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Our perception is biased, our attention span is limited, our memory is deceitful. And yet, we have a coherent “world view”. We can thank our brain for this, as it performs “tricks”, mechanisms that enable us to understand the multifaceted, complex world we live in, and to share it with one another.


The brain, which shelters our knowledge, operates through estimates. The outcome is that our knowledge of things and of the world is always relative. The brain creates templates for absolutely everything: our friendships, our romantic relationships, our concept of work, our political opinions… Often unbeknownst to us, the brain tells us stories that help us better navigate through the world. It can completely recreate childhood memories or prepare us for a potential danger to save our skin if this danger proves to be real; it makes us understand that a pile of wax in front of us is actually a melted candle… but it can all the same fool us with an optical illusion or a magic trick, make us fall into the fake news trap, or into “knowledge delusion”. In this journey to the centre of the brain, we will study the mechanisms and methods of this mysterious and extraordinary organ, to discover when, why and how it plays tricks on us and on itself.

















Foreword





Cognitive science is a fairly recent field, currently in full expansion. Some degree of trial and error is therefore inevitable, especially when we take an interest in an organ as complex as the human brain. Throughout this book, we will proceed according to a principle we learnt from Isaac Asimov: the relativity of wrong. Contrary to popular belief, right and wrong are rarely ever absolute, but often rather relative. This is why we will give you the theoretical models that are currently the most reliable, in order to become better acquainted with your brain and to better understand your own self.














Part I How do we see the world?

















1


Do we really, literally see the world with our eyes?







“Like all great travellers, I have seen more than I remember, and remember more than I have seen.”


Benjamin Disraeli, British statesman





We tend to think that we see the world with our eyes and hear it with our ears, which is normal: our perception goes through our senses first. Yet it is first and foremost with our brain that we perceive the world.


The five senses and the brain obviously work together so that human beings can indeed perceive the world. But our eyes, our ears, our tongue and our skin are actually receptors which will transform signals reflected by the outside world (optical, acoustic, olfactory…) into electrical signals. It is these thousands of electrical signals that our brain will process and filter, and which will enable us to mentally reconstruct the world.




The human brain and the world’s ambiguities


Let us analyse an experience each and every one of us has had: an optical illusion. This term is deceitful, because it leads us to think that our eyes are the ones deceiving us. Yet the victim of the illusion is often our brain.


Look at this image:




[image: Illustration]




Without thinking, does the black figure seem to be facing us, or does it have its back to us? Are you above it, or below? You’re hesitating…





Now look at the image below: the individual clearly seems to be facing us, their elbows leant on the barrier, and they’re located above you. And now that you have this image in mind, look at the first version of the image again. The interpretation you make of it will copy the scenario that image (a) led you to see, and now the black figure appears to be facing you at a low-angle shot!




[image: Illustration]




Now let’s go to image (b). Look at it for a few seconds, as you have done for image (a). Then come back to the original image.
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The black figure from the initial image now has its back to you, and you observe it from above.


Here are now all three, placed next to each other:
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By looking at the top or bottom version for a few seconds, you can modify your perception of the central image as much you like.







How do we perceive the world?


Finally, only focus on the original version: now that you know the two versions stemming from it, you can easily change your mental perspective and see the character with their front, then their back to you, from high up, then from low down, without having to watch versions (a) and (b) of the image.


Let us now get into the specificities of this illusion in order to really understand how this image affects the human brain: images (a) and (b) are stable versions of the original image. There is only one way to interpret them. The original image, however, is ambiguous because it carries several ways of being seen – two, to be precise. The central image is therefore a bistable image.


When facing it, our brain doesn’t possess enough information to solve its ambiguity and interpret it one single way. If, however, you stare at one of the two stable versions of the original image – that is to say, image (a) or image (b) – your brain will create a visual preconception and when you look at the bistable image again, you’ll reduce its ambiguity and you’ll either see a person’s front (preconception (a)) or their back (preconception (b)) when looking at the black figure.


The brain has a need to interpret the signals the world sends its way in order to create a coherent and stable representation of the latter. This is called reduction of ambiguity: as soon as it’s denied stability by being presented with ambiguous images (bistable or multistable), the brain proceeds to choose among the various options that reality contains.


This time, imagine that you’re watching the first image (i.e., the bistable image) with a friend. Neither one of you has seen the stable versions of this image. Each one of you will reduce the ambiguity at hand in their own way: the figure seems to have their back to you, while your friend sees it as facing forward. You’re actually both watching the same image, but you’re seeing two different things. If you discuss this together, you won’t come to an agreement, because your perceptions aren’t the same, but each one of you is profoundly convinced they’re seeing the image as it is. You’re even unable to see what the other sees.


A bistable illusion was the talk of the town on social media back in 2015, brilliantly asking if we really share the same world. A Tumblr user named “Swiked” posted the photo of a dress with lace insets, followed by this comment: “Guys please help me – is this dress white and gold, or blue and black? Me and my friends can’t agree and we are freaking the fuck out.” Following this, the image went viral, and the entire world, divided, debated the colour of the dress for several days! If at the time you took part in this debate, you would have likely thought that the half of the world who didn’t see the dress the same colour as you did was wrong. But now you understand that neither one of the two groups was right or wrong: there were simply two ways for the human brain to reduce the ambiguity.


What we learn from these two examples of bistable illusion is that human beings tend to blindly trust their perception, to the point of considering it to be shared by everyone.


When it filters, processes and interprets the stimuli that the world sends back, the brain constructs a generalized vision of the world, ceaselessly making, without noticing it, assumptions on the way the latter works. It constantly works to reduce ambiguity – and not only in cases of bistable illusions – in order to present us with a stable and coherent reality.


There’s a blind spot in our field of vision, which corresponds to the place by which the optical nerve exits the retina towards the brain. We could assume there should be a “hole” in our field of vision where the light isn’t received by the retina. However, in everyday life, our field of vision is whole because we have two eyes. But if we were one-eyed, or if we simply closed one eye, this would be altogether different.


So, close your left eye and watch the cross on the image below with your right eye, keeping your face at the centre of the page throughout. Gradually bring the page closer to your face.




[image: Illustration]




All of a sudden – when the page is about 25 cm away from your eye – the black dot to the right of the cross disappears. This is due to the fact that it is situated on the exact blind spot of your retina, and your brain will reckon that the entire page is blank. And thus it will misrepresent reality.


Now do the same experiment with this image:
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As soon as the black dot falls on your blind spot, the grey bar seems continuous. Your brain sees grey before and after the point: it fills the void with the same thing.







What magic tricks teach us


Magic tricks fascinate us. If they are universal, it’s because they play with our brain’s mechanisms, especially the one we’ve just shed light on: ambiguity reduction.


This is the case, for example, with the coin trick. A magician catches a coin between the thumb and index fingers of their right hand, then slowly places it in their left palm before closing their fist, which they then direct towards you, asking you to blow on it. They open their hand in a theatrical way: the coin has disappeared, like magic! And they don’t stop at that: they will strive to make the coin reappear behind your ear or in your pocket.


In reality, the coin was never placed in their left hand. The magician performed what we call a palming: they behave as though they were placing the coin in their left hand, while they have kept it in their right palm. All this is done very carefully, because the magician isn’t trying to deceive our eyes, but rather our brain and its logical interpretation of objects’ movements. Human beings rely on the brain’s perception of the world: they think they have seen the coin move from one hand to the other, so they won’t understand how it can end up behind their ear.


There is therefore a breach of coherence: something unreal has just happened. This is what we call “magic”.


Our brain, from the moment we are awake, spends its time making assumptions on reality, interpreting it, filling its voids. It does it from our youngest age, unbeknownst to us. The table where we eat, from whichever angle we look at it, whatever light there is in the room, still remains the same table. Similarly, if we place an object in a specific location, we know that it will not move from there. It’s the object permanence principle. It’s thanks to this constant interpretation and reconstruction of reality (unsurprisingly incomplete), that reality itself seems so real, that objects seem to be fixed and unchanging things. This is why we are fooled by the coin trick.


Curious to find out through which psychological mechanisms their tricks managed to fool people, some illusionists have collaborated with neuroscientists. Teller, one of the greatest magicians of our time, has for example contributed to an article in Nature1 in which existing links between magic and human beings’ sense of the world are revealed. Teller begins with a famous magic trick: the cups and balls. The spectator faces three cups and balls which the magician makes disappear or move from one cup to the next “like magic”.


Teller recounts that one day, just before going up on stage, he realized that he’d forgotten his cups and balls at home, and so found himself having to use what he had in his dressing room: transparent cups, and balls he shaped out of paper tissue. While he feared that the public would discover the inner workings of the trick, the spectators were even more impressed than usually. “The eye could see the moves, but the mind could not comprehend them,” he said in an interview for the magazine Wired.2


There’s a famous expression: “We don’t see the world as it is, but rather as we are.” It is a profound truth that the work of cognitive science confirms today: the world constantly reflects a multitude of signals, and we reduce their ambiguity by choosing what we want to see. Thus, little by little, our interpretation of the world shapes us psychologically, culturally and socially.


This doesn’t mean, however, that we can see what we want to see all the time; in other words, that nothing really exists and that we are free to shape our own reality simply by imagining it in our head: in the context of the optical illusion we’ve previously examined, I’m free to see a figure facing forward or with their back to me, but I can’t see this figure as a tree or a banana, for example. Reality exists and it’s intangible, even when we may not know how to understand it without our brain interpreting it first.







Filling the void


The ambiguity of the signals received always puts us in an uncomfortable position of uncertainty. Thus, if our perception is missing an element to get rid of an ambiguity, our brain is going to want to fill that void. Descartes writes in the second of his Meditations: “What do I see from this window, if not hats and coats, which could be covering spectres or automatons merely moving thanks to springs? But I judge that these are real humans, through the sole ability to judge which is in my mind, what I believed I was seeing with my eyes.” The eye doesn’t see human beings under those capes and hats, but the brain restores them. Descartes understood that our brain “filled in the blanks” long before the first findings in cognitive science.


Here is another, amusing example of a “void” filled by the brain. How do you read this sentence: “Th15 is h0w y0u re rdeaing th15 lin3 R1gth n0w”?


You’ve probably read: “This is how you’re reading this line right now.” Your brain has just “recreated” meaning, while really this sentence means nothing. Your brain has put an apparent disorder back in order and has therefore chosen to prioritize its interpretation rather than sticking to the strict reality of what was written. A fine example of our brain’s work: it prefers to give meaning to a block of letters and, by extension, give sense to things and to the world, rather than to linger in vagueness.




[image: ]







Our brain, which filters the myriad of ambiguous information that reality permanently feeds us, construes the world and recreates reality, often unbeknownst to us. In most cases, it’s very useful and even vital. But this can also lead to mistakes that may be harmful to us.


Therefore, we need to shed light on the way our brain proceeds when it plays tricks on us.
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How the brain tells us stories.







“It’s like everyone tells a story about themselves inside their own head. Always. All the time. That story makes you what you are. We build ourselves out of that story.”


Patrick Rothfuss, The Name of the Wind







When blind people think they can see


The brain, by recreating the world, enables us to find coherence within us and with our environment. To achieve this, it sometimes needs to invent things. In the case of some neurological diseases, this ability to invent is pushed to the extreme: we call it confabulation.


Anton Syndrome, also called visual agnosia, reveals exactly how far the brain can go down the path of confabulation. Only twenty-eight cases have been recorded to date, but they are noteworthy. Visual agnosia is a neurological awareness disorder which affects the patient’s vision. Their blindness is located at the cortical level and not the retinal one: the retina absorbs light, but the brain isn’t able to transform these stimuli into images. The patient is “brain blind” but they are completed convinced they see properly.


A case was reported in 2007:3 a six-year-old child who had lost his ability to read and would miss objects when he tried to catch them and often fall down. His parents put him through a visual acuity test: the child was incapable of reading the largest letters from one metre away. He obtained a result under 20/2,000: he was completely blind… while claiming his sight was perfectly accurate. When asked why he had bumped against walls or couldn’t grab objects within his reach, he invented justifications afterwards along the lines of “no, I didn’t hit myself” or “it was a game”.


It’s important to make it clear that someone with visual agnosia does not lie, because lying is an intentional process. Their brain tells them stories, to the extent of making them truly think that their sight is normal.







The brain: singer-songwriter


The brain is made of two hemispheres (left and right), linked by a structure called corpus callosum (or callosal commissure).


Corpus callosotomy was performed on epileptic patients until recently. It is a surgical procedure which consists in partially or fully sectioning the corpus callosum in order to disconnect the left hemisphere from the right hemisphere. This practice was first developed in the 1950s following the work of neuropsychologist and neurophysiologist Roger Sperry, who had discovered, while sectioning the corpus callosum of a monkey, that this had practically no significant impact on its general behaviour.


Contrary to popular belief, we do not have a creative right brain and an analytical left brain, nor do we have an artistic right brain and a mathematical left brain.


Some functions are nonetheless lateralized, in other words, lodged in one of the two hemispheres, but most are bilateral and therefore present in both hemispheres. It is for this reason that, with human beings as it is with monkeys, callosotomy doesn’t really affect brain function.


Language is one of those aforementioned lateralized brain functions and is often located in the left hemisphere (there are “righties” and “lefties” when it comes to language lateralization in the brain). Michael Gazzaniga, who was working on these questions with Sperry, wanted to know if it was possible to only communicate with one half of the brain, without the other half being aware of it. To understand the experiment, it is necessary to know that information received by our left eye is processed in the right hemisphere of the brain, and vice-versa.


Gazzaniga asked two callosotomized patients to cover their left eye (the eye that didn’t have access to the “language” function) and only to look at an image with their right eye, linked to the left hemisphere of the brain. Afterwards he asked them to say what they saw, which they did with no difficulty. Gazzaniga then showed them a new image, and asked them to look at it with their left eye (linked to the right hemisphere of the brain, deprived of language): the patients could not express what they saw. Gazzaniga asked them to draw the image: while they hadn’t been able to verbalize what they had seen, they were capable of making a drawing of it!


Gazzaniga went further by developing a new experimental protocol. As with the previous experiment, he showed images on a screen to a callosotomized patient who had covered his left eye. After having shown him a first image representing a chicken’s foot, Gazzaniga asked the patient to choose which, among several photos, corresponded best to what he’d just seen. The patient pointed to the photo of a chicken with his finger. Gazzaniga asked him why he’d chosen the chicken, to which he instantly replied: “Because the image represented the foot of a chicken.” The experiment was reiterated, this time with the left eye (i.e. the eye which doesn’t have access to the “language” function). The screen no longer showcased a chicken’s foot, but a house covered in snow. Among the photos he was later presented, the patient rightfully singled out a snow shovel. But when he had to explain his choice, things became complicated. He didn’t reply: “Because I’ve just seen a house covered in snow.” Nor did he say that he didn’t know. He said: “Erm, well… the shovel’s to clean the chicken coop!”


Here is an example of extreme confabulation: the callosotomized patient goes as far as making up a reason to justify his choice after the fact and using elements within his reach, in order to keep his own coherence.


To reduce the ambiguity of the world and to create a stable and coherent version of it, the human brain interprets reality and constructs narratives which are at times preposterous, to the point of inventing them if this is needed. It plays an active role in the present perception of the world, which it never ceases to recreate.


What if this capacity to confabulate extended to our memories as well?







Rewriting the past


Memory plays a major role in the elaboration and shaping of our emotions, our beliefs and our convictions. It doesn’t work like a photo or a video camera which would merely record and objectively archive our memories: it actually recreates them.


Try to picture the last time you took public transport. The first thing to point out is that our brain hasn’t been able to store all the information regarding the other travellers: their precise number, age, clothing… Yet you’re not picturing an empty bus or train, nor shapeless and faceless phantom passengers. Try to remember the distinctive traits of these travellers more precisely. Unless a specific detail caught your attention at that very moment, most of the people and clothes you’re now seeing in your mind’s eye have been entirely recreated by your brain, which, in order to do this, resorted to what it believes are the standard physical features or clothing styles of the average traveller. Always eager for a coherent and stable world, our brain completely fabricates recollections, which gives our memory the texture of reality. So how much can our memory be swayed, and when can this malleability prove detrimental?


Until recently, in the United States the eyewitness of a crime could alone tip the outcome of a trial one way or the other, by presenting their recollection of the facts as the sole “piece of evidence”. Innocent people have been imprisoned or sentenced to death for crimes they had never committed because of a witness’s faulty memory. The works of Elizabeth Loftus, one of the most distinguished experts on human memory research, shook the foundations of eyewitness testimony to the ground and changed American courtroom procedures.


Elizabeth Loftus sought to find out how reliable our memories were and if it was possible to manipulate them, or at least to intentionally direct them. In 1974, she ran an experiment on the memory’s reconstruction of an event4 with John C. Palmer. Loftus and Palmer showed the video of a road accident to a panel of 150 students.


A week later, they called them in again and asked them if the car windows had been broken during the collision. The students were split into two groups. Asking the question to the first group, the two researchers used the word “smash”: the car was smashed against the wall. The word planted the seed of a violent collision. With the second group, they used the word “hit”: the car hit the wall, denoting a lower impact. In the video watched by the students, we can clearly see that none of the windows were broken during the accident. And yet the vast majority of the first group asserted that the windows had been broken at the time of the collision. As for the second group, it was the other way around.


By changing a single word in their question, Loftus and Palmer successfully modified the participants’ recollection of the accident. Following this experiment, Loftus wanted to define what she calls the misinformation effect: precision and reliability lost by a subject due to information received a posteriori.


In some countries, such as the US, when a person is the victim of an attack, the police often uses a panel of individuals who look alike, among whom the victim has to identify their attacker. Loftus noticed that the victims almost always chose someone… even in situations where the culprit wasn’t part of the panel: their recollection has been altered by the implicit suggestion that the culprit is necessarily among the men or women presented to them!


Following the publication of Elizabeth Loftus’s research, lawyers and legal experts launched the “Innocence Project” in New York in 1992. For the past thirty years, Innocence Project has brought the cancellation of close to 75 per cent of verdicts given after a line-up or because of an eyewitness, using DNA tests as evidence of the innocence of the people condemned. This is how Kirk Odom was found innocent after twenty-two years behind bars: he had had the misfortune of being identified by one of the victims as guilty of a kidnapping and rape.


Elizabeth Loftus also wondered if there was a way to plant false recollections inside our memory. She looked into repressed childhood memories that resurface in adulthood, often during therapy or psychoanalysis sessions.


Elizabeth Loftus gathered a panel of men and women who had never experienced any trauma linked to abandonment during childhood.6
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