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Due to the complex integration of images  
and text, this DK eBook has been formatted  

to retain the design of the print edition.  
As a result, all elements are fixed in place,  

but can easily be enlarged by using  
the pinch-to-zoom function. 

If you are previewing this eBook on a mobile  
phone, portrait mode is recommended.  

If previewing on a tablet or larger display,  
landscape mode will allow you to see  

facing pages at the same time (two page view).
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The brain is the most astonishing part  
of your body. Its billions of cells control 
everything you think and do, including  
your actions, senses, emotions, 
memory, and language. The more 
you use it, the better it works. 
This book is all about how to get 
your brain cells buzzing and, maybe, 
become a genius. 

Emotions
EmotionsFear, anger, joy, love, and 
other emotions can seem 
like automatic mental 

responses, but we can use  

our brains to control our 
emotions if we want.

Do you remember?Do you remember?
Put your brain’s memory skills  
to the test. Study the picture 
showing inside this boy’s busy 
head for 45 seconds, then cover it 
up and try to answer the following 
questions. No peeping!

1. Where does he like to sing? 
2. Name three sports that we see 
the boy doing. 
3. One picture shows us inside his 
body. Which part do we see? 

4. What colour is the terrifying 
monster he is scared of?
5. Who is the love of his life? 
6. What food does the boy  
really, really hate?
7. How many candles are  
there on the birthday cake? 
8. Name three different  
animals that we see.
9. What is the delicious smell  
that we see the boy sniff? 
10. What injury makes  
him cry?

6

Automatic 

Automatic 
activity

activity
Your brain is always active, 

even when you are asleep.  

It also keeps you alive by 

controlling your heartbeat, 

temperature, breathing,  

and digestion.

Pe
rc
ep
ti
on

Pe
rc
ep
ti
on

All your senses are wired 

into your brain, which 

takes in the signals they 

send and allows you to  

see, hear, smell, ta
ste,  

and feel the world.

Check the 
 puzzle answers 

on page 186.

C

B

F

A

E

D

    
Perfect pairPerfect pair

 This puzzle tests your spatial 
awareness – your sense of 
space. Which two pieces on 
the far right will fit together 

to create this hexagon 
shape?

  BRAINBRAIN  
YOUR AMAZINGYOUR AMAZING

How did you do? Turn  
to page 186 to find out. 
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A human brain  A human brain  
is the most complex  is the most complex  
structure on Earth.structure on Earth.

Th
in
ki
ng

Th
in
ki
ng

Your brain is always solving 

problems by connecting 

different ideas – even when 

they are not part of your own 

experience. Only humans  

can do this.

MemoryMemory
Every event or fact that 

grabs your attention may  
be stored in your memory –  

an amazingly efficient library 
of information that never 

runs out of space.

Language
LanguageYour brain gives you the 

ability to communicate and 
understand complex ideas 

using speech. You can also 
learn by reading words that 
were written long ago.

7

Feel lost?Feel lost?
Life is full of puzzling 

problems – such as how 
to get to the middle of  

this tricky maze. It’s your  
a-maze-ing brain that 

helps you find the 
answers.

Movement

Movement

Your brain triggers and 

organizes your movements, 

so your actions are smooth 

and efficient. Most of this 

happens without you  

thinking about it.
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CCeecile V
ogt-Mugn
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cile Vog

t-Mugnie
r 

French neurologist Cécile Vogt-Mugnier 

worked with her husband Oskar to study 

the brain. Along with other scientists, 

such as German neurologist Korbinian 

Brodmann, they sought to map the 

areas of the cortex (the outer layer of 

the brain) and identify the functions of 

each of them. Her accomplishments 

were only recognized later in life.

ThalamusThalamus
The thalamus relays sensory signals 

from your body to your cerebrum, 
where they are decoded and analyzed.

Pituitary glandPituitary gland
This releases chemicals called 

hormones into your blood. They 
control many functions, including 

growth and body development.

Your brain is the most complex organ in your  
body – a spongy pink mass made up of billions  
of microscopic nerve cells linked together in an 
electronic network. Each part has its own job, 
but it is the biggest part, the cerebrum, that is 
responsible for your thoughts and actions.

Fish Bird Human

Origin of genius Origin of genius 
Compared to other animals, the human brain has 
a much bigger cerebrum (shown in orange above). 
This is what makes us intelligent, because we use 
the cerebrum for conscious thought. 

10

Brain stemBrain stem
Connected to the spinal cord, 
the brain stem links the rest  
of the body to the brain and 

controls heartbeat and breathing.

Meninges These 
layers cushion the 
brain against shock

HypothalamusHypothalamus
This is the part of your brain 
that regulates sleep, hunger, 
and body temperature.

Your brain is 77 per cent water.Your brain is 77 per cent water.

BRAINBRAIN  
MAPPING THE MAPPING THE 
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CerebellumCerebellum
This complex folded 

structure helps control 
balance and movement.

Up to 1 litre (2 pints) of  Up to 1 litre (2 pints) of  
blood flows through your blood flows through your 

brain every minute. brain every minute. 

The outer brainThe outer brain
The cerebrum is heavily 
folded in order to increase 
the total area of its surface, 
which is packed with brain 
cells. It is divided into  
halves, the left and right 
hemispheres, and each 

consists of four lobes that 
have different functions.

Blood supply 
Blood supply The brain needs a constant supply of oxygen to fuel its activities. This is delivered in the blood via the body’s circulatory system of arteries, veins, and capillaries. About a fifth of the body’s entire quota of oxygenated blood is reserved for the brain.

11

Corpus callosum A band  
of nerve fibres that link the 
two sides of the cerebrum

Skull Forms a protective 
casing around the brain

Subarachnoid space  
This is filled with  

shock-absorbing fluid

Spinal cord  

Frontal lobe Vital to  
thought, personality,  
speech, and emotion

Temporal lobe Mainly 
concerned with the 

recognition of sound loudness 
They also play a role in the 

storage of memory

Parietal lobe Processes 
information from the senses, 
especially from the skin, 
muscles, and joints

Occipital lobe Receives nerve 
signals from the eyes and 
interprets visual information

CerebrumCerebrum
The biggest part of the brain 
controls all our conscious actions 
and thoughts, analyzes sensory 
data, and stores memories.

Cerebellum
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LEFT BRAIN SKILLSLEFT BRAIN SKILLS
The left side of your brain is 
responsible for the more logical, 
rational aspects of your thinking, 
as well as your verbal skills.

12

The cerebrum is divided into two halves, connected by a 
bridge of nerve fibres. For some functions each half is wired 
to the opposite side of the body, but other skills and thought 
processes are controlled by only one half of the brain. 

Left visual cortex 
Processes data 

from right  
visual field

This scan shows brain 

activity (red areas) in  

the right hemisphere.
A trained musician uses  

the left hemisphere more.

Rational thoughtRational thought
Thinking and reacting in a rational 

way appears to be mainly a left-brain 
activity. It allows you to analyze a 

problem to find an answer.

LanguageLanguage
 Your ability to express yourself  

in words is usually controlled  
by the frontal lobe of the left 

cerebral hemisphere.

Mathematical skillsMathematical skills
Studies show that the left side of the 
brain is much better at dealing with 
numbers than the right side, and is 

responsible for mathematical skills.

Scientific thinkingScientific thinking
Logical, scientific thinking is the job 
of the left side of the brain, although 
most science also  

involves being creative.

Writing skillsWriting skills
Like spoken language, writing skills 

that involve organizing ideas and 
expressing them in words are largely 

controlled by the left hemisphere.

Two mind
s? 

Two mind
s? 

Many mental activities involve both 

sides of the brain, but the side that is 

most involved may vary. These two 

scans show the brain activity of two 

people while listening to music. The 

person on the left is using their right 

hemisphere much more, indicating  

a more intuitive approach, while the 

other person may be more analytical.

Left visual field 

Right side of each 

eye sees the left 

visual field

LEFTLEFTBRAINBRAIN

Left optic tract 
Carries data from 

right visual field
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Optic nerve 
Sends visual  
signals to brain

Righ
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al 
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d

Right optic tract 
Carries data from 
left visual field

Right-handed world

Right-handed worldThe left brain controls the right hand, and since most people are right-handed, this suggests  that the left brain is usually dominant. So do left-handers use their right-brain skills more? There is no proof of this, and many left-handers have no trouble using language and logic.

ImaginationImagination
Your creative imagination is mainly 

directed by the right hemisphere, 
although expressing that imagination 

involves left-brain skills.

Spatial skillsSpatial skills
Your ability to visualize and  

work with three-dimensional 
shapes is strongly linked to  
the right side of your brain.

InsightInsight
Those moments of insight when 
you connect two very different 
ideas probably come from the 

right half of your brain.

ArtArt
Visual art is related to spatial skills, 
and the right side of your brain is 
probably more active when you are 
drawing, painting, or looking at art.

MusicMusic
Like visual art, music involves a lot  
of right-brain activity – but trained 

musicians also use their left brains  
to master musical theory. 

Crossed wiresCrossed wires
The left side of each eye is 

connected to the left side of your 
brain, but picks up data from the right side 

of your head – the right visual field. Each side of the brain 
processes images from the other side of the head. Each 
side also controls the muscles of the opposite hand.  

Right visual cortex 
Processes data 
from left  
visual field 

RIGHTRIGHTBRAINBRAIN
RIGHT BRAIN SKILLS RIGHT BRAIN SKILLS 
The right side of your brain seems to be the focus of 
your more creative thoughts and emotional, intuitive 
responses. It is also important for spatial awareness.

012_013_GD132_LeftRight_V3.indd   13012_013_GD132_LeftRight_V3.indd   13 31/08/21   7:11 PM31/08/21   7:11 PM



Most people are either left- or right-handed, 
but did you know that you can also have a 
dominant foot and a preferred eye? In both 
physical and mental tasks, the left and right 
sides of your brain are far from equal, and it is 
very rare for someone to be able to use both 
hands or feet equally well. Try the following 
tests to find which side you are on.

14

TAKINGTAKING SIDES SIDES

Best foot forwardBest foot forward
The easiest way of finding which  
of your feet is dominant is to kick  
a football, but you usually take  
the first step of a flight of stairs 
with your stronger foot, too. Your 
preferred foot may not be on  
the same side as your dominant  
hand – you can be left-footed and 
right-handed or vice versa. 

Try doing things with the  

Try doing things with the  

opposite hand to normal, such as 

opposite hand to normal, such as 

switching the hand that you hold 

switching the hand that you hold 

your fork with, or putting your 

your fork with, or putting your 

watch on the other arm. This forces  

watch on the other arm. This forces  

your brain to learn new ways  

your brain to learn new ways  

of doing things, and creates  

of doing things, and creates  

more connections between  

more connections between  

the two sides of your brain.

the two sides of your brain.

Eye-motionEye-motion
Look straight at the nose of the girl in each of  
these pictures. In which one do you think she looks 
happier? Most people find that she looks happier in 
the bottom image, which shows her smiling on the 
left side of the picture. This is because information 
from your left visual field gets processed in your 
brain’s right hemisphere, which is also dominant  
for interpreting emotions.

BRAIN GAMESBRAIN GAMES
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TAKINGTAKING SIDES SIDES

Handy testHandy test
Ambidexterity is the ability to use both hands equally well. To 
see if you are ambidextrous try the exercise below. Take a pencil 
in your right hand and ask a friend to time you for 15 seconds. 
Starting top right, work your way along the line putting as many 
dots as you can in the white circles. Then do the same on the 
other side with your left hand, and compare the results. 

 You will get the furthest 
along the line with your 

dominant hand, but you may 
surprise yourself by just how 

well you did with your 
weaker hand. If you found 

that you got equally far  
with each hand, you are 
probably ambidextrous.

Having one hand as strong as the other Having one hand as strong as the other 
can give you an advantage in some can give you an advantage in some 
sports. In baseball, for example, an sports. In baseball, for example, an 

ambidextrous hitter can switch hands  ambidextrous hitter can switch hands  
to strike the ball from the best side.to strike the ball from the best side.

Right hand 
start

Left hand 
start  

Eye see youEye see you
To discover which is your dominant 

eye, hold up your index finger 
to eye level, and look past it 
into the distance. Then close 

each eye, one at a time. You 
will see that with your weaker 
eye, your finger will appear  

to jump, whereas with your 
stronger eye, it will stay in place. 

Your stronger eye works out the 
position of things, while the weaker 

eye helps with depth perception. 

 The left side of your brain assigns simple shapes  
to common objects – for example, an almond shape for  

an eye. So if you draw a face the right way up, you 
probably draw the features based on what you think they 

look like, rather than what you see. When you look  
at a face upside down, however, the right side of your 

brain works harder to understand the unfamiliar image 
and you draw the shapes and lines you actually see. 

Trick your brainTrick your brain
This exercise reveals how your brain sometimes tricks you 
into taking shortcuts. First, draw this upside-down picture of 
a face. Then turn the face the right way up and draw it again. 
When you compare the two pictures, you may be surprised  
to find that the upside-down version is the most accurate.
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Your brain is only  Your brain is only  
3 per cent of your body 3 per cent of your body 
weight, but consumes  weight, but consumes  
17 per cent of your 17 per cent of your 
body’s total energy.body’s total energy.

16

Tingling nervesTingling nerves
The long axon of a neuron is like a wire 
that conducts electrical signals. At one 
end is the dendrite, which receives 
signals from other neurons and passes 
them down the cell body. These signals 
release chemicals that trigger more 
electrical impulses, which pass out and 
on to other neurons at the synaptic 
knob at the other end of the axon.

Nervous systemNervous system
The small nerves that reach every corner 

of your body are called the peripheral  
(outer) nervous system. They gather data 
from your senses and pass it to the central 
nervous system – the spinal cord and brain – 
where it is processed. Instructions are then 
sent through the peripheral nervous system 
to your organs and muscles.

Branching cells Branching cells 
The body is made up of many different 

types of cells. Each is basically an 
envelope of fluid containing a nucleus 

that controls what it does. Neurons are 
cells with an unusual form, because 

they have branching filaments called 
dendrites that receive information 

from other neurons. The longest 
filaments, or axons, form the main 

nerve fibres of the body.

Nucleus  
Controls all the 

functions of  
the neuron

Cell body All the 
materials needed 

by the cell are 
made here

Axon Nerve signals 
pass along the long 

axon to stimulate 
other neurons

Your brain is connected to a nerve network 
that extends to every part of your body. The 
system is like a tree with many branches  
and twigs, sprouting from the spinal cord that 
links them to the brain. The nerves consist of 
bundles of cells called neurons, which also 
form the tissue of the brain itself.  

NEURONSNEURONS  
NERVES ANDNERVES AND

The axons of some  The axons of some  
neurons are more than  neurons are more than  
1 m (3 ft) long, making 1 m (3 ft) long, making 
them the biggest cells in them the biggest cells in 

the human body.the human body.
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You could fit 30,000 You could fit 30,000 
neurons on the  neurons on the  
head of a pin.head of a pin.

Send and
 receive

Send and
 receive

Different neurons have their own jobs. Sensory 

neurons pick up signals from your senses, while 

motor neurons deliver signals to your muscles. 

Some of this activity involves conscious thought, 

especially if you are engaged in a skilled activity. 

But a lot happens automatically, to control vital 

functions like your heartbeat and breathing.

Electrical nerve Electrical nerve 
impulses shoot along impulses shoot along 

the long axons of the long axons of 
neurons at 400 km/h neurons at 400 km/h 

(250 mph). (250 mph). 

Dendrite  
Each dendrite picks 
up signals from  
other neurons

Myelin sheath  
This protects the 

long axon and 
speeds up nerve 

impulses

Synaptic knob  
The swollen end of  
the axon from another 
neuron releases 
chemicals that trigger 
nerve signals

Mitochondrion  
Turns sugar into 
energy to power  
the cell’s activities

Nerve network
Nerve networkNeurons link up to pass nerve signals 

to each other. This activity is most intense in the brain, where some  100 billion neurons form a complex network resembling the electronic circuits of a computer. This network 
processes the data gathered by your 

senses, stores it in your memory,  and gives you the ability to think.

ReflexReflex
If you touch the sharp 

spine of a cactus, a pain 
signal shoots up a nerve 

in your arm to your 
spinal cord, which 

instantly triggers a nerve 
impulse that pulls your 
hand away. The impulse 

short-circuits the 
central nervous system 
to cause an automatic 

reaction called a reflex. 
Your brain is not

involved, although 
it is kept informed. 

You move before 
you know it.
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We all know what we mean by a genius – someone who is super-intelligent, or has amazing skills.  But are these people born with these qualities,  or do they develop them? It turns out that while  being smart is very important, a lot also depends on originality, determination, support, and hard work.

WHAT IS A WHAT IS A GENIUS?GENIUS?

20

There is a theory that it takes There is a theory that it takes 
10,000 hours of work to be an 10,000 hours of work to be an 

expert at anything – that’s  expert at anything – that’s  
about ten years of practice.about ten years of practice.

Geniuses’ ideas are not always popular. Geniuses’ ideas are not always popular. 
Galileo got into serious trouble for Galileo got into serious trouble for 
promoting the idea that Earth was  promoting the idea that Earth was  

not the centre of the Universe.not the centre of the Universe.

Lifelong learningLifelong learning
Hildegard of Bingen was a talented 12th 
century nun who, like many geniuses, spent 
the majority of her life learning and creating. 
Throughout her time at a convent in Germany, 
Hildegard produced a range of scientific works, 
including some identifying the medicinal 
properties of plants, as well as incredible 
musical compositions and other writings. 

Original thinkingOriginal thinking
Italian astronomer Galileo Galilei  
(1564–1642) lived at a time when 
most people had strange ideas about  
how the Universe worked. His genius  
was to study everything with fresh eyes,  
and come up with theories based on 
observations and experiments. In the 
process, he invented modern science.
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Broad viewBroad view
Some geniuses do one thing extremely  
well, but others excel at many things. 
Thomas Jefferson – the main author of  
the American Declaration of Independence  
in 1776 – was a philosopher, archaeologist, 
architect, and inventor, as well as a politician 
who became president of the United States. 

DeterminationDetermination
Born in Poland in 1867, Marie Curie was 
determined to be a scientist, even though 
such a career was not considered suitable  
for a woman in the 19th century. She fought 
poverty and prejudice to win two Nobel Prizes 
for her pioneering work on radioactivity.

Child prodigyChild prodigy
Some people just seem to be born geniuses. 
Garry Kasparov was only 13 when he won 
the Russian junior chess championship in 
1976, and became the youngest-ever world 
champion in 1985. He had a natural talent, 
but he worked hard to make the most of it.

EncouragementEncouragement
American sisters Venus and Serena 
Williams are among the greatest of all 
tennis players. They showed amazing 
talent from a young age, but they owe  
a lot of their success to their parents, 
who coached and encouraged them to 
build on their skills.
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We are visual creatures. We identify most things by sight  
and we think mainly in visual terms. So for most of us,  
sight is our dominant sense. This means that a lot of 
the information we commit to memory is in the form 
of visual images. But how do the brain and eyes 
work together to create these images? 

BRAIN ANDBRAIN AND

24

Automatic contro
l 

Automatic contro
l 

Each eye has two lenses. The cornea at the 

front forms one lens. Behind this is another 

lens made of transparent jelly, suspended 

by muscles that automatically change its 

shape to focus on close or distant objects. 

The coloured iris controls the light entering 

the eye by automatically dilating (widening) 

or contracting the pupil at the centre.

Image convertor  Image convertor  
Your eye is a ball of transparent jelly lined with light-sensitive 
cells. Light rays enter your eye through lenses that focus an 
upside-down image on the cells. These cells respond by 
generating tiny electrical signals that pass down a bundle  
of nerve fibres to your brain. The cells exposed to parts of  
the image that are light generate bigger signals than cells 
exposed to dark parts, just like the pixels in a digital camera 
sensor. The cells turn the image into an electronic code  
that your brain can process.

Eye muscle One of six 
muscles that rotate the 

eye in its socket

Cornea The “window” at 
the front of the eye partly 

focuses the image

Reflected light   
Visible objects 

reflect light into 
your eyes

Iris Muscles in the 
iris change the size 
of the central pupil 

Clea
r vi

ew 

Clea
r vi

ew 

Light reflected from 

anything you see is focused 

by the cornea and lens to  

form a clear optical image. 

This is projected upside

down on the back of the eye.

EYESEYES
Choroid A network of 

blood vessels spreads 
through this middle 

layer of the eye

Sclera The white  
of the eye forms a 
tough outer layer

Retina The inner 
lining is a sheet of 

light-sensitive cells

Pupil The opening in 
the iris allows light 
into the eye  

Lens The elastic lens 
changes shape to 
fine-focus the image 

Dilated 
pupil

Contracted 
pupil
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Seeing in colour 

Seeing in colour 
The cone cells in the retina respond to 
different strengths of basic colours such  
as red, green, and blue. The signals they 
send to the brain represent millions of 
dots of these colours. The brain combines 
the dots to create all the other colours of 
the spectrum, as in this simplified diagram.

Dark adaptation Dark adaptation 
When you switch the light off in 
your room at night, you can’t see 
much. However, as the minutes 
tick by, you are able to see more 
and more. This is because the 
sensory cells in your eyes can 
adapt to the low light level – but it 
takes time. If you turn the light 
back on, you get dazzled because 
your eyes have adapted to the dark. 
They must re-adapt to the light, but 
they do this much more quickly.

Strange effects Strange effects 
Bright lights and contrasting patterns can cause strange 
optical effects. For example, if you stare at something for  
a minute and then close your eyes, you see a negative  
afterimage. Each colour is replaced by its opposite, so the 
yellow and red flowers shown below appear blue and cyan. 
This is a side effect of the way your brain processes colour.

Visual cortex The  
part of the brain that 
processes visual data  

Optic nerve A bundle of 
nerve fibres that sends 
the image to the brain

Sensory cells 

Sensory cells 

The image is focused on a 

sheet of light-sensitive cells 

called the retina. Some of the 

cells (rods) are very sensitive 

to dim light, while others 

(cones) detect colour.

Mental image 

Mental image 

The cells of the retina 

convert light into electrical 

signals. These pass to the 

visual cortex of the brain, 

which turns them into an 

upright mental image.

Blind spot Blind spot 
The point where the optic nerve leaves the eye cannot 
detect light, but your brain invents information to fill the 
gap. You can test this using the diagram above. Hold the 
book at arm’s length, close your right eye, and focus on the 
cross. Move the book slowly towards you. The centre of the 
wheel will disappear when it falls on your blind spot – but 
your brain will fill the gap with spokes of the wheel.

There are about 126 million There are about 126 million 
sensory cells in each eye – sensory cells in each eye – 

120 million rods and  120 million rods and  
6 million cones. 6 million cones. 
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PICTURESPICTURES
The optical illusions in this gallery all 
play tricks on what your eyes and brain 
think they are seeing. They stimulate the 
eyes in such a way that still images seem 
to move, colours change, and things 
appear where they shouldn’t.

TRICKYTRICKY

Did that move?Did that move?
The patterns in this picture appear to be 
moving, but not if you stare at any spot for  
a few seconds. This demonstrates what is 
called peripheral vision drift. Our brains 
perceive the colours and contrasts as  
moving when we are not looking directly  
at them, but the effect ends when we  
train our eyes on one spot.  

 Is it straight? Is it straight?
The horizontal lines in this illusion appear to be  

slanted, but they are all perfectly straight – use a ruler 
and see for yourself! Our brains interpret the lines as 

being slanted due to the disjointed black-and-white  
lines running from top to bottom, which can also make  

some horizontal bands look closer than others. 

BRAIN GAMESBRAIN GAMES

26
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Ouch!Ouch!
If you move your eyes around this pattern, called  
the Ouchi illusion, the circle in the middle seems to 
move or separate from the rectangular background, 
and even hovers in front of it. This illusion is not fully 
understood, but it probably arises from the brain 
being unsure of where the circle ends when you  
are not looking directly at it. 

Jumping goldfishJumping goldfish
Stare at the pink dot in the centre of the goldfish’s head for 15 seconds 
and then look at the black dot in the empty bowl. You should see the 
goldfish in its new home. This happens because an impression of the 
goldfish, called an afterimage, is still left on the back of your eye.  

Colour contrastsColour contrasts
Which of these green crosses is lighter? Most people would 
say the cross on the right. It might seem strange, but there is 
actually no difference between them. This illusion is known as 
simultaneous contrast, and it shows that the way we perceive 
colours is based on their surroundings. 

Seeing spots Seeing spots 
This picture is called the scintillating grid because 
when you look at it, dark spots seem to flash 
(scintillate) in the intersections between the squares. 
The reason for this is yet to be explained, but if you tilt 
your head to either side, it seems to lessen the effect. 

27
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Your eyes turn visual images into an 
electronic code that can be processed  
and stored in your brain. It is this mental 
processing that determines how you 
see the world. Without it, you could 
not make sense of all the shapes 
and colours. Your brain also 
responds to some visual effects  
by translating them into other 
types of information. This enables 
you to judge things like depth, 
shape, and distance.  

  HOW YOU HOW YOU 

SEE SEE 

28

Binocular visionBinocular vision
Each eye sees a slightly different image of the world. Try closing  
one eye and framing a distant object with your hands. Then open  
that eye and close the other. You will find that your hands are 
framing a different view. The images below show the different  
views of the same setting seen by each eye. The left eye can  
see the palm trees behind the boat, while the right eye sees the 
flowering trees. You might expect this to confuse your brain,  
but it combines the images to create a 3-D view. 

ParallaxParallax
If you close one eye and look at a scene 
without moving your head, it looks flat 
like a picture. But if you move your head 
from side to side, you get an impression 
of depth. This is because objects that are 
closer to your eye seem to move more 
than objects that are further away, and 
your brain translates the difference into  
a perception of depth. This parallax effect 
is obvious if you look out of the side 
window of a moving car – nearby objects 
like these pillars zip past, but distant 
objects like the trees hardly move at all.

Perspective Perspective 
Another way your brain judges distance is by decoding perspective.  This is the effect you get when you look up at a tall building and the  walls seem to lean towards each other – even though you know they  are vertical. Your brain makes an automatic calculation based on  this knowledge and turns it into a perception of height.
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is obvious if you look out of the side 
window of a moving car – nearby objects 
like these pillars zip past, but distant 
objects like the trees hardly move at all.

Perspective Perspective 
Another way your brain judges distance is by decoding perspective.  This is the effect you get when you look up at a tall building and the  walls seem to lean towards each other – even though you know they  are vertical. Your brain makes an automatic calculation based on  this knowledge and turns it into a perception of height.
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Aerial perspecti
ve 

Aerial perspecti
ve 

In landscapes with long views your brain can use another clue 

to assess distance. Called aerial perspective, it describes the 

way the colour of distant objects is affected by moisture or dust 

in the air. It is obvious in hilly regions, as seen in this picture, 

where the distant hills look paler and bluer than those closer 

to the camera. When astronauts visited the Moon, which has  

no air, the absence of this effect made them think that distant 

hills were much closer than they really were. 
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Light and shade 
Light and shade Objects are usually lit from above, casting shadows that vary according to their shape. Your brain uses this to judge shapes, enabling you to tell the difference between a ball and a flat disc. The reaction is so instinctive that it even works with 2-D images. These shapes look like a dent surrounded by bumps, but if  you turn the page upside down they look like a single bump surrounded by dents. 

Optical il
lusions 

Optical il
lusions 

Information stored in your memory helps you make sense 

of what you see. But it can also confuse you by applying 

the wrong set of rules. In this desert mirage, the blue 

“water” is really part of the sky. It appears in the wrong 

place because the view is distorted by a layer of very hot 

air. Since you know that it can’t be the sky, you assume  

it is a reflection of the sky in a pool of water. 

An average person can tell the  An average person can tell the  
difference between 200 colours,  difference between 200 colours,  

all forming part of the visible light  all forming part of the visible light  
spectrum from red to violet.spectrum from red to violet.

We use up to ten different 
We use up to ten different 

ways of judging distance 
ways of judging distance 

and depth, showing how 
and depth, showing how 

important it is to us.
important it is to us.
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Some of the most effective optical illusions can be 
produced with simple lines and shapes. Such illusions 
play with our perceptions of angles, size, and shape, 
causing us to make unconscious assumptions about 
what we see. Even when we know how they work, the 
illusions are difficult to shake off. SIMPLESIMPLE

Little and large
Little and largePsychologist Edward Bradford Titchener discovered that 
our judgement about the size of something is affected by 
the size of other things around it. The red circles in the 
picture here and the one below are the same size, but the 
one here looks bigger because it is surrounded by smaller 
circles. Movie makers use this simple effect to make 
monsters appear much bigger than they actually are.

Wrong direction

Wrong direction

The Müller-Lyer illusion misleads the brain 

into thinking that the middle section of the line 

on the left is longer than the one on the right. 

This is because the open arrowheads extend 

beyond the line, playing with our perception  

of length and depth.

30

BRAIN GAMESBRAIN GAMES

Crosse
d line

s
Crosse

d line
s
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ILLUSIONSILLUSIONS

This illusion was 

discovered by German 

astrophysicist Johann 

Karl Friedrich Zöllner. 

The four parallel  

vertical lines appear 

tilted. Scientists cannot 

explain why we see 

tilted lines when they 

are perfectly straight! 

Two
 in

 on
e

Two
 in

 on
e

This simple image contains two illusions.  

The black lines give a sense of perspective, 

stretching into the distance. This creates a  

second illusion in which the red line at the 

top appears to be longer than the one at the 

bottom. They are, in fact, the same size.

The concentric 
circles in this  
picture trick  
our brains into 
thinking that the 
image has depth. 
It also makes the 
perfectly straight 
lines of the blue 
square appear  
to bend inwards. 

A little bit dottyA little bit dotty
Dots appear to join the crosses in this image, but they 
don’t actually exist – they’re simply gaps in the lines. 
Scientists disagree on an explanation. Do we see  
dots because the brain works out the boundaries of 
shapes from little bits of information? Or do we see 
the illusion before the brain has processed exactly 
what it is we are looking at?
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Is it square?Is it square?

Crosse
d line
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If you watch a cat prowling through long 
grass, you will see its ears constantly 
twitching as it picks up faint sounds that 
might betray hidden prey. We cannot twitch 
our ears, but we monitor sound in a similar 
way to keep track of our environment and 
avoid danger. We also use our hearing to 
communicate and enjoy music. Like the 
other senses, hearing is made possible by 
organs that gather data and convert it into a 
code that can be used by the brain. Without 
mental processing, it would mean nothing.

34

HEARHEAR
HOW YOUHOW YOU

Pinna The outer 
flap of the ear

A change of toneA change of tone
All sounds are made up of a 

mixture of tones. Even musical 
instruments have these 

overtones and undertones, 
which give the sound its 

character. They explain why 
a note played on a metal 

instrument like this soprano 
saxophone sounds so different 

from the same note played  
on a wooden clarinet. 

High 
and l

ow 

High 
and l

ow 

Many sounds have a distinct  

pitch – especially those made  

by musical instruments. A 

high-pitched sound is caused 

by a rapid vibration, while a 

low-pitched sound is caused 

by a slower vibration. The short 

strings of a harp vibrate faster 

than the long strings, so they 

produce higher notes. 

Pressure wavesPressure waves
Sounds pass through the air in the form of pressure 
waves. You can picture these by imagining pushing 
one end of a long coil spring in order to squeeze the 
end coils together. The squeezed coils then spring 
apart and push against the rest of the spring, 
squeezing more of the coils to form a wave of 
compression that passes down the spring. Sounds 
are transmitted through the air in the same way, as 
very rapid vibrations squeeze air molecules together.

Orientation Orientation 
You can often locate the origin of a sound by 

gauging its effect on both ears. If the sound is 
louder in your left ear, the sound is coming from left 

of centre. But your brain is not as good at judging 
the height of a sound source. If you try to locate a 

singing bird in a dense bush, for example, its height 
is harder to pinpoint than its left-right orientation. 

Your ability to hear high Your ability to hear high 
tones diminishes as you tones diminishes as you 
get older, so children can get older, so children can 
hear high-pitched sounds hear high-pitched sounds 

that adults cannot. that adults cannot. 
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Ear canal Channels 
sound waves to  

the eardrum

Skull bone 

Semicircular canals 
These play an 

important role  
in balance

Cochlear nerve  
Sends nerve  

impulses from the  
inner ear to the brain

Eardrum Vibrates 
in response  

to  sound Oval window  
Membrane that 

transmits vibrations 
through to the inner ear 

Cochlea Turns 
vibrations into 

nerve impulses

Malleus Transmits  
vibrations from  

the eardrum

Incus Picks up 
vibrations from 

the malleus

Eustachian tube 
Controls air pressure

Stirrup Transmits 
vibrations to the 

oval window

Vibrating eardrums Vibrating eardrums 
Sound waves passing through the air push against 
your eardrums, making them vibrate. Each eardrum 
transmits the vibration through a series of small 
mobile bones to a coiled fluid-filled tube called  
the cochlea. The fluid in the cochlea vibrates, too, 
and thousands of tiny sensory hair cells in its 
lining convert the vibration into electrical  
signals that pass to the brain.

Lip reading Lip reading 
Many deaf people can  

understand what people are 
saying by reading their lips as 

they talk. But everyone does this 
up to a point. At a noisy party, it is 

much easier to follow what people 
are saying if you are watching their 

faces and lips. If you look away for 
more than a few moments, you lose 

track of what someone is saying. 

Background noise Background noise 
Your ears deliver a jumble of electronically coded 
noise to your brain, which sorts it out by focusing on 
one sound and ignoring the background noise. At a 
noisy party, for example, you can consciously listen to 
one person and ignore all the others. But you also 
have an unconscious tendency to ignore any sounds 
that are constantly part of the environment, like a 
whirring fan, and pay attention only to new sounds.

Your ears also contain  Your ears also contain  
the organs that enable the organs that enable 

you to keep your balance you to keep your balance 
when riding a bike.when riding a bike.

034_035_GD132_HowWeHear2.indd   35034_035_GD132_HowWeHear2.indd   35 31/08/21   7:11 PM31/08/21   7:11 PM



SOUNDSSOUNDS
LIKE?LIKE?

Two ears o
r one?

Two ears o
r one?

Step 3Step 3
Now place cotton wool in one of  
the volunteer’s ears to block out the 
sounds and repeat this activity using 
different noise-making objects. 
Record and compare the results. 
Was the person less successful 
the second time around?

The three smallest bones of your body The three smallest bones of your body 
are found in your ear – the smallest  are found in your ear – the smallest  

is the stirrup, which is about the  is the stirrup, which is about the  
size of a grain of rice.size of a grain of rice.

An earful!An earful!
Every day you are 
constantly surrounded 
by sounds. Tune in and  see how many you  
can identify.  
You will need:
• Pen and notebook
• Good noisy location –  
a  supermarket or a 
playground, for example
• Stopwatch

BRAIN GAMESBRAIN GAMES

 Sounds reach both ears at 
slightly different times, so they 

send slightly different signals to the 
brain. This information is used  

by the brain to detect the direction 
and distance of the sound.

Can you hear well 

with one ear or do  

you need both ears  

to locate sound?  

Try this activity  

and find out.
 
 

You will need:
• Blindfold
• Selection of objects that 

make distinctive sounds, 

such as spoons, an alarm 

clock, a whistle, and 

musical instruments

• Cotton wool
• Friends to participate

36

Step 1Step 1
Ask your parents  
to take you to your 
chosen location.  
In a one-minute time 
period, try to write down 
all the things you can hear. 
You will be surprised by how 
many sounds you can identify.

Step 1Step 1
Blindfold a volunteer, making  

sure that his or her ears are not  
covered by the material. Then  

ask your other friends to stand 
around the blindfolded person.

Step 2Step 2
Give everybody but the 
blindfolded person an object. 

One at a time, ask them to make 
their sounds. Then ask the 

blindfolded volunteer to identify the 
sound and where it is coming from. 

Record how often he or she is correct.

Step 2Step 2
Ask your parents to make a note of what  
they can hear, too. Can they identify the  
same sounds? 

 As we get older our ability to pick out 
sounds decreases, so your parents may 

have fewer sounds on their list!
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make distinctive sounds, 

such as spoons, an alarm 

clock, a whistle, and 

musical instruments

• Cotton wool
• Friends to participate
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Step 1Step 1
Ask your parents  
to take you to your 
chosen location.  
In a one-minute time 
period, try to write down 
all the things you can hear. 
You will be surprised by how 
many sounds you can identify.

Step 1Step 1
Blindfold a volunteer, making  

sure that his or her ears are not  
covered by the material. Then  

ask your other friends to stand 
around the blindfolded person.

Step 2Step 2
Give everybody but the 
blindfolded person an object. 

One at a time, ask them to make 
their sounds. Then ask the 

blindfolded volunteer to identify the 
sound and where it is coming from. 

Record how often he or she is correct.

Step 2Step 2
Ask your parents to make a note of what  
they can hear, too. Can they identify the  
same sounds? 

 As we get older our ability to pick out 
sounds decreases, so your parents may 

have fewer sounds on their list!
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Can you hear something? From whispering voices 
to a phone ringing, your ears pick up all sorts of 
sounds. Try the following activities and find out how 
much information we process through our ears.

Noisy bottlesNoisy bottlesWhat was that?What was that?

You cannot hear any sounds in You cannot hear any sounds in 
space. This is because sound space. This is because sound 
needs a medium to travel needs a medium to travel 

through, such as air or water.through, such as air or water.

Test your hearing 
ability by identifying 
these challenging 
sounds.

You will need:
• Paper
• Sticky tape
• Scissors
• Three empty bottles
• Uncooked rice
• Dried beans
• Uncooked pasta
• Empty bag
• Friends to participate

 How good is your sense of hearing? 
Throughout your life, your brain stores 

information it encounters, enabling you to 
identify the sounds you come across. 

Experiment with 
high- and low-
pitched sounds 
when you do  
this activity. 

You will need:
• Three empty  
glass bottles 
• Jug of water
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Step 1Step 1
Fill each bottle with a 

different amount of water, 
leaving one empty. If  
you blow across the top 
of the empty bottle, it 
makes a low-pitched 
sound. If you add a little 

liquid and then blow, the 
pitch is higher – the more 

liquid, the higher the pitch. 

Step 1Step 1
Fill each bottle with a 

different material – the 
uncooked rice, dried 
beans, and uncooked 
pasta. Let the participants 
hear each shaken bottle 
once. Then wrap them in 
paper before placing 

them in the bag. 

Step 2Step 2
Ask your volunteers  
to close their eyes 
and pick the bottles 
out, one by one. 
Can they identify 
what is inside the 
bottles by shaking 
them?  

Step 2Step 2
If you tap the sides  
of the same bottles 
you get the opposite 
effect: the empty 
bottle has the  
highest pitch, while 
the fullest bottle has  
the lowest pitch.

 There is less air when the bottle is half full,  
so the air vibrates faster, with higher pitch.  

When the bottle is empty, the vibration is slower  
and the pitch lower. But when you tap the bottle,  

it is the glass and water that are vibrating to  
create the sound. The greater the amount  

of water, the lower the pitch. 
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Some people seem to have a genius for music  
and can play it superbly when they are very  

young. A few are even able to compose complex 
orchestral music when they are only children – 

something that most people would find impossible. 
The most celebrated of these musical geniuses is 

Wolfgang Amadeus Mozart, one of the greatest 
composers who ever lived.

Wolfgang Wolfgang 
AmadeusAmadeus
MozartMozart

38

Fun and games Fun and games 
Despite his musical genius, Mozart did not have a 
one-track mind. He enjoyed horseriding, dancing, 

and billiards. When he started earning serious 
money in Vienna, he bought a billiard table as well 

as a new piano. He was well known for his sense 
of humour, partly because he enjoyed practical 

jokes. He also liked showy clothes and was once 
decribed as appearing on stage “with his crimson 

pelisse and gold-laced cocked hat”.

Child prodigy Child prodigy 

Born in Austria in 1756, Mozart was the son of  

a professional musician, so he was in the right 

family to learn his art. He could read music 

before he could read words, and he could play 

and compose music at the age of five. His sister 

was also a musician, and when Wolfgang was 

six, their father took them around Europe to 

show them off as child prodigies.

Wolfgang at the age of six, performing with his 
sister Nanneri and their father Leopold during  
their first trip to Paris, France, in 1762.

Impro
visin

g tal
ent 

Impro
visin

g tal
ent 

Mozart was brilliant at dreaming  

up variations on a musical theme 

while he was playing. According to 

a witness who saw him perform  

as a teenager, he would improvise 

like this for more than an hour, with 

such skill that even accomplished 

musicians were astounded. But to 

him this talent for fitting musical 

ideas together was just a party 

trick. The real challenge was to 

compose original, exciting music, 

which took a little longer.

In 1787, Emperor Joseph II of In 1787, Emperor Joseph II of 
Austria made Mozart his Austria made Mozart his 

court composer. court composer. 

Perched on a thick cushion, the young 

Mozart demonstrates his skill at the 

organ to an aristocratic audience.

This portrait of Mozart at the age of about 
26 shows his love for fine clothing.
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Although he was the most Although he was the most 
famous musician of all famous musician of all 

time, Mozart was unlucky time, Mozart was unlucky 
with money and died with money and died 

almost penniless.almost penniless.

Hard worker 
Hard worker Although he had amazing natural talent, Mozart also worked very hard. He produced several drafts  of each piece, adding more detail  with each version until he had the 

whole thing completed. If he ran out of time and was going to perform the piano part himself, he would sometimes write out the parts for the other musicians and perform his own part from memory – or even make it up as he went along. 

A typical small orchestra of the late  

1700s accompanying a composer playing 

a keyboard concerto.

Freelance composer Freelance composer 
In 1781, Mozart defied 18th-century 
convention by becoming a freelance 
composer and musician. At first he 
did well, but in 1790, he became ill.  
Mozart died in 1791 at the age of  
only 35. During his short life, he  
wrote more than 600 works, including 
symphonies, operas, and concertos 
for a variety of instruments.

Musical memory 
Musical memory Mozart had a terrific musical memory.  
He once wrote down an entire work by 
another composer from memory after 
hearing it only twice. He was able to  
soak up ideas and combine them with  
his own in order to create music that was 

inventive, sophisticated, and often very 
powerful. Many consider it to be some  

of the most beautiful music ever written.
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Simple tastesSimple tastes
Your taste buds can distinguish 

between only five taste sensations: 
salty, sour, sweet, bitter, and savoury. 
This combination is too limited to 

account for all the different tastes that 
you experience, and this is because your 

sense of smell also plays an important role  
in “tasting” your food. Infections such as  

colds and the flu can make you temporarily 
lose your sense of smell – and  
then you find that you cannot  

taste much either. 
 

Cerebral cortex 
Analyzes and relates 

smells and tastes

Olfactory bulb 
Gathers scent 

signals and passes 
them to the brain

SALTYSALTY

SWEETSWEET

SAVOURYSAVOURY

BITTERBITTER

SOURSOUR

Your senses of taste and smell are closely connected, 
and they both help you enjoy your food. But your sense 
of smell is vital in other ways. It alerts you to danger 
and helps you recognize familiar places, things, and even 
people. Your brain reacts surprisingly strongly to smell, 
especially smells that you memorized long ago.

SMELL SMELL 
TASTE ANDTASTE AND  

Taste bud Taste bud Most of the receptor cells that detect taste are concentrated on the tongue, in clusters called taste buds. There are about 10,000 of these, each containing 50 to 100 banana-shaped cells with tiny “taste hairs” at the top. When you eat, saliva and dissolved food seep into each taste bud through a tiny pore. The cells react to chemicals in the food by sending nerve impulses to the brain.

Taste pore

Nerve fibre
Taste  receptor cell

Taste hair

Nerve fibres   
Gather data from 

taste buds

Olfactory  
receptors  

Detect scent 
molecules in  

the air

Nasal 
chamber

Tongue
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Scent signalsScent signals
The human sense of smell is poor compared to that of many animals,  

but it is much more refined than your sense of taste, enabling you  
to detect thousands of scents. Scent molecules are carried in  

the air, and when you breathe in they are detected by two 
patches of receptor cells located high up in your nasal 

cavity. Nerve fibres from these cells pass through the 
skull to the olfactory bulb, where more nerve cells 

transfer the coded scent signals to the brain.
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Instinctive re
action 

Instinctive re
action 

The olfactory bulb is part of the limbic system at 

the top of the brain stem. The limbic system is an 

area of the brain that plays an important role in 

memory and emotion. This explains why scents  

can trigger powerful emotions and awaken dormant 

memories. Scent information also passes to the cortex 

of the brain to be analyzed consciously, but this takes  

a lot longer than the instinctive reaction.  

Professional sensesProfessional senses
Some people earn a living by their noses. 

They include the makers of perfumes and, 
not so obviously, wine tasters and tea 
blenders. The blenders of fine teas, for 
example, may “taste” the teas, but their 
taste buds can barely identify them. 
They use their refined sense of smell  
to decide which combinations have  
the best flavour.

Thalamus Receives taste 
signals from the medulla  
and sends them to the cortex

We all have our We all have our 
own unique smell own unique smell 
identity. This is identity. This is 

determined by factors determined by factors 
such as genes, diet,  such as genes, diet,  

and skin type. and skin type. 

Medulla Receives taste 
signals and relays them 
to the thalamus

Brain stem
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Unlike the other senses, smell and taste 
function by detecting chemical substances.  
Our sense of smell enables us to distinguish 
up to 10,000 different scents, and there are 
people who have an extra-sensitive sense of 
smell and taste. Try these activities and find out 
more about your senses of smell and taste.

42

SENSESSENSES
SENSITIVESENSITIVE

Step 1Step 1
Ask an adult to help you 
make the jellies. When 
they have set, place 
them on a plate. 

Step 2Step 2
Put a blindfold on the first 
person, making sure he or  
she does not see the jelly 
beforehand. Then ask your 
friend to taste and identify the 
flavours. Record the results.

In the weightless In the weightless 
environment of space, environment of space, 
food aromas don’t food aromas don’t 

often reach the nose, often reach the nose, 
so astronauts miss  so astronauts miss  
out on a lot of  out on a lot of  
food flavours. food flavours. 

Step 1Step 1
Ask the first volunteer to sample 
the food, rinsing his or her mouth 
out with water in between tastes. 
Record the responses.

 When you can’t smell what 
you are eating, it is harder to 
recognize food flavours. So if 
your nose is blocked because 
you have a cold, for example, 

food often tastes bland.

Step 2Step 2
Repeat step 1 with the 
second volunteer, but this 
time ask your friend to hold 
his or her nose closed. Who 
had a better sense of taste?

A blocked noseA blocked nose
Can a blocked  
nose affect your 
sense of taste? 
Follow the steps 
below and find out.

You will need:
• Selection of foods  
with differences in  
taste and flavour
• Glass of water
• Two friends 

Seeing is believing!Seeing is believing!
How good are you at How good are you at 
identifying what you identifying what you 
are eating?are eating?

You will need:
• Selection of  
flavoured jelly
• Some plates and spoons
• Blindfold
• Two friends  
• Pen and paper 

BRAIN GAMESBRAIN GAMES
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 We are used to 
seeing foods in 

certain colours and 
this helps identify 

their flavours.

Step 3Step 3
Ask the second person to 
identify the flavours. This 
volunteer should not be 
blindfolded. Record his  
or her answers, too. 

Step 4Step 4
Compare the differences 
between the two 
experiments. Did the 
blindfolded person make 
any mistakes or take longer 
in identifying the flavours?

Step 1Step 1
For each item, put two 
samples of it in two 
different bowls, and mix 
the bowls around.

 Our sense of smell is 
far more sensitive than our 

sense of taste – about 
10,000 times more 

sensitive. It alerts us to 
danger by detecting 

poisonous odours and we 
can even identify whether 

food is ripe or rotten by 
smell alone.

Step 1Step 1
Gently pat the tongue  
of one of your volunteers 
dry with the paper towel 
so that no part of the 
tongue’s topside has 
saliva on it.

 Chemicals from food 
can reach your taste buds 

only if they have been 
dissolved in saliva. 

Step 2Step 2
Ask the two subjects to 
taste the dry food and then 
record their responses as 
to how much flavour they 
can taste.

A child has about 10,000 A child has about 10,000 
taste buds, while an adult taste buds, while an adult 

may have only 5,000.may have only 5,000.

Smell Smell 
Try this test and find 
out how good your 
sense of smell is.

You will need: 
• Blindfold
• At least six bowls and 
three items with strong 
smells, such as a banana, 
coffee granules, flowers, 
or soap
• A friend

The chemical factor The chemical factor 
Find out if saliva 
helps you when  
it comes to  
tasting food.

You will need: 
• Paper towel
• Selection of dry foods, 
such as biscuits, cakes,  
or crackers
• Two friends

Step 2Step 2
Blindfold your subject, 
and ask him or her to 
identify which two items 
smell the same. How 
good was your friend’s 
sense of smell?
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Your skin is the largest organ in your body. It has 
many functions, including acting as a protective 
barrier against infection, but it also provides you 
with vital information about your environment.  
It does this by using millions of sensory receptor 
cells that detect different types of stimuli – from 
the most delicate touch to the sharp shock of pain.

44

TOUCHTOUCH
HOW YOU FEEL ANDHOW YOU FEEL AND

Thalamus

Sensitive skinSensitive skin
Human skin has at least six types of 

sensory receptors. Some are branched 
nerve endings, while others are nerve 

fibres that end in tiny discs or capsules 
that detect different types of pressure, 

vibration, stretching, temperature 
change, and physical damage. Some 

nerve endings are wrapped around the 
roots of hairs and sense their response 

to touch and air movement.

There are about  There are about  
18 million skin sensors 18 million skin sensors 
altogether, constantly altogether, constantly 
sending information  sending information  

to the brain.to the brain. Fingertip control
Fingertip controlSome parts of your skin are much more sensitive than others. If something touches your leg  you can certainly feel it, but the sensation is not very precise.  By contrast, your fingertips are highly sensitive, giving you the sense of touch that allows you  to feel textures and, in the case  of blind people, to read Braille. 

Signal networkSignal network
Sensory signals from the skin are sent through 
the branching nerves of the peripheral nervous 
system to the spinal cord and then to the 
thalamus. This passes them on to the somatic 

sensory cortex, which is located in the brain.  
The thalamus acts as a relay station, as it does 

for all sensory information except smell. 

Free nerve endings 
Sense touch, pressure,  
pain, and temperature

Hair root sensors 
Detect hair movement

Merkel’s disc 
Responds to light 

touch and pressure
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Sensory mapSensory map
This odd-looking figure 
shows how your brain 
reacts to touch on various 
parts of your body. It looks 
strange because the size of each 
body part is related to the number 
of touch sensors that it has rather 
than its physical size. Your hands are 
shown much bigger than your feet 
because they are far more sensitive.
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Hair shaft Projects 
above skin surface 
and reacts to touch 
and air movement

The least sensitive The least sensitive 
part of your body part of your body 
is the middle of is the middle of 

your back.your back.

Feeling painFeeling pain
Nerve endings throughout your skin 

register pain by reacting to chemicals  
called prostaglandins and histamines that 

are released from damaged cells. There 
are two types of pain responses. One is 

short and sharp to make you jerk your  
hand away from a candle flame in a reflex 
action. The other is slower and starts after 

the reflex, giving more persistent pain and 
warning us of possible long-term harm.

HabituationHabituation
Although your brain 

reacts strongly to new 
sensory information from your skin,  
it adapts to some constant or repetitive 
messages to make them less distracting. 
This effect happens with all the senses, 
but is most easily tested using touch.  
If you put a pencil in the palm of your 
hand, for example, you get an instant 
sensation, but within seconds this wears 
off to leave just a low-key awareness. 
This is because some skin sensors soon 
stop sending signals, but others don’t.

Meissner’s corpuscle 
A touch receptor 
found in sensitive 
areas of skin

Pacinian corpuscle 
Sensitive to 
pressure and 
vibrations

Epidermis 
Outer layer 
of skin

Dermis Contains 
blood vessels, 
glands, and  
nerve endings
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Artist at work!Artist at work!
Can you judge the 
size, texture, and 
shape of an object by 
touch alone? Try this 
activity and find out. 

You will need:
• Box with a hole
• Some objects such  
as a feather, apple,  
book, and purse 
• Pencil and paper
• A friend 

BRAIN GAMESBRAIN GAMES
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Lucky dipLucky dip
How good is your sense  
of touch in helping you  
identify objects? 
You will need:
• Box with two holes cut out  
or a pillowcase
• Selection of items in all sizes such  
as a cup, spoon, ball, apple, sponge, 
rock, pinecone, and feather
• Socks or rubber gloves
• A friend

Step 1Step 1
Have your friend place 
a hand inside the box 
and pick an item.

TOUCHTOUCH

Step 1Step 1
Place a few 
items in the box 
or pillowcase. Ask 
your friend to put 
his or her hands 
inside and try to 
identify the objects  
from touch alone.

Step 2Step 2
Now ask your friend  
to put socks or rubber 
gloves on his or her 
hands and touch the 
items. How does this 
change the success rate?

AND TELLAND TELL

W
e have m

ore touch receptors in our f ngers than anywhere else on the body. 

W
e have m

ore touch receptors in our f ngers than anywhere else on the body. 

 We have different 
types of receptors under 
our skin. These enable 

us to find out a lot about 
an object just by touch 

alone – whether an 
object is soft or hard, its 
shape, and how big it is.

 By covering your hands, it is 
harder to tell what you are touching. 
This is because you are reducing the 

amount of tactile information  
being sent to your brain.

Step 2Step 2
Ask your friend to feel  
the object with their eyes 
closed, and then sketch 
the shape and dimensions 
of the item. Ask him or 
her to describe the texture 
of the object, too.

Step 3Step 3
Compare the finished 
drawing with the original 
item. How accurate was 
your friend?
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Follow the steps of 
this test and see  
how your thermal 
receptors detect 
changes in 
temperature.

You will need: 
• Three plastic cups 
• Ice cold water, warm 
water, and hot water at   
40–48°C (104–118°F).  
Ask an adult to check  
the temperature with  
a thermometer.
• Stopwatch

Sensitive touchSensitive touch
This activity demonstrates 
how some parts of your 
body are more sensitive 
than others. 

You will need:
• A paper clip

Hot or cold?Hot or cold?

 Your forearm is not as 
sensitive as your fingers, so it 

feels as if the points of the 
paper clip are together or you 

might feel only one point. 

  The finger that has been 
placed in cold water perceives 
the water as warm, while the 

finger placed in hot water 
perceives it as cool. This is 

because the receptors are not 
detecting the water temperature. 
Instead, they are comparing it to 

the previous temperatures.

Step 1Step 1
Fill each of the cups with the  
cold, warm, and hot water.  
Place a finger from your left  
hand in the cold water and a 
finger from your right hand in  
the hot water. Leave the fingers 
immersed in the water for  
about a minute.

Step 2 Step 2 
Remove both fingers and dip 
them in the cup of warm water. 
Does your body detect any 
changes in temperature?

Your entire body is covered with touch receptors, 
sensing different types of sensations – pressure, 
pain, and temperature. You can explore your  
sense of touch with the following activities. 
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Step 1Step 1
Straighten out the paper clip.  
Then bend it so that the tips are  
about 1 cm (0.5 in) apart.

Step 2Step 2
Close your eyes or look away. Then gently 
run the paper clip from the tip of your 
index finger, along your palm, and up to 
your forearm. Could you feel both the 
points of the paper clip on your forearm? 
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TRICKINGTRICKING
THE MINDTHE MIND

Criminal tricks
Criminal tricksWe associate magic tricks with performance 
artists, but confidence tricksters and pickpockets 
use similar techniques. If you can’t see how a  
trick is done when you are watching a magician,  
you certainly won’t recognize it when someone 
distracts your attention in the street and his or  
her partner steals your money. So watch out!

Real or fake
?

Real or fake
?

Anything “magical” is something  

that seems to break the laws of 

nature, such as making things 

disappear or reading someone’s 

mind. Some people really believe  

in magic, just as they may believe 

in ghosts. Some religious cults 

such as voodoo are based  

on magic. But most of us 

recognize that magic is some 

sort of trickery, even if we 

can’t see how it’s done – 

and that is part of the fun.

IllusionIllusion
A magician tosses a ball in the air twice  
while following it with his eyes. But he fakes  
a third toss, moving his eyes as if watching  
the ball, and to you, the ball appears to vanish. 
This illusion works because there is a slight 
delay in visual data reaching your brain.  
The brain compensates by inventing some 
data to fill the gap – sometimes it’s incorrect. 
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Entertainers who perform “magic” are sometimes called 
illusionists, because they create the illusion that something 
magical is happening. They may use special equipment,  
but they usually rely on distracting and misleading people 
or putting ideas into their heads. This requires a deep 
understanding of how the mind works.
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TRICKINGTRICKING

DistractionDistraction
Most magic tricks involve doing 
something with one hand while 
distracting the audience with the 
other. This works because focusing 
on one thing makes you ignore 
other things. This magician’s skill 
is to make everyone concentrate on  
one card, so no one sees him slip 
another card into his pocket  
to make it “disappear”.

Magic 
and ps

ycholo
gy

Magic 
and ps

ycholo
gy

Scientists are becoming more and more 

interested in how magic works. This is partly 

because they have realized that magicians 

have been studying the human brain for much 

longer than they have. By analyzing their 

tricks, researchers hope to develop new ways 

of understanding perception and mental 

processes – a study that could lead to new 

knowledge about how the brain works.

Magicians were Magicians were 
practising psychology practising psychology 

for centuries before the for centuries before the 
word was invented.word was invented.

ControlControl
Another way magicians 

influence people is by putting 
ideas into their heads.  

An example of this is the  
“pick a card” trick where  

the magician flips quickly 
through a deck of cards that 

has ten copies of the same 
card. If he asks someone to 

name a card, he or she nearly 
always chooses the card that 

has several duplicates.
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We rely on our senses to tell us about our surroundings. 
However, our senses can be fooled and we can easily  
miss a trick if our brains are concentrating on something 
else. Magicians distract their audiences to take attention 
away from what is really going on. Try these tricks to find 
out if you, too, can fool the senses.
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  MAGICMAGIC  
TRICKSTRICKS

Step 4Step 4
Ask your friend to turn over 
the remaining card and then 
open the envelope to reveal 
how your amazing prediction 
came true. 

Step 1Step 1
Secretly place the Queen of 
Diamonds so that it is the third  
card from the top in the deck  
of cards. Write down the name  
of the card on a piece of paper  
and put it in an envelope.

Step 3Step 3
Ask your friend to point to two 
cards. If the first two cards are 
chosen, remove them and go to  
step 4. If the first and third cards 
are chosen, remove the middle one. 
If the second and third cards are 
chosen, remove the first one. Then 
ask your friend to choose another 
card – whichever one is chosen, 
make sure you remove the one  
that isn’t the Queen of Diamonds. 

Can you trick 

someone into 

picking a 

specific card  

but make their 

decision appear 

random? 

You will need:

• Deck of cards

• Pen and paper

• Envelope

• A friend

Step 2Step 2
Pretend to shuffle the cards. Ask 
your friend to deal out the top  
six cards into two rows of three. 
Watch to see where the Queen of 
Diamonds lands. Ask your friend 
to point to a row and confidently 
take away the row that doesn’t 
have the Queen of Diamonds.

The c
ard f

orce

The c
ard f

orce

 If you perform in a confident 
manner, your friend will be 

convinced that you are doing what 
he or she has asked you to do.  

In fact, you are doing exactly what 
you need to do in order for the 

Queen of Diamonds to be picked.

BRAIN GAMESBRAIN GAMES
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Step 3Step 3
Ask your friend to say which hand 
the coin is under. Lift your hands 
to reveal the answer! Step 2Step 2

Quickly turn over both hands, 
flicking the coin from under the 
left hand to under the right hand.

Step 1Step 1
Place the coin on the table  
and the cup over the coin. Tell 
your friend you will make the 
coin disappear. 

Step 1Step 1
In front of your friend, place the coin 
in the palm of your left hand, near 
the thumb.

Step 2Step 2
Wrap the paper tightly  
around the cup so that you  
can see the shape of the  
cup underneath the paper. 

Step 3Step 3
Lift up the cup and the paper 
to show that the coin is still 
there. While you and your 
friend are still looking at the 
coin, move the paper and cup 
over the edge of the table and 
drop the cup out of the paper 
into your lap.

Step 4Step 4
Place the paper (which is still in the 
shape of the cup) back over the coin. 
Then smash your hand down on the 
paper to show that the cup has 
vanished. Say, “Oops, I’ve made the 
wrong thing disappear!” Only you 
know that you made the right object 
vanish after all. 

Can you make 
something vanish? 

You’ll need to try  

this a few times 

before the trick 

works perfectly.

You will need:
• A coin
• Table  
• Chair
• Paper
• Plastic cup
• A friend

Where’s th
e cup?

Where’s th
e cup?

You need quick 
actions and plenty 
of practice to make 
this trick work. 

You will need:
• A coin
• A friend

The magic coinThe magic coin

 As you have directed 
all the attention to the 
coin, not the cup, your 

friend’s brain isn’t 
focusing on what is  
really happening.

 As the coin was not seen to move, 
your friend is tricked into thinking  
that it is still under your left hand.
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We normally think that we have five senses: sight, 
hearing, taste, smell, and touch. But we also feel 
things that do not seem related to a particular 
sense. They are like an awareness of your body. 
Most of these sensations affect your unconscious 
mind, but that doesn’t make them unimportant. 
Without your sense of balance, for example,  
you could not stand upright.

BODYBODY
SENSING YOUR SENSING YOUR 

BalanceBalance
Your inner ear contains three bony tubes that 
form loops called semicircular canals. Each 
tube ends in a bulge, or ampulla, containing 
sensors that detect the movement of fluid  
in the loop – which depends on your body’s 
movement. Similar receptors called maculae 
detect how upright you are. Your brain uses 
these signals to correct your balance.

Motio
n sic

kness

Motio
n sic

kness

Intense stimulation of your balance 

sensors by something like a 

funfair ride can cause motion 

sickness. This is made worse  

if your eyes and ears give your 

brain conflicting information. 

Watching the horizon enables 

the brain to make sense of the 

movement, and may help.

Ampulla 
Contains sensors 

that detect body 
movement

Vestibular nerve 
Delivers balance 

sensor data to 
your brain

Macula 
Has sensors that 

detect whether you 
are upright

Internal organs Internal organs 
We are not usually aware of our internal organs, 

but we all get sensations from our stomachs. 
Some are vague feelings that mark the 
passage of food, but hunger pangs are more 
useful. Digestive problems can cause pain, 
and other organs may also hurt if they are 
damaged or diseased. A disorder releases 
chemicals that are detected by nerve endings 

and relayed to the brain as pain.

52

Semicircular canals 
Filled with fluid that 

moves when your  
body moves
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Elbow joint  
Contains touch 
receptors

Phantom limbs Phantom limbs 
If you are unlucky enough to lose a limb, the brain 

often retains a mental image of it, so you feel 
pain and other sensations even though the limb 
is not there. This “phantom limb” effect seems 
to be caused by the relevant section of the 
brain’s somatic sensory cortex monitoring 
another part of the body but confusing its 
identity. Stimulating this area of the brain then 
creates the illusion of feeling the missing limb.

Joint sensorsJoint sensors
Receptors in your joints detect their movement. 

This helps your brain monitor the position of 
your limbs and make corrections for balance. 

This is essential for actions like catching a 
ball. Try closing your eyes and touching your 
nose with your finger – you can do it because 

you can sense where your hand is.

Goose bumpsGoose bumps
When you are frightened or cold, tiny 

muscles in your skin pull the roots  
of hairs upright. Long ago, when the 
human species was hairier, this 
would have made a person look 
bigger and possibly scared off an 
enemy, as well as increasing the 
insulating effect of the hair. Now,  

it just creates goose bumps on your 
skin. But you can feel it happening, and 

this creates a creepy sensation  
that can increase your fear. 

Muscle sensorsMuscle sensors
Your muscles also contain sensors 
that detect how they stretch and 
contract and the forces that are 

acting on them. The signals are 
sent to the brain, where they are 

monitored in an area called the 
somatic sensory cortex. This 

enables a weightlifter to feel the 
strain on his muscles as he lifts a 

record-breaking load – and put it 
down before something snaps.

Calf muscle  
Sensors here 

detect extension 
 or contraction

53

Kicking forward 
This action stretches 
the muscle, sending 
a signal to the brain
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Telepathy Telepathy 
Apparent telepathy is probably caused by a 
combination of sensory awareness and shared 
experience. Twins often seem telepathic because  
they share the same history and thought patterns.

We often believe 
things without having 
any idea why. You might 
get a feeling that you  
are being followed, or 
arrive at an inspired 
solution to a problem. 
We call this intuition, 
telepathy, or sometimes 
a “sixth sense”. These 
intuitive perceptions are 
probably the result of 
rapid, unconscious 
mental processing – 
using either information 
gathered by your senses 
or data stored deep in 
your memory. 

I
N
T
U
I
T
I
O
N

I
N
T
U
I
T
I
O
N

Female and maleFemale and male
Women are usually thought to 

be more intuitive than  
men. But psychological tests 

show that this is not true, 
and men score just as well. 
It is simply that women like 

to appear more intuitive, 
especially among friends. 

What’s up? There’s 
something wrong! The 

house doesn’t feel 
right at all!

56

Sixth senseSixth sense
Have you ever felt that something was wrong without understanding 
how you knew it? This “sixth sense” effect can be quite creepy, but it 
is probably created by your brain picking up some clue from your 
other senses, and alerting your alarm response without giving  
you the full picture.
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Benzene molecule 
structure

Inspired t
hinking

Inspired t
hinking

An expert chess player may seem 

to make the right move using 

intuition rather than logic. But this 

“inspired thinking” is more likely  

to be the result of intense study 

and experience, which enables  

the player to recognize particular 

arrangements of the chess pieces 

on the board. This automatically 

triggers a memory of the next 

move, which usually turns out  

to be the right one. 

DreamworkDreamwork
Occasionally people may 

even dream the solution to a 
problem. In the winter of 1861, 

German chemist August Kekulé was 
trying to work out the structure of a 
benzene molecule. While dozing in  

front of the fire, he dreamed of a snake 
biting its tail. According to Kekulé,  

this gave him the clue that the 
molecule was a ring of carbon  

and hydrogen atoms.

What? A balloon?  
I thought I was imagining 
it, but there’s definitely 

something going on!

Wait a minute! It 
smells like someone 

has been baking a 
cake. Why would they 

be doing that?

Surprise!

Woof!

Out of the blue!Out of the blue!
Sometimes someone grappling  
with a problem finds that the solution 
seems to come “out of the blue”  
after working on something else  
for a while. This is probably because 
irrelevant details get forgotten, so the 
main elements of the problem come 
into sharper focus. The person may 
also come across new information 
that makes everything slot into place. 

57
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Vivid memories
Vivid memoriesWhen you are feeling very emotional, chemical 

changes in your brain boost nerve activity.  
They strengthen the memory-forming process, 
creating vivid long-term memories. This is 
why you often have unusually clear recall of events that you experienced in a state of high emotion. 

Making memoriesMaking memories
Memories are formed by electrical 
signals making connections between 
nerve cells so that they form a 
network. The more often the network 
is activated, the stronger it gets,  
creating a long-term memory.

Memory storesMemory stores
Your memory is divided into  
three sections – sensory, 
short-term, and long-term.  
Only the most important 
information makes it into  
the final section. All the  
rest is thrown out.

Input All the data 
from your senses 

enters your sensory 
memory store

Sensory memory  
This part of memory 

holds a lot of information 
for a few seconds  

at most

Ignored  
Any information 

in the sensory 
memory that you 
ignore is thrown 

out straight away

Attention If you  
pay attention to any 

items of information 
they pass into your  

short-term memory

Electrical signal 

Stimulus

Permanent 
bond

Links form  
The more the linked cells  
are stimulated, the stronger 
the bond becomes. 

Memory web 
The signals continue to fire until  
a web of nerve cells is formed. 
This represents a single memory.

Making connections
When a nerve cell 
receives a stong enough 
stimulus, it fires an 
electrical signal on to a 
neighbouring nerve cell.  

Amygdala  
Unconscious and 

emotional memories 

Your brain processes your experiences  
and all the information gathered by your 
senses. Most of this data is discarded, but 
the important perceptions, facts, and skills 
are stored in your memory. This enables 
you to think, learn, and be creative.
M
E
M
O
R
Y
?

M
E
M
O
R
Y
?

W
H
AT
 I
S

W
H
AT
 I
S

Nerve cell
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Long-term memory  
Any information that 

enters your long-term 
memory is carefully 

filed away so that you 
can recall it easily

Recognition and recall Recognition and recall 
It is much easier to recognize a memory you are It is much easier to recognize a memory you are 

looking for than to recall it. Look at the picture  looking for than to recall it. Look at the picture  
of the girl below for five seconds, and then cover  of the girl below for five seconds, and then cover  

her up. Now look for her in the photo on the her up. Now look for her in the photo on the 
  right. Even though you’ve only right. Even though you’ve only 

seen her for a very short time, seen her for a very short time, 
you should recognize her. But you should recognize her. But 
if you had to describe her, you if you had to describe her, you 

would probably find it  would probably find it  
a lot harder.a lot harder.

Involuntary recallInvoluntary recall
Have you ever found yourself smelling 
something and suddenly remembering  
a certain time or place very strongly?  
This sensation is called “involuntary recall”, 
because your brain has retrieved the memory  
by itself, without any prompting from your 
conscious mind. Sounds and sights can  
also cause this, but smells are 
particularly powerful, perhaps 
because the part of your brain 
that processes scent is closely 
linked to your memory.

Where do we remember? Where do we remember? 
The cortex and hippocampus are the main areas  
of the brain responsible for memory, but different 
parts of the brain store different types of memories.

Prefrontal cortex  
Short-term 
memories

Amygdala  
Unconscious and 

emotional memories 
Hippocampus    
Spatial memories

Putamen  
Learned skills 
and procedures

Cortex  Memories 
of personal and 
life events

Temporal lobe  
Learned facts 
and details 

Use it or lose it  
If you don’t think 
about the data in 
short-term memory 
it is lost after about 
20 seconds

Short-term memory  
This has limited space, 
and information is soon 
lost if you don’t think 
about it enough to pass  
it on to long-term memory

63

Very few people Very few people 
can remember can remember 
anything from anything from 
before the age before the age 

of three.of three.

062_063_GD132_Memory.indd   63062_063_GD132_Memory.indd   63 31/08/21   7:12 PM31/08/21   7:12 PM



64

  IMPROVE YOURIMPROVE YOUR

It’s easy to forget things. It may happen within 
seconds if short-term memories are not retained 
by reviewing them several times or by linking 
them to what you already know. You can also  
use special techniques to memorize things that 
would otherwise be very difficult to remember.

Making connections Making connections 
You can improve your memory by linking 
new ideas to things you know already. 
This process slots the information into 
your long-term memory, and makes you 
think more deeply about its significance. 
This is a very important form of learning, 
and is called association.

Chunking Chunking 
Some of the things you try to 
memorize mean nothing to you. 
They may be isolated facts or 
strings of numbers. Short-term 
memory has a limit of about five 
items, so it helps to divide up long 
sequences of data into smaller, 
more easily remembered “chunks” 
of three or four items each. Most 
people remember telephone 
numbers in this way.

Pay attention! Pay attention! 
How many times have you been asked to do that?  
If you want to take in information, it is vital to 
concentrate and not allow yourself to be distracted.  
If you don’t pay attention,  
the information will never 
enter your short-term 
memory, which is the first 
stage of memorization. 
You can’t remember 
something that you 
never even knew.

MnemonicsMnemonics
One trick for remembering 
random sequences of words 
is to use their initial letters  
to make up a sentence, or 
mnemonic. For example, 
“mad vipers eat many jungle 
snacks using nails” gives the 
sequence of the planets 
starting with Mercury, the 
planet closest to the Sun.  
It’s a ridiculous sentence,  
but these are sometimes  
the most memorable.

You can commit You can commit 
information to  information to  

long-term memory  long-term memory  
by repeating it. This by repeating it. This 

process is called process is called 
rehearsal.rehearsal.

Mercury

Venus
Earth 

Mars
Jupiter

Saturn

Uranus

Neptune

Mad
Vipers
Eat 
Many
Jungle
Snacks
Using
Nails

MEMORYMEMORY

Mnemonics takes its name  Mnemonics takes its name  
from Mnemosyne, the Greek  from Mnemosyne, the Greek  

goddess of memory.goddess of memory.
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Journey method Journey method 
One way to memorize a list is to visualize a journey that 
you often take. Link each landmark on the journey with 
an item on your list – the stranger the result, the  
easier it is to remember! Then go through the  
journey in your head  to remember the items.

1.Tree1.Tree
The leaves of the tree  
are pages from a book.  
Find a good book to  
read on holiday.

This is a holiday to-do list, and here is 
how to picture each of the items with 
a landmark on a walk to school:

1.Find a book to read1.Find a book to read
2.Pack your sunglasses2.Pack your sunglasses
3.Post a letter3.Post a letter
4.Buy some toothpaste4.Buy some toothpaste
5.Hang out the washing 5.Hang out the washing 
6.Remember your sunhat6.Remember your sunhat
7.Buy dog food7.Buy dog food
8.Get a haircut8.Get a haircut

2.Sunflower2.Sunflower
A flower is wearing  
your sunglasses. 
Remember to pack 
them in your bag.

3.Sign3.Sign
The sign has turned into  
an envelope reminding  
you to post a letter.

4.Bridge4.Bridge
There’s a tube of 
toothpaste floating 
under the bridge. 
You need to buy 
toothpaste.

6.Scarecrow 6.Scarecrow 
The scarecrow has your sunhat 
on its head. Remember to take 
your hat on holiday with you.

7.Wall7.Wall
Imagine your dog running along the 
wall. Remember to buy dog food.

8.Hedge8.Hedge
The hedge is having a 
haircut, and you need 
to have one, too!

5.Flags5.Flags
The flying flags have  
become socks. You  
need to hang out  
the washing.

SCHOOL
SCHOOL
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These games test your capacity for storing numbers, words, 
and visual information in your memory. They also show the 
two different ways we remember – recall and recognition. 
Recall is finding information in your memory when you 
need it. Recognition is knowing something when you see it.

66

REMEMBER?REMEMBER?
DO YOUDO YOU

 You’ve done well if you 
have remembered more than 

half the objects. More than  
12 is an excellent result.

Step 1Step 1
Starting at the top, read out loud each line of 
numbers, one at a time. Cover up the line and then 
try to repeat the numbers. Work your way down 
the list until you can’t remember them all. 

 Most people can hold only seven 
numbers at a time in their short-term 

memory, so well done if you could 
remember more.

Visual memory Visual memory 
How good is your memory 
for visual images? Study 
these 16 pictures for  
45 seconds. Then close 
the book and write down 
as many as you can. How 
well did you do?

Memory span Memory span 
Your short-term memory can 
store a certain amount of 
information for a limited time. 
This game reveals your brain’s 
ability to remember numbers 
and words. You may be 
surprised at your own abilities. 

438

7209

18546

907513

2146307

50918243

480759162

1728406395

BRAIN GAMESBRAIN GAMES
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REMEMBER?REMEMBER?

Step 2Step 2
Now read out these words, one line at a time. 
Cover up the line and try to repeat the words. 
Carry on down the list until your memory fails.   

 Most people are better at remembering 
words than numbers. If you can repeat a 

string of eight words you have done very well. 

Step 1Step 1
Look at the picture right  
and closely study it for  
two minutes. You may find  
it helpful to draw it. Then 
cover up the picture and try 
to draw it from memory. 
When you think you’ve 
finished, compare your 
drawing to the picture and 
give yourself a point for 
every line you got right. 

 You probably did better in the second 
test than the first because associating the 

lines with familiar shapes makes them 
easier to remember. 

Recognition vs recallRecognition vs recall
This game clearly shows you the This game clearly shows you the 
difference between recognizing difference between recognizing 
and recalling information.and recalling information.

COUNTRIESCOUNTRIES
IsraelIsrael
FranceFrance
IndiaIndia
RussiaRussia
Czech RepublicCzech Republic
GermanyGermany
AfghanistanAfghanistan
CanadaCanada
DenmarkDenmark
ArgentinaArgentina

CAPITALSCAPITALS
New DelhiNew Delhi
OttowaOttowa
BerlinBerlin
PraguePrague
CopenhagenCopenhagen
JerusalemJerusalem
Buenos AiresBuenos Aires
KabulKabul
ParisParis
MoscowMoscow

SpainSpain
IrelandIreland
ChinaChina
SwedenSweden
IraqIraq
NetherlandsNetherlands
JapanJapan
ItalyItaly
EgyptEgypt
GreeceGreece

 Most people get a better score for recognition than 
recall. This is because having a list of possible answers 

gives your brain a shortcut to finding the information 
stored in your memory.

Step 1Step 1
First test your recognition 
skills. Below are ten 
countries and ten capital 
cities. In 30 seconds, see how 
many you can match up and 
then turn to page 186 to 
check your answers.

Step 2Step 2
Here are another ten countries, but this time you need to 
try to recall their capital cities in 30 seconds. Check your 
answers again and then compare your two scores. 

An artistic eye An artistic eye 
Do you have a good memory  
for remembering visual detail?  
Try this test and see.

Step 2Step 2
Now do the same with  
this picture, left, but this 
time look for familiar 
shapes or patterns. For 
example, does it look like 
a kite? Again, after two 
minutes cover up the 
picture and try to draw it. 
Work out your score again 
and compare it with the 
previous one. 

Bed, lamp, rug 

Fork, plate, glass, table

Spider, tree, bird, flower, dog

Pencil, scissors, chair, book, fish, clock

Pond, moon, star, grass, worm, bike, stone

Drum, bell, ball, racket, rope, box, net, pole  

Eye, leg, arm, foot, head, ear, toe, hair, nose

Bread, milk, cookie, plate, bowl, plum, spoon,
apple, banana, orange
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Spot the d
ifference

Spot the d
ifference

How is your eye for detail? Look 

at these two pictures and see  

if you can spot ten differences 

between them. Turn to page 

186 to see if you got them all.

68

Do you have a good memory for detail? These games will put 
your short-term memory to work, first testing how well you 
remember the detail of a story, and then how sharp your  
eye and brain are at spotting visual differences. Remember,  
none of the information will go into your memory unless you 

really focus your attention  
on the exercise.

ATTENTIONATTENTIONPAYINGPAYING

At last the garden looked  
perfect. Jenny admired the orange  

lanterns hanging from the trees as they 
glowed in the fading light, and the pretty 
tables dotted about the garden, decorated 
with candles and pink roses. There was  
a table laden with champagne, a white 
chocolate cake, a whole salmon, and  
a tall pyramid of strawberries.
   Jenny began to feel excited. Her parents 
had no idea about the party. They thought 
they were just going to the cinema. 
   Suddenly, she heard a familiar noise  
that filled her with alarm – a dog panting. 
Chester! She had locked him in the 
kitchen. How had he got out? A big, muddy, 
wet, and very smelly dog raced up and 
proudly dropped a dead fish at her feet. 
Jenny knew where that had come from –  
the Johnson’s pond next door. She groaned 
and tried to grab Chester’s collar, but he 
leapt away. Between two tables he shook 
his fur, splattering them both with mud 
and weed. Then he spotted – or probably 
smelled - the food table and raced up to it. 
Paws on the table, he took a bite of the 
salmon as a hundred strawberries 
tumbled to the ground.

Important details
Important detailsHow well do you focus on details when you read?  To find out, read this story through carefully, but only once, then see if you can answer the questions below.  

BRAIN GAMESBRAIN GAMES
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BRAIN GAMESBRAIN GAMES
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QuestionsQuestions

1 What time of day is it?
2 How were the tables  decorated?

3 What flavour was  the cake? 

4 Who was the party  for?

5 Where did Jenny think Chester was?

6 What is the last name  of Jenny’s neighbours?

 Look back at the story to check your answers. If you got five right you’ve done well. A good way to help remember detail is to picture what’s happening in the story in your head.

69

Freddy, a much-loved 
pet tortoise, above 
right, has gone 
missing. A reward 
has been offered for 
his return, and the 
four tortoises below 
have been handed  
in. But which one is 
Freddy? Turn to page 
186 to find out if you 
are right.

ATTENTIONATTENTION

BBAA

DDCC

Step 1Step 1
Study the 14 objects on the tray for  
30 seconds and then cover the picture.

Step 2Step 2
Now look at the tray below. Five items 
have been removed – but which ones? 
Uncover the picture above and see if you 
were right. Did you get them all?

What’s mis
sing?

What’s mis
sing?

This game reveals how quickly 

information can disappear from 

your short-term memory. 

Who’s who?Who’s who?

How good are you at 

spotting tiny differences in 

patterns? Try solving this 

problem and see.
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When you think of genius, you think of Einstein. This 
is partly because his ideas are beyond most people’s 
understanding – the bending of light and the distortion of 
space, for example. He is most famous for his theories of 
relativity, which explain how the Universe works, and for 
the equation E=mc2, which has become an icon of inspired 
mathematical thinking. Translating extraordinary ideas 
into clear mathematics was part of his genius. 

Albert  Albert  
EinsteinEinstein

72

Day job Day job 
Einstein studied physics and 
mathematics, and then got work in  
the patent office in Berne, Switzerland, 
deciding whether other people’s 
inventions were worthwhile. Meanwhile 
he was thinking hard about physics and 
the nature of the Universe in his spare 
time, as a hobby rather than a job.  
The fact that he was not working at  
a university, where he would have had  
to work on the ideas of the professors, 
meant that he was free to come up  
with his own theories.

Bright idea
Bright ideaAt the age of only 16, Einstein wondered what it would  

be like to travel at the speed of light: 300,000 km 
(186,000 miles) per second. He realized that if you 

travelled away from a clock at this speed, and were 
able to look back and see it, the clock’s hands 
would never move – because the image of the 

hands after they moved would never catch up 
with you. Time would seem to stand still.  It takes genius to think like this.

Relati
vity 

Relati
vity 

Einstein was fascinated by the 

nature of light, space, and  

time. His conclusions were 

mind-boggling – that time can 

slow down, space is curved, 

gravity is a distortion of space 

and time, and nothing is fixed 

except the speed of light.  

These ideas formed the core  

of his theories of relativity.

This portrait shows Einstein in 1893 when  

he was 14 and already fascinated by maths.

Einstein was born in Germany in 1879,  the son of an engineer. 

Einstein’s fascination with physics began at the age of Einstein’s fascination with physics began at the age of 
five, when he watched the twitching needle of a compass five, when he watched the twitching needle of a compass 

and realized that space was full of unseen forces. and realized that space was full of unseen forces. 
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Albert  Albert  
EinsteinEinstein

73

Einstein (left) with astronomers  
at Mount Wilson Observatory, California, in 1931.

Grand old man of science Grand old man of science 
Einstein moved to America in 1932 to escape the 

Nazis. He continued his research, publishing more 
than 300 scientific works, and became a famous 
figure with his wild hair and eccentric dress. His 

later achievements did not match his earlier ones, 
but he had already revolutionized our view of the 

Universe. He died in 1955, aged 76. 

Gravity and light Gravity and light 
Einstein’s theories said that light 

rays could be bent by gravity. In 
1919, a total eclipse of the Sun 
enabled astronomers to check 
this by looking for the deflection 
of starlight passing close by the 
Sun. The results showed that the 

stars appeared to be in the wrong 
place, so Einstein was right!

Einstein realized that any mass of a Einstein realized that any mass of a 
substance could be converted into energy, substance could be converted into energy, 
and he showed that this could be worked and he showed that this could be worked 
out using the equation E=mcout using the equation E=mc22. It states that . It states that 
energy (E) equals the mass (m) multiplied energy (E) equals the mass (m) multiplied 
by the enormous figure of 900 trillion, by the enormous figure of 900 trillion, 
which is the speed of light squared (cwhich is the speed of light squared (c22). ). 
This explains why a tiny mass of a This explains why a tiny mass of a 
substance such as uranium can yield the substance such as uranium can yield the 
huge amount of energy generated by a huge amount of energy generated by a 
nuclear reactor – or even a nuclear bomb.nuclear reactor – or even a nuclear bomb.

Einstein learned to play the 

violin as a child, and continued 

to play it all his life.

E=mcE=mc22

Einstein won the Nobel Prize for Einstein won the Nobel Prize for 
physics in 1921 for “services to physics in 1921 for “services to 

Theoretical Physics”.Theoretical Physics”.
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Learning is vital to survival. We often think it is all about  
skills like reading and writing, but it also involves developing 
life skills such as safely crossing roads, dealing with other 
people, and managing money. We learn 
these things through a combination 
of conscious effort and 
unconscious reactions, and 
everything we learn becomes 
part of our long-term memory.

76

  LEARNLEARN  
HOW WEHOW WE

Learning curveLearning curve
When we are young, we all have to learn a huge 
amount about the world in a short time. We learn 
basic skills like walking, eating, and avoiding harm. 
We discover that everything we do makes other 
things happen, and we learn how to predict this – 
and maybe avoid it. We learn far more in our first few 
years than we do in the whole of the rest of our lives. 

AssociationAssociation
You learn by making connections between different 

experiences and skills, creating a web of associated 
ideas in your brain. When one part of the web is 

activated, it fires up the rest. If you decide to buy  
a magazine, for example, this idea triggers an 

association with the shop, the bicycle you will use to 
get there, the route, the money you will need, and so 
on. Association also allows you to link the abstract 

ideas you learn in your lessons at school.

Find wallet

How much will it cost? Take money

ConditioningConditioning
If an experience always follows a particular 
event, or does so only once but is very 
upsetting, this can create such a  
strong link in the brain that you react 
automatically to the event if it happens 
again. So, for example, if you have 
been stung by a wasp, you get nervous 
when you see another one – or any insect 
with yellow and black stripes. This basic 
form of learning is called conditioning.

Memory cir
cuits

Memory cir
cuits

The basic “wiring” of the brain is formed at 

birth, but whenever you learn something 

the wiring changes. A group of nerve 

cells links together to form a network 

that lets you repeat the action 

whenever you want. But if you  

never use it again, the network  

may eventually stop working.
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strong link in the brain that you react 
automatically to the event if it happens 
again. So, for example, if you have 
been stung by a wasp, you get nervous 
when you see another one – or any insect 
with yellow and black stripes. This basic 
form of learning is called conditioning.

Memory cir
cuits

Memory cir
cuits

The basic “wiring” of the brain is formed at 

birth, but whenever you learn something 

the wiring changes. A group of nerve 

cells links together to form a network 

that lets you repeat the action 

whenever you want. But if you  

never use it again, the network  

may eventually stop working.

076_077_HowWeLearn.indd   76076_077_HowWeLearn.indd   76 31/08/21   7:12 PM31/08/21   7:12 PM

77

Put in the practicePut in the practice
If you keep repeating something to yourself,  

you will remember it. This is because 
the repetition links brain cells into a memory 

circuit. You can learn a skill like playing the piano 
in the same way, creating circuits in your brain that 

enable you to play each tune. Repetitive practice 
can be dull, but its benefits last a long time. 

Musicians can stop playing for a year or more, yet  
quickly pick up the skills if they start playing again.

Which shop?

Go to shop

Buy a magazine

Go by bike

Which route? Take lock

Remember helmet

The weight of your brain trebles  The weight of your brain trebles  
during your first three years of life as during your first three years of life as 

you learn more skills.you learn more skills.
Imitat

ion
Imitat

ion

Children are programmed to 

imitate the actions of others, 

especially adults. A lot of this 

mimicry can seem pointless, 

such as putting a doll to bed, 

but we learn a lot in this way. 

Eventually we graduate from 

pretend play to actually helping 

perform tasks, such as 

gardening and cooking.
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The brain’s ability to learn 
helps us to solve all sorts 
of problems, including how 
to find our way out of a 
maze. Giant hedge mazes 
are popular attractions – it 
seems that people like the 
feeling of getting lost for a 
while, as long as they can 
eventually find their way  
to freedom, of course! See 
if you can make your way 
through this collection  
of miniature mazes.  
If you get lost, find the 
solutions on page 186.  

78

MAZESMAZES  
MASTERING MASTERING 

The one-hand ruleThe one-hand rule
To get through a maze where all the walls are 
connected to the outer boundary, you can use the  
“one-hand rule”. To do this, always keep a hand on  
one wall as you go – it doesn’t matter which hand, but 
don’t swap along the way. Try this method to make your 
way to the centre of this maze and back out again.

Right or left?Right or left?
You can find your way through 

this more complicated maze 
using the one-hand rule, too. 
Once through, try again using 

your other hand – which  
route is quicker?

The Ancient Egyptians were building The Ancient Egyptians were building 
mazes 4,000 years ago. One pharaoh mazes 4,000 years ago. One pharaoh 

even built a huge maze inside his even built a huge maze inside his 
pyramid to baffle tomb robbers.pyramid to baffle tomb robbers.

BRAIN GAMESBRAIN GAMES
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MAZESMAZES  

Trial and errorTrial and error
Mazes such as this one, where some of 

the walls are not connected to the others, 
cannot be solved using the one-hand 

rule. Instead you’ll have to find your way 
through by learning from your 

mistakes. Find your way to the 
centre of the maze and then 

out the other side.

The world’s largest The world’s largest 
maze is the Dole maze is the Dole 

Plantation Pineapple Plantation Pineapple 
Garden Maze in Hawaii, Garden Maze in Hawaii, 

USA, which covers an  USA, which covers an  
area of 12,746 sq m  area of 12,746 sq m  
(137,000 sq ft) and  (137,000 sq ft) and  
has nearly 4 km  has nearly 4 km  

(2.5 miles) of paths.(2.5 miles) of paths.

Over and underOver and under
This 3-D cube maze couldn’t 

exist in real life – people would 
keep falling off it! The way the 

paths pass under and over  
one another can make it 
difficult to keep track of  

where you’re going – so you’ll 
have to pay attention. Using  

the one-hand rule will take you 
back out the way you came in, 

so to find the exit you’ll have  
to use trial and error. 

Amazing mazesAmazing mazes
The bigger and more complicated  
a maze is, the more difficult it is to 
remember all the wrong turns. The 
challenge of this maze is to work  
out the route to the dot.
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80

PATTERNS PATTERNS 
BRAIN GAMESBRAIN GAMES

A face in the crowdA face in the crowd
The more we learn, the better our 
brains become at spotting even  
the smallest differences between 
things. See if you can find these  
two musicians among the group  
of rock stars below. 

All aloneAll alone
Without writing anything down or marking the 
puzzle in any way, see if you can find the one 
creature in the picture that doesn’t appear 
twice. To do this you will have to learn and 
remember which items form parts of a pair. 

1 2 3 4 5

6 7 8 9 10

11 12 13 14 15

Thinking aheadThinking ahead
This batch of colourful cupcakes is  
arranged in a specific pattern. Can you  
work out what it is? If the sequence  
was to continue, what would be the  
colour of the 49th and 100th cupcakes?

The world’s largest jigsaw has 24,000 pieces. The world’s largest jigsaw has 24,000 pieces. 
It takes many months to complete.It takes many months to complete.
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Recognizing patterns and making connections 
between different things are important parts of  
the learning process. We use past experiences  
and solutions to previous problems, stored in our 
brains, to help us make sense of new ones. All of 
these perplexing puzzles require you to spot new 
patterns. Turn to page 187 to find the answers.

Police forces use computer software to help them Police forces use computer software to help them 
track patterns of crime and catch criminals.track patterns of crime and catch criminals.

Spot the sequenceSpot the sequence
These flowers (left) may look 
randomly arranged, but in fact 
they have been laid out in a 
particular sequence. See if you 
can work out the pattern. Which 
three coloured flowers should  
finish off the sequence?

Perfect pairsPerfect pairs
At first glance, these patterns look very similar.  

Give your brain time to study them, however, and  
you will begin to tell them apart. In fact, each pattern 

has an exact double, except for one. See if you can  
find the unique pattern among the seven pairs. 

Missing piecesMissing pieces
Putting a jigsaw together is a good 
example of pattern recognition. Your 
brain has to work out how each 
small piece fits together to make 
the big picture. To do this you need 
to study both the contents of the 
pieces and their shapes. Four pieces 
from this jigsaw are mixed up with 
pieces from a different jigsaw.  
Can you complete the puzzle?

The world’s largest jigsaw has 24,000 pieces. The world’s largest jigsaw has 24,000 pieces. 
It takes many months to complete.It takes many months to complete.

AA BB CC

DD

EE
FF

GG HH

II JJ

KK LL
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An African-American born in the southern states  
before the abolition of slavery, George Washington Carver 
fought racism to become a respected scientist, educator, 

and inventor. His main interest was agriculture, especially 
promoting crops that poor farmers could grow for food 

and other purposes. In the process he improved the  
lives of people often too poor to help themselves. His 

achievements helped undermine racial prejudice, and 
blazed a trail for other African-Americans to follow.
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College teacher College teacher 
In 1896, Carver was invited to lead the Agriculture 
Department at Tuskegee Institute in Alabama –  
a college founded for the education of ex-slaves.  
He stayed at Tuskegee for 47 years, teaching the 
students farming techniques and ways of becoming 
self-sufficient. The head of the institute called 
Carver “one of the most thoroughly scientific  
men with whom I am acquainted”.

In the early 1900s, Carver’s laboratory at Tuskegee was one of  
the few places where Black Americans could learn plant science.

Determined student Determined student 
Carver was named after his slave owner, Moses 
Carver, who raised the orphan as his own child 
after abolition. Eventually, George got a place  
in school and later went to college. At first  
he studied art and music, but in 1891 he 
transferred to Iowa State Agricultural College, 
where he was the first black student.

Carver would have lived in a house like this during his  

early childhood. He knew exactly what it was like to be poor.

Carver did not know the year or date of his birth, Carver did not know the year or date of his birth, 
so he never knew which day was his birthday.so he never knew which day was his birthday. George George 

WashingtonWashington
CarverCarver

Peanuts an
d 

Peanuts an
d 

potatoes potatoes 

Carver wanted to improve the 

lives of poor farmers whose land 

was exhausted by the relentless 

planting of cotton – the main 

cash crop of the region.  

He advised his students to 

alternate cotton with other  

crops such as peanuts and sweet 

potatoes. He also came up with 

many uses for these crops, 

including dyes, paints, plastics, 

oil, and even explosives. He 

hoped this would enable his 

students to make their own 

products instead of buying them.

Carver once said, Carver once said, ““When you can do When you can do 
the common things of life in an the common things of life in an 

uncommon way, you will command the uncommon way, you will command the 
attention of the world.attention of the world.””
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Legacy Legacy 
In January 1943, Carver died at the age of 78 after 

falling down the stairs at his home. Just six 
months later, President Franklin D Roosevelt 

announced plans for the George Washington 
Carver National Monument near Diamond, 
Missouri, where Carver had spent his early 
childhood. This was the first national 
monument to an African-American, and  
it incorporates this commemorative bust. 
Carver was a key figure in the erosion  

of racial prejudice in the United States,  
and blazed a trail for figures such as  

President Barack Obama.

Fame Fame 
Carver shot to fame in 1921 when, despite 
racial segregation, he was elected to speak on 
behalf of peanut farmers before a committee 
of the US House of Representatives. He was 
mocked at first, but by the time he had finished 
the committee was spellbound by his intelligence, 
eloquence, and courtesy, and they stood to applaud 
him. It was a great moment for Black Americans,  
and from then on he was a celebrity.

Spreading the word Spreading the word 
The poorest farmers could read Carver’s “practical 

bulletins” – free brochures with information on 
crops, cultivation techniques, and recipes. He 

published 44, the most popular of which was How to 
Grow the Peanut and 105 Ways of Preparing it for 

Human Consumption. He also wrote bulletins on 
sweet potatoes, cotton, peas, plums, maize, poultry, 

dairy farming, pigs, and meat preservation.

Carver’s fame reached the highest level. Here, 

President Franklin D Roosevelt greets Carver in 1936.

These peanuts being harvested in Georgia in 1929 were  
almost certainly grown according to Carver’s instructions.
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Everyone thinks, but some people think in a less 
disciplined way than others. They say things 
that don’t add up. Someone might say that she 
hates all animals, but then say that she really 
likes her neighbour’s cat. The two statements 
contradict each other, so you don’t know 
which one to take seriously. People who 
talk like this are often said to be 
lacking in logic – they can’t 
analyze what they say and see 
the flaws in it. Logic is all  
about thinking clearly.

86

  LOGICLOGIC

DESTROYS THE 
DESTROYS THE 

BACTERIA THAT CAUSE 
BACTERIA THAT CAUSE 

TOOTH DECAY
TOOTH DECAY

TRIFFICTRIFFIC
TOOTHPASTETOOTHPASTE

Use your headUse your head
Logic involves using sound reasoning to 
draw the right conclusions from known 
facts. If you cannot fault the reasoning, 

it is likely that the conclusions are 
correct. Checking the reasoning is an 

important part of logical thinking.  
But perfectly good reasoning is no 
use if the basic facts are wrong, so 

you have to check those as well.

Flawed 
reasoni

ng
Flawed 

reasoni
ng

If you say that all fish live in water  

and that sharks are fish, you can 

conclude that sharks live in water. 

But if you say that penguins can 

swim and, since penguins are 

birds, all birds can swim, this is 

clearly wrong. The reasoning is 

flawed because the concluding 

statement isn’t a logical progression 

from the first one. 

Testing the argumentTesting the argument
The ability to test the argument is important when you can’t test 
the conclusion. Bacteria are well known to cause tooth decay, 
so it is logical to argue that a toothpaste that destroys bacteria 
will help prevent tooth decay. You have to trust the logic, 
because you have no way of testing the effect on your teeth.
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DAZZLEDAZZLE
Makes your  Makes your  

teeth shine, and teeth shine, and 
shiny teeth are shiny teeth are 
healthy teethhealthy teeth

Persuasive logic Persuasive logic 
Many people use logic to persuade 

others. If someone says something 
that you don’t believe, but then backs 

it up with a solid logical argument, 
you might start to believe it. But if 

there is no logical argument to back it 
up, you will not be persuaded. This 

makes logic very important for lawyers 
and politicians, such as Hillary Clinton. 

Checking the factsChecking the facts
Often people come up with conclusions that are based on ideas that 
are wrong. If making teeth shiny really did make them healthy, the 
argument in this advertisement would be fine. But simply polishing 
your teeth does not prevent tooth decay, so the facts are wrong.  
It’s important to check the facts as well as the logic. 

Logic and philosophyLogic and philosophy
First practised by the Ancient Greeks, the intellectual discipline 
of philosophy is mostly about logic, because it uses reasoned 
argument to investigate concepts such as truth, beauty, and 
justice. To many people, these exercises are intellectual games, 
as we believe we know the answers through common sense.  
But common sense can be misleading if it is based on false 
ideas. The rigorous, logical argument encouraged by the  
study of philosophy has real practical value.

Computer logicComputer logic
 Logic is vital to computing. All 

computers are controlled by long 
strings of electronic instructions 
called programs. These are  
devised by programmers who  
have to convert their ideas into  
a code that a computer can read.  

If the coded instructions are not 
logical, the program will not work.
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Free association
When you think logically  
you retrieve information  
from your memory and  
use it to solve problems. 
But sometimes your  
mind wanders and 
makes associations 
without conscious 
direction. This tends  
to happen when you  
are very relaxed.

Ichthyophobia is the fear 
of fish, which is one of the 
rarer phobias.

Instinct
We all have natural instincts 
that make sure we get things 
like food, drink, and air. 
Instincts also include  
some emotions, such  
as the fear of fierce dogs. 
These instincts are the type  
of thinking that is shared  
by animals, but they are  
not governed by logic. This 
does not mean that instincts 
do not make sense – they are 
essential to our survival.

THINKING THINKING 
ILLOGICALILLOGICAL

Phobias
Many people are terrified of 
spiders. This type of fear is 
called a phobia. There are many 
different types of phobia. Some 
are understandable, like the fear 
of heights – after all, falling  
from a height can kill you. But 
others, such as the fear of fish, 
are illogical, irrational, and 
difficult to explain.

Ornithophobia is  
the fear of birds, and 
sometimes even  
just the feathers. 

Faith
All religions are based on  
faith, which involves believing in 
something that cannot be proved. 
There is no logical reason to 
believe in a god, but a lot of 
people do – even if they do not 
practise any religious rituals – 
including many scientists who 
normally rely on logical thinking.

Arachnophobia is the fear  
of spiders and is one of the  
most common phobias.
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faith, which involves believing in 
something that cannot be proved. 
There is no logical reason to 
believe in a god, but a lot of 
people do – even if they do not 
practise any religious rituals – 
including many scientists who 
normally rely on logical thinking.

Arachnophobia is the fear  
of spiders and is one of the  
most common phobias.
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Demophobia is the  
fear of being trapped  
in a crowd of people.

Superstition
Many people are superstitious. They avoid walking under 
ladders, worry about what may happen on Friday 13th, or 
believe in ghosts. Most of us try to avoid saying things like 
“I’ve never been in a car accident” because we feel that we 
are increasing the risk just by saying it, or “tempting fate”. 
There is no logic in this way of thinking.

Technophobia is  
the fear of technology, 
such as mobile phones 
and computers.

Luck
Many people believe in good 
and bad luck. Some buy lottery 
tickets because they think they 
might get lucky and win a big 
prize. Others will avoid flying 
in case they suffer “bad luck” 
and the plane crashes. In 
reality, the chances of both  
are very small, but people 
ignore the facts and act in line 
with their illogical thoughts. 

Aviatophobia  
is the fear of flying  
and is a very  
common phobia.

Musophobia is the  
word used to describe  
the fear of mice.

We all like to imagine that  
we think logically, but this is 
often far from the truth. Ideas 
jump into our heads for no 
obvious reason, and many 
people suffer from phobias  
or even serious delusions.  
A lot of us are superstitious, 
and all religions are based on 
faith rather than actual logic.
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Clear, logical thinking is the key to solving 
these baffling brainteasers. They have been 
designed to confuse, confound, and mislead, 
so you’ll have to concentrate hard, and use 
sound reasoning to arrive at your answers. 
Turn to page 187 to see if you are right.

BRAINTEASERS BRAINTEASERS 

 It might help if you make paper  
cut-outs of the characters to help  

you visualize the solution.
Fair moneyFair money
Three boys arrive at a funfair on Sunday morning. 
The man in the ticket booth tells them that the 
entrance fee is £10 each – so the boys pay £30 and 
enter the fair. However, the man in the ticket booth 
realizes that tickets cost less on Sundays, so the 
boys should have paid only £25. The man asks  
his assistant to go and find the boys and give  
them £5 back. The assistant can’t work out how  
to split £5 between three people, so he keeps £2 
for himself and gives the boys £1 each. This means 
that the boys have now paid £9 each for their 
tickets – a total of £27 – and the assistant has kept 
£2, making £29. What happened to the other £1?

90

The frustrated farmerThe frustrated farmer
A farmer is trying to use a small boat to row 
a fox, a chicken, and a bag of corn across a river. 
However, he can only take one thing at a time  
in the boat. If he leaves the fox with the chicken,  
the fox will eat the chicken. If he leaves the 
chicken with the corn, the chicken will eat  
the corn. How can the farmer get across the  
river without anything eating anything else?

Find the treatFind the treat
Janet wants a biscuit,  
but first she needs to  
find the biscuit jar in the 
cupboard. None of the jars 
have labels, only numbers. 
She gets only one guess.  
If she’s wrong, she’ll end up 
with something much less 
tasty than a biscuit. To help 
her choose, she is given the 
following clues:

BRAIN GAMESBRAIN GAMES

21

54
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The right doorThe right door
A prisoner is given a chance to win his  
freedom: In his cell are two doors – behind one 
is a hungry lion and behind the other is the exit 
to the prison. In front of each door stands a 
guard – one guard always speaks the truth, the 
other only lies. The prisoner is allowed to ask 
one of the guards only one question. So what 
question should he ask to gain his freedom?

Who passed the parcel?Who passed the parcel?
Rob has just won a game of pass the parcel.  
It started with nine children in a circle. A parcel 
was given to the first player, who then passed  
it to the left to player number two and they 
continued in this way until the parcel reached  
the seventh player. This person then unwrapped 
a layer of paper and was eliminated from the 
game. The person to their left then became 
player number one and the game continued  
until there was only one person left to claim the 
prize. If Rob won the game, who started it?

• The lentils are not on the 
bottom row and not in the middle.
• The beans are not on the top 
row and are not next to the rice, 
which is directly under the flour.
• The pepper is not on the  
right-hand side and has a 
number that is 2 more than the 
flour and 4 more than the lentils.

Which jar should  
she choose?

91

BRAINTEASERS BRAINTEASERS 
Two at a timeTwo at a time
A group of four men – made up of two brothers 
plus their father and grandfather – is walking  
to a railway station in the dark and come to an 
old, narrow bridge that leads to the station. The 
bridge can support just two people at a time and 
they have only one torch between them, so after 
one pair has crossed one of the men will have to 
bring the torch back for the next pair. The four 
men take different times to cross the bridge.

• Brother 1 takes one minute
• Brother 2 takes two minutes
• The father takes five minutes
• The grandfather takes ten minutes.

Each pair can walk across the bridge only as fast 
as the slowest man, and the next train arrives at 
the station in 17 minutes. How can all the men 
cross the bridge to the station on time?

Susan

Peter

Mary

Gary

Kevin

Rob

Annie

Joe

Stacey

2 3

5 6
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Many number puzzles rely on logical 
thinking rather than maths skills. 
Sudoku and Kakuro, for example, are 
puzzles you solve by filling in blank 
squares with the right numbers 
according to certain logical rules.THE BOX THE BOX 

THINKING INSIDE THINKING INSIDE 

SudokuSudoku
The classic Sudoku puzzle consists  
of a 9 x 9 grid of squares divided into  
nine boxes of nine squares. Every 
vertical column, horizontal row, and 
box must contain the numbers 1 to 9. 
Some squares already contain 
numbers, and your job is to figure out 
which numbers go in the empty 
squares. Start with this puzzle and pick 
up some tips and tricks before moving 
on to try a few more on your own.

Starter SudokuStarter Sudoku

Slightly harderSlightly harder

 Another trick is to look for 
sets of three numbers, known 

as “triplets”. Look at the middle 
column of three boxes, shaded 

grey. The top two already 
contain 1. This means that 1 

must go in the right-hand 
column of the bottom box. 
Check the rows and you’ll 

realize there’s only one place 
the other 1 can go.

 A good place to look first is 
the row or column with the most 
numbers. Here, the middle row 

is missing only 2 and 8. If you 
check the rest of the numbers in 

the vertical columns that the 
middle row’s blank squares sit 
in, you should be able to work 
out which numbers go where.

 Middle row

Never guess which number goes in a Never guess which number goes in a 
square. If there are a number of square. If there are a number of 

possibilities, write them small in pencil possibilities, write them small in pencil 
in the corner of the squares and rub in the corner of the squares and rub 

them out as you eliminate them. them out as you eliminate them. 

Tips and tricksTips and tricks

554411 66

88 7766 4499

443355 88

7788 55

11

3322

663344 9911 7755

665544 33

669922 44

22

11 22

553322 66

8866 44 55

11

55

3377 66

77

11

33

66

9977 22

55 22

99

66 88

4455 22

553388 11

77

22

11

1144 33

66

88

44

99 5588

11 66

55

88 99

88

99 33

77

33

88 66

11 44

77 55

66

44 88

55 11

88

33 22

44

22 55 99

11

99

11 33

88 44

66 11

77

22 55

66 33

44

99 77

BRAIN GAMESBRAIN GAMES
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KakuroKakuro
Kakuro puzzles are a little like crossword puzzles, except 
they use numbers instead of letters. As with Sudoku, the 
puzzles are solved by filling in blank squares with numbers 
from 1 to 9. However, in Kakuro puzzles, these numbers 
must add up to the total shown either above the column or 
to the side of the row – remember columns go up and down 
and rows go left to right. Get your brain buzzing with this 
small Kakuro, and then try the other trickier ones.

9393

Getting trickyGetting tricky

The four numbers in this 
column must add up to 21

If this square 
contains the 
number 9, you 
should be able to 
work out what the 
numbers are in the 
squares above and 
next to it

Now try this Now try this 

The answers for all the The answers for all the 
puzzles on these pages can be puzzles on these pages can be 

found on page 187.found on page 187.

What to do What to do 

Each number can 
appear only once  
in the answer –  
so there can’t be 
another 3 in the 
numbers that  
make up 21 

12121616

77

2727

2525

1515

1717

1717

1919

2828

88

1111

1414

1313 1818

1616

1414

1313

1111 2929

33

66 55

77

77

33

441515 2828

2121

1717

1515 1515

2929

99

1717

1717

2424

99

1717

33

88

99

88

77

2121
1515

1515

33

66

1717

55

33

99

When things get tricky, the  When things get tricky, the  
two-digit answers are the easiest to two-digit answers are the easiest to 

try and work out. It can help  try and work out. It can help  
to write down the possible number to write down the possible number 
combinations – there may be fewer combinations – there may be fewer 

than you think.than you think.
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The most logical form of thinking involves numbers. 
When you do simple calculations, you don’t make 
guesses. You work out the answers by applying 
logical rules to the figures. Most people worldwide 
have devised some way of counting, and most have 
developed ways of reasoning with numbers.

Geometry Geometry 
Mathematics can describe shapes such  
as triangles and pyramids in terms of 
angles and dimensions. This can be used 
to measure things like the heights of 
mountains. If you know your horizontal 
distance (D) to a mountain top, and 
you have some way of measuring 
the angle as you look up at it, you 
can work out how high (H) it is.

Calculation 
Calculation You want to build a wall from bricks.  It will be 200 bricks long and 12 bricks high, but how many bricks will you need? It’s easy – you just multiply  12 by 2, giving 24, then add two  zeroes, giving 2,400 bricks. Most calculations use tricks like  this: they are the basis of mathematical thinking.

M4TH3M4T1CALM4TH3M4T1CAL

TH1NK1NGTH1NK1NG

Counting
 systems

Counting
 systems

Imagine you are a Stone Age farmer counting  

sheep. You count to ten using the fingers of  

both hands. When you get to ten, you put a stone  

in your lap and start again. If you reach eight,  

you have one stone and eight fingers: 18. This  

is why our counting system is based on tens.
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Music an
d nature

 
Music an

d nature
 

One of the pioneers of mathematics, Pythagoras – born in 

Ancient Greece around 580 bce – discovered that the notes  

of musical chords that sound pleasing correspond to exact 

divisions of a harp string by halves, thirds, quarters, and fifths. 

He concluded that maths was the basis of all natural beauty. 

The mathematical pattern of this sunflower shows that he 

might have been right.

M4TH3M4T1CALM4TH3M4T1CAL

TH1NK1NGTH1NK1NG

AlgebraAlgebra
Certain types of calculations can be used to solve particular problems, 
and their form never changes. This allows you to replace the numbers 
with symbols. For example, you can find the area (A) of a rectangle by 
multiplying its length (L) by its width (W), so the equation is L x W = A.  
If you know the area and width, but don’t know the length, you divide 
both sides of the equation by W. The Ws on the left cancel out, leaving  
L = A ÷ W. You can then replace the symbols with real numbers.

The numeral system that we use for The numeral system that we use for mathematics was brought from India mathematics was brought from India by the Arabs in about 750 by the Arabs in about 750 cece, and  , and  it is still called Arab notation.it is still called Arab notation.

The universal science

The universal scienceToday, all science relies on measuring things and 
reducing them to numerical forms. These numbers  
can then be used for mathematics that helps us 
understand and use the science. Scientists devise 
mathematical equations that explain how the Universe 
works, both on the huge scale of stars and galaxies  
and on the incredibly small scale of the tiny particles 
that form atoms. Ultimately they hope to come up with 
a “theory of everything” that will unite the two ends  
of the scale – and when they do, it will be  a mathematical equation.
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To find the solutions to 
these puzzles, you’ll need 
to use maths – and a fair 
bit of logical thinking. 
Some of the puzzles are 
straightforward and 
should be easy to solve, 
while others are more 
difficult and will require  
more thought. There are 
also a couple of trick 
questions to keep you on 
your toes. You’ll find the 
answers on page 188.

96

NUM8ERNUM8ER  
TH1NK OF ATH1NK OF A

Puzzling pyramidPuzzling pyramid
Fill in the gaps so that each box 
from the second row up contains 
a number that is the sum of the 
numbers in the two boxes below.

Flower powerFlower power
In each flower, the four 
black numbers can be 
added and multiplied  
in the same way to  
make the white number 
in the centre. See if you 
can work out how you do 
it. What number should 
appear in the centre of 
the third flower? 

Only one chanceOnly one chance
Replace each of the question marks with the 
numbers 1, 2, 3, 4, 5, and 6 to make this sum 
work. You can use each number only once. 

120120

5050

4444 ?? ??

??

?? ??

??

1414

33?? ?? ??

??

44

55

6622 3030

55

88

6677 ??

66

99

221010 5050

?? x ? = ???

BRAIN GAMESBRAIN GAMES
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Dazzling starsDazzling stars
Each coloured star represents a different 
number from 1 to 4. Work out which star is 
which number to make this addition sum work. 

The weighing gameThe weighing game
A pineapple weighs more than an orange, which weighs 
more than an apple, which weighs more than a banana, 
which weighs more than a strawberry. Study the balanced 
scales above, then try to work out how many strawberries 
are needed to balance one pineapple and three bananas? 
How many strawberries do a pineapple, an orange, an 
apple, and a banana each weigh?

Multiple fractionsMultiple fractions
What is ½ of ¹⁄³ of ¼ of ¹⁄5 of 600?

Pieces of eightPieces of eight
Write down eight number 8s, like this: 8 8 8 8 8 8 8 8.  
Now insert four addition signs between the eights in  
such a way as to make a sum that equals 1,000.

Pass or fail? Pass or fail? 
To pass a test, Susan must correctly 
answer 15 out of 20 questions. For  
each correct answer she is awarded  
ten points, but for each incorrect 
answer she is deducted five points.  
She completes the test, answering all  
20 questions and receiving a score  
of 125. Did she pass?

88888888

x

1/31/2 1/4
1/5

+
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A lot of maths involves working out 
patterns and relationships between 
different numbers. Try out these  
clever mind-bending maths tricks on 
your friends and family and find out 
how maths can be much more fun  
than you think.

98

THE MAGIC OFTHE MAGIC OF

Domino diviningDomino divining
Use basic subtraction skills to discover the 
total on a domino hidden in your friend’s hand.

Step 1Step 1
Give your friend a set of dominoes and ask him to choose 
one without letting you know what it is.

Step 2Step 2
Ask him to pick one of the numbers on the domino and to 
do the following sums with it – it’s OK to use a calculator: 
• Multiply by 5
• Add 7
• Multiply by 2
• Add the other number shown on the domino

Step 3 Step 3 
Ask your friend to tell you 
the answer. If you then 
subtract 14 from this you 
will be left with a two-digit 
number, which will 
correspond to the numbers 
on your friend’s domino.

The answer is “9”
The answer is “9”This is an easy trick to start off  with, because you are letting maths  do all the work for you. Ask your  friend to exactly follow the steps  of the trick and the answer  will always be the same: 9.

Step 1Step 1
Before you start the trick, write the number 9 on  
a piece of paper, fold it and hand it to your friend, 
but tell her she can’t look at it yet.
Step 2Step 2
Hand your friend a calculator and ask her 
to do the following:• Type in her age• Add the number of her house• Add the last four digits of her phone number

• Add the number of pets she has• Add the number of brothers and sisters she has
• Multiply by 18• Add the digits of the answer together. If the 

answer is more than one digit, ask her to add those 
digits together, and to keep adding them together 
until there is only digit left.
Step 3Step 3
Show your friend the piece of paper  with the answer written on it.

MATHS MATHS 
BRAIN GAMESBRAIN GAMES
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Domino diviningDomino divining
Use basic subtraction skills to discover the 
total on a domino hidden in your friend’s hand.

Step 1Step 1
Give your friend a set of dominoes and ask him to choose 
one without letting you know what it is.

Step 2Step 2
Ask him to pick one of the numbers on the domino and to 
do the following sums with it – it’s OK to use a calculator: 
• Multiply by 5
• Add 7
• Multiply by 2
• Add the other number shown on the domino

Step 3 Step 3 
Ask your friend to tell you 
the answer. If you then 
subtract 14 from this you 
will be left with a two-digit 
number, which will 
correspond to the numbers 
on your friend’s domino.

The answer is “9”
The answer is “9”This is an easy trick to start off  with, because you are letting maths  do all the work for you. Ask your  friend to exactly follow the steps  of the trick and the answer  will always be the same: 9.

Step 1Step 1
Before you start the trick, write the number 9 on  
a piece of paper, fold it and hand it to your friend, 
but tell her she can’t look at it yet.
Step 2Step 2
Hand your friend a calculator and ask her 
to do the following:• Type in her age• Add the number of her house• Add the last four digits of her phone number

• Add the number of pets she has• Add the number of brothers and sisters she has
• Multiply by 18• Add the digits of the answer together. If the 

answer is more than one digit, ask her to add those 
digits together, and to keep adding them together 
until there is only digit left.
Step 3Step 3
Show your friend the piece of paper  with the answer written on it.

MATHS MATHS 
BRAIN GAMESBRAIN GAMES
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All in a rowAll in a row

This is not just a great trick, it’s also a 

good way of practising your multiplication 

skills. Once again, the number 9 is 

helping with the magic.

Step 1 Step 1 
Hand your friend a calculator, a pen, and a  

piece of paper. Ask him to write down these  

eight digits: 12345679.

Step 2Step 2
Then ask him to choose one of the digits.

Step 3 Step 3 
Whichever one your friend chooses you must 

quickly multiply it by 9 in your head. So, for 

example, if he picks 1, 1 x 9 = 9; if he picks 2,  

2 x 9 = 18; if he picks 3, 3 x 9 = 27, and so on.

Step 4Step 4
Now ask your friend to use the calculator to 

multiply the eight-digit figure by the number  

you have just worked out. If he picked 1 in step 3, 

the answer will be 111,111,111; if he picked 2, the 

answer will be 222,222,222; if he picked 3,  

the answer will be 333,333,333, and so on.

Maths genius Karl Gauss  Maths genius Karl Gauss  
(1777–1855) once added the (1777–1855) once added the 

numbers from 1 to 100 in seconds. numbers from 1 to 100 in seconds. 
He saw that if you add the first and He saw that if you add the first and 
last numbers (1 + 100), you get 101. last numbers (1 + 100), you get 101. 

Adding the second and second-to-last Adding the second and second-to-last 
numbers (2 + 99) also gives you 101, numbers (2 + 99) also gives you 101, 
and so on. So all you need to do is and so on. So all you need to do is 

101 x 50, which is 5,050.101 x 50, which is 5,050.

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Super adderSuper adder
Perform this trick well and you will 
convince your friends that you are the 
world’s fastest adder. In fact, the only 
skill you need to master is how to 
multiply by 11.

Step 1Step 1
Hand your friend a pencil, a piece of paper, and  
a calculator, and ask her to do the following:
• Write down two numbers between 1 and 19,  
one beneath the other
• Add the two numbers together and write that 
third new number beneath the other two
• Add the second and third numbers together  
and write a fourth new number below them
• Make a fifth new number by adding together the 
third and fourth numbers and write it below them
• Keep going in the same fashion until there is  
a column of ten numbers

Step 2Step 2
Ask your friend to show you the list of numbers. 
Tell her that you can add the numbers together 
quicker using a pen and paper than she can  
using a calculator.

Step 3Step 3When your friend accepts the challenge, don’t 
add the numbers together. Instead, simply 
multiply the seventh number by 11 – this will 
give you the sum total of all ten numbers much 
more quickly than your friend can work it out 
with a calculator.

For instance, if the ten numbers your friend 
wrote down were 7, 12, 19, 31, 50, 81, 131,  
212, 343, 555, all you have to do is multiply the 
seventh number, 131, by 11 to get 1,441, the  
sum total of all the numbers. Don’t forget  
you can use a pen and paper for this trick.
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Your ability to think in three dimensions  
is called spatial awareness. It enables you  
to visualize shapes and imagine what things 
might look like from different angles. It also 
gives you a sense of direction, helps you read 
maps, and is useful in many sports.

100

SPATIAL SPATIAL 
AWARENESSAWARENESS

Map readingMap reading
A map is like an aerial view  
of the ground, but with all the  
features represented by symbols.  
Map reading is a very good test  
of spatial awareness. Here, a boy 
finds his way blocked and needs to 
find a new route by reading a map 
and relating it to the real world.

Thinking in picturesThinking in pictures
If you have to pack a lot of items  
into the back of a car, you use spatial  
skills to mentally rearrange them  
and decide how to make them fit  
best. You also use spatial skills  
when imagining how something might 
look, such as a different furniture 
arrangement in your bedroom.
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Rotating shapesRotating shapes
One test of spatial awareness  
is the ability to imagine what 
things look like from different 
angles. Artists who work in  
3-D need this skill, such as  
this gardener planning to trim  
a bush into the shape of an 
elephant. He must visualize the 
result before he starts clipping.

Spatial gamesSpatial games
Several toys test spatial  
skills. The most famous  
is Rubik’s cube, invented  
in 1974 and still the world’s 
best-selling toy. You have to 
scramble the cube and then 
rotate the sides until each 
consists of only one colour.  
To do this you need to think  
in three dimensions.

Anyone for tennis?Anyone for tennis?
Many sports involve visualizing the 
scene in three dimensions. A tennis 
player must be able to accurately 
place the ball in the court while 
working out the chances of her 
opponent reaching it. Some board 
games, such as chess, involve 
visualizing how the board might 
look after a sequence of moves.

OrientationOrientation
Some people have a good sense  
of direction, enabling them to find 
their way by instinct, while others 
may need the help of a compass. 
The man in the park below is using 
this type of spatial awareness to 
pick the quickest path to the ice 
cream kiosk. 
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We usually think of spatial awareness in terms 
of 3-D activities – playing sports, for example. 
But spatial skills can also help us with 2-D 
problems, such as making sense of patterns 
on a page. Use these skills to work out how 
the 2-D objects in these puzzles interact with 
one another. Check your answers on page 188.

102

2−D2−D
SEEING IN SEEING IN 

Up and downUp and down
Imagine the man turning the top-right cog 
clockwise. What will happen to the two 
baskets of bricks? Will basket A move up 
or down? Will basket B move up or down? 
You will have to solve this problem stage  
by stage, working out how the turning  
of each cog, wheel, and pulley affects  
how the next one will move. 

You use 2-D, and You use 2-D, and 
sometimes 3-D, spatial sometimes 3-D, spatial 
skills when you play skills when you play 

computer games.computer games.

BB

AA

BRAIN GAMESBRAIN GAMES
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Upside-down triangleUpside-down triangle
Can you work out a way to turn the 

triangle on the left into the triangle on  
the right by moving only three tyres?  

It might help if you use ten equal-sized  
coins to make your own triangle, and  

move the coins around to find a solution.

Five into fourFive into four
Here you can see five squares 

made out of 16 spades. Can 
you work out a way to move 
just two spades to turn the 
five squares into four? No 

spades can be taken away. 

Equal division Equal division 
The builders, wheelbarrows,  
and piles of bricks in this building 
site look randomly arranged. 
However, see if you can add four 
lines to divide the building site 
into five areas, each containing 
one builder, one wheelbarrow,  
and one pile of bricks. 

Scans have revealed that the Scans have revealed that the 
area of the brain associated area of the brain associated 

with navigation, the with navigation, the 
hippocampus, is enlarged  hippocampus, is enlarged  
in London taxi drivers.in London taxi drivers.

102_103_GD132_2DPUZZ_Green.indd   103102_103_GD132_2DPUZZ_Green.indd   103 31/08/21   7:12 PM31/08/21   7:12 PM



Many of the things you do  
each day depend on spatial 
awareness skills – walking along 
the street, or using the phone, 
for example. You perform these 
actions so often that they feel 
natural, so you barely give them 
a thought. You’ll need to pay a  
bit more attention to solve these  
3-D problems. Turn to page  
188 to find the answers.
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Four trianglesFour triangles
Arrange six equal-sized pencils  
so that they make four equilateral  
triangles. If you get stuck, remember  
that this is a 3-D puzzle. 

Different anglesDifferent angles
Although these nine 3-D shapes  
all look very different, two them are 
identical – they’re just being shown from 
contrasting angles. See if you can find the 
two matching shapes. You will need to 
visualize each shape at different angles.

View from the topView from the top
The side view above shows four 3-D shapes positioned on a board 
(clockwise from top left: a cube, a cylinder, a pyramid, and an 
icosahedron). Can you figure out which of the six overhead views 
below matches the positions of the 3-D shapes in the side view? 

BRAIN GAMESBRAIN GAMES
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A B C
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The world record for The world record for 
unscrambling a Rubikunscrambling a Rubik’’s s 
cube, one of the most cube, one of the most 

famous spatial awareness famous spatial awareness 
puzzles, stands at just puzzles, stands at just 

7.08 seconds.7.08 seconds.

A

Boxing cleverBoxing clever
The fruit pattern below can be 
folded to create a cube. Can 
you spot which of the boxes  
to the right shows the correct 
pattern of fruit once the cube 
below has been assembled?

Find the shapeFind the shape
This cube is made up of 27  
smaller cubes. It has been  
split into three coloured sections.  
When the blue and orange areas  
are removed, only the pink 
section is left. But which of  
the 3-D shapes below matches 
the remaining pink section?

Bottoms upBottoms up
Here you can see three different views of the same cube.  
Each side of the cube is a different colour. Can you work  
out what colour the face-down side is in the third picture?

Both these 
shapes are 
removed  
from the cube

B C D E

A B C

D E F
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People regularly come up with new ideas that 
make life easier, and may even change the 
world. Turning such inventions into practical 
technology takes hard work, but the original 
idea is often the product of inspired genius.

106

INVENTION INVENTION 

Bright ideasBright ideas
Inventive people are often very 
observant, with a talent for linking what 
they see to other ideas. In 1948, Swiss 
inventor George de Mestral noticed a  
lot of prickly plant seedpods clinging  
to his clothes. He discovered that they 
were equipped with microscopic hooks 
that clung to the fabric, and he used his 
discovery to invent the Velcro fastener.

Problem solving
Problem solvingIn 1993, British inventor  Trevor Baylis was watching a TV programme about the spread of AIDS in Africa. He realized that people were dying because they could not pick up vital information broadcast over the radio, simply because they had no electricity.  He solved the problem by inventing a wind-up radio, powered by  a clockwork motor linked to a small electricity generator. 

Making connectionsMaking connections
Some inventions involve luck, together 
with the knowledge to appreciate it.  
In 1928, Alexander Fleming had been 
trying to find ways of fighting bacterial 
infections when he noticed that  
a mould growing on an unwashed 
bacterial culture plate had killed the 
bacteria around it – just like the white 
mould on the culture plate above.  
He realized he had discovered the  
first antibiotic drug, penicillin.

The Nobel Prize was established The Nobel Prize was established 
by Swedish chemist Alfred Nobel, by Swedish chemist Alfred Nobel, 
who made his fortune when he who made his fortune when he 

invented dynamite in 1867.invented dynamite in 1867.

Known as burrs, seedpods like this one have 

hooks that cling to animal fur, carrying the 

seed away from the parent plant.

Stiff Velcro hooks (red in this magnified view) mimic  

the hooks on a plant burr, and catch in the soft loops  

of a woven pad.
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Happy accidentHappy accident
A few inventions are made almost by accident. In 
1853, American millionaire Cornelius Vanderbilt 
was in a restaurant in Saratoga Springs, New York, 
when he complained that his sliced fried potatoes 
were too thick. Chef George Crum cooked up some 
extra-thin ones that were crispy all the way 
through. Vanderbilt wasn’t impressed, but these 
“Saratoga chips” were the first potato crisps. A 
popular snack that comes in many flavours, crisps 
are now eaten throughout the world.

Specialize
d knowledg

e
Specialize

d knowledg
e

Many inventions are quite simple, but 

others demand specialized knowledge.  

In the 1960s, American chemist Stephanie 

Kwolek formulated a type of plastic called 

poly-paraphenylene terephthalamide, 

which had flexible fibres that are five  

times stronger than steel. She had 

invented Kevlar, the material now  

used to make bulletproof vests.

Paving the way

Paving the way
French teenager Louis Braille was only 15 when he 

invented a new way of reading that would go on to help 

blind and partially sighted people all around the world. 

After becoming blind in an accident as a child, Braille 

struggled to read traditional books with raised letters. 

He soon devised his own system, using different 

patterns of raised dots – one that is still used  

today more than 200 years later. 

The most important invention 
The most important invention was probably the wheel – but no 

was probably the wheel – but no one knows who invented it.
one knows who invented it.

Fireproof as well as very 

strong, Kevlar is used to 

protect firefighters.

Despite their strength, Kevlar fibres are 

flexible enough to be woven into fabric. 

They are also used in ropes.

Inspired to improve his sonInspired to improve his son’’s  s  
tricycle by adding a rubber garden tricycle by adding a rubber garden 

hose to the wheels, John Dunlop hose to the wheels, John Dunlop 
invented the pneumatic (air-filled)  invented the pneumatic (air-filled)  

tyre in 1887.tyre in 1887.

A person can read Braille writing by touching the patterns  

of raised dots with their fingertips. Each letter in the Braille 

alphabet has a different arrangement of dots.
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Nicknamed the “Sun queen”, Hungarian-American Mária 
Telkes was a scientist who worked to harness the power  
of the Sun itself. Her inventions used solar energy to power 
a wide range of objects and, because the Sun’s energy is 
renewable, these devices worked without causing harm to 
the environment. By the time she died, Telkes held more 
than 20 patents for her inventions.

MariaMaria
TelkesTelkes

108

Early lifeEarly life
Born in Hungary in 1900, Telkes was 
interested in science from an early age. 
She studied chemistry at the University of 
Budapest, and then gained a PhD. But at 
the age of 24 she went to visit a cousin in 
the USA and ended up staying there!

Brain wavesBrain waves
One of Telkes’s first jobs in the US was  
at the Cleveland Clinic – one of the best  
hospitals in the USA. She worked with  
US surgeon George Washington Crile  
to create a photoelectric device that 
recorded brain waves.

University of Budapest, where Telkes studied

Doctors and scientists have different ways of looking at what is going on in the brain, such as this electroencephalogram, which monitors a person’s brain waves and shows the data on a chart.

Harnessing Harnessing 
the Sunthe Sun

Throughout the rest  
of her career, Mária 

Telkes continued to work  
on solar-powered devices. In 

1953, she partnered with the Ford Foundation to develop a 
solar oven that could be used in a variety of countries. Her 
clever design allowed the oven to reach 175°C (350°F) – hot 
enough to bake bread or roast meat. Telkes presented her 
solar cooker design to many important scientists of the time.

Salty solutionSalty solution
Telkes sooned moved on to her major area of work – 
finding ways to store and use the energy from the Sun. To 
help sailors in World War II, she designed a solar distiller 
that could turn seawater into drinkable water. This simple, 
portable device saved many lives.
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Solar-powered Solar-powered 
househouse

Telkes’s long career saw  
her work on a wide range of 

projects, including helping to 
develop solar technologies for 
use in space! But possibly her 

most famous invention was the 
Dover Sun house – the world’s 

first modern house heated with 
solar energy. It used special 

salt crystals that could store the 
Sun’s heat when it was hot and 

release it when it was cold.

A sunny futureA sunny future
Telkes’s work paved the way  
for more research into solar and 
renewable energy, helping society 
move away from its reliance on 
energy from fossil fuels, which harm 
the environment. In 1952, Telkes (left) 
won the first ever Society of Women 
Engineers' Award for Meritorious 
Contribution to Engineering, as  
well as numerous other awards 
recognizing her achievements.

The Dover Sun house relied purely on the  
Sun for heat, and had huge glass plates  
on one side to collect the Sun’s energy.
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HAVING AHAVING A

WORDWORD

Blue Green Orange White Pink

Orange

Red

Green

Red

Blue

Green

Orange

Pink

Red

White

Blue

Red

White

Green

Orange

Pink

Orange

Blue

Green

White

Green

Red

Pink

Orange

Red

1. Sail, cone, mast, cat, deck 

2. Stapler, pencil, ruler, pen, crayon

3. Moon, Earth, Mars, Sun, Neptune 

4. Dolphin, sparrow, robin, crow, sea horse 

5. Tree, run, flower, sky, laugh 

Odd ones outOdd ones out
In each of the following lists of words, 
three of the five are related in some way. 
See if you can guess which two are the 
odd ones out and why. 

Quick comparisonsQuick comparisons
Figuring out the relationships between 
words is the first step to correctly using 
them. Choose the right word to complete  
the sentences below. 

• Bird is to beak as human is to:  
eye, mouth, hair, fur, crow
• Eyes are to sight as nose is to:  
smell, aroma, taste, touch, hearing 
• In is to out as off is to:  
up, back, on, below, above
• Pen is to ink as brush is to:  
pencil, colour, paper, paint, brushstroke
• Tricycle is to three as bicycle is to:  
two, four, unicycle, five, one

When you talk or write, your brain searches 
through your vocabulary to pick out the words 
you need to express yourself. The following 
games test your understanding of the 
relationships between words and also show 
how easily your brain can become confused 
when you read words in a strange context. 
Check your answers on page 189.

Mixed messagesMixed messages
The circumstances in which you see 
words influence the way you read. 

Step 1Step 1
Time yourself as you read out the colour of 
the writing, not the word itself. Look at the  
15 words in the top panel, left. 

Step 2Step 2
Next, time yourself as you try to do the  
same with the panel below. 

BRAIN GAMESBRAIN GAMES

 It is very hard to equal or beat your 
time from step 1. For people who are 

proficient at reading, it is difficult not to 
automatically read the word. If the colour 
of the word and the word itself are not the 

same, we say the word much quicker  
than we can name the colour.
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Like and unlikeLike and unlike
This game tests your knowledge of how words 
relate to each other. In the top game, pick two 
words from each line – one from the left side and 
one from the right – that are closest in meaning. 
Now do the same for the game below, but this  
time pick the two words that are opposites.

LikeLike
nice, hungry, work starving, cat, strong
tired, cut, include apple, sleepy, worsen
scary, rubbish, party top, fish, spooky
friend, banana, silly catch, grow, foolish

UnlikeUnlike
hide, distant, praise scorn, blink, listen
sharp, chew, edge bite, centre, strange
twist, rational, puzzle untidy, illogical, test
crawl, leave, start return, walk, travel

Rabbit

Goat

Dog

Horse

Pig

Sheep

Cat

Tiger

Bird

Elephant
Rabbit

Tiger

Elephant

Horse

Pig

Dog

Goat

Cat

Bird

Sheep

Coloured creaturesColoured creatures
Time yourself as you say out loud the colour 
and the animal pictured behind the word for 
the group of animals on the left. For example, 
the first one is a blue rabbit. Then do the 
same for the group of animals on the right 
and compare the two times. 

 As in the mixed messages 
game, it is hard to ignore the 

word. We have to stop the 
automatic reading response  
in order to perform the task,  

and this slows us down.
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Social instinctsSocial instincts
We pass information around by talking  
to each other. Thousands of years ago,  
a lot of this information would have  
helped people find food or avoid danger.  
In modern cities, we spend a lot more time 
talking about things that don’t affect our 
survival – like these people discussing 
their holidays – but we still exchange 
information all the time.

ConversationConversation
Some talking is easy, but a serious 
conversation involves listening 
carefully and working out exactly what 
you want to say in reply. This is more 
difficult if you do not know each other 
very well, because the expressions 
and body language that help us 
communicate are harder to 
understand when talking to strangers.

Language and learningLanguage and learning
If we didn’t have language, we would 
have to learn everything by imitation. 
This might work for some skills, but 
most of the complex things that we  
learn must be described. The child  
above doesn’t understand the process  
of buying tickets to see the film, and will  
not understand if it is not explained  
to him. You need language to learn.

Can I have 
two tickets 
for the film, 
please? Can 
we sit where 

we want?

What is he 
doing?

We had a terrific  
time visiting Italy  

last year.

When did you 
go there? 

We went in March. I think 
that’s the best time to 

go because the weather  
is very pleasant.

We will do 
the same. 

The children 
will love it!

Do you think he will 
ever forgive me?

LANGUAGELANGUAGE
 USING USING

Maybe you should 
explain to him why 

you did that and 
see what he says.
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We use language to communicate everything, 
from simple facts about the world around us 
to abstract ideas about the meaning of life or 
the nature of the Universe. We can talk about 
past events and plan for the future. Most 
importantly, we can learn from the experiences 
of others, build on what we learn, and pass  
on the knowledge. The spread of culture 
would be impossible without language.

117

Verbal reasoningVerbal reasoning
Talking to people is sometimes 
about trying to persuade them 
by verbal reasoning. You do this 
mainly by listening attentively  
and thinking hard before replying. 
What has the other person just said? 
Isn’t there something wrong with it? 
If you can pinpoint the flaw, you will 
probably win the argument.

Telling storiesTelling stories
In the past, before most people could read, 
ideas and stories were passed on verbally, 
from generation to generation. Some 
people were skilled story-tellers, able to 
memorize long, complicated tales. But this 
oral tradition is dying out, and most of the 
tales of the distant past that have come 
down to us have survived only because 
they have been written down.

The oldest known story, told by The oldest known story, told by 
Australian aborigines, concerns a Australian aborigines, concerns a 
volcanic eruption that – according  volcanic eruption that – according  

to geologists – happened  to geologists – happened  
12,000 years ago.12,000 years ago.

Language and thinkingLanguage and thinking
Can you think without language?  
Yes, if you are doing something like 
planting a tree or peeling a banana.  
Our ancestors probably didn’t have to 
think in words to hunt or gather food.  
But language is essential to abstract 
thought, such as the complex ideas  
of science, because these things are 
beyond our own experiences.

Sorry, but you are 
talking complete 
nonsense. Let me 

explain. . .

There might be 
people living on 
Venus – we just 

don’t know.

My dad was a film 
cameraman back in the 
1920s, and he would tell 
me lots of stories about  

his adventures.

LANGUAGELANGUAGE
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Fill in the blank
s

Fill in the blank
s

This game tests how good you are at 

understanding words in context. Where do 

these words fit into the story below? Two 

of the words don’t belong, so choose 

wisely! Check the answers on page 189.

• shock
• gripped
• glimpse
• friendly 

• hideous
• bloodcurdling 
• surprise
• chance

• flew
• tall
• second
• cow

This game is a  
fun way to check 
how good your 
vocabulary is as 
well as testing  
the ability of your 
brain to think 
quickly and create 
connections 
between objects. 

Coming up with 
10–15 connected 
words in the time 
limit shows a good 
level of word skill. 
 
You will need: 
• Two players
• Stopwatch
• Pen and paper

WORDSWORDSALOUDALOUD

X-ray almost froze when he saw the shape. 
Looking up at the ________ bird-like animal,  
perched at the top of a ________ building,  
X-ray knew this could be a fight to the death.
When the beast spied X-ray below, it let out  
a ________ shriek and, without waiting  
another ________, swooped down with 
terrifying speed. It ________ X-ray in its  
talons and carried him away before he had  
a________ to think. After the initial ________, 
X-ray turned in the animal’s grip so that he  
got a brief ________ of its face, and he sent  
a laser beam straight into the beast’s beady  
eyes. The creature shrieked in ________ and  
let go of the hero, who ________ to safety,  
ready for his next challenge.  

Step 1Step 1
Start the stopwatch as you ask your friend  
to name as many animals as he or she can  
in 30 seconds. 

Step 2Step 2
For every animal named, mark one tick on  
a piece of paper. If there are any words you  
don’t know, check with an adult.

Step 3Step 3
This time get your friend to ask you how many  
fruit you can name in 30 seconds. Next time,  
use your own ideas for subjects.

Talk about itTalk about it

BRAIN GAMESBRAIN GAMES
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Step 3Step 3
Next it is the turn  
of player 2 to start to  
speak on a new subject. 
After three turns each, 
you could increase the 
time to a minute for  
each speech.

Step 1Step 1
The two players take 
turns to talk on a topic 
for 30 seconds, without 
repeating words or 
pausing for too long. 
The topics are decided 
by the quizmaster, who 
also keeps time. 

Step 1Step 1
Ask an adult to write 12 words 

(nouns and adjectives) on separate 
pieces of paper. Fold each piece 
and put them inside the box. 

Step 2Step 2
The first player chooses a  

piece of paper and reads out  
the word, and the second  

player has to say a similar  
word. If the noun is ”yacht”,  

he or she could say “ship”, or if the adjective  
is “cold” he or she could suggest “freezing”.

Step 3Step 3
The game continues  with the remaining 
words until the player pauses for more 
than five seconds or is unable to think  
of a suitable word. Ask an adult to time  
the answers with the stopwatch.

Step 2Step 2
At the word “go”, player 1 
starts to talk. Challenges  
can be made at any point  
if player 2 feels a rule  
has been broken – the 
quizmaster’s decision is 
final. If the challenger is 
correct, he or she continues 
the talk. The player who is 
speaking when the time  
is up wins the point.

Keep talkingKeep talking
Now it’s time to 
think on your feet 
–and hope those 
words keep coming. 

You will need:  
• Two players  
• Quizmaster 
• Stopwatch 

Every picture tells a story

Every picture tells a story
Here’s a game to test your story-telling skills.
Choose five objects from the grid opposite to 
create a brief story. Choose your objects from 
either a straight or a diagonal line. You must 
bring all five objects into your story and use 
proper sentences. Try to be as imaginative as 
you can, whether your story is set in a fantasy 
world or is just about a day at school!

Close rela
tives

Close rela
tives

Your brain has an amazing capacity to 
remember words, often by linking them 
with visual images. These games help  
you practise your word skills to improve 
your vocabulary and confidence so that  
you won’t ever be lost for words.

It’s not always easy  

finding the word you 

need. This game 

tests your skill at 

thinking up words 

with related 
meanings. 

You will need:  
• Two players and an 

adult to help out with  

the game  
• Pen and paper 

• Box with a hole on top

• Stopwatch
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Just as spoken language is vital to human society, writing 
is essential to civilization. It enables ideas to be passed  
on and preserved for future generations. We can read the 
words of people who are long dead and learn from history. 
We do not have to keep rediscovering things, so we can 
build on past discoveries to extend our knowledge.

120

  READINGREADING  
AND WRITINGAND WRITING

Some ancient Some ancient 
languages, such languages, such 
as classical Latin, as classical Latin, 
survive only in survive only in 

the form of the form of 
writing, because writing, because 
no one speaks no one speaks 

them anymore.them anymore.

Alphabets and symbolsAlphabets and symbols

Some languages use limited alphabets to 

build up a huge variety of words. English uses 

only 26 letters to form about 500,000 words. 

But in Chinese, each word is represented by 

its own character. This means that you need 

to know at least 3,000 Chinese characters  

just to read a newspaper. The Cyrillic 

alphabet, shown above, is used by  

many Eastern European languages. Learning to readLearning to read
Children usually start to read  

at the age of four or five. 
Reading involves decoding the 
symbols on a page, so the 
easiest languages (such as 
Italian) to learn are those where 
certain letters or characters 
always represent the same 
sounds. Other languages (such 
as English) are more difficult, 
because the same combination  
of letters represents a number  
of different sounds.

Adult literacyAdult literacy
Many people miss out on the education that teaches them how to read and write. Unfortunately, these skills are more difficult to acquire as you grow older, so learning to read as an adult can take a long time. However, adults who have been reading for many years can read faster than children because they recognize words without having  to spell them out.
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  READINGREADING  

As lnog as you wrtie As lnog as you wrtie 
the frsit and lsat lttres the frsit and lsat lttres 

of a wrod, you can of a wrod, you can 
sitll raed it.sitll raed it.

Words as artWords as art
Some forms of writing are so  
beautiful that they are treated  
as an art form. In the past, many 
people in the West learned graceful 
forms of handwriting – an art known 
as calligraphy that is still enjoyed by 
some today. In Chinese, every new 
word requires a different character, 
and this gives calligraphy a practical 
function because the writer can invent 
an entirely new character to express  
a particular idea. Such characters  
are works of art in their own right.

Pictures and words
Pictures and wordsComic books have always been popular with children, and many adults read graphic novels that are based on the same idea. These  do have words, but most of the meaning is in the pictures. Pictorial representations of words are also used in other ways such as road signs. Known as pictograms,  these have the advantage of being universally understood – regardless of the language you speak and whether you can read it.

Speaking and writing

Speaking and writing

Although most of us learn how to write, 

few people do it well. We can tell a 

story, but somehow we lose the plot 

when it comes to writing it down.  

We often use unclear language when 

we write, which is why so many official 

forms and documents are hard to 

understand. Learning to express 

yourself in simple terms when you  

are writing is an important skill.
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Some people have a flair for learning languages. They 
catch on to what is being said, learn how to reply, and 
are soon able to fluently read and write the language. 
Jean-François Champollion was a genius at this.  
But he didn’t just learn the languages of his own age. 
He found a way of using his skill to decipher a language 
that had been long forgotten, enabling scholars to 
rediscover the lost world of Ancient Egypt. 

Jean-François  Jean-François  
ChampollionChampollion

122

Sanskrit is the ancient language of 

Hindu India, dating back to 1500 bce.

Used to compose sacred texts, Avestan is an 
old language from eastern Iran.

Keystone Keystone 
In 1799, a French army captain discovered a 
stone slab near the Egyptian port of Rashid,  

or Rosetta. The “Rosetta stone” was covered  
with writing in three languages: Egyptian 

hieroglyphs, another form of Egyptian writing 
called demotic, and classical Greek. But all three 

were versions of the same thing – a document 
issued by Pharaoh Ptolemy V in 196 bce. Enough 
of the writing remained to allow the hieroglyphs 

to be related to the Greek and decoded –  
but it would prove difficult. 

Amharic is the language of the 

Amhara people of Ethiopia, Africa.   

Master of languages Master of languages 
Born in France in 1790, Jean-François 
came from a poor family and was  
eight years old before he went to 
school. He quickly discovered he  
had an amazing talent for languages, 
mastering a dozen by the age of 16. 
He also became intrigued by obscure 
languages such as Amharic, Avestan, 
Sanskrit, and Chaldean. Eventually, 
he became an assistant professor  
of history, specializing in ancient 
languages that could provide a way 
of understanding the past.

Land of the pharaohs 

Land of the pharaohs 
While Champollion was a child, the wonders of Ancient Egypt were just being discovered. The civilization that 
built them was a mystery, however, 
because no one could read the writing 

found on the monuments – the symbols known as hieroglyphs. Champollion was fascinated by  the Ancient Egyptians.
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Jean-François  Jean-François  
ChampollionChampollion
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Codebreaker Codebreaker 
In 1801, the Rosetta stone was 
taken to England. British scholar 
Thomas Young managed to 
translate the Egyptian demotic 
text but not the hieroglyphic 
script. Champollion took over and 
used his language skills to work 
out what some of the hieroglyphs 
stood for, especially those that 
represented names. Between 
1822 and 1824, he decoded all  
the hieroglyphs on the stone, 
enabling him to understand the 
Ancient Egyptian language.  
It was a work of genius.

Window into the past Window into the past 
Before Champollion, the world  

of Ancient Egypt was a mystery. 
Everything had to be deduced 
from archaeological discoveries 
at a time when archaeology was 
little more than a treasure hunt. 
Once the hieroglyphic system 
was decoded, historians were 

able to read the words of the 
Ancient Egyptians and understand 

their lives more fully.

Confirming Confirming the code the code 
In 1828, Champollion followed up his 
success by travelling to Egypt with Italian 
scholar Ippolito Rosellini. Their idea was 
to confirm Champollion’s work by 
studying as many hieroglyphic inscriptions 
as possible on stone monuments and wall 
paintings like this one. They proved that 
his translations were correct, and they 
were able to decipher many inscriptions. 
But the trip exhausted Champollion, and 
within three years he suffered a stroke 
and died. He was only 41. 

Champollion was Champollion was 
appointed to teach appointed to teach 

history and politics at history and politics at 
Grenoble Lyceum at  Grenoble Lyceum at  
the age of just 18.the age of just 18.
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Creativity is about coming up with 
an idea that is not the result of an 
obvious logical process. We 
often think of it as artistic, 
because painters and 
musicians are described 
as creative people. But 
creativity is an important part 
of all thinking. The inventions 
that change our lives would not 
exist if it weren’t for the creativity 
of their inventors, and “creative 
solutions” are an important part of 
science, politics, economics, and 
even mathematics. We often think 
it is all about inspiration, but 
creativity always has a sound 
foundation of knowledge, 
backed up by hard work. 
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Buzzing idea

Buzzing idea

All creativity involves working 

 on what you already know. When 

Greek mathematician Archimedes 

needed to find the volume of the  

king’s golden crown in about 250 bce, 

he solved the problem with creative 

inspiration. But he was slotting 

together many ideas that were 

already buzzing in his brain.
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ky 
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ak

Some breakthroughs are  

the result of lucky accidents, but 

creative people make their own luck. 

When Archimedes took a bath, he 

noticed that the water level rose when 

he got into it. H
e was already puzzling 

over ways of measuring volume and  

saw that the change was caused by  

the submerged volume of his body. 

Brain wave

Brain wave

When Archimedes realized that  

he had found a way of measuring 

the volume of anything – including  

a golden crown – he famously 

jumped out of his bathtub and ran 

down the street naked, shouting, 

“Eureka!” This means “I have  

found it!” We call such sudden 

bright ideas brain waves. 

Scientist Charles Darwin came up with many  Scientist Charles Darwin came up with many  
of his best ideas while walking around his big garden.of his best ideas while walking around his big garden.
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Arch
im

edes did  

not h
ave to

 try
 out a

ll h
is ideas fo

r 

solvin
g his problem, because he 

could use his im
aginatio

n to
 assess 

whether th
ey w

ould work. 

Following throughFollowing through
Having a bright idea is not enough; 

you must follow through by testing 
it and devising ways of making it 

work. For Archimedes, this involved 
finding a precise way of measuring the 
volume of water displaced when he 

carefully lowered the crown into a full 
container. This then gave him the 

exact volume of the crown.  

In
cu
ba
ti
on

In
cu
ba
ti
on

Strangely, s
ettin

g a problem aside 

and doing something else like 

going for a walk in the rain can help 

the creative process. This incubation 

period may clear your m
ind as you 

forget irr
elevant details or you may 

become aware of some other fa
ct. 

For Archimedes, gettin
g muddy 

might have helped, too.

Brain wave

Brain wave

When Archimedes realized that  

he had found a way of measuring 

the volume of anything – including  

a golden crown – he famously 

jumped out of his bathtub and ran 

down the street naked, shouting, 

“Eureka!” This means “I have  

found it!” We call such sudden 

bright ideas brain waves. 

Nothing was too  Nothing was too  
much of a challenge for much of a challenge for 

Archimedes. He even thought Archimedes. He even thought 
he could work out how  he could work out how  

many grains of sand would many grains of sand would 
fill the Universe.fill the Universe.
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Scientist Charles Darwin came up with many  Scientist Charles Darwin came up with many  
of his best ideas while walking around his big garden.of his best ideas while walking around his big garden.

According to inventor Thomas Edison, According to inventor Thomas Edison, ““Genius is one  Genius is one  
per cent inspiration and 99 per cent perspiration.per cent inspiration and 99 per cent perspiration.””  
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A dotty challengeA dotty challenge
Can you draw four straight lines,  

without lifting your pen from the page,  
to connect all the red dots? You will need 

to think outside the box on this!

Illustrated storiesIllustrated stories
Choose a painting – from an art book or from  
the Internet! Study the picture for a while and 

focus on the details. Let your mind wander  
and then try to create a story around it.

Back to basicsBack to basics
What can you do with an empty 

cardboard box? Use your imagination 
and see if you can design something 
brilliant. Of course, you could always 

just copy our idea, but where’s  
the fun in that?

Natural talentNatural talent
Mother nature is often the best designer and 
has provided inspiration for some important 

inventions. See if you can match the invention 
on the left with the inspiration on the right. 

1. Shinkansen bullet train 
2. Futuristic car  
3. Swimsuit  
4. Self-cleaning paint
5. Road reflectors

A. Shark’s skin
B. Lotus leaf
C. Cat’s eyes
D. Boxfish
E. Kingfisher’s beak

 Being able to understand 
and interpret artwork is  
a good creative exercise,  

as the brain thinks about what 
the artwork is showing and 

draws on what it means.  
By basing your story on 

something that inspires you, 
you may create something 

impressive yourself. 

 Some of the greatest inventors have 
taken simple things and used them in  

a new way. You don’t always need 
elaborate materials to come up  

with great ideas!

 The field of science referred to above is 
known as biomimicry, which means “imitating 

nature”. The next time you are in a park or 
garden, see if you can find inspiration or new 

ideas from the things you see around you.

  When taking up a 
challenge such as this, you 

may need to take one or two 
different approaches. If you 

don’t get it right the first 
time, keep starting from  

a different point  
until it works.

128 SPARK?SPARK?
ARE YOU A CREATIVE ARE YOU A CREATIVE 

BRAIN GAMESBRAIN GAMES
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Something from nothingSomething from nothing
There is great creative potential in the 

bits and pieces lying around your home. 
Try to find new ways to use everyday 

objects such as tissue boxes, cardboard 
tubes, and straws. Or maybe make  

a sculpture, starting with an empty egg 
carton and adding anything else that 

sparks your imagination.

Lateral thinkingLateral thinking
See if you can solve these riddles with a dash 

of imagination and a lot of lateral thinking.

Riddle A: Romeo and Juliet 
are lying dead on the floor. 

There are no marks on 
either of them, but they are 
soaked with water, and near 
them is a broken glass bowl. 

How did they die?

Riddle B: How do you throw 
a ball and make it come back  

without throwing the ball 
against a wall, the ball being 
attached to string or elastic, 
or the ball being caught and 
thrown back by someone?

Riddle C: A man rode into town on 
Wednesday. He stayed for three 

nights and then left on Wednesday. 
How is this possible?

 When presented with  
riddles, we may try to find the answer 
based on a straightforward reading of 
the question. By trying to think what 
else the riddle might mean, you will 

learn to think laterally.

Put your potential for brilliance to the test 
with these six challenges. Some of the games 
require lateral thinking, while others leave 
the creativity entirely in your hands. Just 
check the challenge in each cloud and see 
whether you qualify as a creative spark!  
You’ll find the answers on page 189.
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 You may come up with a 
fantastic creation, but even if your 
ideas turn out to be more silly than 

splendid, you will have learned  
a great deal about using your  

own creative spark. 
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Writer, poet, actor, and activist, Maya Angelou 
overcame a difficult childhood of abuse to  
become a hugely influential figure whose  
work has inspired many. Born in Missouri,  

USA, at a time when Black American people  
did not have equal rights to white people, she  
gave a voice to their struggles in her writing.

MayaMaya
AngelouAngelou
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Performer and speaker Performer and speaker 
Writing was not Angelou’s only talent – she was  
also a gifted actor and director. She was a natural  
and charismatic performer, speaking at university 
graduation ceremonies and even at US President  
Bill Clinton’s inauguration in 1993. The poem she  
wrote for the event, On the Pulse of Morning, carried  
a message of hope. Angelou’s passionate reading  
of the poem made her an international icon.

Early jobs Early jobs 
Leaving school young, Angelou took a job as  

a streetcar conductor – making her the first 

Black American woman ever to hold this role  

in San Francisco, USA. She later worked as a 

calypso singer and dancer, actor, and newspaper 

editor for the Arab Observer and Africa Review, 

before turning to writing.

Maya Angelou’s original name was  Marguerite Johnson. She changed it to  promote her calypso act during the 1950s.

Angelou reads at President Clinton’s inauguration 
ceremony, which took place on 20 January 1993 and  
was shown on TV around the world.

Body of work Body of work Angelou’s writing explored a range of topics – from racism and her own upsetting experiences as a child, to love and human nature. As well as her novels, her essays and poetry were highly praised by readers, including her famous poem about resilience, Still I Rise. She also authored works  for theatre and cinema.

This quote from one of Angelou’s poems is  painted on a wall near the Civil Rights museums  
in Montgomery, Alabama, USA. 

Breakthrough bookBreakthrough book
Angelou emerged as a writer in 1970 when  
her most well-known book I Know Why the Caged 
Bird Sings – the first volume of her seven-part 
autobiography – was published. It was loved by  
readers and critics alike!
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Fighting for rightsFighting for rights
Campaigning for justice and the equal rights  
of Black Americans, women, and the LGBTQ+ 
community was also a big part of Angelou’s life.  
She worked with many Black American leaders,  
such as Martin Luther King Jr. and Malcolm X,  
and raised funds for a range of causes, both  
in the USA and globally.

Angelou’s words and activism have inspired many 

people, such as these protesters at a march for 

women’s rights in 2018, in New York City, USA.

An enduring legacy An enduring legacy 
Maya Angelou inspired many with 
her work. She wrote more than 30 

books and received more than  
50 honorary degrees. She has 

received a Pulitzer Prize for 
journalism, a Tony Award  
for acting, and Grammy 
Awards for her spoken  
word albums. In addition  
to many other honours,  
she was awarded the 
Presidential Medal  
of Freedom in 2010.
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BOOST YOURBOOST YOUR
CREATIVITYCREATIVITY

Many techniques designed to 
improve creative thinking encourage 
you to break away from strict logic 
and fixed ideas and let your mind 
wander more freely around a 
problem. This is often called 
“thinking outside the box”. It helps 
you see things from different  
angles and come up with the fresh 
approaches you need to be creative. 

132

Lateral thinkingLateral thinking
Similar to brainstorming, lateral 
thinking is all about approaching 
a problem from every possible 
angle. The basic idea is to 
identify the “normal” way of 
looking at a problem and avoid 
it. You use a random way of 
triggering new trains of thought, 
such as letting a book fall open, 
sticking a pin on the page, and 
seeing how the word it hits 
might relate to the problem.  
It sounds crazy, but it can be 
surprisingly effective. 

BrainstormingBrainstorming
This involves thinking up as many ideas  
as possible without judging them. You can do  
this alone, but it is usually a group activity, with 
someone writing all the ideas down. It can be fun! 
When everyone has run out of ideas, you look at 
the list and see what you have. Sometimes the 
oddball ideas turn out to be the best ones. 

Visual thinkingVisual thinking
Instead of making simple lists of ideas, you can turn them 
into a diagram. You start with a central problem, such as 
global warming, and add a series of spreading branches 
depicting all the related facts, figures, and ideas. This can 
work like a visual form of brainstorming, with new ideas 
leading to more radical, creative ones.
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What if...?What if...?
One way of moving beyond fixed ideas  
is to ask, “What if. . .?” You could ask, 
“What if all bus travel were free?” and 
this might lead to creative thinking about 
the way we get around and the role of 
cars. It could be a negative question, 
such as “What if no one collected our 
rubbish?” You could then work out ways 
of dealing with the problem. Or the 
question could be impractical in itself, 
such as “What if our pets could talk?” 
This might seem like a fantasy, but it 
could stimulate useful ideas about  
how we treat animals. 

133

Energetic thinkingEnergetic thinking
Many people find that they think 
more creatively about problems 
while they are walking, running,  
or working out. The exercise has  
to be repetitive, so it frees your  
mind to work on the problem. 

The technique of  The technique of  
using diagrams to  using diagrams to  

link ideas dates back  link ideas dates back  
to the 3rd century to the 3rd century cece, , 

when it was used  when it was used  
by philosopher  by philosopher  

Porphyry of Tyre. Porphyry of Tyre. 

I WALK MY 
HUMANS TWICE 

A DAY.

Working backwardsWorking backwards
If you know what you want but don’t  
know how to get to there, try working 
backwards. It’s like working back from  
a winning shot in basketball: to get C  
to score, A has to pass the ball to B  
and B to C. Mentally, it can suggest ideas 
that would not occur to you otherwise. 

A

C

B

I TRAINED 
MINE TO WALK 
THEMSELVES.
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CREATIVECREATIVE

EXERCISESEXERCISES

You can improve your creative 
skills by following exercises 
designed to make you look  
at ideas and problems in 
different ways. So try these 
games and let your 
imagination run free!

Novel storyNovel story
Use your imagination and 
think of ways of combining all 
of the following words into a 
funny story or poem: 

purple, sheep, crisps, string, 
chair, summit, apple, screw, 
tie, smile

Clip artClip art
Can you think of 30 different 
ways of using a paper clip 
other than for holding papers 
together? Write down as many 
as you can in ten minutes.  
The crazier the better.  
Ready, steady, go!

What if...?What if...?
Exercise your creative streak and 
come up with the most imaginative 
story you can to complete the 
following scenarios:

•  What if we didn’t sleep?
•  What if your house could speak?
•  What if we could go on holiday in space?
•  What if our eyes were in our kneecaps?
•  What if we could breathe underwater?

Unusual crossing!
Unusual crossing!Imagine that you are stranded on one side of a lake, your friend is on the other, and you want to get to your friend.  Set yourself a time limit of  five minutes and write down  as many ways you can think  of to cross the lake. See what ideas your friends come up with, too. It could make for  an interesting crossing!

BRAIN GAMESBRAIN GAMES

134
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come up with the most imaginative 
story you can to complete the 
following scenarios:

•  What if we didn’t sleep?
•  What if your house could speak?
•  What if we could go on holiday in space?
•  What if our eyes were in our kneecaps?
•  What if we could breathe underwater?

Unusual crossing!
Unusual crossing!Imagine that you are stranded on one side of a lake, your friend is on the other, and you want to get to your friend.  Set yourself a time limit of  five minutes and write down  as many ways you can think  of to cross the lake. See what ideas your friends come up with, too. It could make for  an interesting crossing!

BRAIN GAMESBRAIN GAMES
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Green cred
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Green cred
entials

Creativity is often about  

being aware of the world 

around us and using it for 

inspiration. When was the last 

time you really looked around 

you? Pick a colour – for 

example, green. How many 

things can you see that are 

green? There are more than 

you might think at first. 

Creative playCreative play
Play helps free the mind and aid creativity, so  
use your visual imagination and plan a treasure 
hunt for your friends. Think of some cryptic  
clues to lead your friends on a journey around 
your house or garden. The clues could even be 
pictures. Each clue leads to another until you 
reach the treasure. Read out the first clue  
and let the hunt begin! 

Albert Einstein cultivated his own Albert Einstein cultivated his own 
creative exercises. These creative exercises. These ““thought thought 

experimentsexperiments”” led to the development  led to the development 
of his famous theories of relativity.of his famous theories of relativity.
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Ahead of his time Ahead of his time 
Many of Leonardo’s inventions were 
objects that could not be made at the 
time but have since become a reality.  
He devised a form of parachute, a glider, 
a type of bicycle, a life jacket to keep a 
person afloat, an underwater breathing 
device, weapons that could be used to 
attack ships from underwater, and an 
“unsinkable” double-hulled ship. He 
even came up with this pioneering 
concept for a helicopter. 

 This helicopter of Leonardo’s would not have worked, 

although his notes suggest that he did build flying models.

One of the most intelligent people ever to have lived,  
Leonardo da Vinci is famous for the amazing breadth of 
his interests. Primarily a painter of extraordinary skill, he 
became fascinated by the human body and pioneered the 
science of anatomy. He also became a practical 
engineer and inventor, dreaming up all kinds of 
astonishing devices that were way ahead of their time.

Leonardo Leonardo 
da Vincida Vinci

Visionary Visionary 
engineerengineer
In 1482, Leonardo got a well-paid job with  
the duke of Milan by describing himself as  
a military engineer. Luckily, he was far more 
talented than most engineers of the time.  
He was very interested in water power  
and came up with many devices driven by 
waterwheels. Later, he proposed a bridge 
across the Gulf of Istanbul, which would 
have been the longest single-span bridge 
in the world, but it was never built.

Amazing artistAmazing artist
Leonardo was born near Florence, Italy,  
in 1452. When he was 15, his father sent 
him to work as an apprentice for the 
Florentine painter Andrea del Verrochio. 
He soon became a superbly realistic 
painter of human figures, partly because  
of his interest in anatomy. He worked 
incredibly slowly, and during the late  
1400s, he completed only six paintings in 
17 years. His most famous painting is the 
Mona Lisa, probably painted in about 1505. 

Leonardo left most of his projects unfinished, and Leonardo left most of his projects unfinished, and 
it is possible that he suffered from attention deficit it is possible that he suffered from attention deficit 

disorder (ADD) – a psychological problem that disorder (ADD) – a psychological problem that 
has only recently been identified. has only recently been identified. 

Today, Leonardo’s Today, Leonardo’s 
paintings – and even paintings – and even 
his drawings – are his drawings – are 
among the most among the most 

valuable in the world. valuable in the world. 

The Mona Lisa is thought to be a portrait of the wife 

of a wealthy silk merchant from Florence.

This Leonardo drawing shows a weapon for hurling 
stones – a bombard – powered by a waterwheel.
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Notes and sketchesNotes and sketches
We know about Leonardo’s many talents 
because he kept notes illustrated with 
detailed sketches. An intriguing feature  
of these notes is that they are written from 
right to left in “mirror” writing. We know 
that Leonardo was left-handed, which 
makes writing left to right in ink quite hard 
because your writing hand smudges the 
wet ink. He possibly decided to get around 
this by writing backwards – evidence of his 
original, logical thinking.  

Gruesome fascinationGruesome fascination
Leonardo was fascinated by human anatomy.  
He spent hours dissecting human corpses and 
drawing what he saw. This gruesome activity  
was considered very suspicious, and was even 
forbidden by the pope himself, but Leonardo was 
not easily put off. He pressed on, producing many 
drawings, which he considered a much better 
way of describing anatomical features than 
written descriptions. Many of his drawings  
are remarkably detailed and accurate. 

These studies of limbs by Leonardo were among 
the first anatomical drawings ever made.

Scientific pioneerScientific pioneer
Leonardo was interested in all forms of 
science, including optics, anatomy, zoology, 
botany, geology, and aerodynamics. More 
importantly, he pioneered a method of 
study that we still use today. Instead of 
getting information from classical authors 
and the Bible, he used the revolutionary 
approach of observing nature and asking 
simple questions like “How do birds fly?”  
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The inner y
ou

The inner y
ou

Most of us believe that we have 

an inner “self” that defines our 

personalities. The concept has 

no biological basis, and most 

scientists think it is an illusion. 

Yet it is a very powerful idea, 

and it forms the basis of the 

“soul” that many people believe 

survives even after death. 

140

SELFSELF
SENSE SENSE OFOF

That’s me!That’s me!
If you put a cat in front of a mirror, it may not  
react at all. Birds don’t recognize themselves 
either – instead some see a rival and try to drive  
it away. Human babies are similar, but at the  
age of about 18 months they know who they are 
looking at – they have developed a sense of self.

Self-esteemSelf-esteem
We all have an idea of how we would  
like to be. If we think we don’t match up  
to this ideal, we feel bad about ourselves – we have  
low self-esteem. Quite often the ideal is not realistic, 
but sometimes our judgement of our self is inaccurate 
and we are actually closer to the ideal than we think.

You know who you are. You recognize 
yourself in mirrors and pictures. You 
have an image of yourself that includes 
your personality and your beliefs about 
how others see you. This self-awareness 
enables you to think about your identity 
and how you relate to other people. It is 
what we call consciousness.
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Brain 
Brain HQ?HQ?  Scans of brain activity like this one, showing  

high activity in red, reveal that there isn’t a 

single part of the brain that is the focus of 

consciousness. No one has ever suffered  

a brain injury that destroyed their sense of  

self but left everything else intact. Instead, it 

seems that consciousness depends on activity 

throughout the cerebral cortex – the part of the 

brain responsible for memory and thinking.

Self-imageSelf-image
Your sense of self is made up of your personal history 
combined with your own idea of your personality and physical 
appearance, as well as how others see you. If you are lucky, 
you will have a positive self-image, but some people have 
negative ideas that distort their self-image. For example,  
very shy people think others are judging them all the time.

ConsciousnessConsciousness
No one really knows what consciousness is,  
but we all have it. It has been described as  
an awareness of your own existence and your 
thought processes. So it is partly about your 
identity, but also about your ability to think,  
plan, and analyze your thoughts and plans.

I look good  I look good  
and I’m looking and I’m looking 

forward to seeing  forward to seeing  
my friends later . . .my friends later . . .

Some people suffer from  Some people suffer from  
a psychological condition that a psychological condition that 
makes them think they have makes them think they have 

more than one more than one ““selfself””.  .  
On average, they believe they On average, they believe they 
have 13 different identities.have 13 different identities.
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Everyone is affected in different ways by the same experiences. 

Jack hates parties, but his friend Jill loves them. They have 

different personalities. Yet this might not predict how  

they react to other types of experiences. Jack might be  

open to new ideas, while Jill is not. We are all complex  

mixtures of a variety of personality traits.

142

PERSONALITYPERSONALITYTYPESTYPES

In the ge
nes

In the ge
nes

Part of your personality is inherited from your 

parents, so if they are both fun-loving people, 

there’s a good chance you will be the same.  

However, it is not quite so simple, because 

personality traits can be expressed in various 

ways. A well-organized artist, for example,  

might seem unlike a well-organized banker.

Getting on together
Getting on togetherSome people are very reserved, and have only a few 
special friends. Others are more sociable, and seem 
to get on with everyone. Being open-minded to the ideas of people with different personalities helps us 
develop both emotionally and intellectually. It also helps us cooperate to achieve things.

IndividualityIndividuality
Western cultures tend to 
celebrate the variations in 
personality that make us 
individuals. Some other 
cultures discourage them. 
However, we all seem to  
be getting bolder about our 
individuality, and we often 
display this in the way we 
dress and behave. Ideally, 
we would all feel confident 
as individuals, while 
staying responsible 
members of society.

Nature and nurtureNature and nurture
Your experiences can have a big effect on your 
personality. If your best friend is run over by a bus, 
for example, it affects your outlook. But although 
these twins may have been affected in different 
ways by their personal histories, they probably 
react to new experiences in similar ways.

The Ancient Greeks The Ancient Greeks 
thought there were only thought there were only 
four basic personality four basic personality 
types: happy, gloomy, types: happy, gloomy, 
calm, and excitable.calm, and excitable.
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TYPESTYPES
Five-way splitFive-way split

Most psychologists agree that personality 

is defined by five traits, each with its own 

sliding scale. For each trait, every one  

of us lies at a different point on the  

scale. This gives a wide range of possible 

combinations, and accounts for the almost 

infinite variety of human personalities.

Simple systemsSimple systems

People often use simple ways of 

defining personality. One common 

system is the Type A person who  

is dynamic and confident – such as  

the girl in the above pictures – and the 

Type B person who is more relaxed. 

But these simple concepts do not 

cover all aspects of personality.

NeuroticismNeuroticism

Extroversion

OpennessOpenness

Agreeableness

Conscientiousne
ss

Worried 
Insecure 
Self-pitying 

Sociable
Fun loving
Affectionate

Imaginative
Independent
Prefers variety 

Helpful
Soft-hearted
Trusting 

Organized
Careful
Self disciplined 

Calm
Secure 

Self-satisfied 

Shy
Serious

Reserved

Down-to-earth
Conforming

Prefers routine 

Unhelpful
Ruthless

Suspicious

Disorganized
Careless

Weak-willed
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Born in England in the last year of the 18th century, 
Mary Anning was a self-taught pioneer of the new 
science of geology. She had a genius for finding the 
fossil remains of extinct animals, and was considered 
an expert by some of the most eminent scientists in 
Europe. Yet she achieved all this at a time when 
women were barred from academic life.

MaryMary  
AnningAnning

Fossil hun
ter

Fossil hun
ter

Mary’s father was a 

furniture maker and fossil 

collector who took his 

children fossil hunting along 

the shore. He sold his finds to 

wealthy visitors from a table in 

front of his shop. But he died 

when Mary was 11, leaving his 

family with no income. His wife 

kept up the fossil trade, while 

Mary and her elder brother went 

out to look for fossils. Mary 

became an expert at finding, and 

also identifying, exciting fossils, 

and when she was 20 she started 

to run the fossil business herself.

Jurassic coastJurassic coast
Mary lived in Lyme Regis on the 
“Jurassic coast” of southern England – 
so-named because the cliffs contain 
fossils dating from the Jurassic period 
of the age of dinosaurs. In the early 
19th century such “curiosities” were 
not understood, but they were  
eagerly sought by visiting gentlemen 
naturalists. If they could not find any, 
they could buy them from local 
collectors like Mary. 

An extinct relative of the modern nautilus, this ammonite 

is one of many fossils found on the Jurassic coast.

In 1800, at one year old, Mary survived being In 1800, at one year old, Mary survived being 
struck by lightning. People believed that this struck by lightning. People believed that this 
made her unusually bright and observant.made her unusually bright and observant.

Marine reptilesMarine reptiles
Mary made her first major discovery in 1811, after 
her brother found the fossilized skull of what he 
thought was a crocodile. It took her a whole year  
to uncover the complete skeleton of an ichthyosaur, 
a prehistoric marine reptile that resembled  
a dolphin. It was the first ever found. She sold  
the fossil to a rich local man, who sold it on to a 
museum in London. She was then just 12 years old.

This view shows Lyme Regis across the bay, and the beach at 
Charmouth where Mary found some of her best fossils.
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Geological pioneerGeological pioneer
When Mary Anning was collecting 

fossils, most scientists still believed 
that Earth and its animals had been 
created in six days, only 6,000 years 

ago. The evolutionary theories of 
Charles Darwin were not published 

until 12 years after Mary died in 
1847. Her fossils of extinct creatures 

were some of the most important 
geological discoveries of all time, 

and her ideas about what they meant 
forced scientists to look for different 
ways of explaining the history of life. 

In 1824, it was said of Mary, “. . . all 
acknowledge that she understands 

more of the science than anyone  
else in this kingdom.”

Sea dragonSea dragon
Wealthy collector Thomas Birch was so 
impressed by Mary’s discoveries that he sold 
his own fossil collection in 1820 and gave the 
proceeds to the Annings. This established Mary 
in her business, and she went on to make other 
amazing finds. They included, in 1823, the first 
known skeleton of a long-necked “sea dragon”, 
later described as a plesiosaur. 

Renowned e
xpert

Renowned e
xpert

Mary had little formal education, but 

she taught herself anatomy and 

geology. At an early age, she became 

lifelong friends with Henry de la Beche, 

who went on to become president of the 

Geological Society of London. She knew 

many other eminent scientists, either 

personally or through letters, and by  

the mid-1820s she was considered an 

expert on most types of fossils. Yet she 

rarely left Lyme Regis, and visited 

London – then the centre of the 

scientific world – just once.

Inspired by finds like Mary’s, this old print shows what  
an ichthyosaur and plesiosaur might have looked like.

Mary on the shore at Lyme Regis with her geological 

hammer and Tray, her dog.

These illustrations from 1860 include an ichthyosaur 
and a plesiosaur, probably collected by Mary.
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Only part of your life is controlled by the conscious part of your 
brain. A lot of mental activity is unconscious – or it is until you 
become aware of it. It includes primitive instincts and urges 
inherited from our distant ancestors, but also your own 
perceptions and memories. These colour your personality  
and affect your decisions, sometimes in strange ways.

148

UNCONSCIOUSUNCONSCIOUS  THETHE

Some mental problems Some mental problems 
have an unconscious have an unconscious 
cause. If you become cause. If you become 

aware of the cause, the aware of the cause, the 
problem often goes away.problem often goes away.

Melanie KleinMelanie Klein
Becoming a psychologist after being 
inspired by Sigmund Freud, Melanie Klein 
expanded on many of his theories. She 
believed that the human unconscious 
contained primitive instincts that could 
lead people towards growth or destruction. 
Her work also involved studying children, 
looking at the unconscious meaning 
behind how they played. 

Perception

Perception

Scent is a powerful trigger of  

unconscious memories – the smell 

of grass reminds you of a day in  

the country, for example. Research 

has also shown that smells can 

influence behaviour. People who  

eat in a room smelling faintly of 

cleaning fluid are much more likely 

to tidy up after they have eaten  

than if the room has no scent. 

Ima
gin

ed 
ill

nes
s

Ima
gin

ed 
ill

nes
s

The unconscious mind can have a 

powerful influence on health. Some 

people suffer from psychosomatic 

illnesses – illnesses caused by mental 

problems such as stress. On the other 

hand, people who are ill m
ay recover 

after taking a “medicine” that they 

believe will cure them, even though  

it has no active ingredients. This is 

called the placebo effect.
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UNCONSCIOUSUNCONSCIOUS  

The part of the brain that The part of the brain that 
controls strong emotions controls strong emotions 

matures in your 20s. matures in your 20s. 

Your unconscious mind can  Your unconscious mind can  
be difficult to control, but it  be difficult to control, but it  

is vital to your survival.is vital to your survival.
In
st
in
ct

In
st
in
ct

Much of our unconscious 

mental activi
ty s

eems to be  

guided by in
stinct. B

rain scans  

of people tested for unconscious 

urges, such as greed, show activi
ty  

in the prim
itiv

e parts of th
e brain – 

the parts that w
e share with other 

animals. These areas contro
l  

basic instincts such as appetite
.

Ad
ve
rt
is
in
g

Ad
ve
rt
is
in
g

Some advertis
ing tri

es to 

influ
ence th

e unconscious mind.  

It m
ay u

se fla
shed messages, 

songs, or s
logans, or a

ssociations 

with
 everyd

ay o
bjects. For e

xample, 

an advertis
ement fo

r ic
e cream 

might be lin
ked to a a catchy tu

ne, 

to make yo
u th

ink about buyin
g ice 

cream whenever yo
u hear it

.

Conscious control

Conscious control

People being tested for unconscious 

mental activity are never told what is 

going on, because this would make 

them control their reactions. Such 

conscious control enables people to 

overcome their unconscious urges, and 

this is an important element of 

civilization. If we followed our 
instincts without controlling them  

at all, society might fall apart.
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We call intense feelings such as joy and fear our 
emotions. They seem to well up from deep inside the 
brain. This is because the most basic emotions are 
related to our primitive survival instincts. More complex 
emotions probably developed later in our evolutionary 
history. Our ability to control our emotions, and use 
them constructively, is sometimes described  
as emotional intelligence.
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  EMOTIONSEMOTIONS  

Emotion and mood  Emotion and mood  
Feelings are powerful mental and  
physical experiences. The man above  
is enjoying a film so much that he gets  
a surge of joy – he feels wonderful and  
he can’t stop smiling. Yet this intense 
feeling will not last long. It will be  
replaced by a calmer but more  
long-lasting mood of happiness.

Universal emotions Universal emotions 
There are six main emotions, triggered 
from deep within the brain and beyond 
your conscious control. Your automatic 
reaction is expressed by a facial expression 
that is the same whoever you are. The six 
people above are showing them all – fear, 
anger, and surprise in the front row, with 
joy, distress, and disgust in the row behind.

Most women are more Most women are more 
emotional than men,  emotional than men,  

but this is partly because but this is partly because 
men are often expected men are often expected 

to conceal their emotions.to conceal their emotions.
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  EMOTIONSEMOTIONS  Emotional  Emotional  
intelligence intelligence 

Our ability to control and make use of 
emotion is sometimes seen as a form of 

intelligence. The man below is using his 
emotional intelligence to recognize his 
friend’s unhappiness and comfort her. 

This is a social skill that also raises 
awareness of your own emotions.

Complex emotions  Complex emotions  
As well as the six basic emotions, we also 
experience up to 30 complex emotions 
such as guilt, irritation, alarm, pride, 
envy, and love. Many of these are related 
to the complexities of human society. 
They are less automatic, involving more 
thought – although emotions such as  
love can still seem difficult to control.

Crying Crying 
As far as we know, only humans cry. 
Crying in distress produces tears  
and a distinctive facial expression. 
Tears with a different expression  
can also be caused by joy, especially 
among adults. This may indicate  
that the mental wiring for distress 
and joy is connected.

Controlling emotion Controlling emotion 
As we grow, the part of the brain 

responsible for conscious control 
grows, too, and we learn to control 

our emotions. The man on the right 
below is annoyed by his neighbour 

eating popcorn, but he is managing to 
stop himself from getting angry.

Tears seem to wash away Tears seem to wash away 
some natural chemicals some natural chemicals 

that make you unhappy. that make you unhappy. 
This may be why you feel This may be why you feel 
better after a better after a ““good crygood cry””..
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Menchú (centre left) has taken part in many protests,  

including this one against the impacts of Spanish colonialism  

on the Indigenous peoples of Guatemala.

We do not often link politics with genius. Yet some 
political figures have the genius to see problems  
in a different way, and to bring new issues to the 
world’s attention. One of the most renowned 
campaigners of the 21st century, Guatemalan 
activist Rigoberta Menchú has dedicated her life 
to pursuing equality for Indigenous peoples 
around the world.

RigobertaRigoberta
MenchuMenchu

154

ActivismActivism
Menchú was involved in activism from an early  
age. She became a key advocate in the campaign for 
women’s rights and later joined the Committee of the 
Peasant Union, taking part in non-violent strikes and 
demonstrations calling for education and better conditions 
for workers. Later, she worked with international groups to 
put pressure on Guatemala to end the civil war and the 
abuses against Indigenous groups.

I, Rigoberta MenchuI, Rigoberta Menchu
Due to her continuing work against the 
government, Menchú was forced to flee 
Guatemala in 1981. While abroad, she told her 
life story to Venzuelan anthropologist and editor 
Elisabeth Burgos-Debray over a series of 
interviews that were turned into her famous 
autobiography I, Rigoberta Menchú. The book 
raised awareness of the treatment of Indigenous 
peoples during the Guatemalan civil war and 
attracted widespread international attention. 

Peace prizePeace prize
In 1992, Menchú won the Nobel Peace Prize for  
her work to achieve justice for Indigenous peoples 
and to bring cultures together. Along with five 
other winners, she established the Nobel Women’s 
Initiative in 2006, which works to promote peace 
and women’s rights around the world.

K’iche’ peopleK’iche’ people
Rigoberta Menchú belongs to the K’iche’ 
Indigenous group in Guatemala – one of the 
Maya peoples, who are descended from  
the ancient Mayan civilization. During her 
childhood in the 1960s, a civil war began and 
the government and the army mistreated 
the K’iche’ people. Many of Menchú’s family 
members were later killed in the conflict.

Menchú (right) and fellow Nobel laureates (from  

the left) Shirin Ebadi, Jody Williams, and Tawakkol 

Karman at a Nobel Women’s Initiative conference
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Global recognitionGlobal recognition
As well as the Nobel Peace Prize, Menchú has 

received a number of awards and worked 
with many international organizations. 

She continues to be a vocal activist 
today, speaking out about issues  

such as human rights, climate 
change, feminism, and  
access to medical care.

Rigoberta is  Rigoberta is  
often pictured often pictured 

wearing brightly-wearing brightly-
coloured embroidered coloured embroidered 

clothing – a clothing – a 
traditional part of traditional part of 
Mayan culture.Mayan culture.

155

Running for presidentRunning for president
In 2007, she formed her own political party  
and ran for president, making her the first Maya  
Indigenous woman to ever run in a Guatemalan  
election. Although she did not win, she has  
remained involved with Guatemalan politics,  
running again in 2011 and supporting  
Indigenous political parties. Menchú participated in a televised debate  

with the other Guatemalan presidential  

candidates on 30 August 2007.
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You express emotions in ways that you are probably never aware of. It’s not 
just what you say, but the way you say it, the look in your eyes, or the way 
you hold and move your body. A lot of this is beyond your conscious control. 
But we all try to conceal some emotions and even pretend to feel others. 
Sometimes this works, but 
often it doesn’t because 
your expression or body 
language doesn’t quite 
match what you say. 

158

  EMOTIONSEMOTIONS  READINGREADING

Facial expressionFacial expression
The basic facial expressions of 
emotion – joy, surprise, fear, anger, 
distress, and disgust – are easy to 
read. Some are even catching: when 
you look at a smiling person, you 
usually start to smile yourself. Most 
of us can also recognize more subtle 
expressions such as doubt, guilt, or 
pride. The better you know someone, 
the easier it is to work it out.

Eye contactEye contact
We tend to read people’s emotions by 
watching their eyes. In fact, it is not the 
eyes that express the emotion but the 
muscles around the eyes, which alter  
their shape. We cannot control this, which 
is why eye contact is so highly valued as a 
key to emotion. If someone keeps looking 
away, we may think that they are trying to 
conceal their emotions and deceive us – 
even though we are often mistaken.

The six basic facial The six basic facial 
expressions of emotion expressions of emotion 

are the same in all are the same in all 
human cultures human cultures 

worldwide.worldwide.

We tend to trust We tend to trust 
people who do not people who do not 

conceal their emotions.conceal their emotions.
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Body languageBody language
Our body postures say a lot about how 
we are feeling. Some are obvious, like 
jumping for joy or slumping in defeat. 
Many are harder to define and more 
difficult to pick up, but we can often 
read such body language anyway – 
especially when someone’s expression 
doesn’t match up. The confident body 
language but sad expression above 
gives a strange mixed message. 

Faking itFaking it
We all try to conceal our emotions 
sometimes. We try not to look 
bored when visiting relatives, or  
try to look happy when we are sad. 
Some people in public life make it 
their business to smile all the time. 
But the difference between a real 
smile and a fake one is obvious if 
you see them side by side – in a 
real smile the eyes smile too. 

ActingActing
Actors are judged by their ability to 
express emotions that they do not 
really feel. This can be difficult, so 
one performance technique, known 
as “the Method”, involves the actors 
becoming immersed in the thoughts 
and emotions of the characters they 
are playing. Sometimes they do this 
so well that they get completely 
carried away. 

A real smile looks different A real smile looks different 
to a fake one because it is to a fake one because it is 
controlled by a different controlled by a different 

part of the brain.part of the brain.

Lie detection 
Lie detection Your emotions tend to trigger certain 

reactions if you are lying. Your heart rate and breathing speed up, and  you tend to sweat. These reactions can be monitored using electronic “lie detectors” – but good liars can stay calm and fool the system.

158_159_GD132_EMOTIONS.indd   159158_159_GD132_EMOTIONS.indd   159 31/08/21   7:13 PM31/08/21   7:13 PM



It’s not only your words that say a lot about 
you – your facial expressions and the way  
you move your body do, too. In fact, your body 
language often reveals a lot more than you 
want it to, because you don’t realize what you 
are doing. Try these exercises, and then 
check your answers on page 189 to see  
how good you are at reading emotions.

160

  TALKTALK  
BODYBODY

Fake smilesFake smiles
A real smile spreads across 
your whole face, while a  
fake smile is often mistimed, 
crooked, and leaves the eyes 
expressionless. Look at these 
six faces and see if you can  
sort the sham smiles from  
the genuine ones. 

BRAIN GAMESBRAIN GAMES

Figuring facesFiguring faces
Facial expressions often speak louder than words.  
Study the faces above and then see if you can match 
them to these six different emotions: anger, disgust, 
happiness, sadness, surprise, and contempt. 

AA BB

CC DD

EE FF

DD

FF

EE

AA

BB

CC
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Certain types of body Certain types of body 
language can be interpreted language can be interpreted 

differently by different differently by different 
cultures. Nodding your head cultures. Nodding your head 

means “yes” in most means “yes” in most 
countries, but in Greece and countries, but in Greece and 

Bulgaria it means “no”.Bulgaria it means “no”.

When someone is trying to  When someone is trying to  
control his facial expression, the true  control his facial expression, the true  

feeling, called a microexpression, usually feeling, called a microexpression, usually 
shows on his face for a split second before shows on his face for a split second before 

being replaced with the one he  being replaced with the one he  
is trying to show. is trying to show. 

  
Body languageBody language

Some experts believe that body 
language accounts for 80 per cent  
of communication. You may not be  

aware of it, but you do get a feeling that 
someone likes you, or not, without it ever 
being spoken about. Study these pictures 
and see if you can read the body language 

and match the poses with each of these 
messages: dominance, aggression, 

mimicking, submission, 
defensiveness, and  

dishonesty. 

Psychologists believe we  Psychologists believe we  
have about 7,000 different  have about 7,000 different  

facial expressions. facial expressions. 

AA

BB

CC

DD

EE

FF
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GOOD AND BADGOOD AND BAD

We all have habits that help us get through life. When you wash 
your hands, do you stop to think how to get them wet, apply the 
soap, use it to clean your skin, and then rinse it off? Probably 
not. You automatically do it, because it’s a habit. It’s also useful, 
unlike bad habits such as nail-biting. All habits are formed  
by repetition, which programs your brain so that you behave  
like a robot – and once formed, they can be very difficult to break.

162

HABITS HABITS 

AddictionAddiction
The most destructive habits are called addictions.  
The addictions that get in the news involve illegal drugs, 
alcohol, and tobacco, but people can also become 
addicted to things like sugary foods and chocolate. 
If they keep eating them, they can get ill, but despite  
this they just can’t stop – they are stuck with a bad habit.

Programmed behaviourProgrammed behaviour
Habits are formed by repeated patterns of behaviour 
creating nerve networks in the brain. These work  
like the simple programs used in an appliance like a 
washing machine – once it is switched on, the program 
runs by itself. So when you start brushing your teeth, 
the habit program takes over to complete the job.
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Useful routineUseful routine
Every day you do things without thinking much about them, 
because they are part of your daily routine. If something like 
washing your face becomes a habit, it helps ensure that you  
do it even if you’re thinking about something else. So habits are 
valuable when they make life easier and encourage you to do  
the things that you need to do, which you might otherwise forget.

Breaking a bad habitBreaking a bad habit
A bad habit can be difficult to break because it is wired 
into your brain. Even if you manage to overcome a bad 
habit for several months, the wiring is still there, ready 
to be reactivated by the relevant trigger. Time may help, 
but often the best tactic is to replace a bad habit with a 
less damaging one.

Bad habitsBad habits
Unfortunately, it’s very easy to pick up bad habits. A lot 
of people bite their fingernails or pick their noses. They 
often do not know they are doing it, because they are 
thinking about something else. Sometimes this doesn’t 
matter much, although it can be irritating for others. 
But some bad habits can be very damaging.

Triggers and promptsTriggers and prompts
Most habits are triggered by external signals. When  
a driver sees a red light, it makes him or her perform a 
series of actions that stops the car. It is like an instinct.  
You can sometimes think up your own ways of prompting 
useful habits – putting your toothbrush somewhere  
obvious might prompt you to use it, for example. 
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ConfidenceConfidence
Confidence is vital to winning, and this 
has been proved by research. In one study,  
24 people had their arms strength-tested 
before an arm-wrestling match. The 
researchers deceived the competitors  
into believing that the weaker participants 
were the stronger ones. In 10 out of 12 
contests, the weaker wrestlers won!

Setting goalsSetting goals
To get anywhere, you need  
to set yourself goals. But 
don’t go for the long-term 
goal of being the champion –  
you need short-term 
personal targets that you 
can try to hit every day. If you 
are a cyclist, for example, 
your short-term goal could 
be to achieve a faster time 
than before – regardless of 
who wins the race. This will 
increase  your confidence. VisualizationVisualization

Get in the right frame of mind by recalling the sensation  
of success. Imagine yourself accepting the prize for first  
place – it feels good, doesn’t it? This feeling can help you 
win. Also, before the event, visualize yourself moving 
smoothly through the activity, and you are more likely  
do it perfectly when it matters.

Most people who take up sport are trying to win,  
but this means that someone has to lose. The 
difference is usually put down to fitness and ability, 
but when physical skills are evenly matched, the 
winner is often the competitor who has the  
right mental attitude. The same  
is probably true of life.

LOSINGLOSING  
WINNING ANDWINNING AND
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were the stronger ones. In 10 out of 12 
contests, the weaker wrestlers won!

Setting goalsSetting goals
To get anywhere, you need  
to set yourself goals. But 
don’t go for the long-term 
goal of being the champion –  
you need short-term 
personal targets that you 
can try to hit every day. If you 
are a cyclist, for example, 
your short-term goal could 
be to achieve a faster time 
than before – regardless of 
who wins the race. This will 
increase  your confidence. VisualizationVisualization

Get in the right frame of mind by recalling the sensation  
of success. Imagine yourself accepting the prize for first  
place – it feels good, doesn’t it? This feeling can help you 
win. Also, before the event, visualize yourself moving 
smoothly through the activity, and you are more likely  
do it perfectly when it matters.

Most people who take up sport are trying to win,  
but this means that someone has to lose. The 
difference is usually put down to fitness and ability, 
but when physical skills are evenly matched, the 
winner is often the competitor who has the  
right mental attitude. The same  
is probably true of life.

LOSINGLOSING  
WINNING ANDWINNING AND
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FocusFocus
Losing your temper if you 
lose a point will not help you 
win the next one. In fact, it 
will throw your concentration. 
You have to control your 
emotions and focus on the 
future. Use a mental routine 
to refocus when something 
goes wrong. Try conjuring up 
an image of a role model and 
ask yourself how he or she 
would react. Would your  
hero throw a tantrum?

Competing  Competing  
for lifefor life
Not everyone enjoys sport, 
but we all face challenges in 
life that can end in success 
or failure. They may even 
involve direct competition. 
Since we all want to succeed 
at whatever we do, the 
mental techniques in sport 
can be very useful for both 
achieving personal goals  
and inspiring others. 

Almost 80 per cent of  Almost 80 per cent of  
sports studies show that setting sports studies show that setting 
personal goals is one of the best personal goals is one of the best 
ways of enhancing performance. ways of enhancing performance. 

Most people who take up sport are trying to win,  
but this means that someone has to lose. The 
difference is usually put down to fitness and ability, 
but when physical skills are evenly matched, the 
winner is often the competitor who has the  
right mental attitude. The same  
is probably true of life.

Mind gamesMind games
Some competitors try to win by 
putting their opponents off their 
stroke. They might boast that 
they are going to beat you, or  
try to distract you by fiddling 
with their shoelaces. Don’t fall 
for it. If someone tries to make 
you feel small, focus on your 
own successes, and if he tries  
to distract you, ignore him.
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The most primitive animals do 
not have brains. A jellyfish has 
only a network of nerve fibres 
extending over its body, with no 
central control area to direct 
its actions. But most animals 
have brains of some kind to 
process sensory signals and 
enable them to respond to  
their surroundings. The part  
of the brain that does this 
processing has become hugely 
enlarged in the human brain. 
One part in particular – the 
prefrontal cortex – has expanded 
to give us our capacity for 
abstract thought.

  BRAINSBRAINS  
HOW WE GOT OUR HOW WE GOT OUR 

Super sensesSuper senses
For most animals, the main job of  
the brain is to process data from the 
senses. This function is often more highly 
developed than it is in humans.  
A dog has a much greater ability than 
humans to identify scents, and some owls 
can use sound alone to pinpoint mice in 
total darkness. The brains of these 
animals have a lot of mental processing 
power, but compared to  
us, it is used in different ways. 

168

Heads and tailsHeads and tails
Simple animals like jellyfish do not 
have brains because they have no 
heads or tails. The evolution of the 
brain began with the development 
of a “front end” to the body, 
because once an animal starts 
using only one end of itself to 
explore its world, its sense organs 
become grouped at that end.  
The sense organs need a nerve 
centre to process their signals and 
send instructions to the rest of the 
body. So even a snail has a brain.

Intellect centralIntellect central
The part of the brain that seems to be the 
main intellectual processing centre is the 
bulge at the front, behind your forehead – the 
prefrontal cortex. This uses information from 
the senses to form judgements, make choices, 
and predict future events. It has expanded in 
size throughout our evolution, pushing the 
human forehead forward compared to our 
monkey-like ancestors. However, a study of 
the brains of baboons – large monkeys – has 
shown that the human prefrontal cortex is not 
much bigger than theirs relative to the rest  
of the brain. So it is likely that its structure  
has changed as well as its size.

Monkey

Human

Sensory tentacles  
Gather information  
that must be processed  
by a brain of some kind, 
however primitive 

A large part of this owl’s brain is dedicated to 
decoding the signals from its eyes and ears – 
making it an extremely efficient hunter. 
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Intelligent ancestorsIntelligent ancestors
By about 160,000 years ago, our own species –  
Homo sapiens – had evolved in Africa, and by 
60,000 years ago, humans had spread across 
most of the globe. Compared to humans today, 
these people led primitive lives, but they 
needed to be smart to survive. Studies of their 
skulls show that their brains were probably just 
like ours, and they would have been just as 
capable of operating complex devices like 
computers if they’d had them. They have left 
evidence of their intelligence in the rock art that 
still survives in the places where they lived.

169

Instinct and thoughtInstinct and thought
For a shark, the taste of blood in  

the water means one thing – food!  
For a human, it could mean several 

things: “Have I cut myself? Is it 
someone else’s blood? Where is the 
nearest doctor? Will a shark detect 

it? Help!” The difference is that  
a shark doesn’t give the blood  

much thought but acts on instinct. 
By contrast, humans tend to think 

about everything and may think so 
much that they suppress instincts 

that are crucial to survival.

The first humansThe first humans
Why and when did we get  
so intelligent? Our big brains  
probably evolved as our 
social nature gradually 
drove us to develop 
language. The ability to 
talk and plan became 
useful, so smart people 
were more successful and 

had more children. This 
process seems to have given 

rise to the first human species, 
Homo habilis, which evolved 
from a more primitive,  

ape-like ancestor about  
2.3 million years ago.

Homo habilis  
Known as Homo habilis, 
or “handyman”, because 
they were the first to 
make stone tools

Human creativity took  Human creativity took  
a great leap forward a great leap forward 
about 40,000 years  about 40,000 years  

ago, possibly because of ago, possibly because of 
improved language skills. improved language skills. 

These dancing or hunting figures were painted on 

the rocks of the northern Sahara long before the 

land became a desert. 

Most of the behaviour of this fearsome great white shark is 

driven by inherited instincts rather than conscious thoughts.  
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English naturalist Charles Darwin revolutionized the 
way we see the living world. His theory of evolution 
by natural selection showed that competition for 
scarce resources led to species constantly  
changing through “the survival of the fittest”. 
Published in 1859, the theory was a flash of  
genius backed up by a mass of evidence – the 
product of inspiration and a lot of hard work.

CCharlesharles  
DarwinDarwin

170

The Beagle The Beagle 
voyagevoyage
The voyage lasted five 
years, and while the crew 
charted the coastal waters, 
Darwin spent most of his 
time on land. He explored 
South America, where he 
found fossils of giant extinct 
animals. He visited the 
Galápagos Islands, where  
he saw that the animals on 
neighbouring islands were 
similar but slightly different. He 
wondered if they might have 
changed over time – or evolved.

The Beagle was a small, cramped ship that 

had to be virtually rebuilt to survive the 
roughest seas on Earth. 

Distracted studentDistracted student
Born in England in 1809, Darwin went  
to the University of Cambridge to study  
for the church, but he was much more 
interested in studying nature. He became 
friends with John Stevens Henslow, a 
professor of botany, and Adam Sedgwick, 
one of the founders of modern geology.  
In 1831, he was on a geology field trip with 
Sedgwick when Henslow suggested that  
he join the survey ship HMS Beagle as 
“ship’s naturalist” on an expedition to  
chart the coastline of South America.  

Darwin was only 23 when he embarked on 

the voyage that was to change his life and 

inspire his revolutionary theory.

When Darwin’s great theory was published, When Darwin’s great theory was published, 
his friend T H Huxley said, “How extremely his friend T H Huxley said, “How extremely 
stupid of me not to have thought of that!”stupid of me not to have thought of that!”

These Hawaiian honeycreepers all evolved from the 

same ancestor through natural selection, developing 

different beaks for acquiring different kinds of food. 

Natural selection
Natural selectionWithin a year of his return in 1836, Darwin was thinking about 
how animals might evolve. He realized that if food is hard  
to find, animals that are less well equipped to find it tend to 
starve, while those that are more well equipped flourish. Since 
all animals are slightly different from their parents, some  
are born with advantages that help them survive in particular 
environments. This leads to the evolution of new species by  
a process that Darwin called natural selection.
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PublicationPublication
Darwin realized that his theory denied  
the literal truth of the Bible, that God  
had created all species on Earth, so he did 
not dare publish his theory until he had 
gathered a mass of evidence to back it up. 
The process took him more than 20 years.  
But in 1858, he received a letter from 
another naturalist, Alfred Russel Wallace, 
that outlined the same theory. This forced 
him to prepare a shortened version of the 
book he was working on. Published in 
1859, it was called On the Origin of Species 
by Means of Natural Selection.  

The debate over the origins of 

humanity inspired many cartoons 

ridiculing Darwin.

When The Origin of When The Origin of 
Species went on sale, the Species went on sale, the 
entire first printing sold entire first printing sold 

out on the first day. out on the first day. 

Apes and angelsApes and angels
As Darwin feared, The Origin of Species caused a  
storm of controversy because it did not agree with the 
Bible. It also implied – without exactly saying so – that 
humanity had evolved from apes. Some people could not 
bear this idea and asked, “Are we descended from apes 
or angels?” However, Darwin’s evidence was so good that 
his arguments could not be faulted on logical grounds.

LegacyLegacy
Most scientists now accept that Darwin’s theory explains 
the mechanism behind evolution. It has also destroyed 
the idea that the living world is unchanging and has 
shown how fragile it can be. This has made us all more 
aware of our impact on the web of life that makes our 
planet so special. As for Darwin himself, he never 
stopped investigating the natural world. He completed 
several more books on related subjects, publishing the 
last shortly before his death in 1882, aged 73.
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Most of the development of the brain takes place before  
a baby is born, so at birth the brain contains nearly all the 
nerve cells that it will ever have. During childhood, these 
cells are rearranged into increasingly complex networks 
that allow us to learn and remember. The brain reaches 
peak weight in early adulthood and then starts to shrink. 

  GROWSGROWS  
HOW THE BRAINHOW THE BRAIN

BeginningsBeginnings
During the early stages of a baby’s development in the 
womb, the brain forms at the end of a tube of cells that 
eventually becomes the spinal cord. At first, it resembles 
the brain of a fish, with all the “primitive” parts well 
formed. But at about 11 weeks, the cerebrum starts  
to expand, until at birth it looks like a smaller version  
of a mature human brain.

Making connectionsMaking connections
During the months after birth, the brain 
develops fast. At first, it has a simple cell 
structure that can control only the basic 
survival functions. But every new 
stimulus to the senses triggers the 
restructuring of nerve cells into the 
networks that store information and 
enable us to think. Like the girders 
below, they are rearranged into  
a new, more complex form.

Trimming downTrimming down
Once the brain is up and running,  
it starts economizing on nerve cells. 
Inactivated cells are allowed to die off –  
a process that starts at the age of about 
four and continues for the rest of your 
life. This does not affect the brain’s 
efficiency, however, because inactive 
brain cells have no function and simply 
waste energy. So they are thrown away, 
just like these spare girders being 
tossed into a skip.

172

3  weeks 7 weeks 11 weeks
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Older and wiser?Older and wiser?
As you get older, you definitely know more  

about the world and are able to make better 
decisions. But once you pass the age of 25, you  
often become less able to learn new skills that  

are not connected to the things you 
already know. This may reflect the 

fact that, in many people, the brain 
gradually loses weight, mainly 

through the loss of brain cells. 
But this mental decline is not  

an inevitable process. 

Use it or lose itUse it or lose it
There is plenty of evidence that intellectual 
challenges help slow down the decline of the  
brain during old age. People such as musicians, 
scientists, and political activists who keep working 
well past normal retirement age often show very 
few signs of mental ageing until the last few 
months of life. Solving problems may seem  

like hard work, but  
it probably keeps  

your brain fit  
and healthy.

Structural failureStructural failure
Some unlucky people suffer brain damage  
in old age, or even younger. Some 
may suffer a stroke, which cuts 
off the blood supply to part  
of the brain, causing some  
of the brain tissue to die. 
Others may get Alzheimer’s 
disease, which makes brain 
cells like these become 
tangled up and stop  
working, so sufferers can  
no longer think properly.
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At times during  At times during  
the growth of  the growth of  

an unborn baby,  an unborn baby,  
the brain develops  the brain develops  

at the rate of at the rate of 
250,000 nerve cells 250,000 nerve cells 

per minute.per minute.

Nelson Mandela

Damaged brain cell
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The brain is the most delicate organ in  
the body, but it is also the least understood.  

When it suffers damage, either because of 
injury or disease, a surgeon attempting to 
repair the damage must avoid interfering  

with any healthy brain tissue, because the 
effects could be unpredictable and possibly 

disastrous. This makes brain surgery the 
most demanding of all medical skills.

SURGERYSURGERY  
BRAINBRAIN

Health risksHealth risks
The brain is vulnerable to damage in a number  

of different ways. Physical trauma – a blow to  
the head – is common. Other problems include 

loss of blood supply to part of the brain 
(stroke), massive bleeding from an artery, 
and tumours or growths inside the brain.  
Brain surgery has also been used to  
deal with malfunctions such as epilepsy  
and Parkinson’s disease. 

Skulls showing signs of  
Skulls showing signs of  

brain surgery have been found  
brain surgery have been found  

on European sites dated to  
on European sites dated to  

about 7000 about 7000 bce.bce.

Brain surgery that once took 12 hours can now  Brain surgery that once took 12 hours can now  
be completed in one or two hours, with better results. be completed in one or two hours, with better results. 

174

DiagnosisDiagnosis
Identifying problems in the brain has 

been greatly simplified by brain scans 
like these. Not only can they locate  

the site of a problem, but they can also 
show nearby arteries and other vitally 
important structures, so the surgeon 

can plan the operation in advance.
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RadiotherapyRadiotherapy
Some brain disease can be 

treated by therapies that 
don’t involve cutting into  

the brain. They include 
radiotherapy, which uses  

a beam of radiation to  
destroy the cells that cause 
cancerous brain tumours.  

A computer simulation 
helps identify the cells to  

be precisely targeted by the 
radiation beam, as seen 

here. It is painless but  
has to be repeated  

several times.

Surgical precisionSurgical precision
Thanks to 3-D computer-aided guidance 
systems, brain surgeons can reach 
damaged areas without harming nearby 
tissues. They can operate precisely with  
the aid of remote-controlled microscopes, 
shown in use below, and fibre-optic lighting. 

Discovery and learningDiscovery and learning
When a brain surgeon operates on a patient’s brain, the 

area that is affected is precisely located and recorded. As a 
result, we now understand a lot more about the function of 

various parts of the brain, and this has increased the 
accuracy and effectiveness of brain surgery.
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Sensory 
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Premotor 
cortex

Prefrontal 
cortex

Broca’s 
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Hippocrat
es 

Hippocrat
es 

Ancient Greek physician Hippocrates, 

who lived from about 460–370 bce, wrote 

many texts on brain surgery. He described 

mental problems such as seizures and 

spasms, recognized the symptoms of head 

injuries, and operated on patients with 

certain types of skull fractures.
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Trick and treatTrick and treat
Many stories of animal intelligence 
involve their devising ways of 
getting at food. Some people who 
put out food for garden birds, for 
example, find that it is often stolen 
by squirrels. The squirrels show 
amazing ingenuity as they 
overcome obstacles to break into 
“squirrel-proof” birdfeeders. 
Hunger is a powerful motivator. 

Some insects, such as termites, Some insects, such as termites, 
construct amazingly complex construct amazingly complex 

nests using instinct alone.nests using instinct alone.

ToolmakersToolmakers
Several animals are able to make 
and use tools – a skill that was 
once thought unique to humans. 
Chimpanzees, for example, use 
carefully selected straws and 
sticks to pick edible termites from 
their nests. If a stick is too thick to 
poke into the holes in a nest, a 
chimp will carefully peel back the 
bark until it is just the right size.

If you have a dog, you probably think it is quite 
intelligent. Sometimes it will do something 
that amazes you. But that is because we do 
not expect animals to think. We expect them 
to use the instincts that are programmed into 
their brains at birth rather than make use of 
the information in their memories to solve 
problems. But some animals do just that.

INTELLIGENCE INTELLIGENCE 
ANIMALANIMAL
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MemoryMemory
There are many examples of 
animals with excellent memories. 
Some birds remember where they 
buried food stored for the winter, 
several months before. In Africa, 
crocodiles remember exactly when 
migrating antelope have to cross  
a certain river twice a year and 
gather there to ambush them.

ConsciousnessConsciousness
It is difficult to say whether animals have  
a concept of “self”. It is likely that some 

animals do have some idea of their 
identity, because this would explain the 

origin of human consciousness. So if you 
think your dog knows its own mind,  

you are probably right.  

Smarter than us?Smarter than us?
In some ways, animals are  
smarter than us. Migrating birds 
such as geese can accurately 
navigate over vast distances using 
the stars and Sun to guide them. 
During earthquakes and tsunamis, 
animals often seem to sense the 
impending disaster and take action, 
such as moving to higher ground to 
escape drowning.

The most intelligent animals are vertebrates The most intelligent animals are vertebrates 
such as apes, dolphins, dogs, and crows, but such as apes, dolphins, dogs, and crows, but 
intelligence is also highly developed among intelligence is also highly developed among 

octopuses and their relatives.octopuses and their relatives.

CommunicationCommunication
Animals are also able to 
communicate. Dolphins have been 
able to learn a form of sign language 
that mimics spoken language and 
follow signed instructions to perform 
tricks that they had never tried 
before. A collie dog named Rico 
showed that he understood the 
names of 200 toys. He learned the 
words as quickly as a human toddler. 

INTELLIGENCE INTELLIGENCE 
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It’s not just dogs that can be taught new 
tricks – many pets can be taught to do 
something. Even your goldfish can be 
coached to impress your friends if you 
train it. Here are some fun activities to  
try with all sorts of pets – but you must 
check with an adult before you start.

PETPET
TRAIN YOURTRAIN YOUR

Step 1Step 1
Show your hamster a treat 
in your hand and then  
hold it above its head.

Step 2Step 2
Say, “stand”, until your 
hamster reaches up on 
two legs to get the treat 
and give it lots of praise 
once it does. If you repeat 
this often enough, your 
hamster will associate 
you saying “stand” with  
a treat and will rise up  
on command.

 You can also do this 
with other commands. Try 

saying “paw” while holding 
a treat in front of your 
hamster – it will reach  

a paw to get it!

Young hamsters – about one  Young hamsters – about one  
or two months old – are the or two months old – are the 

easiest to train.easiest to train.

Ham-standi
ng!

Ham-standi
ng!

Hamsters can provide lots of entertainment, 

but they can easily get bored. This is a good 

way to spend lots of time with them, keep 

them active, and teach them a cool trick. 

New tricks for old dogs
New tricks for old dogsIf you have a dog, he or she may already know how to sit, stay, lie down, and beg. So here are two more tricks to add to the collection of skills.

Trick 2Trick 2
You can also teach your 
dog to walk or run around 
you in circles. Start by 
showing him a treat and 
then moving it around your 
body so that he follows it. 
Reward him with the treat 
and congratulate him. 

Trick 1Trick 1
Next time your dog yawns, 
ask him, “Are you sleepy?” 
Do this every time you 
catch him yawning and 
praise him as he does it. 
Eventually, he will yawn 
whenever you ask him  
if he is sleepy. 

Take your guinea 
Take your guinea pig for a walk
pig for a walkGuinea pigs might not be as clever as dogs, but they are intelligent enough to be trained to walk on a lead. This gives you the chance to give your pet some exercise and to  show it off to your friends.

Step 1Step 1
Start by getting a lead 
small enough for your 
guinea pig. Sit it on  
your lap with its favourite 
food and give it a lot of 
attention. While it is eating, 
slip the lead on, and let 
your pet get used to 
wearing it for a while.

BRAIN GAMESBRAIN GAMES

 It is possible to teach 
an old dog new tricks, but 

they may not learn as 
quickly as when they  

were young.
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 Your guinea pig may be a little 
afraid to walk outside, so it’s probably 
best not to leave your house or garden. 

Step 2Step 2
Do this a few times and then try walking 
around a small area of the garden with it – 
you may have to sit still and let it walk 
around you, while your pet adjusts to its 
new surroundings. Over time, it will relax 
and you should be able to go on short 
walks with your guinea pig.

Eating out
 of your h

ands
Eating out

 of your h
ands

Contrary to popular belief, goldfish can 

actually be quite clever. They can learn to 

recognize their owners and, with a little 

patience, can even be fed by hand. 

179

 Some cats just like to 
be difficult and might 

walk off in disgust.  
But keep trying!

 This takes a lot of practice and patience, 
and you must do it every day to get your 

goldfish used to the idea. 

Pet rats are very clean –  Pet rats are very clean –  
and also extremely loving and also extremely loving 
and intelligent. As their and intelligent. As their 
eyesight is poor, they  eyesight is poor, they  

learn to recognize their learn to recognize their 
owner by smell.owner by smell.

Shake hands with your cat!Shake hands with your cat!
Just like humans, cats can be left- or right- 
pawed. They are also fiercely independent 
and are difficult to train as a result. With a 
little patience this trick can work, especially 
if you start just before dinner time!

Step 1Step 1
Have your cat’s favourite 
treat in your hand and 
kneel down and show it  
to her, letting her smell  
it in your hand.

Step 2Step 2
Offer the hand that  
does not have the treat 
towards your cat, and hold 
it just above eye level. 
Your cat should 
instinctively put her paw 
in your hand, searching 
for the treat. Praise her 
and reward her with the 
treat from your other 
hand. Repeat until she 
puts her paw in your hand 
as soon as you hold it out.

Step 1Step 1
Use water-soaked 
goldfish pellets and hold 
them over the surface of 
the water. Don’t get too 
close or you will scare 
your goldfish away.

Step 2Step 2
When your fish starts  
to rise towards you, drop 
the food in. Keep doing 
this at the same time 
each day, and you will 
notice that your goldfish 
will rise higher and 
higher. Eventually, it  
will come right to the 
surface, and you should 
be able to put the food 
directly into its mouth. 
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To perform even the simplest 
task, your brain weighs up a 
constant flow of information 
from your senses and 
effortlessly decides what  
to do. A machine, however,  
can only follow instructions. 
These games reveal how 
difficult it is to give and 
interpret instructions.

182

FRIENDFRIEND  
PROGRAM YOURPROGRAM YOUR

Step 1Step 1
Using the tangram below as a guide, draw 
a square on a piece of paper and divide it 
into seven individual shapes. Then colour 
and cut out each shape.

Step 2Step 2
You are going to help your friend 
make a picture. However, he or  
she doesn’t know what it is. Choose 
a picture from this page. Now give  
your friend precise one-step 
instructions as to how to arrange the 
pieces. For example, say, “Take the 
small brown square and place it on 
its point”. This is surprisingly tricky. 

Step 3Step 3
Next it is your turn to make a 
picture based on the instructions 
of your friend. How does it feel 
to be the person receiving the 
instructions? How did you  
do compared to your friend?

A tangram is an 

ancient Chinese 

puzzle that can be 

arranged in many 

ways to make shapes. 

Your challenge here  

is to guide a friend  

to make pictures  

from these shapes. 

You will need:
• Paper and scissors

• Ruler
• Coloured pencils  

or pens
• A friend

BRAIN GAMESBRAIN GAMES

Puzzling t
ime

Puzzling t
ime
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Working in pairs, the 
object of this task is to direct your blindfolded partner to throw the  
ball and hit another 
blindfolded player  
using simple commands. 

You will need:
• Several blindfolds 
• Small foam ball
• At least six friends
• Stopwatch
• An adult to help judge

Step 1Step 1
Get into pairs and 
stand in a circle.  
One person in each 
pair must put on a 
blindfold. Set a time 
limit of ten minutes 
for the exercise. The 
game begins with one 
blindfolded player 
holding the ball.

Step 2Step 2
The players who are blindfolded are instructed by 
their partners how to throw the ball. For example, say, 
“Move to your right one step. Now throw.” Or tell them 
when to duck so that they can defend themselves. 
When the ball lands near their partner, they must give 
clear instructions for retrieving the ball, such as 
“Bend down and reach out with your right hand”. 

Step 3Step 3
When the time limit  
is up, you can switch 
the blindfold to the 
other player and start 
again. Ask an adult  
to judge on how good 
you and your friends 
were at either 
listening or giving 
clear instructions.  

Step 1Step 1
Draw a picture – it can be an animal or a person  
such as a clown or a queen. Place the picture in 
another room so no one gets to see it. 

Step 2Step 2
Pick one of your friends to recreate the drawing from 
instructions given by the others. He or she is not allowed 
to say anything during the activity. Set a time limit of  
ten minutes to complete the exercise.

 Step 3 Step 3
One person then goes out of the room to look at  
the picture and can only answer questions by saying  
“yes” or “no” when asked by the team. The illustrator  
has to listen to the questions and answers and draw  
a picture of what he or she thinks is being described. 

Step 4Step 4
When the time limit is up, compare the picture  
with the original and see how closely it matches.  
If it doesn’t, work out where things went wrong  
so you will do better next time.

How good are your 
friends at giving 
clear instructions to 
achieve a common 
goal? Find out with 
this activity! 

You will need:
• Paper
• Colour pencils or pens
• At least four friends 
• Stopwatch

Picture thisPicture this
Play time! Play time! 
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184

anatomy
The study of the structure of  
living things.

association
The process by which new memories 
are linked to memories already  
stored in the brain.

atom
The smallest particle of a substance. 
Some substances such as oxygen 
contain only one type of atom, while 
others like water contain more than 
one type of atom.

attention
The first stage in committing 
something to memory, by focusing  
on the moment or on the task in hand.

auditory
To do with hearing and sound.

axon
The long fibre that extends from  
a nerve cell, or neuron. Nerve signals 
pass down the axon in one direction, 
away from the main body of the cell,  
to stimulate other cells.

bacteria
Microscopic organisms with a simple 
single-celled structure. Some types of 
bacteria can cause disease.

botany
The study of plants.

brain stem
The region at the base of the brain 
where it joins the spinal cord.

Broca’s area
The part of the brain that controls 
speech production.

cell
The smallest unit of a living thing. 
Many living things such as bacteria 
consist of only one cell, but the human 
body is made up of many cells, 
specialized for different jobs.
 
central nervous 
system
The brain and spinal cord.

cerebellum
A part of the brain that helps control 
balance and movement.

cerebral cortex
The entire wrinkly outer part of the 
brain that is responsible for sensory 
processing, memory, voluntary 
movement, and thinking.

cerebral 
hemisphere
One half of the cerebral cortex,  
or cerebrum.

cerebrum
Another name for the cerebral  
cortex, the cerebrum forms most  
of the human brain.

conditioning
A form of learning in which good or 
bad experiences create an automatic 
response to similar experiences.

conscious
Being mentally aware.

consciousness
A state of mental awareness.

dendrite
A short fibre extending from a nerve 
cell, or neuron, that picks up signals 
from other nerve cells.

evolution
The process by which things change 
slowly into different forms, usually 
applied to living things.

frontal lobe
The front part of each cerebral 
hemisphere, which plays an important 
role in thinking.

geology
The study of rocks.

hair cell
A cell equipped with a tiny flexible 
“hair” that is attached to nerves.  

hormone
A substance released into the blood by 
a gland that effects change in another 
part of the body.

instinct
An automatic feeling or action.

intellectual
Anything to do with thinking.

intuition
Believing that you know something 
without knowing why. This is 
sometimes called a “sixth sense”.

limbic system
A part of the brain that plays a role in 
automatic body functions, emotions, 
and the sense of smell.

logic
Sound reasoning that draws correct 
conclusions from basic facts.

mimicry
Copying the appearance or behaviour 
of another person.

molecule
The smallest particle of a substance 
that can exist without breaking the 
substance into its component atoms.  
A single water molecule, for example, 
consists of two hydrogen atoms and 
one oxygen atom.

motor area
The region of the brain responsible  
for  voluntary (controlled) movement  
of the body.

nerve
A bundle of fibres extending from 
nerve cells (neurons) that carry nerve 
signals, or impulses, between the 
brain and other parts of the body.

nerve cell
A specialized cell, also known as a 
neuron, that carries nerve signals 
from and to all parts of the body, 
and forms networks in the brain.

nerve impulse
An electrical signal that passes along 
the fibres extending from nerve cells 
(neurons) and carries coded information 
to the brain or other organs.

neuron
A single nerve cell.

GLOSSARY  GLOSSARY  
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nucleus
The control centre of a cell.

olfactory
To do with the sense of smell.

parallax
A visual effect that makes close 
objects appear to move more than 
distant objects when you move your 
head and eyes. It is important in the 
perception of distance. 

parietal lobe
The part of the brain that interprets 
touch, pain, and temperature.

perception 
Becoming aware of something 
through your senses.

peripheral 
nervous system
The outer network of small nerves  
that are connected to the muscles, 
skin, and all the organs apart from  
the brain. It is linked to the central 
nervous system.

personality
The combination of character traits 
that makes you an individual.

perspective 
A visual effect that makes parallel 
lines such as railway lines appear  
to converge with distance.

PET scan
A medical scanning technique using  
a system called positron emission 
tomography, often used to detect  
and locate activity in the brain.

philosophy
The study of the nature of knowledge.

phobia
A fear of something that has no 
rational basis.

placebo effect 
A psychological response to medical 
treatment whereby the patient 
believes their health has improved, 
even if the medicine they received  
was fake. 

prefrontal cortex
The area of the brain that is most 
actively involved in thinking.

prejudice 
A judgement that is made before 
examining the facts.

prodigy
Someone who displays great talents 
or abilities at an unusually early age.

program
A list of instructions that directs  
the operation of an electronic device 
such as a computer. The term is also 
used to describe the code that 
controls some biological functions.

psychology
The science of the mind.

recall 
The process of consciously retrieving 
a memory from the brain.

receptor 
A structure that responds to  
a stimulus such as touch, light,  
or temperature.

recognition 
The process of identifying  
familiar knowledge when it is 
presented to you.

reflex 
An automatic reaction by nerves  
that triggers movement, for example 
in response to sharp pain.

retina 
The sheet of light-sensitive cells  
at the back of the eye.

robot 
A mechanical device that 
automatically performs a task 
under the control of a computer.  
Often used to describe a machine  
that resembles a human.

sensory 
To do with the senses: sight, hearing, 
taste, smell, and touch.

somatic sensory 
cortex
The part of the brain that analyzes 
nerve signals from the skin,  
muscles, and joints.

spatial
To do with shape and space.

spectrum 
The entire range of visible colours,  
as seen in a rainbow.

spinal cord
The main bundle of nerve fibres.  
It extends from the brain, down to  
the lower backbone.

stereotype 
A fixed idea or image of something, 
often based on very little evidence.

telepathy
The ability to read the mind of another 
person, probably through experience 
and guesswork rather than true 
mental communication.

thalamus
The part of the brain near its base that 
acts as a relay station for information 
from all the senses except smell.

theorem
A mathematical technique used  
in calculation.

therapy
Any treatment designed to relieve 
physical or psychological illness.

3-D (three- 
dimensional)
The term used to describe objects that 
have volume, with the third dimension 
of depth as well as the two 
dimensions of height and width.

unconscious
To do with mental activity that does 
not involve any thought.

Wernicke’s area
The part of the brain that interprets 
sound and visual data, vital to 
understanding language.
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ANSWERSANSWERS  

6-7  Your amazing brain
Do you remember? 
1. The shower 
2. Running, skiing, swimming, 
playing football
3. His lungs
4. Red
5. His cat
6. Fish 
7. One
8. Cat, dog, fish, bird, snail, rabbit
9. Bacon and eggs frying
10. An injured finger

If you got more than six  
answers right, your memory  
is in great shape. 
 

Perfect pair
Shapes A and F fit 
together to make 
the hexagon.

Feel lost?

66–67  Do you remember?

Step 2Step 2
1. Spain – Madrid
2. Ireland – Dublin
3. China – Beijing
4. Sweden – Stockholm
5. Iraq – Baghdad
6. Netherlands – Amsterdam
7. Japan – Tokyo
8. Italy – Rome
9. Egypt – Cairo
10. Greece – Athens

Who’s who?
Freddy is 
tortoise B.

78-79  Mastering mazes
The one-hand rule

Right or left?

Trial and error

Amazing mazes

Over and under

Recognition vs recall
Step 1Step 1
1. Israel – Jerusalem 
2. France – Paris
3. India – New Delhi
4. Russia – Moscow
5. Czech Republic – Prague
6. Germany – Berlin
7. Afghanistan – Kabul
8. Canada – Ottowa
9. Denmark – Copenhagen
10. Argentina – Buenos Aires 

68-69  Paying attention
Spot the difference

A

F
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Spot the difference

A

F
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80–81  Puzzling patterns
All alone
The one creature that doesn’t  
appear twice is the wasp.

Thinking ahead
Each part of the sequence begins 
with two yellow cupcakes and ends 
with a purple cupcake, and the 
number of pink cupcakes in between 
increases by one each time. The 
yellow cupcakes at the beginning  
of the sequence are at numbers  
1, 5, and 10 – the difference between 
the numbers increases by one each 
time. This means the next yellow 
cupcakes starting a new sequence 
will be at 16, 23, 31, 40, 50, 61, 73,  
86, and 100. So the 49th cupcake  
will be purple and the 100th cupcake 
will be yellow.

90–91  Brainteasers
Fair money
The three boys initially paid £10 each, 
or £30. They are then given £3 back, 
which means they paid a total of £27 
(the £25 entrance fee plus the £2 
pocketed by the assistant). The £27 
added to the £3 refund equals £30,  
so there’s no missing money. In the 
puzzle, the £2 taken by the assistant is 
added to the £27 to create confusion.

The frustrated farmer
The farmer crosses first with the 
chicken, and leaves it on the other 
side. He then returns, picks up the fox, 
and crosses again. Then he swaps the 
fox for the chicken, so that they are 
not left together, and takes the 
chicken back. He then swaps the 
chicken for the grain, and takes the 
grain across, leaving it with the fox. He 
then returns, picks up the chicken, 
and takes it to the other side. 

Find the treat
She should choose jar 2.

1.  Lentils 4. Beans
2.  Biscuits 5. Pepper
3.  Flour 6. Rice

Two at a time
Brother 1 and Brother 2 cross 
together, taking 2 minutes. Brother 1 
returns, taking 1 minute. The father 
and grandfather cross together,  
taking 10 minutes. Brother 2 returns, 
taking 2 minutes, then Brother 1 and  
Brother 2 cross together, taking  
2 minutes.
2 + 1 + 10 + 2 + 2 = 17, so they should 
get to the train just in time.

The right door
The prisoner should ask each of the 
guards, “If I asked the other guard 
which is the door to freedom, what 
would he say?” If the door to freedom  
is the red one and he asked the guard 
who told the truth, the guard would say 
the blue door, because he would know 
the other guard would lie. If he asked 
the guard who always told lies, the 
guard would lie and say the blue door. 
Either way, the answer would be the 
same, they would both reveal the door 
with the lion behind it, and the prisoner 
should take the other door to freedom.

Who passed the parcel?
Stacey started the game.

Spot the sequence
A blue, an orange, and a blue 
flower complete the sequence.

Missing pieces
The four missing puzzle pieces are 
J, K, G, and F.

Perfect pairs

92–93  Thinking inside the box

3 6 8 1 9 2 4 7 5
2 7 1 3 5 4 8 6 9
9 4 5 8 6 7 3 1 2
5 8 2 9 7 6 1 3 4
4 3 6 2 1 8 9 5 7
1 9 7 4 3 5 6 2 8
6 2 9 5 8 1 7 4 3
7 5 3 6 4 9 2 8 1
8 1 4 7 2 3 5 9 6

1 7 6 4 2 8 3 5 9
2 5 4 9 3 1 7 8 6
8 3 9 5 7 6 1 2 4
7 2 5 3 8 4 6 9 1
6 1 3 2 5 9 4 7 8
4 9 8 1 6 7 2 3 5
5 4 1 7 9 2 8 6 3
9 8 7 6 1 3 5 4 2
3 6 2 8 4 5 9 1 7

3 5 6 9 1 4 8 2 7
1 4 7 3 2 8 5 6 9
2 8 9 5 6 7 3 4 1
6 7 3 1 9 5 4 8 2
9 1 5 8 4 2 7 3 6
8 2 4 7 3 6 9 1 5
5 3 2 4 7 1 6 9 8
4 6 8 2 5 9 1 7 3
7 9 1 6 8 3 2 5 4

7 8

6 9

2 3

1 5

21 17
15

15

3
5

6

8 6 7

8 7 9 6

9 5 4

9 8 2

9 8 8 1

7 8 9

15
21

17
15 15

29
9

17

17
17

3

28

9

24

4 3

3 9 8 7
6 9 3 5 6

9 7
6 8

9 8
8 7 4

4 9 8 7
3 5

16 12
7

11 28

13
14

16
1813

14
11

8

28

19

17
17

15
25

27

Tips and tricks Starter Sudoku Slightly harder

What to do Now try this Getting tricky

A face in the crowd

187

J K

G

F
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Five into four

188

104–105  Thinking in 3-D
Different angles
The two matching shapes  
are A and F.

Bottoms up
The colour of the  
face-down side in the  
third picture is green.

Find the shape
Shape A shows the 
remaining pink section.

102–103  Seeing in 2-D
Up and down
Basket A will move up and Basket B will move down.

Equal division

96–97 Think of a number
Puzzling pyramid The weighing game

Eleven strawberries balance one 
pineapple and three bananas.

Only one chance 
54 x 3 = 162
Flower power
Add the three 
largest numbers 
and then multiply 
them with the 
smallest.

Upside-down triangle

Four triangles
The pencils are moved  
into a 3-D shape called a 
tetrahedron (triangular 
pyramid) with a triangle  
at the base and three 
triangular sides.

View from the top
The correct overhead  
position is F.

Boxing clever
Box C shows the correct 
pattern of fruit.

70
120

50
44 26 24

30 14 12 12
25 5 9 3 9

55

88

66105105

Pieces of eight
888 + 88 + 8 + 8 + 8 = 1,000

Pass or fail?
Susan receives ten points for each  
of the correct questions, which gives 
her 150 points. But she got five wrong 
and five points are deducted for each, 
making a total of 25. 
150 – 25 = 125
Susan has passed the test.

Dazzling stars

77
4

Multiple fractions
The answer is 5.

Pineapple = 5 strawberries
Orange = 4 strawberries
Apple = 3 strawberries
Banana = 2 strawberries

321

FA
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114–115  Having a word
Odd ones out
• cat and cone
The rest are boat-related.
• stapler and ruler
You can’t use them to write.
• Moon and Sun 
All the rest are planets.
• dolphin and sea horse
They are not birds.
• run and laugh
The others are nouns.
Quick comparisons
• Bird is to beak as human  
is to mouth.
• Eyes are to sight as nose  
is to smell.
• In is to out as off is to on.
• Pen is to ink as brush is to paint.
• Tricycle is to three as bicycle  
is to two.

Like and unlike
LIKE
• hungry and starving
• tired and sleepy
• scary and spooky
• silly and foolish

UNLIKE
• praise and scorn
• edge and centre
• rational and illogical
• leave and return

118-119  Words aloud
Fill in the blanks
hideous, tall, bloodcurdling,  
second, gripped, chance, shock, 
glimpse, surprise, flew

128–129  Are you a creative spark?
A dotty challenge manufacturers to help 

competitive swimmers 
shave crucial seconds  
off their times.  
4 – B  The surface structure of a lotus 
leaf stops water and dirt from building  
up on the plant. This has inspired a 
type of paint that is self-cleaning. 
5 – C After studying the way a cat’s 
eyes reflected light, Percy Shaw 
developed his Catseye road reflector  
in 1935. Today, Catseye reflectors are 
used throughout the world. 
Lateral thinking 
Riddle A: Romeo and Juliet are 
goldfish. They died when their bowl  
fell and smashed to pieces.
Riddle B: Throw the ball straight  
up into the air.
Riddle C: The man’s horse was  
called Wednesday.

160–161  Body talk
Figuring faces
A – surprise, B – anger, C – 
happiness, D – disgust, E – hatred,  
F – sadness
 
Sham smiles
Smiles A, C, and E are fake.  
Body language
A – Dishonesty
People often fidget when they are  
lying, so watch out if someone rubs  
an eye, plays with their hands or  
feet, or pulls an ear. 
B – Mimicking 
When people get on really well, they 
often unconsciously copy each other’s 
body language. 

C – Dominance 
A relaxed and focused posture often 
means that the person feels superior  
or powerful.
D – Aggression 
A fight may be on the cards when two 
people face each other and stare, while 
their bodies are tilted slightly away 
from each other.  
E – Defensiveness 
Closed postures are a good indication 
of defensiveness – look out for folded 
legs and arms, crossed ankles, and 
clenched hands. 
F – Submission 
Shy or embarrassed stances are 
common when someone is being 
submissive – people often look at  
the ground and sometimes hide  
their hands.

Natural talent
1 – E  The bullet train’s unique  
nose-cone design was inspired by  
the beak of a kingfisher. The design 
enables the train to go faster, use  
less energy, and reduce noise levels.  
2 – D  Mercedes-Benz has developed 
a concept car based on the angular 
body shape of the boxfish. The  
shape makes the car spacious but 
lightweight, and it uses less fuel.  
3 – A  Shark skin is made up of tiny 
toothlike scales that allow sharks  
to glide through the water. This  
feature has been used by swimsuit 
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AA
acting 159
addiction 162
adrenal glands 156
advertising 149
aerial perspective 29
agreeableness 143, 145
algebra 95
alphabets 120
Alzheimer’s disease 173
ambidexterity 15
amygdala 63, 156
anatomy 135, 184
Angelou, Maya 130–131
animals 10, 168, 170,  

176–177
 pet training 178–179
Anning, Mary 146–147
Archimedes 126–127
Aristotle illusion 54
art 13, 32, 67, 121, 128, 136
artificial intelligence 181
association 64, 70–71,  

76, 184
 free 88
attention 60, 62, 64,  

68–69, 184
attention deficit disorder 136
axons 16–17, 184

BB
babies’ development  

172–173
bacteria 106, 184
balance 35, 52–53
Baylis, Trevor 106
benzene molecule 57
Berger, Hans 18
birds 10, 176, 177
blind spot 25
blindness 44, 60
blood supply 11
body illusions 54–55
body language 159, 161
Braille 44, 107

Braille, Louis 107
brain
 activity 6–7, 141
 evolution 168–169
 growth 172–173
 and language 112 
 left and right sides 12–15
 structure 10–11, 19
 waves 18–19
 weight increase 77
brain damage 173, 174–175
brain stem 10, 41, 184
brain surgery 174–175
brainstorming 132
brainteasers 90–91
brain waves 127
Broca’s area 19, 112, 184

CC
calligraphy 121
Carver, George Washington  

84–85
cats 179
cells 16, 184
nerve cells (neurons) 16–17, 

62, 76, 172, 184
 nucleus 16, 185
cerebellum 11, 184
cerebrum (cerebral cortex)  

10–13, 19, 40, 63, 141,  
172, 184

Champollion, Jean-François 
122–123

chess players 21, 57, 180
chimpanzees 176
cochlea 35
colour 25, 27, 29
communication see language
computers 87, 180–181
conditioning 76, 184
confidence 164
conscientiousness 143, 145
consciousness 141, 149, 184
 animals and 177
conversation 116
cornea 24

creativity 126–135
criminals 48, 81
crisps, potato 107
crocodiles 177
crying 153
Curie, Marie 21

DD
Darwin, Charles 126,  

170–171
dendrites 16, 17, 184
diagrams 132, 133
dogs 176, 177, 178
dolphins 177
dreams 57, 150–151
Dunlop, John 107

EE
ears 19, 34–37, 52
Edison, Thomas 107, 127
Egypt, Ancient 78, 122–123
Einstein, Albert 72–73, 135
emotions 6, 152–153,  

158–161
 controlling 165
environmental skills 83
Escher, M C 32
evolution 168–171, 184
exercise, benefits of 133, 157
experiments and games
 blind spot 25
 body illusions 54–55
 brainteasers 90–91 

creativity 128–129,  
 134–135

 giving instructions  
 182–183

 left and right brain 14–15
 magic tricks 50–51,  

 98–99
 mazes 7, 78–79
 memory 6, 64–71
 numbers 92–93, 96–99
 optical illusions 26–27,  

 29, 30–33

experiments and games cont
 patterns 80–81, 102–103
 personality test 144–145
 smell and taste 42–43
 sounds 36–37
 spatial skills 6, 102–105
 touch 46–47
 words 114–115, 118–119
extroversion 143, 145
eye contact 158
eyesight 24–25
 dominant eye 15
 eye-motion 14
 influence on smell and  

 taste 43
 left and right brain 12–13
 mental processing of  

 images 19, 28–29, 60–61
 visual skills 66, 112,  

 119, 132
 see also optical illusions

FF
facial expressions 152,  

158–159, 160–161
faith 88
fear 61, 156–157
female qualities 56, 152
fight or flight response 156
fingers 44, 46–47
Fleming, Alexander 106
focus, mental 165
foot, dominant 14
fossils 146–147, 170
Freud, Sigmund 151
frontal lobe 11, 184

GG
Galileo Galilei 20
Gardner, Howard 83
genetic traits 142
geniuses, famous 20–21
 agricultural pioneer  

 84–85
 evolutionist 170–171
 geologist 146–147
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geniuses, famous cont
 linguist 122–123
 musical prodigy 38–39
 political activist 154–155 
 scientists 20–21, 72–73,  

 108–109, 136–137
geology 146–147, 170, 184
geometry 94
Gilbert, Charles Allan 32
goals, personal 164, 165
goldfish 179
goose bumps 53
Greeks, Ancient 10, 20, 87, 95, 

126–127, 175
guinea pigs 178–179

HH
habits 162–163
hairs 44–45, 53
hamsters 178
hands 13, 15, 45, 46, 137
hearing 19, 34–39, 112
hieroglyphs 122–123
Hildegard of Bingen 20
hippocampus 63, 103
Hippocrates 175
Homo habilis 169
Homo sapiens 169
hopping rabbit illusion 55
hormones 10, 184
hypothalamus 10

II
illness 148, 181
illusions
 body 54–55
 magic tricks 48–51, 98–99
 optical 26–27, 29, 
  30–33
imagination 13, 127
imitation 77
individuality 142
insight 13
instinct 88, 149, 168, 176, 184
instructions, clear 182–183
intelligence 82–83
 of animals 176–177
 artificial 181
 emotional 153
 evolution of 169
interpersonal skills 82
intrapersonal skills 83
intuition 56–57, 184

invention 106–109, 126–127, 
128–129, 136

IQ (intelligence quotient) 83

JJ
Jefferson, Thomas 21
jellyfish 168
jigsaws 80
joint sensors 53

KK
Kakuro 93
Kasparov, Garry 21
Kekulé, August 57
Kevlar 107
Klein, Melanie 148

LL
labelling 61
language 7, 12, 82,  

112–123, 169
 animals and 177
 Wernicke’s area 18, 19,  

 112, 185
lateral thinking 129, 132
learning 76–77, 116
left-handedness 13, 137
Leonardo da Vinci 136–137
lie detection 159
light and shade 29
limbic system 41, 184
lip reading 35
logic 86–91, 184
luck 89, 126

MM
machines 180–181, 182
magic tricks 48–51, 98–99
male qualities 56, 152
Mandela, Nelson 173
map reading 100
mathematics 12, 82, 94–99
mazes 7, 78–79
memory 6, 7, 62–63
 animals and 177
 games and exercises 66–71
 improving 64–65
 long-term 62, 63, 64, 76
 nerve cell networks 62, 76
 repetition as aid to 77
 sensory 62
 short-term 60, 62, 63, 64,  

 66, 68–69

memory cont
 visual 66, 67
 vivid 62
Menchú, Rigoberta 154–155
mimicry 77, 184
mnemonics 64
motion sickness 52
motor area 19, 184
movement 7, 19
Mozart, Wolfgang Amadeus  

38–39
muscle sensors 53
music 12, 13, 34, 38–39, 77, 82
 and nature and maths 95

NN
natural selection 170–171
nature
 as inspiration 128, 137
 maths and 95
 and nurture 142
navigation 100–101, 103, 177
Neanderthals 112
nerve endings 44, 45, 52
nerve impulses 16–17, 184
nerves 16–17, 44, 184
nervous system 16, 184, 185
neurons (nerve cells) 16–17,  

62, 76, 172, 184
neuroticism 141, 143
Nobel, Alfred 106
nose 40–41, 42, 54
numbers 94–95
 puzzles 92–93, 96–99

OO
O’Brien, Dominic 70
octopuses 177
old age 173
olfactory bulb 40, 41
openness 143, 145
optical illusions 26–27,  

29, 30–33
organs, internal 52

PP
pain 17, 45, 52
parallax 28, 185
parietal lobe 11, 185
patterns 80–81, 102–103
penicillin 106
Penrose’s triangle 33
Pepperberg, Irene 113

perception 148, 185
personality types 142–145,  

185
perspective 28, 185
PET (positron emission 

tomography) scans 19, 185
pets, tricks for 178–179
phantom limbs 53
philosophy 87, 185
phobias 88–89, 185
pictograms 121
pins and needles 55
pitch 34
pituitary gland 10
placebo effect 148, 185
play, creative 135
politics 21, 154–155, 173
practice 77
prefrontal cortex 19, 63, 156, 

168, 169, 185
prejudice 185
 racial 61, 84–85, 130,  

 131, 154
pressure waves 34
prodigies, child 21, 38, 185
programs 162, 185
 computer 87
prompts 163
psychoanalysis 150, 151
psychology 30, 49, 143, 

148–149, 185
Pythagoras 95

RR
radio, wind-up 106
radiotherapy 175
rats, pet 179
reading 120–121
reasoning 86
 verbal 117
recall 66–67, 185
 involuntary 63
receptors 44–45, 185
recognition 66–67,  

71, 185
reflexes 17, 45, 185
relativity, theory of 72–73
relaxation 157
religion 88
repetition 77
retina 24, 25, 185
riddles 129
robots 180–181, 185
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