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Introduction

If you’ve read a popular science book before, I imagine that what you’re probably expecting right now is a striking anecdote; a potted story so intriguing and enticing that it sends you plunging down the rabbit hole of the text. If so, I’m going to disappoint you with this:

This morning, I had to drag myself out of my warm bed. Feeling a little anxious, because I had a difficult work call to make at 9am, I staggered down the stairs and into the kitchen. While switching on the kettle, I reached with my other hand for a mug from the shelf. Normally, I eat porridge for breakfast. But I was starving! It would have to be eggs on toast. First, though, coffee. I poured boiling water from the kettle into the cafetière – and, ouch! I really should have been more careful.

As introductory stories go, it really couldn’t be more mundane. But, to borrow from Lewis Carroll, I just did six impossible things before breakfast. Impossible, that is, if you subscribe to a belief that’s so embedded in our culture that it’s taught to every child in primary school, including my own. I’m talking about the dogma that we have five – and only five – senses.

We owe this model to the Greek philosopher, Aristotle. In De Anima (usually translated as ‘On the Soul’), which dates to some time around 335 BC, Aristotle sets out sight, hearing, smell, taste and touch as the senses. Aristotle was concerned with matching sense organs (such as eyes and noses and tongues) with the experiences of seeing, smelling, and so on. As far as he could tell, we had five types of such organ – though he did think the skin was the ‘medium’ of touch, the primary sense organ being ‘something else within’ – and five distinct types of sensory perception. ‘One might be confident that there is not another sense beyond the five,’ he wrote.

This was solid work – for someone who was working more than 2,000 years ago. Aristotle was an outstanding biologist as well as philosopher, but he was of his time. Physiology was in its infancy. The understanding of the brain was basic, to say the least. (Aristotle himself believed that the brain existed to remove heat from the blood.) Centuries of research since have shown that he had a good deal more insight into our senses than our brain. Still, there isn’t a sense scientist around today who would argue that we have five senses – or even close to five.

Perhaps you’re thinking: well, if we do have other senses, but they’re not widely recognised, they can’t be that important – so maybe this book will be like those annoying travel guides that highlight all kinds of little-known but ‘must-see’ sights – when in fact, they’re little-known for good reason.

Let’s go back to that paragraph about the entirely ordinary beginning to my morning. We’ll take a closer look at those everyday events, with an eye to how obscure, or not, the relevant senses might be.

Six impossible things? Here’s what they were:


• I felt warm. That’s because I, like you, have receptors in my skin and inside my body that respond to different temperature ranges. This is called ‘thermoception’ and it has nothing to do with touch.

• I felt anxious. In good part, that was because my brain was processing sensory signals indicating that I was facing a threat. My ability to sense my own heart beat (‘cardiac interoception’) was crucial for this.

• I staggered down the stairs without having to look at my feet, and without falling. I managed that because I have a) a sense of the position of my body parts in space – a kind of limb location or ‘body-mapping’ sense (known properly as ‘proprioception’) – and b) a sense of the direction of gravity and a sense of when I’m moving horizontally (thanks to my vestibular system, deep in my inner ear).

• While switching on the kettle, I also reached for a mug on the shelf. That was thanks to limb-location.

• I was starving … My ability to sense that my stomach was physically ‘empty’ directly fed into my perceptions of hunger.

• When I spilled some boiling water from the kettle onto my hand, it hurt. That’s because I have dedicated damage sensors (‘nociceptors’) in my skin (in fact, not just in my skin). Their signals in response to the scalding led to a perception of pain.



No one would argue that feeling pain, emotion or hunger is obscure. Neither, of course, is the ability to walk down a staircase. Yet all depend on senses that are missing from the Aristotelian framework. And though it is certainly true that startling sense discoveries have been made only in the past decade, some of these ‘novel’ senses are about as new to science as X-rays or pasteurisation.

Yes, I’m arguing in this book that Aristotle’s model is wrong, but fundamentally the same claim could have been made 100 years ago. (In fact, it was – but, as we’ll see in Chapter 6, no one outside academic circles really took it in.)

So how many senses do we have? And why do we still teach our kids that we have five? (‘I have to think about my five senses,’ my eight-year-old told me, when he came home with a writing project for English. ‘Five, Mummy, five!’)

To get at the first question – how many do we have? – it’s helpful to put us in our biological place. Aristotle believed that people were special, made of different stuff to animals and plants. Now, of course, we know better. And we know that the origins of our human senses can be traced all the way back to the beginnings of life itself …

It’s uncertain exactly where we are, or when, or what precisely is emerging from the primordial soup. But some time between about and 4.2 billion years ago, perhaps in hydrothermal vents in the deep ocean floor or in warm, volcanic lakes, the first self-replicating entities appeared on the scene. By at least 3.5 billion years ago, single-celled microbes were making pre-history.1

These early microbes may have been little more than bags of replicating material. But they were bags. They had an inside and an outside. What really distinguished them from inanimate objects was that they could detect and respond to changes in their environment. And it was in their fragile outer membranes – their interface with the wider world – that sensing began.2

Mutations that enabled these microbes to detect welcome or undesirable changes of course improved their survival chances, allowing them to prosper in their own niche, or even to move to a new one. The detection of chemical and mechanical, physical changes came first. Food, toxins and excreta from other microbes are all chemicals, so sensing these was clearly invaluable. Recognising mechanical impact with something else – registering when you’re touching something, or being touched – was critical, too.

Given how fundamentally important they are, it’s no surprise that these early classes of chemicaland contact-sensing have persisted through evolutionary time. Like the bacterium E.coli,3 the pot plant on your desk,4 or your family dog, you too, register physical contact and sense chemicals of interest. Contact, or ‘pressure’, is, in fact, just one of your senses of touch; as we’ll discover, there’s more to it than this. And when it comes to ‘good’ or ‘bad’ chemicals, you can sense these using smell receptors inside your nose and taste receptors on your tongue – though, as we’ll find, in various other parts of your body, too.

Early on, when life was simple, chemical and touch senses were perfectly adequate for survival. But as organisms became more complex, the kinds of questions that they could ask of the wider world as well as of their inner, bodily environment became more complex, too. Questions such as, Where are others like me? Is there food near me? Am I touching something? were soon joined by Where is ‘up’? Where is light? Where am I damaged? When should I take another breath? Am I falling? Where exactly are my limbs, relative to my torso? Are the life forms around me content, or scared? Would it really be a good idea to have sex with him?

As we’ll discover, for all these questions, there is at least one biological route to an answer: a sense. As these new senses emerged in ancestral species, they proved so invaluable that they persisted, while also being refined and expanded, through to the modern day. Like a gelatinous jellyfish drifting through the deep ocean,5 or a rose bush,6 you too can sense gravity. Like a meerkat exposed in open ground in the Kalahari Desert, you can sense the sound-wave signal of a screech of alarm.

To get at what a sense really is, and so how many we might have, it’s helpful to break sensing down into its stages. You – or any other species – first need a ‘sensor’ that is triggered by a specific change. For example, if you were to go outside on a cloudy night just before dawn, at the appearance of the very first photons of light, molecules inside some of the roughly 100 million rod cells in your retina would change shape. Your rod cells are extraordinary light sensors.7

Then, the detection of the change has to be capable of triggering a response. For us humans, that usually means that signals from the sensor must reach the central nervous system; in most cases, they have to get to the brain. To stay with the rod cell example, that molecule shift causes signals to speed along associated neurons through the optic nerve, straight to your brain.

This process of receiving and processing an incoming sensory signal might then lead to a conscious perception. Imagine you’d walked outside not at night but on a sunny afternoon. You might immediately become aware of a blackbird perched on a branch, or the tickle of a breeze on your arm. However, conscious awareness is not an obligatory component of sensing. It’s perfectly possible to sense something – to detect an important change and even mount a response – without ever becoming conscious of it. In fact, as we’ll discover, some of the most fascinating and mind-altering effects of our senses occur either below our conscious radar, or as faint, background murmurings, hard to home in on, and easy to miss – but changing your world all the same.

For Aristotle, the conscious feeling state associated with a sense was important. Sight, hearing, smell, taste and touch all involve starkly different types of conscious perceptions. This is one reason his model has stayed strong for so long. Sure, a four-year-old might say, I know exactly what it’s like to see my brother squirm when I poke him, and of course that’s different to hearing him squeal. And something else about Aristotle’s five senses – their associated organs literally stick out. That same four-year-old can readily link vision to her eyes, hearing to her ears, and so on. This also makes it easy to teach that we have five senses – without making it correct.

Another reason that Aristotle’s model has persisted, despite all the evidence against it, is that, in the West, we have neglected to consider how other cultures view human sensing. For Anlo-Ewe people in southeastern Ghana, for example, the notions of azɔlizɔzɔ (kinaesthesia, a movement sense, which is based on limb location sensing) and  agbagbaɖoɖo (a vestibular sense, to do with balance) are as much part of their everyday understanding of the senses as sight or hearing.8

If Aristotle’s model is so obviously wrong, you might be wondering why scientists don’t tell us how many senses we do have. The reason is a dull one, really: philosophers and scientists are still arguing about how to individuate ‘a’ sense. It is true, unfortunately, that there is no incontestable, logically rational way of delineating our individual senses. This has made it very difficult for a new model to kick out the old one and take its place. But that does not excuse the continued propagation of what we now know to be a misrepresentation. Actually, ‘misrepresentation’ is putting it far too mildly. It is flat-Earth wrong.

It is high time for the academic disputes to be set aside, in favour of a much more scientifically justifiable view of how many senses we truly have. And there are many reasons why we all need this – and why it has to happen now.

To know what it is to be human, we simply have to know what we can sense. We are rightly proud of our thinking prowess. But the core function of even our impressive human brain is to receive, integrate and interpret, and then react to, sensory information.9 In fact, although conscious perceptions are not an inevitable result of all this, there is a compelling argument that consciousness evolved because it can benefit this process.

If we don’t understand our senses, we don’t understand the fundamental way in which we respond to our outer, and our inner, worlds. Sensing evolved a very long time before thinking came on the scene. We still sense first, and think later. And this explains a lot about our preferences – even why sensory metaphors are so compelling. Yes, you could describe an acquaintance as being irascible and unwelcoming, but how much more direct and immediately meaningful it would be to call him ‘spiky’. Likewise, you could declare that a friend’s considerate message really meant a lot to you, but that’s just not as affecting as saying that you felt ‘touched’.

The fact is, our many senses enable so much of our mental and physical experience. Yes, they allow us to get out of bed and descend a staircase. They also enable us to identify friends and avoid danger. To eat what we need and not what we don’t. To grab a book – or an opportunity. To navigate a city. To experience horror and love. To feel that we are located inside a body. Even to feel that we have a distinct ‘self’ at all.

This book will take you on a journey through all of our senses, and the surprising things that they can do for us. It will also become apparent that none of us senses the world in the same way – and these differences can shape our preferences and personalities, relationships, health and careers.

In some cases, the differences are extreme, with impacts to match. Imagine being utterly unaware of your inner bodily state, and unable to feel love or joy. Or being able to sniff Parkinson’s disease in someone else, before symptoms even appear. Imagine being able to spin around for hours on end, without feeling dizzy. Or feeling someone else’s pain so acutely, it’s agonising. Picture yourself so in tune with your body that you could dance the lead role in a ballet – without being able to see. Or watch a friend play ‘Yesterday’ on a guitar, and, though it’s the first time you’ve heard it, immediately play it back.

This is reality for some people. But even for the rest of us, it’s clear that our senses don’t just inform us, they form us. As a science journalist who has spent twenty-five years writing often about psychology, I’ve come back to the senses again and again. It is new research revealing how our behaviour, our relationships, our thoughts and beliefs are affected and even directed by our sensory experiences that I find completely absorbing.

Aristotle couldn’t help but tell a sensory tale fit for his time. The true story is much bigger and bolder, with jaw-dropping twists and surreal surprises. It’s also one that has to be told now in part because our senses are under threat.

Discovering our remarkable sensory repertoire is almost like leaping from a rock pool to a coral reef – only to find that it’s already being bleached. Most of us live in a world that is radically different from the one in which our senses evolved. Modern life is throwing up unprecedented challenges. Your abilities to see, hear, smell are being affected. But ‘new’ senses that we rely on every day are also suffering; before they can even crawl into the limelight, they are fading – with potentially devastating implications for our physical and mental health.

The good news is that there is also an abundance of evidence that we can not only protect our senses to some extent, but also train them to be better. It is possible to enhance a sense without knowing that it exists; babies and young children do it all the time. For you as an adult, though, it’s undeniably helpful to be aware not only of what you have to work with, but just how flexible these senses are. To an extent, you are in control of your own sensory destiny – and, wherever possible in this book, I will describe how to take that control, and so influence practically every aspect of your life. We’ll discover how learning to tune in to and enhance your many senses can improve your sex life and your sporting prowess, your decision-making and your emotional wellbeing, your eating habits and your relationships (and yes, the list goes on …)

The first step is to know what you’ve got. So below, I’ve made a list. Some items may not look like much. But, as I hope I’ve hinted strongly enough already, when it comes to our senses, appearances can be very deceptive indeed.

The human senses 

In popular culture, someone with a ‘sixth sense’ sees dead people, or has some other supernatural perception of the world. To get beyond the documented human senses, it would be more accurate, if less alliteratively snappy, to talk about a ‘spooky’ thirty-third sense …


Sight

1. Sight, thanks to rod cells and also cone cells, which allow perceptions of colour.

2. Sensing light to ascertain the time of day. If all your rod and cone cells were suddenly removed, you’d still detect light, because of this independent sensory system, but you wouldn’t see anything. Still, this is the obvious place to put this one.

Hearing

3. Hearing, thanks to the detection of ‘sound’ waves by the cochlea, in the inner ear.

Smell

4. Smell, for which we have a vast array of different receptors, which together form a single system for sensing ‘smelly’ chemicals. (I know this sounds like a circular argument; all should become clear in Chapter 3.)

Taste

Because we have five different kinds of receptor for detecting five fundamentally different groups of chemicals that affect our ability to survive and thrive, and because these receptors aren’t present only in the mouth and aren’t just for sensing food and drink, Aristotle’s ‘taste’ is better thought of as five related senses. For now, it’s easiest to distinguish them by the taste perceptions that they typically generate. These are:

5. Salt

6. Sweet

7. Bitter

8. Sour

9. Umami (savoury)

Touch

Touch is our ‘contact’ sense – but it’s really a group of three senses, each of which has its own sensors and involves different responses. These are:

10. Pressure

11. Vibration

12. Gentle, slow-moving contact (the sort you get from another person)

Itch (pruriception)

13. Itch. It’s not touch, and it isn’t pain … it’s itch. Or pruriception, as it’s properly called.

Pain (nociception)

We tend to think of pain as being ‘a sense’, but we are capable of registering three distinct types of physical damage or potential damage, each of which can generate distinct pain perceptions. They are:

14. Dangerous temperatures

15. Dangerous chemicals

16. Mechanical damage (pinching, tearing, cutting, slicing)

However, as Chapter 11 explains, there’s also a lot more to pain than these three.

Temperature (thermoception)

17. Coolness

18. Warmth

Why not just have a single ‘temperature sense’? Partly because we have distinct ‘warm’ and ‘cool’ receptors, but also because their signals result in different responses. These can be physical (if you’re feeling too warm you might take off a jumper, for example) or psychological (more on this in Chapter 10).

Body mapping (proprioception)

19. Body mapping, for which we have three classes of receptors, is our essential, intuitive sense of limb location, or where our various body parts are located in space. Descending a staircase, drinking from a champagne glass, playing tennis, walking blindfold across a tightrope … attempting any of these without this sense could be lethal.

Senses for orientation, navigation and balance (the vestibular senses)

20. Head rotation in three dimensions

21. Vertical motion (as in a lift) – and gravity

22. Horizontal motion (as in a car)

If these three sound a little dull, that’s only because they are desperately under-appreciated. Mess with them and you’ll not only risk walking in deadly circles, à la the desperate teens in The Blair Witch Project, but you might find yourself undergoing an out-of-body experience. Whirling dervishes don’t target their vestibular systems for nothing (Chapter 7).

Inner-sensing (interoception)

Some of these senses are vital not just for our ability to stay alive, but to feel emotions (as Chapter 14 reveals).

23. Heart beat

24. Blood pressure

25. Blood carbon dioxide

26. Blood oxygen

27. Lung stretch

28. Cerebrospinal fluid pH 

Gut feelings: hunger and thirst – and waste

29. Plasma osmotic pressure (an indicator of how much precious water is in your body)

30. Stomach fullness

31. Bladder fullness

32. Rectal fullness 

Thirty-two senses … It’s a big leap from five. But each of these senses has its own critical impact on how we live, and – as I hope you’ll come to agree – its own extraordinary story.






Part One

Aristotle’s Five Senses 
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