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INTRODUCTION


Why concentration
 matters





Give me six hours to chop down a tree and I will
 spend the first four sharpening the axe.
 

Abraham Lincoln





There is more to life than increasing its speed.
 

Mahatma Gandhi


Shaped by nature and nurture, your ability to concentrate – or not – will have a dramatic impact on the way you view and live your life. How you concentrate will also influence how you behave, and the choices you make in both your private and professional life. Yet, ironically, in the twenty-first century, as never before, we now live our lives in ways that conspire to make it increasingly difficult to concentrate. We have evolved a 24/7 lifestyle that means we can work non-stop – even when we’re on holiday – and we expect to multitask persistently, in order to try to achieve more and more. The downside of all this relentless activity is that our ability to concentrate, and to concentrate well in a way that achieves satisfying results, is becoming eroded, and this means we can end up achieving less, rather than more.


Think of all the labour-saving gadgets and devices we own today, compared to what we had a hundred years ago. Sometimes, especially if you take a step back, it can feel as though the things we have in our lives that are supposed to save us time and effort – from washing machines to word processors – are doing just the opposite and actually creating more for us to do. Where, once, we would have known and accepted that a particular job would require a reasonable amount of time to complete successfully we now expect to do everything more quickly, do it more and do it right now. When emails can be answered at any time of day or night, from an inconspicuous hand-held object the size of a pack of cards, we have no reason to ever stop work. However, what more and more people are discovering is that these increasing demands can make work more difficult, not easier, as the brain struggles to work concurrently on a multitude of tasks. Because of our hyperactive, overstimulated approach, which serves to inhibit concentration rather than aid it, we can paradoxically end up achieving less.





Persistent interruptions affect intelligence


Research carried out in 2005 by psychologist Dr Glenn Wilson at London’s Institute of Psychiatry found that the persistent interruptions and distractions in the office had quite an effect on workers. The study found that excessive use of technology actually reduced their intelligence, and those distracted by emails and phone calls saw a ten-point fall in their IQ, which is twice that found in studies of the impact of smoking marijuana. More than half of the 1,100 study participants said they always responded to an email ‘immediately’ or as soon as possible, while 21 percent admitted that they would interrupt a meeting to do so. Those who were constantly breaking away from tasks to react to email or text messages were suffering similar adverse effects on the mind as those caused by losing a night’s sleep, said Wilson. While new technologies can undoubtedly increase productivity (when used judiciously), when the use of them was unchecked these constant disruptions were found to be reducing workers’ acuity, and consequently their ability to work well.





Time to slow down


The brain is a wonderfully effective organ, but are we working against it, rather than with it, in our efforts to achieve more? Increasingly, levels of multitasking suggest we are, and we are now beginning to see the results of this: increased stress and mental health problems, disruptive schoolchildren, burnout, physical problems from obesity to arthritis and a frenzied approach to our everyday lives. From gym classes at 5.00 a.m. to ‘speed yoga’ (surely a contradiction in terms?), while we rely on food supplements instead of nutritious meals, some supposedly therapeutic activities actually serve to exacerbate the problem rather than alleviate it: taking ginkgo biloba rather than a walk in the park just isn’t enough to compensate for an over-extended lifestyle.


When journalist and social commentator Carl Honoré published his book In Praise of Slow in 2005, it was in recognition of the fact that we are all moving too fast for our own good. He says:





It seems to me that we are moving towards an historical turning point. For at least 150 years, everything has been getting faster, and for the most part, speed was doing us more good than harm in that time. But in recent years, we’ve entered the phase of diminishing returns. Today we are addicted to speed, to cramming more and more into every minute. Every moment of the day feels like a race against the clock, a dash to a finish line that we never seem to reach. This roadrunner culture is taking a toll on everything from our health, diet and work to our communities, relationships and the environment.





The Slow Movement began in Italy with food, but is beginning to seep into all aspects of life, and with it comes the rewards of taking time to concentrate on what you are doing – which will, inevitably, increase your focus and enjoyment. It doesn’t matter what you are doing – taking a walk, writing an essay, cooking a meal, making love: you will get more out of all these activities with a little more concentration.


But it’s not easy. All those speedy hormones that we generate just from day-to-day living are highly addictive. We actually find it hard to stop and just sit still, thinking or contemplating anything from a piece of music to a shopping list. Relaxing feels unnatural. Doing just one thing at a time feels odd. Music, for example, has increasingly become a background noise, rather than something to be relished and savoured. Fast food implies that eating is a time-wasting activity, something to be done while doing something else – working at your desk, maybe? And with these persistent bad habits, we put our ability to concentrate at risk.





Effect on relationships


We also put our relationships at risk. Children who spend hours isolated in their rooms, communicating with their peers only via MSN, text or internet gaming, are losing out on learning the social cues gleaned from non-verbal communication. Given that an estimated 93 percent of communication is nonverbal and gained through subconscious observation of body language, missing opportunities to interact with friends in person is a huge developmental loss. Family meals, once an opportunity to share the day’s events in a relaxed and congenial way, are increasingly a thing of the past as grabbing a snack between activities becomes the norm. Extra-curricular activities, to which many children are endlessly shepherded in an effort to maximize their experience of all social, sporting and cultural activities that could improve their future prospects, allow little possibility for the sort of downtime that refreshes and restores the brain. If children are unable to have this, those future prospects will become less, rather than more, possible. Stressed children just cannot make the sort of progress that their over-zealous parents might wish.


And that’s just the children, never mind the adults. How many couples have you seen at dinner, joined by that unwelcome third guest, the BlackBerry, which leaves one person seething with resentment as the other taps away, distracted and more interested in what their emails have to say. Or the mobile phone – ‘I just have to take this call, darling: it might be work’ – interrupting time spent together, with the implication that work is more important than concentrating on them.


A study on communication overload, commissioned by British Gas in the UK in 2004, flagged the emerging emphasis on communication technologies, and the detrimental effect this was having on human relationships. Since then we now also have to contend with blogging and twittering that are so easy to access via a BlackBerry or iPhone. Back then, nearly four hours a day was being spent on communicating with others – but via phone, texting and emailing, not in person. And even though people are keeping in touch in electronic ways, the study found that this didn’t actually improve communication about what really matters. Of the 1,105 people interviewed, one in five said they didn’t know what was going on in their loved ones’ lives, or how they were feeling. ‘When we see people face-to-face we really invest in the relationship, but it’s becoming so simple to keep in touch in other ways, why make the time?’ says Cary Cooper, professor of organizational psychology and health at Lancaster University Management School, when commenting on the study. How much worse has the overuse of communication technologies become since then?


Becoming absorbed in a private cyberworld is also a way of shutting out others, and seems almost addictive. ‘There’s something quite compelling about contemporary gadgetry’, said relationships counsellor Martin Lloyd-Elliot, in a feature in The Times in 2009. ‘These new designs seem to activate part of the brain that wants to be absolutely absorbed and, like computer games, they can create a strange altered state in the user, in which he or she is with you but not available to you.’ In 2008, it was reported that Madonna and Guy Ritchie, whose relationship ended in divorce, slept with their BlackBerrys under their pillows. ‘It’s not unromantic,’ she said, ‘it’s practical.’ Six months later they’d separated. You have been warned: concentrate on your BlackBerry rather than your partner at your peril.





Harnessing the brain


In recent years, our brain and how it works have come under increasing scrutiny. True, the full extent of the brain’s ability is not yet known, and we believe it has endless capacity, but we’re also beginning to understand more about some of its limitations. With the advent of fMRI scanning (functional Magnetic Resonance Imaging scans), which can show, in real time, the different areas of the brain that are activated when confronted with specific thought processes such as doing a maths problem or listening to music, or even just feeling happy, scientists, psychologists and doctors are learning more and more about what we are capable of – and what we can do to improve these capabilities.


Psychologist Peter Clough, a lecturer at Hull University who is working on mental toughness with pupils at All Saints Catholic High School in Merseyside, believes he can boost students’ grades by improving their mental toughness. He uses games that train them to concentrate and focus, one of which is Mindball. This is a game where the goal is to be more relaxed than your opponent and, by concentrating hard, move a ball along a tabletop. The players wear headbands with electrodes that are connected to the table, and the electrodes are wired to a biosensor system. The same system that is used to measure the body’s biological signals registers the electrical activity in the brain, an electroencephalogram (EEG): this is an electrical waveform that is recorded from the brain by using electrodes placed on the head. By concentrating well and relaxing, the player influences his or her brain waves in a way that makes the ball move. The most successful player is the one who is concentrating best. The headteacher at the school, Peter Bradley, says that practising these skills boosts students’ powers of concentration, resilience and confidence – and this will help them with their exams. The beauty of games like Mindball is that the teenagers can see for themselves how they can manage their own thoughts and improve their levels of concentration, which in turn helps self-confidence.


A study conducted by London’s Imperial College demonstrated that EEG feedback, as used in the Mindball game, can definitely improve academic performance and creativity. Once the basic ability to focus and relax has been achieved, the player can increase the sensitivity level to achieve even higher states of relaxation and concentration.





The importance of our natural environment


There is so much that we can do to improve our ability to concentrate, but one of the first steps we can take is to recognize how difficult we can make it for ourselves. Even the environment in which we live can make a difference, as research into the impact of city life has shown. ‘The mind is a limited machine’, warns Marc Berman, a psychologist at the University of Michigan in the US, and lead author of a study published in 2009 that measured the cognitive deficits caused by a short urban walk. ‘And we’re beginning to understand the different ways that a city can exceed those limitations.’ In Berman’s research with undergraduates at the University of Michigan, some of the students took a walk around an arboretum, while others walked the busy streets. The volunteers were then subjected to a range of psychological tests. Those who had walked through the city were in a worse mood and scored significantly lower in a test of attention and working memory; even looking at a photograph of urban scenes, when compared with looking at pictures of nature, led to measurable impairments. ‘We see the picture of the busy street, and we automatically imagine what it’s like to be there’, explains Berman. ‘And that’s when your ability to pay attention starts to suffer.’ These findings could help explain why children with attention deficit disorders have fewer symptoms in more natural, rural settings. When surrounded by trees and animals, they are less likely to have behavioural problems and are better able to focus on a particular task.


This knowledge is borne out by work done by the environmental psychologist Professor Stephen Kaplan, also from the University of Michigan, who coined the term ‘attention restoration theory’ or ART, which is concerned with ways of restoring the brain’s equilibrium and its ability. He defined this theory as





. . . an analysis of the kinds of environments that lead to improvements in directed-attention abilities. Nature, which is filled with intriguing stimuli, modestly grabs attention in a bottom-up fashion, allowing top-down directed-attention abilities a chance to replenish. Unlike natural environments, urban environments are filled with stimulation that captures attention dramatically and additionally requires directed attention (e.g. to avoid being hit by a car), making them less restorative. We present two experiments that show that walking in nature or viewing pictures of nature can improve directed-attention abilities, as measured with a backwards digit-span task and the Attention Network Task, thus validating Attention Restoration Theory.





Kaplan’s work suggests that the relentless need we have in an urban environment to monitor our surroundings – avoiding other pedestrians on a crowded pavement, trying to cross a busy intersection safely, looking in shop windows, responding to noise from traffic, conversations, iPods – puts us on high alert and demands the sort of hyper-vigilance (the brain monitoring for potential threats to our safety) that isn’t needed in a more tranquil place. Yes, it can be exciting and stimulating and, in short bursts, possibly helps keep us on our intellectual toes, but if it’s the only environment in which we operate, the constant act of paying attention to this bombardment of peripheral and distracting information may come at a price: it takes energy and effort, and it consumes much of the brain’s processing power to stay on high alert. It’s also stressful, and the release of stress hormones depletes the brain’s resources. Recognizing the impact of an urban environment on our brains, and taking steps to reduce it – even if this is just taking your lunch in a park – can go a long way to helping restore attention.





The link between mind and body


Acknowledging the link between the body and the mind, and vice versa, is increasingly becoming the norm, and it is integral to the work of French psychiatrist Dr David Servan-Schreiber. ‘The emotional brain controls everything that governs one’s psychological well being, as well as what governs a large part of the body’s physiology: the working order of the heart, blood pressure, hormones, the digestive system and even the immune system’, he writes in his best-selling book Healing Without Freud or Prozac. Servan-Schreiber identifies a number of key features of ensuring the sort of emotional well-being that can only give us an advantage and that we should ignore at our peril: getting ‘high’ on exercise, maximizing our intake of omega-3s (See here), addressing painful memories, waking up to the sun (keeping regular hours), practising heart coherence (See here) and seeking a larger connection in life.


So we know what detracts from our ability to concentrate, but what’s it going to take before we recognize how essential it is that we pause, take stock of our lives and improve the way in which we operate, allowing for the possibility of better concentration? Do we wait until we hit burnout or break down, or some slip of concentration puts our life, or those of others, at risk? Failing an exam is one thing; failing to see a pedestrian on a zebra crossing is another. And is our constant, stressful, unfocused activity also putting us at risk of degenerative brain diseases such as Alzheimer’s, as Dr Dharma Singh Khalsa, president and medical director of the Alzheimer’s Research and Prevention Foundation in Tucson, Arizona, suggests? From his work on brain longevity, he believes that the stress hormone cortisol is a causative factor in brain degeneration. ‘Cortisol robs your brain of its only source of fuel: glucose’, he writes in his book The Mind Miracle. ‘It also wreaks havoc on your brain’s chemical messengers – your neurotransmitters – which carry your thoughts from one brain cell to the next. When your neurotransmitter function is disrupted, and when your brain’s fuel supply plummets, it’s difficult for you to concentrate and remember.’





You can make a difference


The good news is that you can make a difference. You can decide to do things differently, and improve both your concentration levels and your quality of life in the process. Your brain is open to change, and once it is given a more effective way to work, it will work better. In all areas of life, from work productivity to relationships, from leisure time to your health, you can only benefit. But like any ‘muscle’, the ability to concentrate has to be exercised. Initially, concentrating may seem like a discipline but then it will become a way of life and, once integrated, the new habits it involves – turning off the BlackBerry when you finish work, shutting down MSN while you concentrate on a book, listening to music to the exclusion of all else, doing nothing but sitting with your child while they play so that you can talk to them – will reap their own rewards. This is less about mental callisthenics and more about balance – work that brain as hard as you like, but do it one task at a time and take time out afterwards to recover. While there is a huge amount of scientific knowledge about the brain that can be utilized and worked with, to concentrate is an art – and one that can be revisited and learned. Everything we’ve learned about training our bodies – from nutrition to exercise to relaxation – can be applied to the art of concentration. And if you want the benefits of a more productive, more balanced and more effective life, then learning the art of concentration is definitely worth your time, attention and consideration.
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CHAPTER ONE


How the Brain develops





If the human brain were so simple that we could understand 


it, we would be so simple that we couldn’t.


Emerson M. Pugh





That’s why you develop a brain, so you can think
 about more than one thing at a time.
 

Bill Clinton


It’s worth taking the time to review how the brain works and 

evolves from birth, as its influence, and the influences on 

it, all interplay and can have an effect on our ability – or 

lack of – to concentrate. Although there may be an art to concentration, 

harnessing the brain’s capacity and capability, and 

understanding what can affect these, underpins this art.





Your brain is amazing


In simple terms, the brain is a bundle of interconnected neurons. 

These are highly specialized cells, capable of conducting 

information, which enable the brain to perform or control an 

astonishingly wide range of complex functions, from simple physical movements like the blink of an eye to abstract thought processes. At birth, almost all the brain’s neurons are present – around 100 billion of them – but the brain is not yet full sized; by the age of four, the brain is 95 percent of adult size, and by adolescence, the brain is fully grown, if not yet fully mature. This maturation process goes on until the late teens or early twenties.


It is in response to external stimulation that the brain develops, and forms the persistent linking-up of connections and interconnections between the neurons. At birth, a baby’s brain looks quite smooth in contrast to the wrinkled appearance of a more mature brain, which has developed as a result of this stimulation of the senses. The environment in which a child grows up greatly influences motor, visual and spatial development, language acquisition, emotional control and other abilities – irrespective of the genetic material a child is born with, although this too will play its part.


Our knowledge of the brain and how it works is still a work in progress, but a lot of what we do now know was gleaned from research into the effects of trauma or disease, and how these affect different areas of the brain. One famous case was that of Phineas Gage who, in 1848, was packing explosives when a charge accidentally blew a 3cm-wide iron bar through his skull. The bar entered just below the eye and exited through the top of his head. Astonishingly, not only did he survive, but he also walked to find a doctor to help him. Although he then collapsed into a coma and suffered meningitis, he eventually recovered, but his personality was completely changed. This led to the initial hypothesis that the area of his brain that had been damaged in the accident was responsible for higher intellectual functioning. Early neurologists tended to pursue their discoveries on the back of relating different areas of brain damage to particular areas of function.


Over time, non-invasive scanning devices like X-rays, EEG (electroencephalogram), CT (computed tomography) scans, PET (positron emission tomography) scans, SPECT (single photo emission tomography) scans and MRI (magnetic resonance imaging) scans have been developed, which can be used to show the brain’s activity in a conscious person. Researchers can use these devices to test which areas of the brain show increased activity when a conscious person performs a specific task, such as solving maths puzzles, and these studies have helped us to understand better how the brain works.


Just as important, and becoming increasingly better understood, is the effect of positive attention – love, if you like – on the development of not only the brain’s function but also its social-emotional abilities, how the two are interconnected and how they influence each other. Social-emotional ability and emotional intelligence are increasingly being recognized as playing a crucial role in the way people function.


In terms of its basic organization, the brain is divided into four main areas: the brain stem, the cerebellum, the limbic system and the cortex. The brain stem concerns itself with the basic, automatic functions of the body that we do without thinking – the regulation of our breathing, heart rate, blood pressure and digestive system, for example – while the top of the brain stem, called the mid-brain, is responsible for numerous sensory and motor functions such as eye movement. The cerebellum is only one tenth of the brain’s size but is made up of around half of all its neurons. Its primary function is to coordinate movement and balance, which means that it must process huge amounts of information from other areas of the body and the brain, and pass it on.


The limbic system of the brain, nestling above the brain stem and between the two halves of the cortex, is home to the thalamus and the hypothalamus, the basal ganglia, the amygdala and the hippocampus. The thalamus is the gateway through which all sensory information from the body (apart from the nose) and the information from the cerebellum is processed. It also acts as a sort of relay station, passing on any information to the cortex for any further conscious processing that may be necessary. Below the thalamus is the hypothalamus, which is connected to almost every part of the brain and controls numerous critical functions, including hormone regulation and the balancing of a multitude of physical processes including our individual circadian rhythms. The basal ganglia is vital for the coordination of fine motor control – the ability of the body to make precise and controlled movements – and is damaged by diseases like Parkinson’s.


The amygdala has a crude ‘fight or flight’ response which allows us to short-circuit the cortex when necessary and react instinctively to perceived danger. When you see a sudden movement out of the corner of your eye and flinch to move away from potential damage, that’s your amygdala working. It is initially primitive in its reaction, but has an additional and significant role in generating emotional responses, and affects our social adaptation.


The amygdala also scans everyday experiences for their motivational significance, linked to the reward of pleasurable sensation. This can be relevant in creating positive outcomes from the process of concentrating on something – whether this is mastering a piece of music or a video game. The hippocampus has an important role in forming memories: it takes experiences and creates new neural pathways, storing information for future reference, forming the basis of our long-term memories and retrieving information when necessary. The olfactory bulb is also in the limbic system, and stores information received from our noses – which is why smells can be so evocative, bringing memories flooding back. With its links with emotions, motivation, memory and pleasure, the limbic system has a part to play in both the ability to concentrate and to be distracted from concentration.


The cortex forms the most obvious part of the brain, the two hemispheres that sit at the top and are joined together by a thick bundle of nerve fibres called the corpus callosum, through which information between the two passes backwards and forwards. This is the ‘grey matter’ sometimes referred to when talking about the brain. Grey matter consists of six layers of highly specialized neurones that reach down to the white matter both within the cortex and extending into other areas of the brain and create an extensive interconnecting network of neurones. This rapid-fire connectedness is what allows the complex process of thought.


The two hemispheres of the cortex are divided into four main areas, or lobes: the frontal, parietal, occipital and temporal lobes. The frontal lobe, located behind the forehead, is concerned with what is often termed the ‘executive function’ of the brain. This describes our capacity to do more than one thing at a time, plan future tasks, direct our attention, control impulsive behaviour – in short, manage and organize what the rest of the brain does. The occipital lobes process information received via the eyes, converting this into images we understand, while the temporal lobes are concerned primarily with language and sound. The parietal lobes also process sensory information, particularly spatial and visual perception.


All this interconnectedness doesn’t happen overnight. The brain evolves only through stimulation and the use it receives, and while there are definite phases of activity this is quite a linear process: stimulation, experience and usage create its ability. Studies with children who have been understimulated – for example, babies abandoned in Romanian orphanages, many of whom were very badly neglected – show restricted brain development. Interestingly, studies have also shown that geniuses seem to be made, not born. Researchers now know that it is the constant practising of an activity that leads to excellence, and studies show that this process takes roughly 10,000 hours. ‘In study after study, of composers, basketball players, fiction writers, ice-skaters, concert pianists, chess players, this number comes up again and again’, says neuroscientist Daniel Levitin, professor of psychology and behavioural neuroscience at McGill University in Montreal, Canada. ‘Ten thousand hours is equivalent to roughly three hours a day, or 20 hours a week, of practice over 10 years. No one has yet found a case in which true world-class expertise was accomplished in less time. It seems that it takes the brain this long to assimilate all that it needs to know to achieve true mastery.’ So even if there is a genetic predisposition towards an area of talent or excellence, without putting in the practice time, this potential will never be realized.


Whether or not achieving true mastery is the objective, whatever we want to achieve we have to give the brain time and practice, and in order to do this, we need to be able to concentrate on the task in hand.





Your brain in utero


Brain development begins almost at the point of conception. Even before the fertilized egg has implanted in the wall of the womb, cell division has been occurring, with the number of cells doubling every twelve hours following the meeting of sperm and ovum. Cells also begin to differentiate, initially between those that will form the embryo and those that will form the placenta. Around seven days after fertilization, the fertilized egg implants in the lining of the womb. Within the cluster of embryonic cells, differentiation continues and three layers of cells emerge. The outer layer becomes the brain, spinal cord and nerves, parts of the eyes and ears, the skin, hair and nails; the middle layer becomes the skeleton, heart and muscles, blood cells, kidneys and other organs; while the inner layer forms the digestive tract, and the respiratory and urinary systems. Within fifteen days – with the embryo still only about a centimetre in diameter – nerve cells begin to form and the brain is activated. Extraordinary to think that for many women all this is happening before they have even missed a period or suspect they are pregnant.


Fortunately the embryo is something of a parasite and will source what it needs to develop from its host. It is also protected by the placenta, which can prevent most, but not all, harmful substances reaching the baby. Substances harmful to the developing baby, called teratogens, include numerous drugs, alcohol, nicotine, cocaine, opiates, marijuana; chemical pollutants like lead, and dioxin; and some bacteria and viruses, particularly rubella and toxoplasmosis. Whether or not a baby is affected by exposure to teratogens will depend on many variables, including levels of exposure and timing – that is, at what point of the baby’s development that exposure occurs.


Otherwise, as long as the maternal diet is good, the baby’s developing brain should get all the nutritional support it needs. Current wisdom is to supplement the mother-to-be’s diet with folic acid, prior to conception and for the first couple of months of pregnancy, to reduce the risk of neural tube defects like spina bifida. Another recommendation for healthy brain development is to ensure an adequate maternal intake of essential fatty acids: omega-3, and in particular DHA, which stands for docosahexaenoic acid, which is used to make brain fats. These can be taken in by eating fatty fish like mackerel several times a week, but where there is a concern about dioxin pollutants, supplementing with a purified supplement form may be preferable.


Over the weeks of pregnancy, averaging around forty for most women, the baby’s brain development continues, but it is within the first three months that the hugely important cell differentiation and organization begins and ends. Most development after this time is about maturing and growing, so what happens during the first three months is critical. Sensory awareness also begins in the womb as the ability to see, hear and feel develop. Foetal movements, even if not felt by the mother until about twenty weeks, start as early as eight weeks, and all this activity begins to create rudimentary neural connections. At fifteen weeks, a foetus can respond to external stimuli and develops a startle reflex. He (or she) is not unaffected by his external environment and will recognize his mother’s voice, and other familiar sounds, after birth.


The internal environment of the growing foetus can also be influenced by his mother’s hormones and her stress hormones, particularly cortisol, can cross the placental barrier. If a mother has an over-sensitized stress response, and habitually produces high levels of cortisol, then this can pass on a similar sensitivity to her baby. A highly stressed pregnant mother can result in a baby born with his stress response set inappropriately high, which could have an influence on all his reactions to life from day one. A study published in the European Journal of Gynaecology and Reproductive Biology by Gitau (et al) in 2001 showed evidence of this. The researchers discovered that high cortisol levels transferring from the mother could affect both the developing hypothalamus, responsible for regulating hormones involved in motivation and reward, and the hippocampus, which converts experience into memory, storing it for future use. Having a stress response set too high could also, as a consequence, make concentration difficult. Babies who show signs of hyperarousal find it difficult to focus on one thing for long, needing extra external help in soothing and regulating themselves.





Baby to child


The minute a newborn baby takes his first breath, the sensory impact of life outside the womb continues to create new neural pathways and connections. We know, for example, from animal studies, that if visual stimuli are restricted to only one eye, then the visual cortex related to the other eye won’t develop, and even after visual stimuli are reintroduced, vision remains impaired. Seeing bright lights, hearing unmuffled noise, and being touched and held, fed and nourished and responded to with love and warmth, all help the infant brain to develop in a healthy way. Apart from the neurones that will develop over time in the cerebellum and hippocampus, a baby is born with almost all the brain cells he will ever have. However, significantly, what happens during the first year of life is a huge increase in the connections that are made between brain cells, and then a pruning process as the fine tuning of relevant neurones occurs.


For example, at birth even a premature baby can discriminate between male and female voices. Studies have shown that a two-day-old, full-term baby can distinguish between his maternal language and a foreign one, while a three-day-old baby can recognize his mother’s voice. Babies are also born with the impressive ability to recognize actual faces, as opposed to seeing only a haphazard arrangement of facial features, and within a few days they know their mothers’ faces. This is useful for survival because it ensures they respond to those most regularly seen, and that their caregiver stays close to care for them. Babies under six months old remain good at discriminating between faces, but after this time the process of fine tuning begins, whereby they begin to focus more on what is most relevant to them. You could think of this as a kind of pruning of the neural pathways they no longer need and a strengthening of those pathways that lead to faster, more efficient and more accurate powers of recognition.


Studies have also shown that a baby’s brain development will always suffer from a deprived learning environment. In the Romanian orphanages, where babies were grossly neglected in appalling conditions, it was shown that poor nutrition, ill health and, crucially, little or no sensory stimulation all had a devastating effect on the development of walking and talking skills, and seriously impaired the children’s social, emotional and cognitive development. Research carried out by Michael Rutter at the University of London showed a close link between the length of time of deprivation and the extent of intellectual impairment, and while some babies made an extraordinary recovery when given continued and excellent remedial care, there were some who continued to show evidence of autistic-like behaviour.


For most babies the nurturing environment of normal family life is more than stimulating and secure enough to ensure they develop normally.






The adolescent brain


All things being equal, healthy children grow and develop in a straightforward manner, happy to fit in with their families. And then they hit adolescence, leaving many parents wondering what has happened to their equable, biddable, life-enjoying offspring and where this new entity has come from, often seemingly overnight. While it is easy to dismiss the whole process in a single word – hormones – it is worth considering what this phase actually consists of, especially as it usually coincides with a critical period in education. It is profoundly distressing to a lot of parents that at a time when they would like their child to concentrate on school work, they seem incapable of concentrating on anything, indulging instead in thoughtless, demotivated and risk-taking activity. Why?


Up until the 1960s, it was generally thought that the brain was fully mature by adolescence. Then work done by Dr Peter Huttenlocher, a neurologist at the University of Chicago Child Hospital in the US, showed that there were two main changes in the brain before and after puberty. In the first year of life, there is a huge proliferation of brain cells, and the connections made between them, and at this point, the capacity for connections – synapses – between the brain cells is at its most dense; then those that aren’t used begin to get ‘pruned’, while those that are used begin to strengthen. In the frontal lobe, however, this proliferation continues without pruning throughout childhood. Then, after puberty, while brain volume itself does not change, there is an increase in white matter in the frontal cortex, caused by an increase in myelin – the fatty tissue that appears white under a microscope, making the cells look less grey – which is responsible for insulating and protecting brain cells, and allowing for even faster transmission of activity in the frontal cortex. Also after puberty there is a vigorous ‘pruning’ in the frontal cortex, and because this is important for fine tuning, and the frontal cortex is responsible for executive planning – our capacity to do more than one thing at a time, plan future tasks, direct our attention, control impulsive behaviour – the combination of increased myelination and fine tuning helps the brain mature. Eventually. In the meantime, the brain is a work in progress and the executive ability to link cause and effect, in particular, seems to be unreliable. Adolescent behaviour, particularly in boys, seems to overlook the very obvious (to the rest of us) fact that if you leap out of a second-floor window, for example, you might break your leg.


With this increased activity in the frontal cortex, there is also an increase the sort of self-conscious, self-absorbed and selfish behaviour that is so characteristic of adolescents. There is another consequence of this remodelling of the cortex, which is what is happening here, that can make teenagers seem so insensitive to other people. This is a reduced ability to recognize other people’s emotions. Research studies, based on showing adolescents pictures of facial expressions, showed that they are 20 percent less likely to read them accurately, making them socially inept. Further research, using MRI scans while adolescents were looking at faces on a computer screen, carried out in the US by Dr Deborah Yurgelun-Todd at Harvard’s McLean Hospital, showed that the amygdala area of young teens’ brains was activated during this activity, utilizing a more immediate but less reasoned gut reaction. Older teens showed greater activity in their frontal lobes, demonstrating a more considered and accurate identification of the emotions depicted.


So the behaviour of adolescents tends to be impulsive, they misread facial expressions and have no appreciation of how others feel, and this is before you throw hormones into the mix. But it’s not just the hormones – testosterone in boys and oestrogen in girls – that creates problems. There is also an increase in production of melatonin, and a biological shift in their sleep needs – hence the characteristically adolescent pattern of staying up half the night and not getting up until noon. Not only do they have an increased need for sleep, but they also suffer the equivalent of jet lag, and many end up chronically sleep deprived, with all the added impact that this has on their behaviour – moodiness, irritability and being reactionary.





The adult brain


So it would seem that by early adulthood, the brain is fully mature and functional, and you might think the story of brain development ends there, but something that is relevant in late adolescence is also relevant in the adult brain: plasticity. Plasticity is described as the ease with which connections are made between neurons, and how these connections are modified in response to how often they are used.


Neuroplasticity refers to the continued changes that can occur in the brain as the result of exposure to new experiences and learning opportunities, referred to by neurologists as ‘experience-dependent plasticity’.) This has been seen to occur after injury to the brain, where plasticity allowed new functional and structural changes to take place to compensate for the damaged area. This is what makes rehabilitation so important, and creates the possibility for regaining some, if not all, previously damaged brain function.


It was previously thought that the adult brain was hard wired and no longer capable of new development. It had been thought that after critical periods of development there would be no more change and that the sensory pathways were fixed, even while areas like the hippocampus – concerned with processing memory – continued to produce new neurons. It seems, however, that if exposed to enough opportunities, we go on learning, process what we learn and apply that learned experience – all of which encourages the formation of new neurons in the hippocampus.


Research carried out on taxi-drivers’ brains by a team of neuroscientists at University College London, and published in The Lancet in 2000, showed this process of plasticity. London taxi drivers have to learn huge amounts of information and manage to retain a vast knowledge of the spatial arrangement of the city via a redistribution of grey matter in the hippocampus of the brain. The researchers compared 16 male taxi drivers with 50 men who didn’t drive taxis, and found that the posterior hippocampus, linked previously with navigational skills, was significantly larger in the taxi drivers.
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Further research done in the US by Hongjun Song at Johns Hopkins University School of Medicine in 2007, on new cell formation in the hippocampus in mice, confirms earlier findings about plasticity. Not only did the new cells created by new experiences (in a process known as neurogenesis) show a greater degree of activity than the older cells, but they were also able to integrate into existing brain circuits and modify them. ‘This indicates that adult neurogenesis continuously provides a pool of highly excitable and flexible neurons facilitating the formation of new connections within the adult brain’, says Josef Bischofberger, a neuroscientist at the University of Freiburg in Germany, who commented on the study. ‘At the same time, maturation will slowly “cool down” the new cells making them reliable units for stable representation and storage of the newly learned memories.’


Because of their plasticity, newly generated neurons increase the plasticity of the old networks, by modifying them to incorporate new information. Older cells then accommodate and adapt to the new conditions, improving their function. What is also known is that exercise increases the formation of new neurons in the hippocampus, and this, in turn, leads to better memory performance.


Not only is adult brain development shaped by external stimuli, but it also coincides with the busiest time of our lives. Most adults have to become adept at multitasking, juggling careers and families, and while we are probably at the peak of our mental and physical powers during this life stage, overload and burnout are frequently the price many of us pay for this business. These can not only affect our performance but can also store up stress-related health problems for later life.


Recent research has shown that it is possible to generate and regenerate brain cells throughout life. However, doing this is a case not just of improving memory – for example by exercising the area of the brain responsible for memory – but also of enhancing the senses, because unless what we see, hear or feel is processed accurately, then the brain cannot process or store information as well as it once did. Understanding more about the links between sensory perception, memory and cognition has enabled scientist to work out what exercises will help brain plasticity.
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Get into the habit of remembering, and recalling, impor-
tant phone numbers. Your own phone number is easily
remembered, but learn and remember those of your clos-
est relatives and friends — and your mobile phone number
~without constantly looking it up. Then try leaming and re-
membering your credit card details. Of course, you can keep
phone numbers written down, but making the effort to leam
strings of numbers, which have meaning for you, will also
help you remember other important numbers like your PIN.





