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From Sandra, to my parents, of course
From Sam, to Vita, Becca, Rita, and Dad



Quiz


How Well Do You Know Your Child’s Brain?

1) Which of the following is a good way to get your child to eat his spinach?

a. Cover the spinach in melted cheese

b. Start the meal with a few bites of his pudding

c. Feed him with soy-based formula as an infant

d. All of the above

e. None of the above

2) Which action by a pregnant woman poses the greatest risk to her baby?

a. Having a pint at the pub one evening

b. Fleeing from a hurricane

c. Eating sushi for dinner

d. Flying in an aeroplane

e. Walking three miles

3) What fraction of the calories eaten by a five-year-old go to power her brain?

a. One tenth

b. One quarter

c. One half

d. Two thirds

e. Nearly all

4) How do your child’s genes and his environment interact during development?

a. His genes influence his sensitivity to environmental features

b. His environment influences the expression of his genes

c. His genes influence how you care for him

d. His genes and his environment are inseparably entangled

e. All of the above

5) Which of the following increases a baby’s intelligence?

a. Breast-feeding during infancy

b. Eating fish during pregnancy

c. Listening to Mozart

d. All of the above

e. None of the above

6) If you cover a doll, then remove the drape, what will a baby be most surprised to see?

a. Two dolls

b. A toy car

c. An upside-down doll

d. A stuffed octopus

e. A toad in the hole

7) Which of the following activities is likely to improve a child’s performance at lessons?

a. Studying with a friend

b. Listening to music while studying

c. Taking breaks from revising to play video games

d. All of the above

e. None of the above

8) What kind of dream experience is not yet within the capacity of a three-year-old?

a. Seeing a dog standing around

b. Playing with toys

c. Sleeping in the bath

d. Watching tropical fish

e. Looking at an empty room

9) What accelerates the ability to understand what other people are thinking?

a. Learning a second language

b. Having an older sibling

c. Parents who talk about emotions

d. All of the above

e. None of the above

10) Which of these activities reduces a child’s risk of shortsightedness?

a. Eating fish

b. Playing outside

c. Learning a musical instrument

d. Getting enough sleep

e. Resting her eyes

11) Which categories can an infant distinguish?

a. Male faces from female faces

b. Major chords from dissonant chords

c. The mother’s language from a foreign language

d. All of the above

e. None of the above

12) Which of the following interventions has the largest effect?

a. Ballet lessons improve gender identity

b. Etiquette lessons improve empathy

c. Moral lessons improve behaviour

d. Music lessons improve maths ability

e. Drama lessons improve social adjustment

13) What increases a child’s likelihood of becoming autistic?

a. Being born prematurely

b. Having an unresponsive mother

c. Watching too much TV

d. Receiving vaccinations

e. Having older siblings

14) How does Ritalin improve focus in a child with attention-deficit/hyperactivity disorder?

a. By altering the structure of brain circuits

b. By sedating her slightly

c. By activating the same brain cells as cocaine and amphetamine

d. All of the above

e. None of the above

15) Which of the following activities improves self-control?

a. Pretending to be a firefighter

b. Being breast-fed

c. Watching baby videos

d. Sleeping with parents

e. Having cross-gender friendships

16) Brain imaging can do which of the following?

a. Diagnose behavior disorders

b. Predict reading and maths ability

c. Determine when a criminal is lying

d. All of the above

e. None of the above

17) Which of these experiences is most associated with future reading difficulties?

a. Being deprived of children’s books as a toddler

b. Writing letters backwards at age four

c. Having difficulty identifying spoken sounds

d. Speaking two languages

e. Not hearing enough children’s music early in life

18) Which of the following is most likely to improve a shy child’s future life?

a. Having parents who read science books

b. Playing with toy lorries

c. Growing up in China

d. All of the above

e. None of the above

19) Where did the disciplinary concept of asking a child to take time in the “naughty chair” originate?

a. The rules of organized sport

b. Frustrated parents

c. Computer engineering

d. Military slang

e. Studies of laboratory animals

20) How do children who learn a second language compare with monolingual children?

a. Better at self-control

b. Better at taking the perspective of other people

c. Experience decline in intellectual sharpness later in adulthood

d. All of the above

e. None of the above


Key: 1) d, 2) b, 3) c, 4) e, 5) b, 6) a, 7) c, 8) b, 9) d, 10) b, 11) d, 12) e, 13) a, 14) c, 15) a, 16) e, 17) a, 18) c, 19) e, 20) d





Introduction


The Brain That Builds Itself

[image: image]

Mums and dads ask a lot of questions. My son says video games make him cleverer—is that possible? How essential is it to breastfeed the baby? Is it okay to eat fish during pregnancy? Are vaccines safe for kids? My daughter at nursery school is writing her Rs backwards—is she dyslexic? And why can’t I drag my teenager out of bed?

Call us geeks, but when we hear such concerns, we think about neuroscience. All of these questions involve the brain and how it develops. Childhood is a period of dramatic brain growth and behavioural change, and parents have a front-row seat. If you find this process as fascinating as we do, or if you’re simply looking for some answers, this book is for you.

We cover the entire period from conception through to university—because brain development goes on a lot longer than the first three years, where many other books stop. The growth and maturation of a child’s brain is an intricate process taking decades, in which the brain grows and adapts to the surrounding world. The job won’t be entirely finished until your child is at university. So whether your child is an infant, a toddler, or a teen, read on.

Between us, we have over forty years of experience as neuroscientists. Sandra started in the laboratory doing research on brain development and plasticity* and went on to edit one of the leading journals in neuroscience. She has read thousands of papers, many of them reporting pioneering discoveries. Her critical eye comes from having a view of the field that is both broad and deep. She knows when a result is sound and when it is fishy.

Sam is a professor and researcher at Princeton University. He has been publishing original research and teaching students for over twenty years. His own research concerns how the brain processes information and learns—and how this process can go wrong in early life.

Sam is also a dad. Before his daughter came along, he used to talk about what we called cocktail party neuroscience. Life changed for him, so now it’s playgroup neuroscience. At these gatherings, parents and teachers ask lots of fun questions, but sometimes he’s noticed a touch of anxiety as well.

Your questions sent us to the library. Together we scoured the technical literature, studying many hundreds of papers in neuroscience, psychology, medicine, and epidemiology. We synthesized this vast literature into our best interpretation of what is known about children’s brains. This book is the result of all that research. In it, we explain the science, debunk myths, and include practical tips for you as parents.

Here’s our first instruction: take a deep breath and relax. Really. The things you’re fretting over are much smaller factors in your child’s well-being than you might imagine. Many modern parents believe that children’s personality and adult behaviour are shaped mainly by parenting—but research paints a very different picture.

*Bold terms are defined in the glossary. See pp. 267–273.

Here’s our first instruction: take a deep breath and relax. Really.

There is a simple way to summarize much of the research on the neuroscience of child development: children grow like dandelions. In Sweden, the term maskrosbarn (dandelion child) is used to describe children who seem to flourish regardless of their circumstances. Psychological studies suggest that such children are relatively common (at least when raised by “good enough” parents who do not abuse or neglect them). From an evolutionary perspective, this makes sense; children who can make do with whatever time and attention their parents can spare are more likely to survive and pass along their genes under tough conditions. For many brain functions, from temperament to language to intelligence, the vast majority of children are dandelions.

The developing brain has been shaped by thousands of generations of evolution to become the most sophisticated information-processing machine on Earth. And, even more amazingly, it builds itself. For instance, you do not need to teach your children to notice—and eventually produce—human speech. Your baby son or daughter knows, very early on, that the noises you make have more meaning than other sounds. So even if you never give your children a speech lesson, they are highly unlikely to start imitating the air-conditioning or the family cat. At least not convincingly.

Children are not passive recipients of parenting or schooling, but active participants in every aspect of their own development. From birth, their brains are prepared to seek out and make use of experiences that suit their individual needs and preferences. For this reason, brain development requires no special equipment or training, and most children find a way to grow in whatever conditions the world has to offer them.

If children are so adaptable and shrewd, why can’t they start using their brains for high-powered activities right away? In large part it’s because the development process tunes each individual’s brain to the characteristics of a particular environment. This is one reason that people can live successfully all over the world. Genes provide the blueprints for your child’s individuality, but the plans are certain to be modified during construction depending on local conditions—not only your actions as parents, but also your child’s culture, neighbourhood, teachers, and peers. This matching process is automatic, with some support from you along the way. All this leads us to the major theme of this book: your child’s brain raises itself.

In a few circumstances, extra help is necessary. Things can go wrong if the genetic programme has a flaw or if environmental conditions are very difficult, as happens in poverty or war. Modern life has also created some new challenges. Brain development can run into trouble when our modified environment fails to play nicely with our ancient genetic heritage. For these cases, we tell you how to give your child that extra boost.

We organized the book around seven scientific principles that will help you understand how your child’s brain grows and changes along the path to adulthood.

• Part 1, Meet Your Child’s Brain. This section is an introduction to your child’s brain and how it works. In particular, we talk about how innate predispositions for interacting with the outside world initiate a two-way conversation between genes and environment that shapes neural development throughout childhood.

• Part 2, Growing Through a Stage. The brain goes through periods when it builds upon earlier foundations and is exceptionally sensitive to certain types of information. This section describes the experiences that your child’s brain uses to shape the development of sleeping, walking, and talking.

• Part 3, Start Making Sense. Much of neural development relies on experiences that are easily available to almost any child. As parents, you get a free ride on this process; simply sit back and watch your child’s senses tune themselves to the world.

• Part 4, The Serious Business of Play. One of the major ways that children adapt to their circumstances is through play. From pre-school days through to adolescence, play is practice for adult life and helps to develop some of the brain’s most important functions.

• Part 5, Your Child as an Individual. Distinctive features of the genetic programme make your baby a unique person from the start. Here we explain how your child’s individual emotional and social characteristics grow and respond to the surrounding world.

• Part 6, Your Child’s Brain at School. Most of the evolutionary history of our species happened before there were books, violins, or the calculus—not to mention Facebook. We tell you how the flexibility of your child’s brain allows her to handle abstract concepts that our ancestors never imagined.

• Part 7, Bumps along the Road. All environments present challenges to the developing brain. Most children can get what they need to grow, like dandelions, but a few are more delicate flowers needing extra care or attention. We explore what you can do to help your child if anything goes wrong.

Feel free to dip in anywhere that interests you. As you can see, we have a lot of ground to cover, so let’s get started.



PART ONE


MEET YOUR CHILD’S BRAIN
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The Five Hidden Talents of Your Baby’s Brain

In the Beginning: Prenatal Development

Baby, You Were Born to Learn

Beyond Nature Versus Nurture



Chapter 1


The Five Hidden Talents of Your Baby’s Brain
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Your baby is cleverer than he or she lets on. For generations, the slow development of motor systems led psychologists to believe that babies had very simple mental lives. In a baby who has not worked out how to walk or talk, mental capacities cannot be measured by approaches used to test grown-ups. But in the past few decades, scientists have found better ways of getting information from infants. With these new tools, researchers have shown that babies’ minds are very complex right out of the box—as many parents suspected all along.

All brains, young and old, have certain broad talents that help their owners to navigate life successfully. If you look closely, you can already see many of these talents in your infant. Although babies lack knowledge, they are born with certain tendencies that influence how they organize incoming information and respond to it. They are predisposed to seek out experiences that will help adapt their growing brains to their particular environment. Or, to put it more simply, your child’s brain naturally knows how to get what it needs from the world. For this reason, most brain development requires only a “good enough” environment (more on that later), which includes a reasonably competent (though not perfect) caretaker.

What do babies know and when do they know it? They can’t tell us in words, but researchers can still ask babies questions and obtain sophisticated answers about their cognitive abilities. A few simple, nonverbal ways of looking into the minds of infants and even newborns have revolutionized developmental psychologists’ ability to tell what young babies think and feel.

Your infant isn’t good at controlling most of her body, but she can suck on a nipple immediately at birth. Not long after that, she can turn her head and eyes to look at an interesting object or event. These two abilities can be used to find out what catches her attention. For example, if your infant likes an event that happened while she was sucking and wants it to happen again, she will suck more vigorously. Your newborn will suck harder when she hears a recording of her mother speaking, but less so when she hears another woman. This is how we know that, from birth, infants recognize Mum’s voice.

Like adults, babies get bored. After your baby has looked at something for a while, he will turn away and look at something more interesting. Researchers can observe how long a baby looks at a particular scene. If the scene contains something surprising to the baby, he will look longer.

This response allows us to find out whether a baby can tell the difference between two things. For example, if you show your baby a series of pictures of cats, the appearance of a dog will attract a long look. This means that babies can distinguish cats from dogs—a feat that is extremely difficult to program into a computer.

Simple tools like these enabled researchers to identify five brain talents that infants already have well before their first birthday.

The first talent: babies can detect how common or rare particular events are. For example, a first step in learning a language is working out which syllables go together to form a word. Yet when speaking, people tend not to pause between words. One way to learn words is to determine which syllables are likely to occur together. For example, when your baby hears the words the baby being spoken, how can she tell that it’s the English word the followed by baby, and not the made-up word theba and then by? One clue is that baby is a far more common pairing of sounds than theba.

A well-designed experiment showed that in general, babies really do think this way. Researchers generated four nonsense words, such as bidaku, each composed of three syllables. They then presented these nonsense words to eight-month-old babies in varying order, without pauses between the words. Once the babies were familiar with these new words, the researchers then presented either one of the nonsense words or a new one composed from the original syllables (like kudabi). They let the babies control how long the words were played by looking in the direction of the speaker. The researchers found that babies listened significantly longer to the new words, even though the component syllables were the same. Since the babies had already heard all the syllables individually, the researchers concluded that they must have become familiar with the original groupings. This ability to detect the probability of events, shared by many animals, is a key component of learning. It provides the basis for answering important questions like “Where am I most likely to find food now?”

The second talent: babies use coincidences to draw conclusions about cause and effect. After language develops, two-and-a-half-year-old children can make explicit causal statements such as “He went to the fridge because he was hungry”. But well before this, babies appear to be able to detect such relationships.

In one experiment, a mobile was hung over the cot of three-month-old babies and attached to one leg by a ribbon. When a baby kicked, the mobile would move. The babies were fascinated by this new toy. They smiled more and looked at the mobile more than they did when a similar mobile was out of their control. After just a few minutes of training, they kicked more. Three days later, they still kicked when they saw the first mobile (but not a different one), even when the ribbon was no longer tied to their legs. Since the kicking was a specific response intended to get the mobile to move, these babies seem to be learning an elementary form of cause and effect. Using events that occur together to determine possible underlying causes is a key part of our ability to learn how the world works.

The third talent: babies distinguish objects from agents and treat them very differently. Infants—like all other people—understand that objects are cohesive (all the parts of the object stick together), solid (something else can’t go through an object), and continuous (all the parts of an object are connected to other parts), and that they only move when something touches them. For many years, it was accepted that infants under eighteen months did not understand object permanence, the idea that objects continue to exist even when you can’t see them. This bit of popular wisdom, originally disseminated by the pioneering psychologist Jean Piaget, was recently challenged by researchers who found better ways to test infants.

Babies can distinguish cats from dogs—a feat that is extremely difficult to program into a computer.

Well before their first birthday, infants look longer if an object fails to be cohesive, solid, continuous, or permanent. In one experiment, five-month-old babies saw a car roll down a track whose middle section was hidden behind a screen. When a boxlike obstruction was then placed on the track behind the screen, five-month-old babies appeared to expect it to stop the car. How do we know this? When researchers secretly removed the obstruction through a trapdoor, and the car continued to roll down the track successfully, the babies looked longer at the screen, suggesting that they were surprised that the box was not solid. When evaluated in this way, babies as young as three and a half months show that they can think about objects that are out of view behind other objects.

Babies also recognize agents, beings that have intentions and goals and can move on their own. Hands, for instance, always belong to agents. If six-month-old babies see a hand reaching for one of two objects, they seem to understand that the person wants that particular object. When the location of the objects is then reversed, the babies look longer if the hand reaches for the same location (but a different object) on the second try. If instead a stick pokes the object, babies don’t act surprised when the stick fails to follow the object to a new location, because a stick is not expected to act like a conscious agent.


MYTH: IF ANYTHING GOES WRONG, MUM IS TO BLAME
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Sigmund Freud has a lot to answer for. His ideas were speculative and eventually discredited by further research, but they have left deep impressions on our culture. One of the most pervasive ideas is that a baby’s relationship with his or her mother serves as a model for all later relationships in life. This idea has led many people to conclude that a mother’s behaviour has an incredibly strong influence on what kind of a person her child will later become. From this belief, a culture has arisen in which utter strangers feel a moral obligation to intervene if they see a pregnant woman having a sip of wine or a mother shouting at her young son on the High Street. In the past, psychiatrists even blamed mothers for their children’s autism or schizophrenia—both developmental disorders that are largely due to genetic mutations.

It’s time to relax. Now that you know that children actively participate in their own development, it should be clear that parents do not need to be perfect. We don’t recommend shouting, but that’s mostly because it’s an ineffective way to modify your child’s behaviour (see chapter 29), not because your occasional foul mood is likely to do any serious, lasting damage to his psyche. Anyway, child-rearing style has much less influence on personality than most of us believe. We’d like to see parents enjoying their children more, rather than fretting over every aspect of their growth. That approach would be just as effective in producing healthy adults—and much more fun for everyone.



Like adults, babies are willing to attribute agency to things that are not really alive. When watching a film of a circle that seems to be chasing another circle, one-year-old babies look longer if the first circle moves away from the second circle than they do if the first circle moves straight towards its presumed target.

The fourth talent: babies organize information into categories and people into groups. When infants as young as three months see a series of male faces, they spend less time looking at each new face, presumably because they’re bored with looking at men. When a female face then appears, they look longer. This is true even if the hair is not visible, so the babies seem to be using facial features, not hairstyles, to distinguish men from women. These categories are relevant for babies’ everyday lives. Most babies prefer looking at female faces to looking at male faces—except when their primary carer is male, in which case they are able to muster a slight preference for men.

Some broad categories like animals and furniture can be found very early in life; others are learned later. The boundaries of many categories, from the sounds of language to face perception, are shaped by experience to match your child’s local environment. But no one ever has to teach babies that categorizing things is a good strategy; it’s built into their brains. This ability provides a primitive basis for adult categorization, which makes it possible to think sensibly about newly encountered objects and people. It is also the root of stereotyping and prejudice, as we will see in chapter 20.

The fifth talent: babies select relevant information for attention while discarding most of what goes on around them. As you may have noticed, babies are much less selective than adults about what captures their attention, but they still have distinct, automatic biases. From an early age, babies focus a great deal on human voices, faces, and moving things. Babies start showing this preference for faces at thirty minutes after birth, and for human voices two days later. After three months, they notice objects that look distinctly different from surrounding objects, such as a red circle in a field of black circles.

Very early on, carers begin to influence the direction of a baby’s attention. Babies start to follow an adult’s gaze as early as four months. By twelve months they can point and direct their attention where someone else is pointing. At all ages, paying attention greatly increases the brain’s ability to learn about specific things. In computer models of brain function, innate biases in what information is given priority can provide a powerful mechanism for directing the learning of particular tasks. Babies’ innate interest in voices, for example, helps them to learn about language. All of these talents help babies’ brains develop like dandelions, requiring only the everyday types of stimulation that adults give normally—and instinctively.

In adults, these five talents are fundamental to the way our brains work. Indeed, in most of us these talents are inclined to be hyperactive. When we find ourselves considering our computers or our cars as if they had their own intentions and goals (typically in opposition to whatever we’d like them to do), our tendency to perceive agents is getting out of hand. When a footballer scores in three matches while wearing a certain pair of socks, and then insists on wearing his lucky socks whenever he plays, he is drawing conclusions about cause and effect from events that probably occurred together by chance.

There’s a practical reason why many of our scientific examples come from three-month-olds: younger babies are harder to test. Based on the evidence we have, our own belief is that these capacities are present from birth, at least in some primitive form. In the end, though, we don’t think it matters very much whether babies are born with these abilities or learn them soon after birth. Either way, babies start relying on these tools in infancy and continue to use them throughout their lives. On the other hand, these cognitive capacities are just the beginning. All of them become significantly more elaborate as babies grow and mature.

From an early age, babies focus a lot on human voices, faces, and moving things.

This emerging picture leaves little room for the outdated idea that babies are born with the potential to develop in any direction. Instead, they all start with certain biases. The cognitive talents that babies have in early life are essential for the development of their brains. Computer scientists who construct simulations to model what the brain does also confirm that biases are necessary to make these programs act realistically, even though our biases may limit us in some ways. They have not been able to explain convincingly how an adult brain might develop from a learning machine that starts with no predispositions.

As a consequence of these core talents, children’s brains come ready to learn how to adapt themselves to the environment that they encounter during development. This ability allows children to grow almost anywhere. Our species has survived under a wide range of conditions through its history, and we have evolved to learn about the properties of the environment that were directly relevant to our survival. For this purpose, targeted learning mechanisms are often better than general mechanisms. These predispositions prepare the infant brain to learn many things—but not just anything.



Chapter 2


In the Beginning: Prenatal Development
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When we watch a house being constructed, we always find it surprising how quickly the framing is done. From the outside, the house looks almost complete very soon after it’s begun, but finishing the interior details and the wiring takes much longer. Building a brain is similar: getting the signalling cells, called neurons, into their correct positions is the (relatively) easy part, and it’s done before your baby is born. In contrast, wiring up all the connections is so complicated that the job won’t be entirely finished until your child is at university.

A baby’s brain is different from a house in one amazing way: from fertilized egg to newborn, its construction is largely automatic. The processes that form the brain are driven by a resilient genetic programme, allowing babies to grow in almost any environment. Its main requirement is a healthy mother. As it says on the packaging of some of our favourite appliances, no assembly required.

This chapter will lay out some of the most valuable advice we have about prenatal development, including warnings about some of its hazards. But before we turn to the details of what we found in the scientific literature, we want to emphasize this point: most pregnancies turn out fine. Authors of many popular advice books (you know who you are) convey the message that women must avoid any risky behaviour while pregnant, no matter how minor. While long lists of potential problems may frighten mothers-to-be and help to sell books, those lists can also lead to prenatal stress, which itself is bad for the baby’s development (see Practical tip: Less stress, fewer problems, p. 16).

The effects of prenatal risks depend on their timing and seriousness. In most cases, when miscarriages or birth defects do occur, they are not caused by the pregnant woman’s actions. Throughout your life, it will be tempting to blame yourself for anything that happens to your baby or child, but keeping a clear perspective is essential.

Knowing a bit more can help you relax a little about the largely self-organizing process of prenatal brain development. At the same time, there are a few simple points to remember in which your involvement could make a difference. It is a technical subject, but bear with us; the basics are not as complicated as they might first sound.

The construction of the brain begins early in pregnancy. During the first month, chemical signals cause a group of cells in the developing embryo to start becoming the nervous system. Beginning three weeks after conception, the neural plate, a cell layer running along the length of the embryo, brings its edges together to form the neural tube, which will later become the brain and spinal cord.

If the neural tube fails to close fully, miscarriage or birth defects such as spina bifida can result. (In spina bifida, the incomplete closure of the neural tube sometimes leads to the protrusion of the spinal cord from the vertebral column.) Folic acid deficiency in the mother increases the risk of such neural tube defects. For this reason, women who might become pregnant should take 400 micrograms of folic acid (a B-complex vitamin) every day—or more if they’re having more than one baby. Another source is bread, which in the United States, Canada, Australia, and other countries is made from folic acid–supplemented flour for this reason; the Scientific Advisory Committee on Nutrition has advised the UK government to follow suit, but thus far no bread in Europe is required to contain the vitamin. If you are trying to have a baby, you should begin to take this supplement before conception, as many women do not find out they are pregnant until neural tube closure has ended, four weeks after conception.
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The next stage of development is segmentation, which divides the neural tube into distinct regions by the sixth week of pregnancy. You can think of it as placing walls to define the rooms of a new house, except that segmentation is controlled not by physical barriers but by chemical cues. The largest neural tube region, at the back end of the human embryo, will become the spinal cord. A smaller area at the head end is divided into three regions, which will eventually become different parts of the brain (see figure opposite).

The hindmost of these three regions will become the brainstem, which controls mostly subconscious basic functions, such as reflexive movements of the head and eyes, breathing, heart rate, sleep, arousal, and digestion. It also forms the cerebellum, which integrates sensory information to help guide movement (for instance, so that you know how forcefully you need to lift your foot when walking).

The middle region will become the brain’s midline structures, including the hypothalamus, amygdala, and hippocampus (see figure, p. 14). The hypothalamus controls many basic processes, such as the regulation of sexual behaviour, hunger, thirst, body temperature, and daily sleep/wake rhythms, and the release of stress and sex hormones. Emotions, especially fear, are the responsibility of the amygdala. The hippocampus has two main functions: it stores information into long-term memory, and it is important for spatial navigation.

The third region, at the front of the brain, will become the thalamus and cerebral cortex, also called the neocortex. Sensory information entering the body through the eyes, ears, or skin travels to the thalamus, in the centre of the brain, which filters the information and passes it along to the cortex. Scientists divide the cortex into four parts, or lobes. The occipital lobe is responsible for visual perception. The temporal lobe is involved in hearing, including the understanding of language. This lobe also interacts closely with the amygdala and hippocampus and is important for learning, memory, and emotional responses. The parietal lobe receives information from the skin senses, puts together information from all the senses, and directs your attention. The frontal lobe generates movement commands, directs the production of speech, and is responsible for selecting appropriate behaviour depending on your goals and your environment.

Early in gestation, all these brain regions are tiny. As development continues, chemical markers divide the brain into progressively more regions, defining particular cortical areas, such as those for certain aspects of vision or language. A cluster of cells with a common function is often called a nucleus. Once all the brain areas are specified, they grow larger, maturing in sequence from the back of the brain to the front. This process continues through childhood and into adolescence (see chapter 9).
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The main construction technique in the early stages of brain development is the production of new cells—billions and billions of them. Cells of the early nervous system divide repeatedly to make additional progenitor cells. These cells can even divide as they move, leaving trails of neurons behind them. Cell division also produces various types of glial cell, which contribute to brain function in many ways. One type of glial cell helps guide the placement of neurons early in development by extending long fibres that act as tracks for neurons to follow.

The number of cell divisions and what type of cells they produce are tightly regulated by a combination of chemical signals, which vary across brain regions, and interactions with pre-existing cells. The addition of new neurons is largely complete by about twenty weeks of gestational age (which is counted from the first day of the last menstrual cycle), or eighteen weeks after conception. A very small number of neurons continue to be generated even into adulthood, and new glial cells are generated throughout life.

During this period, cells are also beginning to differentiate, taking on particular jobs in the brain. Cells differentiate in a series of steps, as their jobs are slowly made more specific by increasingly restrictive chemical signals.

At a basic level, neurons have a lot in common (see figure, p. 19). They receive chemical signals called neurotransmitters that are released from other neurons. When neurotransmitter molecules bind to receptors on the dendrites of the neuron, electrical and chemical signals are generated that can spread—all the way to the cell body in the case of electrical signals. If enough electrical signals occur at the same time, the cell body can make an electrical impulse that is used to talk back to other neurons.

This output signal, called an action potential or spike, is conveyed down the axon, a very long, thin fibre that reaches from the brain to the target, as far away as the toe in some cases. Each neuron has a single axon, which often branches to reach multiple targets. Neurotransmitter molecules are contained in specialized areas at the ends of the axonal branches and released by the arrival of a spike. When a neurotransmitter binds to receptors on another neuron’s dendrites, that target neuron may be electrically excited or inhibited, depending on the identity of the neurotransmitter. The point of connection between axon and dendrite is called a synapse. Final stages of differentiation often depend on neurons’ interactions at synapses.

Glia also come in different flavours. Some glia wrap themselves around axons like the insulating plastic sheath on electrical wire, forming a layer called myelin to increase the speed of neural communication. Other glia line blood vessels to control which chemical signals are permitted to pass into and out of the brain. Still others form the brain’s defence system, engulfing and removing foreign matter and debris from dying cells. Glia too become differentiated by exposure to chemical signals, generally a bit later than the neurons in the same areas.

The first step in the wiring process occurs before birth, as these billions of neurons extend axons towards their targets. Fortunately, distances are much shorter in the foetus than they would be in an adult. It also helps that brain tissue is less crowded than it will eventually become, just as it’s easier to run electrical wires and plumbing in a house before the interior walls have been put up. Only the earliest-arriving axons must find their way by themselves, navigating via chemical signals or by finding particular guidepost cells.

Later axons extend along the pathways laid down by these early pioneer axons, just as you might guide a new wire through a bundle of previously installed wires, except that the new axon is actually being created as it progresses. A bundle of axons in the brain is called a nerve. A region at the tip of the elongating axon called the growth cone samples the environment within the brain in different directions by extending and retracting small protrusions, making it look as though the growth cone is sniffing out the correct path. Depending on their identity, these chemicals may either attract or repel the growth cone. Some can even cause it to abruptly change its responsiveness to other molecular cues, a form of sophisticated navigational logic.

Once an axon has found its approximate destination in the brain, it must pinpoint its target cells from among millions of candidates. This process starts with molecular cues that tell the axon to slow down and start exploring an area whose boundaries may be marked with a repellent signal to prevent the axon from exiting. Some brain areas help the axon to navigate by providing a local map, in which the concentration of a chemical signal (or several) descends steadily across the area. Other areas use a large number of related proteins to mark local position so axons can find their way to the right neurons. Proteins are the universal building blocks made by cells for a wide variety of functions. In this case, the function is to say to an axon, “You are here”.


PRACTICAL TIP: LESS STRESS, FEWER PROBLEMS
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Next time you’re stressing over your future child, ask yourself whether this stress is really necessary. Neuroscientists are able to discover what stress does by studying its effects on laboratory animals. Maternal stress increases the risk of a variety of problems, including cleft palate, depression-like behaviour, a touchy stress-response system in adulthood (see chapter 26), and attention deficits and distractibility (see chapter 28). Stress hormones released by the mother animal act on the foetus directly and also reduce the placenta’s ability to protect the foetus from these hormones in the future.

Because it would be highly unethical to distress pregnant women deliberately, most research in people has relied on looking for correlations, which is less reliable than experimental results (see Did you know? Epidemiology is hard to interpret, p. 262). Some recent studies have examined children born after their mothers survived natural disasters during pregnancy. This type of study comes as close as is ethically possible to randomly placing women into stressed and unstressed groups.

One group of researchers identified all tropical storms or hurricanes that hit the state of Louisiana, on the US Gulf Coast, between 1980 and 1995 and then determined how many autistic children in the records of the state’s health system had been in the womb when their mother’s home was hit by one of these storms. The risk of autism was significantly higher for children whose mothers had been stressed during pregnancy—though most cases of autism probably result from other causes (see chapter 27).

By scientific standards, this evidence is far from ironclad, but there are two reasons to believe it’s not mere chance. First, the incidence of autism was higher only for those children whose mothers were in the fifth, sixth, or ninth month of pregnancy at the time of the storm, suggesting that there is a period when the effects of stress on development are long-lasting (see chapter 5). Second, children whose mothers were exposed to more severe storms had a higher risk of autism than children whose mothers were exposed to less severe storms. This research will need to be replicated before we can consider it definitive, but it does suggest that prenatal stress may increase the chances of autism.

Similar studies have yielded comparable results. One found that children whose mothers experienced severe stress from a major ice storm while pregnant had lower intelligence quotient (IQ) scores and language ability at age five. The risk of schizophrenia is higher in children whose mothers were in the first trimester of pregnancy when a close relative died or was diagnosed with a serious illness. Children whose mothers experienced an earthquake during pregnancy were more likely to be diagnosed with depression or to be born with a cleft palate. It’s not yet clear whether moderate stress, such as dealing with an annoying boss, might cause similar problems, but as the research is ongoing, it’s best to keep it simple: it’s probably a good idea to take time to relax and be kind to yourself during pregnancy as much as you can.



Once axons are close to their destination, they begin to make contacts with nearby cells, initiating the chemical conversation that leads to the formation of synapses. This process begins in the spinal cord five weeks after fertilization, and it is not complete until years after birth in some brain areas. Axons initially form a lot of extra synapses with targets that are only roughly appropriate. Only some of these synapses survive in the long term. Synapses that are more successful at activating their target cells are more likely to be retained. This competition for synaptic survival provides a way of fine-tuning the brain’s function to match each child’s individual circumstances, whether that means adapting the responses of vision neurons to the distance between each child’s eyes or tuning the auditory cortex to respond most easily to the sounds of each child’s native language. To a lesser extent, this process will continue throughout life, as a mechanism of learning and memory.

The process of eliminating unnecessary components is a major theme of early development. The adult brain contains about 100 billion neurons and many more glia. However, the young brain produces even more cells than that and then reduces their number through planned cell death. In some brain regions, planned death kills as many as four out of every five cells born. These events are called regressive by neuroscientists, and they are essential for normal development.

Why does the nervous system take such a wasteful approach? It seems to be a way of matching the size of the incoming population of axons to the number of neurons in the target region. Cell death occurs after the axons have reached their target and formed synapses. The target neurons produce a protein, necessary for cell survival, which is taken up at synapses and transported back along the axon to the cell body of the input neuron. Cells that have failed to form enough connections with the target do not get enough of the survival substance, so they die. This type of cell death is an active process, resulting from a biochemical death pathway within the cell. The best-known survival protein (or neurotrophin) is nerve growth factor, which controls the survival of neurons involved in the sense of touch and the fight-or-flight reflex in the peripheral nervous system. Other factors also influence cell survival, including incoming synaptic activity and sex hormones, which control cell death in brain regions that differ between males and females.

Even after all the cellular elements of the brain are in place, much construction work remains to be done. Newborn neurons look very simple compared with mature neurons. Towards the end of gestation and especially in the first two years of life, dendrites form additional branches, becoming more and more complex to accommodate the many new synapses that are added during this period. Synapse elimination begins in the first year of life and continues through to early adolescence, forming one of the basic mechanisms by which experience helps to shape the brain.
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The final step in axon maturation is myelination, the formation of the glial insulation that allows spikes to move quickly down the axon. It’s as if the brain’s electrical system were installed with bare wires, and then the insulation was added afterwards. This process begins just before birth in the brain (earlier in the spinal cord) and continues well into adult life.

Considering the enormous amount of construction involved, it’s no surprise that the growing baby requires energy. Indeed, one of the biggest threats to a developing foetus is maternal malnutrition, whether caused by famine, poverty, or dieting. A particularly critical time is the second and third trimesters, when brain size is increasing rapidly. An unexpectedly low birth weight (compared with the baby’s expected genetic growth potential) signals a higher risk of many problems later in life, including deficits in cognitive development and intelligence. Low birth weight and other problems, such as learning difficulties and inflammation of the retina, are also associated with a variety of viral infections, including toxoplasmosis, rubella, and herpes simplex. In general, it is prudent to practise good hygiene late in pregnancy, and for that matter around young babies. High birth weight can be unhealthy as well. Tailored growth curves do exist. Ask your doctor or midwife about them.

During pregnancy, environmental toxins can be a threat if they are ingested. For instance, cocaine use increases the risk of attention-deficit/hyperactivity disorder (ADHD). However, more severe effects on the brain result from two legal drugs, nicotine and alcohol. Low birth weight and a variety of brain development problems are linked to smoking, the nicotine patch, and heavy drinking. So-called crack babies, whose plight got a lot of attention in the US in the 1980s, turned out to be damaged mainly by their mothers’ malnutrition and concurrent use of other drugs, not only smokable crack cocaine.

In the Mad Men era of the 1960s, the sight of a pregnant woman with a drink in one hand and a cigarette in the other did not attract a second glance. Today, some US states jail women for child abuse if they are caught taking cocaine while pregnant, but not for smoking or alcoholism. To put it mildly, this approach is not optimal for the baby’s health (see Practical tip: Less stress, fewer problems, p. 16). Although being given prison time for lighting up while pregnant is not likely to happen anytime soon, you can improve the health of your baby by addressing these habits early in pregnancy—or better yet, beforehand.

Another source of drug exposure during pregnancy is medical care. Pregnant mothers are advised to avoid a variety of over-the-counter drugs. In regard to brain growth, the third trimester is a time of vulnerability. Drugs can enter the placenta, and therefore the baby’s developing brain, and increase the likelihood of neurodevelopmental problems. One drug given at this stage is terbutaline, an activator of receptors for the neurotransmitter adrenalin, which is intended to prevent preterm labour—but is in fact ineffective at doing so. Steroids that emulate the stress response are given to improve lung development in babies at risk for preterm birth, but multiple courses of steroids can harm the developing brain. Even for drugs that are currently regarded as safe, the possibility of a risk exists late in pregnancy, when the baby’s brain is growing rapidly. Though in many cases there is no alternative, risks and demonstrated benefits for both mother and baby should be weighed carefully.


PRACTICAL TIP: EAT FISH DURING PREGNANCY
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Exposure to lead (from paint, water pipes, dishes, and even imported cosmetics) or mercury in utero or in childhood can decrease intelligence. These heavy metals are harmful to brain development. For years, women were told to limit their consumption of fish because it might contain mercury. But fish is also a major source of omega-3 fatty acids, which are crucial for neural development. Indeed, their absence during brain formation can lead to learning difficulties. To settle this matter, we dug into the scientific literature to weigh the risks and benefits. Our verdict: fish is good. Several long-term studies now show that children whose mothers eat fish during pregnancy have better-functioning brains than children whose mothers avoid fish—especially if the mother chooses fish species that are low in mercury.

One group of researchers evaluated the eating habits of 11,875 women living in Bristol during the third trimester of pregnancy and then tested the resulting children on a variety of cognitive measures. Mothers who avoided seafood were more likely to have children with poor social behaviour (at age seven) and low verbal IQ (at age eight) than mothers who ate at least three 170-gram servings per week. The more seafood a mother ate, the better her child’s brain functioned, which suggests that the effect was due to the fish itself and not to related characteristics such as household wealth. The benefit is small but well documented. (A statistical estimate of effect size is about 0.2 to 0.3; see chapter 8 for a discussion of this measure.) No benefits were seen among mothers who ate fewer than two servings a week. Another study confirmed these findings and further showed that children of mothers who ate fish low in mercury during pregnancy had higher verbal intelligence than children whose mothers ate fish high in mercury, for the same fish consumption.

You may have heard that uncooked fish, especially wild salmon and tuna, can contain disease-causing parasites. Thorough freezing of the fish to kill the parasites, which is required of sushi under an EU health and safety directive, minimizes this risk.

How do you know if your fish contains mercury? A good rule of thumb is the smaller the fish, the less mercury it is likely to contain. Top predators like swordfish and shark should be avoided because mercury and other contaminants become concentrated as they move up the food chain. Your local health authority may have information on the risks associated with your local fish. The most important point, though, is that the benefit of getting enough omega-3 fatty acids seems to outweigh the risk of mercury contamination for foetal brain development.



The news is not all bad for drugs, though. One of our favourites, caffeine, is harmless in moderate doses of no more than 300 milligrams a day (three regular cups of coffee—or a single Starbucks grande), as are artificial sweeteners and monosodium glutamate (better known as MSG). Although it is generally not recommended, there are some doctors who even approve of alcohol in small doses. So expectant mothers don’t need to give up all of their favourite habits. Indeed, a little less worry on this front might be a stress reducer.

An important threat to the baby occurs when the pregnancy cannot run its full course. A common cause of low birth weight is premature birth, which greatly increases the risk of neurodevelopmental disorders. One Norwegian study found that babies born during gestational weeks twenty-eight to thirty have a fourfold higher incidence of learning difficulties, a sevenfold higher incidence of autism spectrum disorder, and a forty-six-fold higher rate of cerebral palsy than full-term babies. By age eighteen, one in twelve of these children was classified as disabled—five times the normal rate. Premature babies born later in gestation have lower rates of disability, but even at thirty-seven weeks, the risks remain elevated over babies born at full term. A major contributor to premature birth is carrying more than one baby. Couples using in vitro fertilization can reduce this risk by asking their doctors to transfer no more than one embryo per cycle.

One unintended consequence of recent changes in medical practice is an increase in the frequency of premature birth. Preterm babies (less than thirty-seven weeks) now make up around 8 percent of births in England and Wales. Detailed statistics have only become available very recently in the UK, so a look at the US numbers is helpful. In the US, premature babies make up around 12 percent to 13 percent of all births, and three quarters of these births occur late in gestation, between thirty-four and thirty-seven weeks. Among US babies born in this time range, 20 percent end up with clinically significant behavioural problems, and the risk of ADHD is 80 percent higher than in full-term babies.

One of the biggest threats to a developing foetus is maternal malnutrition, whether caused by famine, poverty, or dieting.

A recent study suggests that as many as one in fifteen induced deliveries between thirty-four and thirty-seven weeks are done without a compelling medical reason. Examples include hypertension or a complication in a prior pregnancy, neither of which is considered an absolute indication for early induction. In these cases, early delivery should be weighed against the risks we have described. Of course, in many cases, such as bleeding or a prolapsed umbilical cord, the necessity is unavoidable.

Therefore one of the best things you can do to protect your baby’s growing brain is to allow your pregnancy to run its full course whenever possible. We recommend following the National Institute for Health and Clinical Excellence recommendation that elective induction should not be scheduled before week forty-one of pregnancy (this cutoff is set late because the exact stage of pregnancy is not always known with precision) unless there is a clear medical need, and that several techniques to facilitate labour should first be tried out. To use a baking metaphor, that bun in the oven will turn out great—if you wait until it’s done.



Chapter 3


Baby, You Were Born to Learn
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No wonder babies sleep so much. They have a lot of hard work ahead of them. Infants come equipped with a basic toolkit for learning, as we described in chapter 1. But that still leaves a lot of items on their to-do list. In the first year of life, babies must lay the foundations for all their adult abilities, from language to locomotion. Their brains are changing more quickly at this age than they ever will again. Many of those changes help babies to learn about the specific environment into which they have been born.

People can live in an astounding variety of places, from the frozen tundra to the sweltering desert, and in a vast array of social systems as well. Growing up in London or Barcelona is a very different experience from growing up in a subsistence village in the Amazon, but babies come into both of those situations with nearly all the same genes.

Unlike many animals, people are not hardwired to be a good fit to their environment at birth. Instead, babies arrive equipped with the skills required to adapt flexibly to a wide range of conditions, an ability that has allowed people to survive all over the world. The benefits of that approach are enormous, and so are the costs: children need a lot of care for a long time before they become independent. This high-risk, high-reward reproductive strategy affects the shape of most people’s lives for decades, first as children and then as parents.

Babies are driven to explore and test their ideas about the world—which is why they seem to be getting into things all the time—and they love making things happen. When a baby learns to push a bowl from her high chair to make a crashing mess, you can see the glee as she triumphantly proceeds to do it again and again. Being effective in the world is enormously rewarding for children and adults alike. Infants, though, sometimes get confused about how they caused something to happen, so you can see them trying to coax an object into behaving by talking to it. This confusion between physical and psychological causality usually disappears by the first birthday.

Just as babies have been shaped by evolution to be very effective learners, adults have become equally effective teachers. It may look like a game of peekaboo, but there’s serious stuff going on here. Babies are extremely good at getting what they need from their adult carers—not only food and shelter, but also information and examples. As a mother coos to her baby that he’s such a good boy, he is learning about language, relationships, and much more.

Because of the brain talents we discussed in chapter 1, even newborns are not passive recipients of adult instruction. Instead babies actively seek out the information that is most useful to them at a particular stage of development, and their behaviour reliably elicits the kind of help that they need from adults. For instance, many people speak to babies in motherese—a high-pitched, sing-song, and slow version of regular language with elongated vowel sounds. Babies prefer to hear motherese and interact more intensely with people who speak this way, as most adults and older children do instinctively. It is probably not a coincidence that the properties of motherese, including clear pronunciation and pauses between words, are also very well suited for helping babies learn about language.


MYTH: BREAST-FEEDING INCREASES INTELLIGENCE
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Everyone seems sure that giving breast milk to babies will make them cleverer. We thought so ourselves when we started writing this book, but our careful examination of the scientific literature shows that the evidence for this idea is questionable.

There’s no doubt that children who were fed exclusively on breast milk during infancy have higher intelligence on average than children who were not breast-fed. The important question is why this correlation occurs. One possibility is that this difference has something to do with the characteristics of breast-feeding mothers.

Indeed, women who choose to breast-feed their babies differ in many relevant ways from women who don’t breast-feed. Compared to women who bottle-feed their children, women who breast-feed have higher IQs, are more educated, are less likely to be poor, and are less likely to smoke. An increase of about fifteen points (one standard deviation) in the mother’s IQ more than doubles her likelihood of breast-feeding her baby. Headlines reading “Clever Mothers Found to Have Clever Babies” probably wouldn’t be so memorable.

Researchers have tried to deal with these confounding factors in a variety of ways. Meta-analysis, a powerful statistical technique for combining the findings of multiple studies to increase our confidence in the conclusions, has produced inconsistent results. Some papers report a small effect of breast-feeding on IQ, and others find no effect. In general, though, studies with a large number of subjects have tended to find smaller effects. To a scientific reader, this is not encouraging news. Real effects (not due to chance) should be easier to see in large populations. One meta-analysis concluded that higher-quality studies were also less likely to find an effect of breast-feeding on intelligence.
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