been much stud-
ied, particularly by the experts who are called out to look for them 
when they go missing. As we saw in Chapter 8, they are known for 
following roads and for sticking relentlessly to a straight line, until 
they can go no further. They do this because their spatial awareness 
has collapsed to a single dimension, suggests Robert Koester, whose 
International Search and Rescue Incident Database started out as 
an inventory of  dementia cases. ‘If  you have severe dementia, 
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you’re always in a place you don’t know. You can’t access long-term 
memories and you can’t generate short-term memories. Your real-
ity is restricted to what you can see. Anything behind you is not an 
option because it no longer exists. So your only option is what’s in 
front of  you, and it tends to drive you in a straight line.’

Wandering has long been seen as part of  the pathology of  
dementia. Doctors, carers and relatives often try to stop patients 
venturing out alone, out of  concern that they will injure them-
selves or won’t remember the way back. ‘When a person without 
dementia goes for a walk, it is called going for a stroll, getting some 
fresh air or exercising,’ anthropologist Megan Graham observed in 
a recent paper. ‘When a person with dementia goes for a walk 
beyond prescribed parameters, it is typically called wandering, 
exit-seeking, or elopement.’16

Yet wandering may not be so much a part of  the disease as a 
therapeutic response to it. Even though dementia, and Alzheimer’s 
in particular, can cause severe disorientation, Graham says the 
desire to walk should be seen as ‘an intention to be alive and to 
grow, rather than as a product of  disease and deterioration’.17 Many 
in the care profession share her view. The Alzheimer’s Society, the 
UK’s biggest dementia support and research charity, considers 
‘wandering’ an unhelpful description because ‘it suggests aimless-
ness, whereas the walking often does have a purpose’.18 The charity 
lists several possible reasons why a person might feel compelled to 
move: they may be continuing the habit of  a lifetime; they may be 
bored, restless or agitated; they may be searching for a place or 
person from their past that they believe to be close by. Or maybe 
they started with a goal in mind, forgot about it and just kept 
going.

It is also possible that they are walking to stay alive. Sat in a chair 
in a room they don’t recognize, with a past they can’t access, it can 
be a struggle for them to know who they are. But when they move 
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they are once again wayfinders, engaging in one of  the oldest 
human endeavours, and anything is possible.

–––––

What happens when someone with dementia is allowed to wander 
at will? A few years ago an enterprising local group in Helmsdale, a 
coastal town in the Scottish Highlands, arranged for several patients 
in their community to wear GPS trackers, giving them a freedom 
they had not had since before their diagnosis. Helmsdale sits between 
the North Sea and a vast area of  gorse and heather-covered wilder-
ness; there are endless opportunities for walking, and for getting lost, 
if  you are so inclined.

The scheme was introduced by Ann Pascoe, an energetic, 
fast-talking South African whose husband Andrew was diagnosed 
with vascular dementia* in 2006, aged fifty-eight. Ann grew up in a 
large, supportive family, and was shocked when she discovered that 
in the UK families of  sufferers are left to cope entirely on their own 
– ‘It was this long, lonely journey that made me determined no one 
should ever have to do this alone,’ she says. With help from the 
Alzheimer’s Society and dementia experts at the University of  
Plymouth, she established a rural support network to ensure that 
Helmsdale, where the old far outnumber the young, was ‘dementia-
friendly’.19

After Andrew was told he had dementia, he asked Ann not to 
stop him from doing all the things he liked to do. The thing he liked 
to do more than anything was to walk into the hills to photograph 
deer, but his illness made this impossible: he lost the ability to 
understand that he could get lost, or to know when he was lost – he 
once took their neighbour’s dog for a walk along the beach and was 

*  Vascular dementia is caused by restricted blood supply to the brain, usually as 
a result of  strokes.
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found eight hours later miles down the coast. So he mostly stayed 
at home, though he watched the hills longingly whenever they 
took the train through the Cairngorms to Edinburgh.

Wearing the GPS tracker changed all that. Andrew felt safe 
going out because he knew that Ann would always find him, and 
Ann could let him go without worrying where he might end up. 
Andrew’s friend and fellow sufferer David, who was so scared of  
getting lost that he had been completely housebound, rediscov-
ered his independence and his quality of  life. Their trackers were 
monitored by an NHS telecare team in England, hundreds of  miles 
away. If  one of  them was reported missing, they could be located 
to within a few metres; if  they realized they were lost, they could 
press a button on their tracker and immediately speak to an oper-
ator, who would either guide them home or alert their carer or the 
local police. The effect on the patients and their families was ‘fan-
tastic’, says Ann.

Unfortunately, the company that supplied the tracking technol-
ogy withdrew its support and the scheme ended in 2017, three years 
after its introduction. Andrew can no longer follow his deer and 
David is back indoors, too afraid to go out. Their life space has 
contracted once more, bounded by an illness that will never let 
them go.

–––––

A cure for Alzheimer’s – for all dementias – could be many decades 
away. In the meantime, the challenge is to make life for those 
afflicted as good as it can be. One way to do that is to design envir
onments that allow them to live as independently as possible and 
to wander without feeling disorientated. In many cases, especially 
for those in the latter stages of  the disease, the most suitable en- 
vironment will be a care home.

Moving to a care home can be a traumatic experience, at a time 
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when you least need it. ‘Think about it,’ says Jan Wiener, a psy-
chologist at Bournemouth University who studies the effects of  
ageing on navigation behaviour. ‘You move from an environment 
you know well, where you may function relatively well, to an unfamil- 
iar place at a time in your life when you have problems learning 
unfamiliar places. Those orientation problems just add to the anxi-
ety you feel after moving out of  a home you’ve lived in for four, five 
or six decades. If  you can’t orientate in your new environment 
you’ll be less active there, and being less active will affect your 
health, and so on and so forth.’

Wiener and his team spend a lot of  time thinking about how 
care homes can be designed to compensate for the declining spatial 
skills of  their residents. Lots of  studies have shown that older 
people, and especially those with dementia, find it difficult to learn 
the layout of  new places: their hippocampi are not what they used 
to be, which means they can no longer retain an accurate cognitive 
map. On the other hand, they can still navigate quite well using an 
‘egocentric’ strategy, remembering a sequence of  turns or which 
way to go at specific landmarks – providing they are distinctive 
enough. 

In 2017, Mary O’Malley, a colleague of  Wiener’s, interviewed 
some of  the residents of  a three-storey retirement home in the 
south of  England to find out what they thought of  their surround-
ings. On the inside it looked like a lot of  other retirement homes: 
a hotel-like arrangement of  communal areas and private rooms. All 
the residents told her they had felt disorientated during their first 
weeks there, mainly because – in the words of  Colin, one of  her 
interviewees – ‘all the corridors are the same. You don’t know 
which one you’re on, or what level you’re on really, until you look 
at the little messages on the side.’20 A glance at the neuroscience 
literature would have told the architects that this kind of  repetition 
is best avoided in buildings, since the brain finds it very difficult to 
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differentiate between identical places, especially if  they’re orien-
tated the same way.21

The residents of  this retirement home cope with this design flaw 
by following door numbers, or by looking out for memorable 
objects: a colourful rug, a shuttered window, a vase of  fresh flow-
ers. (The ‘little messages on the side’ do not help them much, and 
neither do the photographs on the walls, which most residents 
agree are too ‘boring’, ‘impersonal’ or ‘cheap and nasty’ to work as 
navigation aids.) This is how Helen, who lives at the far end of  the 
building, finds her way to the communal areas:

Well, I go out my door here, down the corridor, and then I do it in 

three sections, really. First to the bend, then the next bit, past the 

table with the flowers, and then the third bit takes me to the lift. 

Up in the lift and then it’s easy from there, because you’re right 

outside the lounge and you can see the notices.22

She dances from cue to cue, like a bee hunting for nectar, 
which is not unlike how we all make our journeys when we’re 
not sure of  the route, reaching out for the familiar at every bead 
of  doubt.

–––––

Since the spatial behaviour of  dementia patients is often considered 
pathological, many care homes try to restrict their residents’ move-
ments, out of  concern that they will come to harm. In Blackrock, 
an affluent suburb of  Dublin, the Alzheimer’s Society of  Ireland 
runs a day care and respite centre whose design reflects a very dif-
ferent approach. Instead of  facilitating containment, it makes a 
virtue of  space and encourages residents to use it. Its designer, the 
architect Níall McLaughlin, is not an expert on dementia, but he 
has spent a great deal of  time talking to people with the condition, 
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observing their behaviour and thinking deeply about how they 
engage with their surroundings.

The centre is situated in an eighteenth-century walled garden. 
All its rooms have a garden view, and the communal areas have 
high windows on each side, so the place is full of  natural light and 
feels nothing like an institution. It is designed for wayfaring: if  you 
wander from the central space, whichever way you go you will 
eventually loop back to it. McLaughlin says he wanted to create the 
feeling of  ‘wandering through a continuous present’. Even if  resi-
dents cannot plan where they’re going or remember clearly where 
they’ve just been, they still get a sense of  change, of  the world 
unfolding, as they walk around.23

To McLaughlin’s disappointment, the respite centre is not cur-
rently being used in the way he intended. Concerns over safety and 
litigation mean that residents are not permitted to roam freely, and 
the doors to the garden are kept locked much of  the time. Still, he 
hopes to use the design principles behind the centre, which has won 
several architectural awards, in future care-home projects. His ideas 
are in step with much of  the latest thinking in psychology. The 
movements of  Alzheimer’s patients might look aimless, but they 
are likely full of  purpose. When you don’t completely understand 
the world, it makes sense to search it out, to look for what you 
haven’t found. As Tolkien reminded us in The Lord of  the Rings, ‘not 
all those who wander are lost’.
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Epilogue: The End of  the Road

Modern humans interact with the world in much the 
same way that prehistoric humans did. We may travel further 

and faster, and we have some fabulously clever instruments to help 
us get around, but the manner in which we use our brains to stay 
orientated is not so different. We scout landmarks, attend to our 
surroundings, memorize vistas, build ‘cognitive maps’ and generally 
keep our spatial wits about us, just as the hunter-gatherers of  the 
Pleistocene did. Some of  us are a lot better at this than others, and 
that is the way it has always been.

At least, this was the case until around the year 2000; since 
then, a great deal has changed. Many of  us now delegate all that 
cognitive heavy lifting to GPS-enabled navigation tools, which 
guide us where we want to go without us having to attend to 
anything. Follow the blue dot on your smartphone app or obey 
your satnav’s spoken instructions and you’ll arrive at your destina-
tion without having troubled the place cells in your hippocampus 
or the decision-making circuitry of  your prefrontal cortex. You 
won’t have to know how you got there or remember anything 
about the route you took. For the first time in the history of  
human evolution, we have stopped using many of  the spatial skills 
that have sustained us for tens of  thousands of  years. It’s worth 



taking a look at where that might be leading us, and what we 
might be missing out on.

Let’s start with a simple experiment. Next time you visit a 
museum, a restaurant or a friend’s house in an area you’re unfamil-
iar with, walk there – or at least the final half-mile or so – using your 
phone’s navigation app, following the blue dot wherever it takes 
you. Then, when it’s time to go home, turn off  your phone and try 
wayfinding Stone Age-style back to where you started. If  you’re like 
most people, you’ll find this extremely difficult. Since you weren’t 
paying attention to your surroundings on the outward route, your 
brain had no opportunity to build a cognitive map or log the 
sequence of  turns, and consequently it has nothing to draw on for 
the return journey. For the purposes of  navigation, this isn’t neces-
sarily a problem, providing you always have your phone with you 
and you remember to charge it.

But we lose a great deal by relying on GPS. It turns the world 
into an abstract entity embedded in a digital device. In exchange for 
the absolute certainty of  knowing where we are in space, we sacri-
fice our sense of  place. When we navigate by GPS, we no longer 
need to notice contours and colours, to remember how many inter-
sections we’ve crossed, to pay attention to the shape or character 
of  the landscape or keep track of  our progress through it. We can 
afford to be indifferent, and our detachment makes us ignorant. 
Without a story to tell of  our journey, we cease to be wayfinders.

Over the last decade, dozens of  studies have shown that naviga-
tion apps and satnavs have a detrimental effect on spatial memory.1 
When we follow their instructions, the world just seems to pass us 
by and we remember little about the places we visit. They don’t 
require us to imagine or plan a journey, or even to look up; by con-
trast, using a map obliges us to work out our position from what 
we see.2 The neuroscientist Julia Frankenstein has described build-
ing a cognitive map from the measly spatial information provided 
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by GPS as ‘a bit like trying to get an entire musical piece from a few 
notes’.3 We get a scrap of  melody, at best. 

An impoverished spatial memory has predictable consequences 
for navigation. In Negin Minaei’s study on the mental maps of  
Londoners, which we looked at in Chapter 9, those who used GPS 
devices were spectacularly poor at drawing maps of  the city since 
they had little sense of  how the various neighbourhoods fit togeth-
er.4 GPS is a life-changing technology for people with a terrible 
sense of  direction, but it appears to be making the rest of  us worse 
at navigating when we don’t have the technology to help us.

‘Replacing a cognitive skill with technology is bound to affect the 
brain,’ says the neuroscientist Giuseppe Iaria, who studies people 
with severe disorientation problems. ‘I don’t think anyone working 
in this field would be surprised by that. The brain is so efficient. If  
you’re always walking around with your phone, I’d expect the brain 
to reassign the resources it used to build a representation of  your 
environment to something else. This is not a good or a bad thing 
and I wouldn’t necessarily panic about it. It’s similar to when we 
started using computers and began to lose our letter-writing skills. 
The issue is not the decision to use a phone, it’s being aware of  that 
decision and the effects it may have. If  you really care about being 
able to orient and navigate efficiently, you should know that using 
GPS in a certain way will affect that skill.’

You can get away with being an indifferent navigator in a city or 
on the roads if  you’re happy to let the technology take the strain 
– although we’re all familiar with stories of  people who have fol-
lowed their satnav into the sea or driven several hundred miles to 
the wrong destination. If  the technology fails, you can always ask 
someone the way, or study the road signs. You’re less likely to get 
away with it when you’re off  the beaten track, where navigation 
errors can make life very difficult. The Mountaineering Council of  
Scotland has reported that an increasing number of  walkers and 
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climbers no longer bother to learn basic navigation and map-reading 
skills because they assume their GPS devices will do the job for 
them. If  their batteries run out they are obviously done for, but a 
greater problem is that while GPS will show you where you are and 
indicate a direct route to your destination, it will not read the 
ground for you, and if  you aren’t careful you can find yourself  
striding confidently over a precipice or into a marsh.

–––––

The aesthetic implications of  GPS are potentially as serious as the 
practical ones. We cannot move through the world unaware and 
not be affected by our lack of  knowledge. Memories of  places are 
narratives of  what it felt like to be there, and when we pass through 
oblivious we miss the chance to develop a rich understanding, and 
a rich remembering. There is no ‘unmediated, raw experience of  
the real’, as the cognitive neuroscientist Colin Ellard writes in his 
book Places of  the Heart.5 Head down, eyes on the dot, we also pass 
up the chance of  interacting with other people. Wayfinding is an 
inherently social activity; whether we use a map, a satnav, local 
signs or word of  mouth, we depend on the knowledge of  others.6 
Asking directions is a great way to tap into the culture of  a place, 
but that’s the last thing we’re likely to do when we’re relying on a 
smartphone. ‘Digitally connected, socially disconnected,’ is how one 
research team summed up the effects of  mobile technology on  
real-world reciprocity.7

GPS offers the possibility of  never being lost. Some people find 
the thought appealing, but it may not be quite what they imagine. 
When we live in permanent geographic certainty, we lose some-
thing of  ourselves, some possibility of  growth. As Rebecca Solnit 
writes in A Field Guide to Getting Lost, her meditation on certainty 
and unknowing, ‘Never to get lost is not to live, not to know how 
to get lost brings you to destruction, and somewhere in the terra 
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incognita in between lies a life of  discovery.’8 She goes on to cite 
Henry David Thoreau, whose two years in his cabin at Walden 
Pond was an attempt to live ‘deliberately’ and ‘suck all the marrow 
of  life’. ‘Not till we are lost,’ he said, ‘in other words not till we have 
lost the world, do we begin to find ourselves, and realize where we 
are and the infinite extent of  our relations.’9

We are still some way from a world in which it is impossible to 
be lost. Nevertheless, some people go to great lengths to remain in 
terra incognita, to keep open the possibility of  the infinite. The aim 
of  modern-day flâneurs and psychogeographers is to wander with-
out destination, map or phone. A common approach is ‘algorithmic 
walking’, which involves following a predetermined sequence of  
instructions – left at the first junction, right at the second, left at the 
third and so on – and seeing where it takes them.

There are endless variations on this theme. Robert Macfarlane, 
best known for his reflections on wilderness, recommends placing 
a glass upside down on a street map of  the city where you live, 
drawing around its edge and then going out and walking the circle, 
keeping as close as possible to the curve.10 (A GPS app would never 
suggest you walk a curve.) The psychologist and psychogeographer 
Alexander Bridger, co-founder of  a group of  perambulatory radi-
cals known as the Loiterers Resistance Movement, likes to go one 
better and navigate across town using the map of  a different city. 
This takes some imagination and needless to say will get you lost 
pretty quickly.

Some psychogeographers eschew navigation aids of  any kind. 
Tina Richardson, a leading scholar in the movement, has this advice: 
‘Dump the map in the wheelie bin. Go to the nearest bus stop and 
get on the first bus that comes along. Get off  when you feel you  
are far enough away from home that the area is unfamiliar. Begin 
your walk here.’11 If  this sounds too retrograde, you might consider 
using a ‘serendipity app’ to help you rebel against GPS-determinism 
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and artfully lose yourself  in a city. Once you’ve got your head 
around the idea of  having to download an app to subvert the apps 
that have appropriated your freedom, this can be a fun way to sur-
render to your surroundings. Popular examples include Serendipitor, 
a navigation tool that sends you on unexpected detours, Drift, 
whose aim is to get you lost in familiar places, and Dérive, which 
every three minutes sends you a task designed to nudge you out of  
your habitual routes and encourage random exploration. For exam-
ple: ‘Find something edgy. Walk along it for a bit’, ‘Move a few 
hundred metres towards the nearest body of  water’ or ‘Follow 
someone with a camera until they take a picture.’ The hope is that 
you will find something important when you’re looking for some-
thing else, which is what all wanderers aspire to.

When you’re used to navigational certitude, such playfulness can 
be hard to embrace. In 2011, the computer scientist Ben Kirman 
created GetLostBot, an app which tracks the places you visit and 
sends you directions to different ones if  your movements become 
too predictable.* For instance, if  you eat at the same cafe every 
lunchtime, it will send you directions to an alternative one, without 
telling you where you are going. The idea received extensive press 
coverage and hundreds of  wannabe explorers downloaded it, but 
after a few weeks, Kirman noticed that only a small percentage had 
completed any of  the tasks. It seemed that either they didn’t like 
being reminded of  how repetitive their lives were, or they found it 
too difficult to change. One user complained that the app had told 
him to stop going to church every Sunday and visit a nearby mosque 
instead. He thought it was a result of  a bug in the software.

The problem with many standard navigation apps is that they 
work too well. They make navigation effortless, ensuring that we 
arrive at our destination as if  we’d been teleported there. It would 

*  It is no longer operational.
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certainly improve the experience if  they had some of  the seren
dipity of  Dérive and GetLostBot, or if  they offered a perspective 
beyond the one immediately before us – for example, if  they pre-
sented us with information about landmarks and places, architecture 
and history or the proximity of  nearby sights, or showed us a 
bird’s-eye view to augment our egocentric frame of  reference.12 
That way we’d see more, remember more, feel more – and we’d 
still arrive on time.13

–––––

Some scientists worry that the threat from GPS may be affecting 
our cognitive health at a deeper level than we have previously 
understood, an idea that is not as outlandish as it might sound. We 
already know that people who use a spatial-navigation strategy, 
which involves building a mental map, have more grey matter 
(more neurons or neural connections) in their hippocampal region 
than those who use a more passive, egocentric strategy.14 No sur-
prise there: they are exercising it more. We also know that those 
who have less grey matter in that part of  the brain have a higher 
risk of  developing dementia and other cognitive problems later in 
life – a robust hippocampus goes hand-in-hand with healthy cogni-
tion.15 It doesn’t necessarily follow that using GPS – the ultimate 
passive strategy – all the time and effectively bypassing the  
hippocampus predisposes you to cognitive decline, nor that throw-
ing your smartphone away will protect you from it. No studies have 
tested that, and to do it properly they would need to track people 
for decades. Still, it remains a possibility.

Many of  these findings have come from a lab at the Douglas 
Mental Health Institute at McGill University in Montreal run by 
Veronique Bohbot, the neuroscientist whose work on the APOE4 
gene we looked at in the last chapter. Bohbot has been exploring 
the links between navigation style and cognitive health in order to 
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tackle one of  the most pressing medical challenges of  our age: how 
to reduce people’s chances of  developing dementia. She gives the 
impression when discussing her work that she’s on an urgent mis-
sion, and that overcoming that challenge would avert a great 
tragedy. She may be right, although incredibly, she has had diffi-
culty attracting funding for her research.

Over the last decade, Bohbot has monitored the brain structure, 
neural activity, wayfinding habits and cognitive performance of  
hundreds of  volunteers in various states of  health. While she still 
has many unanswered questions, her studies have convinced her 
that relying on GPS and failing to pay attention to where you are 
going short-circuits the hippocampus, which drives not only navi-
gation and spatial skills but also episodic memory and other 
important cognitive functions. Relying on technology, she says, 
promotes the use of  the automated response strategies that depend 
on the caudate nucleus,16 which encourages people to act like a 
robot. ‘The future of  our species depends on our ability to tran-
scend this robot behaviour.’

As part of  her research, Bohbot has developed a training pro-
gramme to help people boost the performance of  their hippo- 
campus. She recommends paying attention to your surroundings, 
navigating using a spatial strategy and using GPS as infrequently as 
possible (if  you have to use it, try memorizing the route on the 
outward journey and switching the device off  for the return). She 
also advocates mindfulness, exercise and a Mediterranean diet.17 
She acknowledges that learning to build mental maps can be hard 
work, but that it is worth the effort. Other studies have shown that 
spatial navigation exercises, if  done regularly, can help to protect 
the hippocampus against the decline that usually comes with age.18 
Attentive navigation is not the only way to rouse your hippocam-
pus, but it is one of  the most effective.
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–––––

For almost all our evolutionary history, we have dedicated a great 
deal of  our cognitive resources to learning about the space around 
us and how we fit into it. Where am I? Where do I belong? Where 
am I going? How do I get there? These are the raw questions of  
existence and survival. To answer them, our prehistoric ancestors 
developed powerful systems of  memory that enabled them to 
make journeys of  hundreds of  miles in unfamiliar lands. We’ve 
been using these faculties ever since. Are we ready to give them up 
and to pass responsibility for our wayfinding to a technology that 
can do it all for us? It is a question that any of  us with a smartphone 
would do well to consider, because although GPS will deliver us to 
where we want to go, it will not help us answer those crucial exis-
tential questions.

In Song of  the Sky, the mid-twentieth-century aviator Guy 
Murchie describes navigation as ‘a pursuit of  truth’.19 He was con-
cerned with geographic truth, with position and distance travelled: 
in those days of  air sextants, drift meters and meticulous log- 
keeping, navigators needed every scrap of  information to help 
them keep track of  where they had been, so that they could be sure 
of  where they were going. But navigation also reveals other truths, 
if  we engage with it fully: a vivid experience of  place, and the 
knowledge that you are here. These are eternal truths. They matter 
to us as they mattered to the first wayfinders. The journey is still 
important. There is still a world out there to explore, and we need 
to find a way through it.
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