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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. 

EmotionsFear, anger, joy, love, 
and other emotions might 

seem like automatic mental 

responses, but we can use 

our brains to control our 

emotions if we want.

Do you remember?you remembe
Put your brain’s memory skillsyour brain’s memory sk
to the test. Study the picture e test. Study the picture 
shown inside this boy’s busyn inside this boy’s 
head for 45 seconds, then coverr 45 seconds, then
it up and try to answer thery to answer the
following questions. No peeking!following questions. No peeking!

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

4. What color is the terrifyingWhat color is the terrifyi
monster he is scared of?e is scared of?
5. Who is the love of his life?s the love of his lif
6.6. What food does the boy  What food does the boy
really, really hate?
7. How many candles areandles are
there on the birthday cake?on the birthday cak
8.8  Name three different Name three different 
animals that we see.
9. What is the delicious smellou
that we see the boy sniff?boy s
10. What injury makes injury m
him cry?him cry?
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Automatic 
activityYour brain is always active, 

even when you are asleep. 

It also keeps you alive by 

controlling your heartbeat, 

temperature, breathing, 

and digestion.

Per
cep

tio
n

All of your senses are 

wired into your brain, 

which takes in the signals 

they send and allows you 

to see, hear, smell, t
aste, 

and feel th
e world.

Check the
 puzzle answers

on page 186.

C

B

F

A

E

D

Perfect 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?

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

Thi
nki

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.

Memory
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.

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?
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
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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Galen of Pe
rgamun 

A Greek surgeon named Galen of 

Pergamun was one of the first people 

to suspect that the brain was an 

important organ and that it controlled 

memories and emotions. Galen lived 

between 129 and 200 CE, in what is 

now Turkey, where he treated the 

gory injuries of gladiators.

lamusThal
y signals mus relays sensoryThe thalam
rebrumur body to your cefrom yofrom your body to your cerebrum, 

where they are decoded and analyzed.

Pituitary glannd
This releases chemicals calleed 

hormones into your blood. Theey 
control many functions, includinng

growth and body development.

Your braain is the most complex organ in yyour 
bbooddyy—aaaa ssppoonnggyy ppiinnkk mmaassss mmaaddee uupp ooff bbiillions 
of microoscopic nerve cells linked togetheer in an
electronnic network. Each part has its ownn job, 
but it is the biggest part, the cerebrum, tthat is 
responssible for your thoughts and actions.

Fish Bird Human

Origin of genius 
Compared to other animals, tthe human brain 
has a much bigger cerebrum (shown in orange
above). This is what makes uss intelligent, because 
we use the cerebrum for consscious thought. 
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Brain stem
Connected to the spinal cord,
the brain stem links the rest
of the body to the brain and 

controls heartbeat and breathing.

MenMeMeningingesesss Thh hheeseesee  
laylaylayersers cu cushion n theth  
bbrabr in agaaagaagagaainst shock.

amusypothalaHy
of your brain is is the part ThiThi

sleep, hunger, at regulates stha
erature.d body tempean

Your bbrain is 77 percent water.Yo rain is 77 percent water.Your rain is 77 percent watu in is 77 percent waterbbYo pbb a au t tu 77 percent wate77 percent waterr r eri iYoYour bbbbrarain is 77 perercrcent wwatererr.

B
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Cerebellum
This complex foldedThis complex folded 

structure helps control 
balance and movement.

to 2 pints (1 litre) of Up t pUp to 2 pints (1 litre) of U o 2 pints (1 litre) oUp to 2 pints (1 litreU ints (1 litre) ofUpUp totto 2 pintsts (1 litrtrere)e) of 
d flows through your blood flows through your l flows through yoood flows through youd ws through youb ows through yobloodd gb d fl ws thr u h urblood d flowsws throrough your 
rain every minute.brrain every minute.rrain every minuteb a n every m nuter i ibrarrain evevereryry minute.e.

ainTh t bThe outer brT
ly The cerebrum is heavilT
ase olded in order to incref
which he total surface area, wt
lls. It s packed with brain ceis
he left s divided into halves, this
 and nd right hemispheres,a
bes ach consists of four lobea
ions.at have different functitha

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. Around one fifth of the body’s entire quota of oxygenated blood is reserved for the brain.
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Cororpusss ca c calloll sumsum A bbbbA aaaandand 
of of nerererervve ve fibefibers rs thathat lt linkinnnkin  ththe e
twotwo si sidesdes ofof th the ce cereereererebbrubrub mm

Skull Forms a protective p
casing around the brain

SSSSubbaraararaachncc oid spspacece
This iiis fiss lleled wd wwithithith 

shoshoock-absorbor inging flufluid.id.

Spinalal ccocord rddrddrd d 

Frontal lobe Vital to 
h h lithought, personallity, 

speech, and emotion

Temporal lobe Mostly
concernedd with the 

recognitionn of sound

tal lobeParie  Processes
mation from the senses, inform
cially from the skin, espec
les, and jointsmusc

tal lobeOccipit Receives nerve
s from the eyes andsignals
rets visual informationinterpr

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

lumCerebel
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LEFT BRAIN SKILLSIN 
The left side of your brain isde
responsible for the more logical,b
rational aspects of your thinking,a
as well as your verbal skills.s y
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The cerebrum is divided into two halves, connected by ao two halvem
bridge of nerve fibers. For some functions, each half is wiredns, eachrve
to the opposite side of the body, but other skills and thought and side of
processes are controlled by only one half of the brain.n.nd by only one 

al cortexLeft visua
ata fromProcesses da
ual fieldright vis

This scan shows brain 

activity (red areas) in 

the right hemisphere.

A trained musician uses 

the left hemisphere more.

Rational thought
Thinking and reacting in a rationalacting in a rational

way appears to be mostly a left-brainappears to be mostly a left-ears to beto
activity. It allows you to analyze a ze aactiv

problem to find an answer.

Languagee
 Your ability to express yourselfYo

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

cerebral hemisphere.ce

Mathematical skillsskillsthem
Studies show that the left side of thees show that the left side of the
brain is much better at dealing withb
numbers than the right side, and it is

responsible for mathematical skills.

ientific thoughttSci
cal scientific thinking is theific thinking is theeLogi

of the left side of the brain,of the left sjob ojob o
ough most science alsoscience alsoaltho
ves being creative.involv

Writing skills
Like spoken language, writing skillsage, writing ski

that involve organizing ideas and that involve o
expressing them in words are largely

controlled by the left hemisphere.

Two minds? 
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 

one on the left is using their right 

hemisphere much more, indicating 

a more intuitive approach, while the 

other person may be more analytical.

Lefeft visual field

Rigght side of each 

eye sees the left 

visual field

LEFTEFTLEFTBRA

Left opptic tract
Carries ddata from

right vissual field
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Optic nerve
Sends visual 
signals to brain

fie
ld

 

Rig
ht

 vi
su

al
 fi

e

Le
ft 

sid
e

ch
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 ea

ch ht
 

ey
e s

ee
s t

he
 ri

gh
t

visii
ua

l fi
el

d

tractRight optic 
a fromCarries data

fieldleft visual fi

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.

Imaginatioagination
Your creative imagination is mostlycreative imag y

directed by the right hemispheredir ,
although expressing that imaginationn 

involves left-brain skills.s

Spatial skillss
Your ability to visualize and 

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

Insighth
Those moments of insight whenmom
you connect two very different nne
ideas probably come from thei ably come fr

right half of your brain.

tArAr
sual art is related to spatial skills,Vis
nd the right side of your brain isan
robably more active when you are robably more active when you are prpr
rawing, painting, or looking at art.dr

Musiccc
Like visual art, music involves a loolves t
of right-brain activity—but trainedained 

musicians also use their left brainsnss 
to master musical theory.ry.y.ry.y.

ossed wiresCro d wios
side of each eye is The left s side ohe le
he left side of your connected to tcted tonne
data a from the right brain, but it picks up ut it pbut

field. Each side of the side of your head—the right visual fi—the—th
her side of the head.brain processes images from the othes is imim

s of the opposite hand.  Each side also controls the musclesalsso 

ortexRight hh visual co
a Processes data

from left 
visual field

RIGHTRIIG BRAIN
ILLSRIIGHT BRAIN SKI S
rain seems to be the focus ofThee right side oof your bou s
ughts and emotional, intuitive youur more creatit ve thout a
portant for spatial awareness.ressponses. It is also imo nt
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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 ontests to find which side you are on.

14

TAKING SIDES

Best foot forward
The easiest way of finding which
of your feet is dominant is to kicck 
a soccer ball, but you usually taake
the first step of a flight of stairss
with your stronger foot, too. Youur 
preferred foot may not be on 
the same side as your dominannt 
hand—you can be left-footed annd y
right-handed or vice versa.

ng things with the 

Try doing thing things with the
thh

Try doing thi
TrTryry dodoioinngingngng thththithihiniingngsgs witwitithth ththehe

pposite hand to normal, such as 

opposite h
pposite hand to normal, such as

sposite h
popositeosppositeitpposite h

pppppppopopposite
oppoppppppopospososiosisitititeitete hahhanandnd tototo nonorormrmamalal,l, susucuchch asas

switching the hand that you hold 

swswitwititctchchihiningng ththehe hahanandnd ththahatatt yoyouou hohololdld

your fork with or putting your 

yoyouourur forfororkrk witwitithth oror pr pupututtttitttintingng yoyouourur

watch on the other arm. This forces 

watch on the other arm. This forces

wawatatctchch onon ththehe otoththehererer ararmrmm. ThThihishis forfororcrceceseses

your brain to learn new ways 

yoyouourur brbraraiainin tototo leleaeararnrn nenewewew wawayaysys

of doing things and creates 

of doing things and creates

ofof df dodoioiningng ththihiningngsgs anandnd crcrereaeatateteseses

more connections between 

momororere cocononnnnenecectcticttiotiononsns bebetetwtweweeeenen

the two sides of your brain.

ththehe twtwowo sisididedeseses ofof yf yoyouourur brbraraiaininn.

Eye-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 GAMES
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Handy 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 farthest 
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 just as far 
with each hand, you are 
probably ambidextrous.

Having one hand as strong as the other Haviving one hand as strtrorong as the otherer 
can give you an advantage in some can giveve you an advavantagage in some 
sports. In baseball, for example, an sportrtsrtts. In basebeball, fofor exexample,e, an

ambidextrous hitter can switch handsambidexextxtrtrorous hitttttterer can switch handsds
to strike the ball from the best side.toto strtririke the ball frfrofrrom the besesest side.e.

Right hand
start

Left hand
start

EE ee youye s
er which is your dominant Too discove
ye, hold up your index finger e
to eye level and look past it t
nto the distance. Then close i
ach eye, one at a time. You ea
ill see that with your weaker w

ye, your finger will appear ey
ump, whereas with your to ju
ger eye, it will stay in place. stron
tronger eye figures out the Your st
n of things, while the weaker position

ps with depth perception. eye help

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 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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Broad viewBroad view
Some geniuses do one thing extremely well,
but others excel at many things. Thomas 
Jefferson—the main author of the U.S. 
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 1800s. 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 he became the youngest-ever world 
champion in 1985. He had a natural talent, 
but he worked hard to make the most of it.

Encouragement
American sistterrs Venus and Serena 
Williams are ammong the greatest of all ammong the greatest of all
tennis players. TThey showed amazing 
talent from a young age, but they owe a 
lot of their success to their parents, h i
who coached and encouraged them to 
build on their skills.
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Come to Your

Senses
Come to Your
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We are visual creatures. We identify most things by sight 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? wo

24

Automatic control 
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 colored iris controls the light entering 

the eye by automatically dilating (widening) 

or contracting the pupil at the centre.

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 fibers to your brain. The cells exposed to parts of 
the image that are light generate bigger signals than cells 

raexposed to dark parts, just like the pixels in a digital camera ra
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 “ dow” at “wind
ethe front of the e partly e eye
tfocuses th image.the 

Reflected light
Visible objects 

reflect light intorefleect light intoo 
your eyes..

Iris n thee Muscles in
iris c sisize ze change thehe 
of th upile centrtralal pupil.

Clear
 view

 

Light reflected from 

anything you see is focused 

by the cornea and lens to 

b
form a clear optical image. 

f
This is projected upside

T
down on the back of the eye.

d

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.

PupilP peningThe o
llows n the iris ali
e eye. light into thl

LensL lastic lens The el
ape tochanges shac
he image.fine-focus tfi

Dilated
pupil

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

Dark adaptation 
When you turn the light off in your 
room at night, you can’t see much. 
However, as the minutes tick by, 
yoyouu araree abablele t too seseee momorere a andnd m mororee.
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 readapt to
the light, but they do this much 
more quickly.

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 color 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 color.

Visual cortex The 
part of the brain that 
processes visual data  

Optp ic nerve Bundle of 
nerve fibers linked to 

the 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 color.

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
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. Slowly move the book toward you. The center 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 around 126 millionThTherereerre arere aroround 126 million
sensory cells in each eye—senensoryry celellsls in eaeach eyeye—e—e—

120 million rods and 120 million rods and120 million rorodsds and
six million cones. six million coconeseses.
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PICTURES
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, colors change, and things 
appear where they shouldn’t.

TRICKY

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 colors and contrasts as moving 
when we are not looking directly at them,
but the effect ends when we train our eyesour eyes 
on one spot. 

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

but they are all perfectly straight—use a ruler and see 
for yourself! Our brains interpret the lines as being 
wavy owing to the disjointed black-and-white lines

running from top to bottom, which can also make
some horizontal bands look closer than others.

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

Jumping 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.  

Color 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
colors is based on their surroundings.

Seeing spots
This picture is called a 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 intoo an 
electronic code that can be processed 
and stored in your brain. It is thiss mental 
processing that determines howw you 
see the world. Without it, you could 
not make sense of all the shapess 
and colors. Your brain also 
responds to some visual effects
by translating them into other
types of information. This enablees
you to judge things like depth, 
shape, and distance.  

HOW YOU 

SEE

28

Binocular 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 canviews 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.

Parallax
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 farther 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 move hardly at all.

Perspective 
Another way your brain judges distance is by decoding perspective. 
A th
This is the effect you get when you look up at a tall building and the walls seem to lean toward one another—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 perspective 
In landscapes with long views, your brain can use another clue 

to assess distance. Called aerial perspective, it describes the 

way the color 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 

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

n they actually were. 
hills were much closer than
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Light and shade Objects are usually lit from above, casting shadows that vary 
a
according to their shape. Your 
a
brain uses this to judge shapes, 
b
enabling you to tell the difference 
e
between a ball and a flat disk. 
b
The reaction is so instinctive that 
T

even works with 2-D images. 
it 
hese shapes look like a dent 

Th
urrounded by bumps, but if 

su
ou turn the page upside down, 

yo
ey look like a single bump 

th
urrounded by dents. 

su

Optical illuO tical illusions 

Information stored in your memory helps you make sens
l ou 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 avevereraerragage pererserrson can telell the 
difference between 200 colors,diffffeffferereerrenence betetweweeeenen 200 cocolorsrs,s,

all forming part of the visible light all foformrming partrt rt of the vivisible ligight 
spectrum from red to violet.specectctrcttrurum frfrofrrom rereded totot vivioletet.t.

use up to ten different 
We uus pW sW uWe eWe pe use upWe uW upWe pWe use upW e upuse up to ten different
WeWe usuuse upp tototo tetenen didififfffeffferereerrenentnt 

ys of judging distance 
wayyyywayyys of jw ys ofaysw

g
w

g
ways of judg
wayys of judging distance
wwaysyys ofof jf jjuddgdgigingg didisiststatancece

d depth, showing how 
anddand depn d pn pa dea pn en pn pn ptnd depnd depth, showing how
andd ddepeptpthth, shhoowiwingg hoow

important it is to us.
iimportant it is to us.
iimpporortrtarttantnt itit isis tototo usus.
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Some of the most effective ooptical illusions can be 
produced with simple lines and shapes. Such illusions 
play with our perceptions off angles, size, and shape, 
causing us to make unconsccious assumptions about 
what we see. Even when wee know how they work, 
the illusions are difficult to shake off. 

Big and smallPsychologist Edwardd Bradford Titchener discovered that 
our judgment about tthe size of something is affected by 
the size of other thinggs around it. The red circles in thees in the 
picture here and the oone beld the oone below are the same size, but the 
one here looks biggerr because it is surrounded by smaller 
circles. Moviemakers use this simple effect to make 
monsters appear mucch bigger than they actually are.

Wrong directiiontiion
The Müller-Lyer illyer illusion mmisleads the brain 

into think
o thinking that the midddle section of the line 

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

This is because the open arrrrowheads extend 

beyond the line, playing with h our perception 

of length and depth.

30
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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! 

one

Two 
in o

nn ntains two illusions. The 

This simple imaage contain rspective, stretching 

black lines givve a sense of perspe d illusion 

into the distannce. This creates a second il

in which the red line at the top appears to be 

longer thann the one at the bottom. They are, 

in fact, thee same size.

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

A little bitt dotty
Dots appear to join the crosses in this image, but 
the dots don’t actually eexist—they’re simply gaps 
in the lines. Scientists ddisagree on an explanation. 
Do we see dots because the brain figures out the
boundaries of shapes from little bits of information? 
Or do we see the illusioon before the brain has 
processed exactly whatt it is we are looking at?
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Is it square?

Crossed
 lines
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Can you hear something? From whispering voices 
to a phone ringing, yours ears pick up all sorts of 
sounds. Try the following activities and find out how 
much information we process through our ears.

Noisy bottlesWhat was that?

You cannot hear any sounds in YoYou cannot heaear any soundsds in
space. This is because sound spacee. ThThis is bececause sound
needs a medium to travel neededsds a mededium toto trtraravvelel 

through, such as air or water.throrough, such as air or wwaterer.r.

Test your hearing 
ability by identifying 

these challenging 
sounds.

You will need:

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.

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

You will need:

glass bottles 

37

ep 1Ste
each bottle with aFill 

fferent amount of water, difdif
eaving one empty. If le
ou blow across the topy
f the empty bottle, it o

makes a low-pitched m
ound. If you add a little so

quid and then blow, the liq
ch is higher—the more pitc

liquid, the higher the pitch. liquid

ep 1Ste
ll each bottle with a Fil
different material—thedd
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. t

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

Step 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 
Amadeus
Mozart

38

Fun and games
Despite his musical genius, Mozart did not have a

one-track mind. He enjoyed horse riding, 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 humor, partly because he enjoyed practical
jokes. He also liked showy clothes and was once 

decribed as appearing onstage “with his crimson 
pelisse and gold-laced cocked hat.”

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 began playing 

and composing 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.

Improvi
sing ta

lent 

Mozart was terrific 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 In 1787, EmEmpereroror Jr Josepeph II
of Austria made Mozart his of Austrtriria made Mozozartrt rt his

court composer.courtrt rt composerer.r.

Perched on a thick pillow, the young 

Mozart demonstrates his skill at the 

organ to an aristocratic audience.

This portrait of Mozart at the age of around
26 shows his love for fine clothing.
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Simple tastes
Your taste buds can distinguish 

between only five taste sensations: 
salty, sour, sweet, bitter, and umani
(savory). This combination is too

limited to account for all the different li
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— l

and then you find that you cannot
taste much either.

Cerebral cortex 
Analyzes and relates

smells and tastes

factory bulb
athers scent

and passes 
to the brain

SALTY

SWEET

UMANI

BITTTER

SOURR

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

Olf
Ga

signals 
them 

Taste bud Most of the receptor cells that detect taste are concentrated on the tongue in clusters called taste buds. There are around 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 fiber
Taste receptor cell

Taste hair

Nerve fibers  
Gather data from 

taste buds

Olfactory 
receptors 

Detect scent 
molmolecueculesles ininmolecules in 

the air

Nasal
chamber

Tongue
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Scent siignals
red to that of many animals, compaThe humman sense of smell is poor 
ur sense of taste, enabling you ththan youbut it is much more refined t
Scent molecules are carried in scents. to detect thousands of s
the in, they are detected by two ou breatthe air, and when yo
ls located high up in your nasal ptor cellpatches of recep
rom these cells pass through the fibers frcavity. Nerve fi
ry bulb, where more nerve cellsolfactorskull to the 
d scent signals to the brain.he codedtransfer th

tinctive reactionInst
actory bulb is part of the limbic system at 

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

the top 
the brain that plays an important role in 

area of 
y and emotion. This explains why scents 

memorym
ger powerful emotions and awaken dormant 

an triggca
s. Scent information also passes to the cortex 

emoriesme
n to be analyzed consciously, but this takes 

the braiof t
than the instinctive reaction.  

longer a lot 

Professional 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 

may “taste” the teas, but their example, m
can barely identify them. taste buds 

heir refined sense of smellThey use thy
which combinations have to decide w

avor.the best fla

Thalamus Receives taste 
signaals from the medulla 

exand ssends them to the cort

We all have our WWe all havve our 
own unique smellown unique smelell
identity. This isidentity. ThThis is

determined by factorsdeteterermrmineded by fafactctotorsrs
such as genes, diet, such as genes, diet,such as genesesess, dietett,

and skin type. and skin typee.

Medulla Receives taste 
signaals and relays them
to the thalamus

Brainn 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

SENSESENSES
SENSENSITIVE

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

Step 2
Put a blindfold on the first
person, making sure he or
she does not see the Jell-O
beforehand. Then ask your 
f i d d id if hfriend to taste and identify the 
flavors. Record the results.

In the weightless In ththe weweieigightltlesesess
environment of space, enenviviroronmenent of space,e,
food aromas don’t fofood aroromasas dodon’t 

often reach the nose,oftftefttenten rereaeachh ththe nose,e,
so astronauts miss so asastrtrotrronautsts misiss
out on a lot of out on a lot of 

flavors.food flavors.fofood flavovorsrs.rss.

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

When you can’t smeell what
you are eating, it is harrder to 
recognize food flavorss. So if 

your nose is blocked beecause 
you have a cold, for exaample,

food often tastes blaand.

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

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

You will need:

with varying degrees
of taste and flavor Seeing is believing!

How good are you at
identifying what you
are eating?

You will need:

Jell-O

BRAIN GAMES
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 We are used to
seeing foods in

certain colors, and
this helps identify

their flavors.

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

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

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

Our sense of smell is
much more sensitive than

our sense of taste—around 
10,000 times more

sensitive. It alerts us
to danger by detecting 

poisonous odors and we
can even identify whether 

food is ripe or rotten by p y
smell alone.

Step 1
Pat the tongue of one of
your volunteers dry with 
the paper towel so that
no part of the tongue’s
top side has saliva on it. 
The second person can
taste the food as normal.

Chemicals from food
can reach your taste buds 

only if they have been
dissolved in saliva. 

Step 2
Ask the two subjects to 
taste the dry food and then 
record their responses as 
t h h fl thto how much flavor they 
can taste.

A child has around A child has aroround 
10,000 taste buds, while 10,000 taste budsds,s, whwhile 

an adult may have an adult may haveve 
only 5,000.only 5,000.

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

You will need:

three items with strong 
smells such as a banana,
coffee grounds, flowers, 
or soap

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

You will need:

such as cookies, cakes, 
or crackers

Step 2

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 haas 
many functions, including acting as a protectivee 
barrier against infection, but it also provides yoou 
with vital information about your environment. 
It does this by using millions of sensory receptoor 
cells that detect different types of stimuli—frommm 
the most delicate tap to the sharp shock of painn.

44

H
Thalamus

Sensitivee skin
Human skin has at leastt six types of 

sensory receptors. Some arre branched 
nnerve endings, while others are nerve fibersn

pthat end in tiny disks or cappsules thatpsules that
detect different types of ppressure,

vibration, stretching, tempperature 
change, and physical damagge. Some 

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

to touch and air moovement.

There are around ThThererere arere aroround 
18 million skin sensors18 million skin sensorsrs
altogether, constantly altotogogetetherer,r, constanttly
sending information sending infoformrmation

to the brain.toto the brarain. 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. 

al networkSign
y signals from the skin are sent throughSensory
nching nerves of the peripheral nervousthe bran
to the spinal cord and then to the system 
s. The thalamus passes them on to thethalamu

sensory cortex, which is located in the somatic s
e thalamus acts as a relay station, as it brain. Th
r all sensory information except smell. does for

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

iHair root sensors
DDetect hair movement

Merkell’s disk
Responds tto light

touch and preessure
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Sensory 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 nummber 
of touch sensors that it has ratther 
than its physical size. Your hannds are 
shown much bigger than your feet 
because they are much more ssensitive.
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Hair shaft ectsProje
face above skin surf
ouch and reacts to to
entand air moveme

The least tive sensitThe lea sensT e leas ttt nh eee e vi ia tt ve eee le ee vei iThThe leaeast sensittivve 
part of yo odyour bo ypart of y rrt yy ooooo uart dur boooopart o b da ut u drr fpartrt rt of yoooour boooody

f is the mi of iddle f s l othe m ddh ee iii oddt ddlee ee ii fis the miiddle of 
your bback.y k.your au cbbo bbau kryour bbbback.

g painFeeling
t your skin Nerve endings throughout
chemicals register pain by reacting to c

mines that called prostaglandins and histam
ells. There are released from damaged ceare released from damaged ce
ses. One is are two types of pain respons
u jerk your short and sharp to make you
e in a reflex hand away from a candle flam
d starts after action. The other is slower and
istent pain and the reflex, giving more pers

ble long-term harm.warning us of possib

Habituation
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.

uscleMeissner’s corpu
A touch receptor 

efound in sensitive
areas of skin

puscle Pacinian corp
Sensitive to 
pressure and 
vibrations

Epidermis 
Outer layer
of skin

Dermis sContains
blood vessels,
glands, and
nerve endings
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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:

as a feather, apple,

BRAIN GAMES
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Grab bag

of touch in helping you
identify objects?
You will need:

as a cup, spoon, ball, apple, sponge,
rock, pinecone, and featherd feather

Step 1
Have your friend place 
a hand inside the box 

TOUCH
Step 1

your friend too put 
his or her hands 
inside the boxx and try 
to identify thee objects

SStep 2

o put socks or rubberto
loves on his or herg
ands and touch theh

hange the success rate?ch

AND TELL
WWW

ee
WWWW

hhaavvveevv mm
oorrreeerrrr ttttooouucchh

rrreeeerrrr ccceepppeee ttttooorrrsssrrrrr iinn
ooooooooooouuuuuuuuuuurrrrrrrrr fifififififififififififinnnnnnnnnnnnnnnnnnnnggggggggggggggggggggeeeeeeeeeeeeeeeeeerrrrrrrrrrrrrrrrrrrrrreeeeeeeeee ssssssssssssssssssssrrrrrrrrrrrrrrrr ttttttttttttttttttthhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhaaaaaaaaaaannnnnnnnnnnnnnnn

aaaaaaaaaaaaannnnnnnnnnnyyyyyyyyywwwhhhhhhhhw eeeerrrrreeeeeeeeerrrreeellll eeesseeoonn
tthheebbooddyyyyyyy....

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, itt is
er to tell what you are touching.harde
is because you are reducing the This i
mount of tactile informatioon am

being sent to your brain.

Step 2
With eyes closed, ask 
your friend to feel the
object and then sketch 

her to describe the texture 
of the object, too.

Step 3
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Follow the steps of
this experiment and
see how your thermal
receptors detect 
changes in
temperature.

You will need:

104–122 °F (40–50 °C).
Ask an adult to check
the temperature with
a thermometer.

Sensitive touche touch

how some parts of your 

than others.

You will need:

Hot or cold?

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

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

you might feel onlyy 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 
d t ti th t t tdetecting the water temperature. 
Instead, they are comparing it to 

the previous temperatures.

Step 1
with tthe Fill each of the cups w

our leeft Place a finger from yo
r andd a hand in the cold wate
t hand in finger from your right

er forrimmersed in the wate
around a minute.

Step 2Step 2

them in the cup of warm water.
Does your body detect any
changes in temperature?

47

Step 1S

the tips are aroundbend it so that 
part.0.5 in (1 cm) ap

Step 2

from the tip of your index the paper clip 

d you feel both the points forearm. Coul
lip on your forearm? of the paper c

SSSSSSSSSooooooooooooo
mmmmmmmmmmmmmmmmmmmmmmmm

eeeeeeeeeeeeeeaaaaaaaaaa
nnnnnnnnnnnnnniiiiiiiiii

mmmmmmmmmmmmmmmmmmmmmmmm
aaaaaaaaaallllllllsssssssssss

hhhhhhhhhhhhhaaaaaaaaaa
vvvvvvvvvvvvveeeeeeeeeeeeeevvvvv

dddddddddddddiiiiiiiifffffffffff
ffffffffffffffffffffffffeeeeeeeeeeeeeeefffffffffffff

rrrrrrrrrrrrrrrrreeeeeeeeeee
eeeeeeeeeeeeeeeeeerrrrrrr
nnnnnnnnnnnnnnnnnnttttttt

wwwwwwwwwwwwaaaaaaaaaa
yyyyyyyyyyyyysssssss

oooooooffffffff
fffeeefffff eeee

llleee ii
nngg

.. CC
aattt

ssstttt ,,s
fffoofffff rr

eeexxxeeee
aamm

ppllee
,,e
uuss

ee tt
hheee

iiirr
wwwhhh

iisskk
eeeerrrrreeeee

sssrrrrr ..
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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?
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.

Illusion
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.

(c) 2011 Dorling Kindersley. All Rights Reserved.(c) 2011 Dorling Kindersley. All Rights Reserved.





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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Step 4SS
Ask your friend to turn over the A
remaining card and then open r
he envelope to reveal how your tt

amazing prediction came true.a

Step 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 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 onemake 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:

Step 2Step 2

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 car
d force

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

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

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

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

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

Step 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 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:Where’s the c
up?

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

You will need:
The magic coin

Because you have
directed all the attention
to the coin, not the cup, 
your friend’s brain isn’t 

focusing on what is 
really happening.

Because 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.

Balance
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.

Motion 
sicknes

s

Intense stimulation of your balance 

sensors by something like a 

roller-coaster 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

I l organsnterna
usually aware of our internal organs, We are not 
l get sensations from our stomachs.b llbut we all
e vague feelings that mark theSome are
e of food, but hunger pangs are more passage
Digestive problems can cause pain,useful. 
er organs may also hurt if they are and oth

ed or diseased. A disorder releases damage
als that are detected by nerve endingschemica
yed to the brain as pain.and rela
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Semicircular canals s
Filled with fluid that 

moves when your 
body moves
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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.a

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 processes—
using either information 
gathered by your senses 
or data stored deep in 
your memory. 

IN
TU
IT
IO
N

Female 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 
t i t itito appear more intuitive,

especially among friends.

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

house doesn’t feel
right at all!

56

Sixth 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
sstructure

Inspired thin
king

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. 

rkDream wor
e mayOccasionally people
tion to a even dream the solut
r of 1861,problem. In the winter
Kekulé was German chemist August G
ructure of a trying to figure out the stt
le dozing inbenzene molecule. Whil

d f ked of a snake t f th fi h dont of the fire, he dreamefro
to Kekulé,biting its tail. According 

e that the this gave him the clue
of carbon molecule was a ring o
oms.and hydrogen ato

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
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. 
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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 memories
Memories are formed by electrical 
signals making connections betweeni l ki ti b t
nerve cells so that they form a
network. The more often the network
is activated, the stronger it gets, 
creating a long-term memory.

MeMemomoryry s stotoreress
Your meemory is divided into 
three seections—sensory,
short terrm, and long term. 
Only thee most important 
informattion makes it into 
the finall section. All the 
rest is thh thrown out.

Input All the data 
from your senses

enters your sensory 
memory store.

Sensorry memory
This part oof memory

holds a lot of innformation
for a few seconds

at most.

Ignored 
Any information 

in the sensoryin the sensory
memory that you 
ignore is thrown 

out right away.

Attention If you 
pay attention to any

ititems fof i finform tiation, 
they pass into your 

short-term memory.

Electrical signalE

Stimulus

PermanentPP
bondb

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 connecttions
When a nerve cellll
receives a stong enough 
stimulus, it fires an 
electrical signal onto a 
neighboring nerve cell. 

Your brrain processes your experiences 
and all the information gathered by your 
senses. Most of this data is discarded, but 
the impportant perceptions, facts, and skills 
are stored in your memory. This enables 
you to tthink, learn, and be creative.

WH
AT
 I
S

Nerve cell
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Long-term mL memory
Any informatA tion that

ers your loent ng-term 
memory is cm carefully
ed away so file that you 
can easily recall it.

Recognition and reecall
It is much easier to recognize a memoryy you are 

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

her up. Now look for her in the photoo on the
right. Even thoughh you’veg g

ry short seen her for a ver
ecognize time, you should re
describe her. But if you had to dh
obablyher, you would pro
rder.find it a lot har

Involuntary recall
Have you ever found yourself smellingHave 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 cannd sights can
also cause this, but smells are 
especially powerful, perhapps 
because the part of your brrain
that processes scent is closselysely
linked to your memory.

Where do we mber? remem
Th d hi e the main areasmpus areThe cortex and hippocam

mory, but different  for memof the brain responsible
types of memories.different parts of the brain store 

Prefrontal cortex  
Short-term 
memories

Amygdala 
Unconscious and 

emotional memories 
Hippoccampus  
Spatiall memories

Putammen 
Learned skills
and prrocedures

Cortex  Memories
of personal and 
life events

Temporal lobe 
Learned facts
and details

or lose itUse it o
don’t think If you d
the data inabout t
term memory, short-t
st after aroundit is los
onds.20 seco

hort-term memorySh
hi h li i dThhis has limited space,

annd information is soon
losst if you don’t think
abbout it enough to pass
it on to long-term memory.
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Trip method 
One way to memorize a list is to visualize a trip 
that you often take. Link each landmark on the trip 
with an item on your list—the stranger the result, 
the easier it is to remember! Then go through the 
trip in your head to remember the items.

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

This is a vacation 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 read
2.Pack your sunglasses
3.Mail a letter
4.Buy some toothpaste
5.Hang your laundry 
6.Remember your sun hat
7.Buy dog foodg food 
8.Get a haircut

2.Sunfloower
A flower iss wearing 
your sungllasses. 
Remembeer to pack 
them in yot our bag.

3.Sign3 Sign3 Si
urned into The sign has t
eminding an envelope re
letter.you to mail a l

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

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

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

8.Bush
The bush is getting 
a haircut, and you need 
to get one, too!

5.Flags
The flying flags 
have become socks. 
You need to hang 
your laundry.

SCHOOLOOL
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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?
DO YOU

You’ve done well if you
have remembered more than

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

Step 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 good job if you could
remember more.

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
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 GAMES
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Step 2
Now read out these words, one line at a time. 
Cover up the line and try to repeat the words. 
Continue 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 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. recall
This game clearly shows you the
difference between recognizing
and recalling information.

COUNTRIES
Israel
France
India
Russia
Czech Republic
Germany
Afghanistan
Canada
Denmark
Argentina

CAPITALSCAPITALS
New Delhi
Ottowa
Berlin
Prague
Copenhagen
Jerusalem
Buenos Aires
Kabul
Paris
Moscow

Spain
Ireland
China
Sweden
Iraq
Netherlandss
Japan
Italy
Egypt
Greece

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

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

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

Step 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. Figure 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

(c) 2011 Dorling Kindersley. All Rights Reserved.



Spot the diff
erence

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.
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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.

ATTENTIONPAYING

At last the backyard looked 
perfect. Jenny admired the orange 

lanterns hanging from the trees as they 
glowed in the fading light and the pretty 
tables dotted around the yard, 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 movies.
   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 gotten out? A big,big, 
muddy, wet, and very smelly dog raced 
up and proudly dropped a dead fishh at her 
feet. Jenny knew where that had coomeome 
from—the Johnsons’ pond next dooor. She
groaned and tried to grab Chester’ss collar,
but he leaped away. Between two taables heables he
shook his fur, splattering them bothh with 
mud and grass. Then he spotted—oor
probably smelled—the food table and 
raced up to it. Paws on the table, hee took
a bite of the salmon as a hundred 
strawberries tumbled to the groundd.

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 GAMES
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Questions

1What time of day is it?

2 How were the tables decorated?

3 What flavor was the cake?

4 Who was the party for?

5 Where did Jenny think Chester was?

6 What is the last nameof Jenny’s neighbors?

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.ead.
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Freddy, a much-loved 
pet tortoise, above
right, has goneright, h

g. A reward missing
en offered for has bee
urn, and thehis retu
rtoises below four tor
een handedhave be
which one isin. But 
? Turn to page Freddy?
find out if you186 to fi
ht.are righ

BA

DC

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

Step 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 missin
g?

This game reveals how quickly 

information can disappear from 

your short-term memory. 

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 

atical thinking. Translating extraordinary ideasmathematical thinnking. Transllating e
his genius.into cclear mathemmatics was paart of h

Albert 
Einstein

72

Day jobb 
h i ndEinstein studdied physics and 

mathematicss, and then got worrk in 
the patent offifice in Bern, Switzeerland, p

h le’ssdecidding whether otherr people s 
invenntions were worthwwhile. Meanwhile 
he waas thinking hard abbout physics and 
the nature of the universe in his sparei hi 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 focus on the ideas of the professors, 
meant that he was free to come up
with his own theories.

Bright iddea

ed what it would 

At the age fAt the age of oonly 16, Einstein wondere
186,000 miles 

be like to travvel at the speed of light: 
ed that if you 

(300,000 kmm) per second. He realize
ond. He realize

speed, and were 

t ltraveled awway from a clock at this s
clock’s hands 

able to loook back and see it, the 
e image of the 

would neever move—because th
move—because the

never catch up 

hands after they moved would 
m to stand still. 

wiith you. Time would seem
think like this.

It takes g iIt takes genius to 

Relativi
ty 

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 E
hen

Einstein in 1893 when 

he was 14 and alreaady fascinated by math.

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 ofEiEinsteiein’s fafascination wiwithth physicscs begegan at ththe agage of 
five, when he watched the twitching needle of a compassfive, when he watched the twitching needle of a compafiveve,e, whwhenen he wawatctcheded ththe twiwitctching neeeededle of a cocompass

and realized that space was full of unseen forces.and realized that space was full of unseen forceand rereaealizizeded ththat space wawas fufull of unseeeenen foforcrceseses.
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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 the street, dealing with 
other people, and managing money. ey. 
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

LEARN
HOW WE

Learning 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 much more in our first 
few years than we do in all of the rest of our lives. 

Association
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 store, 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 classes at school.

Find wallet

How much will it cost?How much will it cost? Take moneyTake money

Conditioning
If an experience always follows a particularr 
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 circui
ts

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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in the practicePut 
If you keep repeating something to yourself,p

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 store?

Go to stostststtsts re

Buy a magazine

Travel by bike

Which route? Take lock

Remember helmet

t of your brain triplesThe weight your brain tripg f your brain triplesT of your brain triplw t of your brain tt ur brainhe weigh ese e in trii of your brain tripg t of your brain tw ee we ee we r brain trii f b iThThe weigightt of your brarain trtriripleseses
r first three years of life during your yg y first three years of lifr rr rst three years of ly ouring you t three yeaduring you hree years of lifei oduring yo auring you t tduring you ee years of lifering your first three yeari fi t th f lifduriring yourr firfirsfirrst threree yeaearsrs of lifefe 
learn more skills.as you as yy skills.s learn more skilly oou aa mu earn more skioa au earn more skias yyou leaearnrn morere skillsls.

Imitatio
n

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 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

MAZES
MASTERING

The 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 center of this maze—and back out again.

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 built mazes TThe Ancient Egyptians built mazesThThe Ancienent EgEgyptians built mazazeseses
4,000 years ago. One pharaoh even4 years ago. One phar4,000 years ago. One pharaoh even4 000 years ago One pharaoh even4 years ago One p4 ears ago One pharaoh eve4 000 years ag4 000 years ago One pharao4 000 years ago One pharaoh even000 years ago One pharaoh even4 000 years ago One pharaoh ev44,000 yeaearsrs agago. One phararaoh evevenen
uilt a huge maze inside his pyramid  bu lt a huge maze inside his pyruuilt a huge maze inside his pyramidb ilt a huge maze inside his pyramiu ge maze inside his pyramidbuilt a huge maze inside his pyramibuilt a huge maze inside his pyrambuilt a huge maze inside his pyramidu nside his pyrb huge maze inside his pyrb ilt a huge maze inside his pyramidbbuuilt a huguge mazaze inside his pyraramid 

to baffle tomb robbers.totot bafflfflffle totot mb rorobbererserrs.

BRAIN GAMES
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Trial and error
Mazes like 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 youry

mistakes. Find your way to tthe 
center of the maze and theen 

out the other sidee.

The world’s largest ThThe woworlrld’s largrgesesest 
maze is the Dole mazaze is the Dole 

Plantation Pineapple PlPlantation PiPineaeapple 
Garden Maze in Hawaii,Gardrden Mazaze in Hawaaii,

which covers an area whwhich coveverersrs an arereaea
of 137,000 sq ft of 137,000 sq ftft ft

(12,746 sq m) and (12,746 sq m) and 
has nearly 2.5 mileshas neaearlrly 2.5 mileseses

(4 km) of paths.(4 km) of paths.

Over 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 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 
figure out the route to the dot.
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BRAIN GAMES

A 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 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 ahead
This batch of colorful cupcakes is
arranged in a specific pattern. Can you
figure out what it is? If the sequence 
was to continue, what would be the
color of the 49th and 100th cupcakes?

e has 244,000 4jigsaw puzzlew puzzle world’s largest largest jThe ww pgrg jj ,2444,ssessT rl rg lrl l zzo u aawaw t 000d uw w hh eeeese i 000o pd gg aaa ut uww ww wwww ww wwworld ee e 444e ee w ww ’ rr jiThThe wowwworlrld’s llargrgesesest jjjigigsaww puzuzzzzzzleee has 2444,000
o completeo completelete.leteany montany montonths to coonths to coces. It takeces. It taakes manyakes manypieces. ces. y ppieces.. .seses It takk lllyyy ooo oooooaaaaaaaa mmm etttttt t nnnn hh eeeeteeeeeseseesee ccci oooooo pp a a ttt t te eeee eteee eece kkipiecccecceeseseses.. It taaaaaaakkeesesseses maaaaaanyyy mooooonnntthhs tootoooo coooooompllleteeeeteeee.
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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 neww 

tt T t 187 t fi d thpatterns. Turn to page 187 too find the answers.

them ftware to to help thto help thecomputeuter softwuter softwolice forcesrces use corces use coPolicolic p pffo ses us rrrcr r llPo oo oolice foPoo uu wa mm tttftftt tuuu w hh eeeereeesce crci oooolice fooo pp au uu tt ttuu waree ee ee ee ee eee e wPo wer rri f fffPooPoooPoolice foforrcrrceseses usee compuuuterer sofftfftftftftftftftftwwarere ttotto helelplp them
als.ald catch crid catch cricriminals.criminals.s of crimes of crimeme and came and catrack patrack patpatterns opatterns otratra ppp f .sssssk rra rr lo aaaaaaaaaaaararaara mmmm ttttttttt dddd nnn heeeeer ccccc cc iiiioppp d aaaaa aaaack paaat tttt dee ek r rr er i i iifttrttrararararaaaaack ppppppaaaaatttttttttterernrnssss ooof crcririmmmmeeee and ddd caaaaaaaatch crcccririririiiiminaaaaaaaalslls..

Spot 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 figure out the pattern. Which
three colored flowers should 
finish off the sequence?

Perfect 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 piecesMi i i
Putting a jigsaw puzzle 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 puzzle are mixed up with 
pieces from a different puzzle. 
Can you find the missing pieces?

A B C

DD

EE
F

GG HH

I JJ

K L
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An African American born in the South 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
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
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, arver did not know the year or date of his birtCarvrvervverer did not know the yeaear or date of his birtrtrth,
so he never knew which day was his birthday.e never knew which day was his birthdso he neveverer knew whwhich day wwas his birtrtrthday. George 

Washington
Carver

Peanuts and 
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 hiss 

students to make their owown 

products instead of buyingying thehemm.m.

Carver once said,Carvrvervverer once said, ““When you can WhWhen you cany
do the common things of life in an do the common things of lifefe in an
uncommon way, you will command uncommon wway, you will command 

the attention of the world.the attttttention of the woworlrld.””
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Everyone thinks, but some people think in a less eryone thin
ngsdisciplined way than others. They say thingsd way than others They say thingsgs 

might saythat don’t add up. Someone might saymight say that she 
ahates all animals but then saay that she really 
tlikes her neighbor’s cat. The ttwo statements 
dcontradict each other, so you ddon’t know 
ewhich one to take seriously. Peeople who 
btalk like this are often said to bbe 

lacking in logic—they can’tlacking in logic they can t 
analyze what they say and see 
the flaws in it. Logic is all 
about thinking clearly.
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TROYS THE
DESTROYS THE TRSTRRTROOYSYROYROYOROYYSYS THTTHTHHEEE
DEDESESTTRSTRTRTROROYROYOROYOYSOYYSYS THTTHTHHEE

AUSE 
BACTERIA THAT CAAUAAUA USA AUSEAUSE
BABACACTCTETERTEERIRIAIA THTHAHATAT CAAUCAAUSUSSE

Y
TOOTH DECAYYYYECAY
TOTOOTOTHTH DEDECECACAYYAY

Use 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.

ed reason
ing

Flawe
say that all fish live in water 

If you sIf you s
that sharks are fish, you can 

and t
nclude that sharks live in water. 

con
t if you say that penguins can 

ButBut
wim and, since penguins are 

swi
ds, all birds can swim, this is 

bird
arly wrong. The reasoning is 

clea
ed because the concluding 

flawe
ment isn’t a logical progression 

statem
e first one. 

rom the fr

Testing the argumentT
he ability to test the argument is important when you can’t test T
he conclusion. Bacteria are well known to cause tooth decay, th
o it is logical to argue that a toothpaste that destroys bacteria s

will help prevent tooth decay. You have to trust the logic,w
ecause you have no way of testing the effect on your teeth.b
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Makes youur 
teeth shine,, and 
shiny teeth are 
healthy teeth

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 facts
Very 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
brushing 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 philosophy
The intellectual discipline of philosophy, first practiced by the 
ancient Greeks, 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 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 compputer can read. p

If the coded innstructions 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.

IchIchthythyophophobiobia a is is thethe fefear a
of f fishfish, w, whichich i s os one ne of of thehe 
rara er e phophobiabias.s

Instinct
We all have natural instincts 
that make sure we get things 
like food, water, 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.

PhPhobobiaiass
MaManyny ppeoeoplple e arare e teterrrrifiifieded o of 
spspidderers.s  TThihis s tytypepe oof f fefearar is s
cacalllleded a a pphohobib a.a. T Theherere aarere mmanany y
didiffffererenent tytypepes s ofof pphohobibiasas. SoSomeme 
arare e unundedersrstatandndabablele, , lil keke tthehe 
fefeara  oof f heh igighthts—s—afafteter r alall, f falalliingng 
frf omom aa hheieighght t cacan n kikillll yyouou. BuBut t
ototheherss, suuchch as s thhe e fefearar oof fisfish,h, 
arare e illlologgicaal,l, iirrrratatioonanal,, aandnd 
didiffifficucultt tto o exexplplaiain.n.

Ornrniththophophobiob a a is is
thethe fefear ar of of birbirds,ds  anand d
somsometietimesmes eveven en
jusjust tt the he feafeathehers.rs

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
practice any religious rituals— 
including many scientists who 
normally rely on logical thinking.

AraArachnchnophophobiob aa isis ththe fe fearear 
of o spispiderders as and d is s oneone of o  ththe e 
mosmost ct commommon n phophobiabias.s
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DemDemophophobiobia isis ththe e
feafear oof bf beineing tg traprappeded 
in in a ca crowowd od of ppeopeople.le

Superstition
Many people are superstitious. They avoid walking under
ladders, worry about what may happen on Friday the 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.

TecTechnohnophophobiabia is s
thehe fefear ar of o tectechnohnologlogy
sucsuch ah s cs cellel  phphonenes
andan  cocompump terters.s

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.. 

AviAviatoatophohobiabia 
is s thethe fefear ar of of flyiflying ng
andnd isis a  a ververy y
comcommonmon phphobiobia.

MusMusophophobia a is thethe 
worword ud usedse  toto dedescrscribe 
theh  fefear r of f micmice.e

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. 
T 187 if i hTurn to page 187 to see if you are right.

It might help if you make paper
cutouts of the characters to help 

you visualize the solution.Carnival moneyCarnival mmoney
Three boys arrive at a carnival 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 carnival. 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 find the boys and 
give them $5 back. The assistant can’t figure 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?
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The frustrataaa ed farmer
A farmer is trying to use a small boat to row
a fox, a chicken, and a bag of corn across a river. a fox, a chicken, and a bag of corn across a river.
However, he can take only 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 treat
Janet wants a cookie,
but first she needs to 
find the cookie jar in the 
cupboard. None of thee jars 
has labels, only numbbers.
She gets only one gueess. 
If she’s wrong, she’ll eend up 
with something muchh less 
tasty than a cookie. Too help 
her choose, she is given the 
following clues:

BRAIN GAMES
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The 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 too gain his freedom?

Who passed the package?
Rob has just won a game of pass the package. 
It started with nine children sitting in a circle. A 
package 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 package 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?

row and not in the middle.bottom 

d are not next to the rice, row and
s directly under the flour.which is

and side and has a right-ha
r that is two more than number
r and four more than the flou

tils.the lent

ar should she choose?Which jW
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Two at a time
A group of four men—made uup of two brotheers
plus their father and grandffather—is walkiing 
to a train station in the darrk and come to aan old  
narrow bridge that leadss to the station. TThe 
bridge can support onlyy two people at aa time, and
they have only one flasshlight betweenn them, so
after one pair has crorossed, one of thhe men needs 
to bring the flashligght back for the e next pair. The 
four men take difffeerent times to ccross the bridge.

Each paiir can walk aacross the bridge oonly as fast
as the sslowest maann, and the next train arrives at 

crosss the bridge too the station on time??

Susan

Peter

Mary

Gary

Kevin

Rob

AnnieAnnie

Joe

taceyS

3
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Many number puzzles rely on logical 
thinking rather than math skills. 
Sudoku and Kakuro, for example, are 
puzzles you solve by filling in blank 
squares with the right numbers 
according to certain logical rules.

Sudoku
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 through 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 Sudoku

Slightly harder

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

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

gray. 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 figure
out which numbers go where.

Middle row

Never guess which number goes in a Neveverer er guesesess whwhich numberer er goeseses in a
square. If there are a number of squareree. If therereerre arere a numberer er of

possibilities, write them small in pencilpossibilitieses,ess, wrwriwrite tthemem small in penencil
in the corner of the squares and erase in the cocornrnerer er of the squarereseses and ereraerrase 

them as you eliminate them.themem as you eleliminate themem.

Tips and tricks

541 6
8 76 49
435 8

78 5
1

32

634 91 75

654 3
692 4

2

1 2
532 6

86 4 5

1

5
37 6

7
1

3

6

97 2

5 2
9

6 8
45 2

538 1
7

2

1
14 3

6
8

4

9 58

1 6
5

8 9

8
9 3

7

3
8 6

1 4
7 5
6
4 8

5 1
8

3 2

4
2 5 9
1

9
1 3

8 4

6 1
7
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The mossst logicaaal form of thinkkkking iinvolvves numberrrs. 

WWWhen you do simple calculattttions, you ddon’ttt make 

guesses. You figureeee outtt ttthe answers byy applying 

logiical rules to the figures. Moossst peoplee worldwide 

haaavve devised some way ooffff counting, annd most have 

deveeloped ways of reasoning with numbers.

Geometry 
Mathematics can describe shapes such 
as triangles and pyramids in terms of 

d angles and dimensions. This can be used
to measure things s like the heights of 
mountains. If you know your horizontalm

stance (D) to a mountaintop and dista
have some way of measuring you hah v

le as you look up at it, you the anggle 
out how high (H) it isout how high (H) it is.can figuure ou

Calculllataa ioii ns 
icks. 

You want to bub ild d a wall froooom brb i
brickssss 

It will bebeb  2200 bricks long and 12 222 b
you 

high, buuuuut how many bricks willll  y
ly 

need? It’s easy—yoooyy u juust muluu tippppp
wo 

12 bby twwwwo, givini g gg 24, then aadd tttw
t 

zeroes, giving 2,400 bbbricks.s  Mostcalcl ulationss use triiiiicks like this: theyee  arereree the basa is of ffmaathemattical thihh nkking.

systemsCounting sAge farme

Imagine you are a
er counting 

i e you are a Stone A
using the

sheep. You count to ten u e fingers of 

to ten, yo

both hands. When you get t ou put a stone 

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

eight finggers: 18.

you have one stone and e gers: 18. This 

tem is baased on tens.

is why our counting syst
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To find the solutions to
these puzzles, you’ll need
to use math—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.
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NUM8ER
TH1NK OF A

Puzzling pyramid
Fill in the gaps so that each box 
in the second row up contains 
a figure that is the sum of the
figures in the two boxes below.

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

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

120
50

44 ? ?
?

? ?
?

14
3? ? ?

?

4

5

62 30

5

8

67 ?

6

9

210 50

?? x ? = ???

BRAIN GAMES
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Dazzling stars
Each colored star represents a different 
number from 1 to 4. Figure out which star
is which number to make this addition
problem work. 

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

Pieces 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?
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?

8888888888888

xx

1/1 3//1/1 2// 1/1 4//
1/1 5//

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

Domino divininggD m n i i i g
Use basic subtraction skills to discover theU s b a o s o i o r
total on a domino hidden in your friend’s hand.t n d m o i e o e h d

Step 1Step 1S e
Give your friend a set of dominoes and ask him or her toyG r e e m a a h h
choose one without letting you know what it is.c o o w y k w h t

Step 2Step 2S e
Ask him or her to pick one of the numbers on the dominopA h h c o e u e o h o n
and to do the following problems with it—it’s okay to usea t o e p s ’ k s
a calculator:l la l a

shown on the dominoshown on the dominos w n e o

Step 3St 3S e
Ask him or her to tell you theAsk him or her to tell you theA h h o l
answer. If you then subtract answer. If you then subtract a w I s r
14 from this, you will be left1 o t , u
with a two-digit number,w w n m r,
which will correspond towhich will correspond tow i o s n o
the very same numbersyv m u b
on your friend’s domino.o o f n d m .

The answer is “9”
T e a s e s “ ”This is an easy trick to start off 
T s a e sy r k s r fwith, because you are letting math 

w h e u e u r e n m tdo all the work for you. Ask your 

d a h w r o yo k ofriend to exactly follow the steps 

fr n to x ct f o t e eof the trick and the answer 
of the trick and the answ
o h r k n h a sw rwill always be the same: 9.
will always be the same: 9
w w s e e a e 9.
Step 1Step 1S e
Before you start the trick, write the number 9 on 

B r o t t t k r t n m n
a piece of paper, fold it, and hand it to your friend, 

a piece of paper, fold it, and hand it to your frie d

a c of p d a h d to ou r d
but tell him or her not to look at it.

but tell him or her not to look at it

b e h o e o o k
Step 2Step 2S e
Hand your friend a calculator and ask him or her 

Hand your friend a calculator and ask him or her

H d u ri d a l r d s m r r
to do the following:
to do the following:
o o e lo n

answer is more than one digit, ask h

a w s o t n e gi s him or her h o e
to add those digits together, and to 

o dd ho t o h agether, and to keep adding k d
them together until there is only d

them together until there is only d

h m g e n o y 
ntil there is only digit left.

il there is only digit left
t re o i fStep 3S e

Show your frie
Show your f i
S w u riend the piece of paper 

end the piece of pap
d e c of pwith the answwith the answer w

w t a wwer written on it.
wer written on itw tt o t

MATH 
BRAIN GAMES
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All in a rowA l i o
This is not just a great trick, it’s also a 
T s t s  e t c t a o

good way of practicing your multiplication
ood way of practicing your multiplication

g d w o p c i u m t i t  

skills. Once again, the number 9 is 
skills Once again, the number 9 is
s l O c a n h n m e 9 

helping with the magic.helping with the magic.h p g i t a c

Step 1 S e
Hand your friend a calculator, a pen, and a 
H d u r d c u o d

piece of paper. Ask him or her to write down 
piece of paper. Ask him or her to write down
p e p e A h o e o r d n

these eight digits: 12345679.
these eight digits: 12345h e g d s 2 5 9

Step 2Step 2S e
Ask him or her to choose one of the digits.
Ask him or her to choose one of the digits.
A h h o h e n f e i

Step 3 S e
Whichever one your friend chooses, you must 
W c e n y n c s , u u

quickly multiply it by 9 in your head. So, for example, 
quickly multiply it by 9 in your head. So, for example,
q k m i y n u e . , m e

if he or she picks 1, 1 x 9 = 9; if he or she picks 2, 
if he or she picks 1, 1 x 9 = 9; if he or she picks 2,
f s p s 1 9 9 h r e c 2

2 x 9 = 18; if he or she picks 3, 3 x 9 = 27, and so on.
2  8 o h i 3 7 n o .

Step 4Step 4S e
Now ask your friend to use the calculator to multiply 
Now ask your friend to use the calculator to m p y
N k u i  u t c u o o u l

the eight-digit figure by the number you have just 
h e t g g e t m r u v u

worked out. If your friend picked 1 in Step 3, the 
rked out If your friend picked 1 in Step 3, the

w k o o r n c d n e 3 e

answer will be 111,111,111; if he or she picked 2, 
answer will be 111,111,111; if he or she picked 2,
a w w b 1 1 e e k 2

the answer will be 222,222,222; if he or she picked 
h a w w b 2 2 2 e  k

3, the answer will be 333,333,333, and so on.
3 e n e i e 3 3 3 n s n

Math genius Karl GaussMathth genenius KaKarlrl Gauss
(1777–1855) once added the (1777–1855) once addeded d ththe 

numbers from 1 to 100 in seconds. numbererserrsrs frfrofrrom 1 tototo 100 in sececoccondsds.s.
He saw that if you add the first and He saw ththat if you add ththe firfirsfirrsrst and 
last numbers (1 + 100), you get 101. lasast numbererserrsrs (1 + 100), you getet 101.

Adding the second and second-to-last Addingng ththe sececoccond and sececoccond-tototo-lasast 
numbers (2 + 99) also gives you 101, numbererserrsrs (2(2 + 99) alslso giveveseses you 101,
and so on. So all you need to do isand so on. SoSo all you neeeeded d tototo dodo iisy

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

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

Super adderS p r a d r
Perform this trick well and you willP f m h t c w d o w
convince your friends that you are thei f i d th t thc v c y r d h u r h
world’s fastest adder. In fact, the onlyworld s fastest adder In fact the onlyw s s s d e n a e
skill you need to master is how to skill you need to master is how tos l e d a e s o
multiply by 11.multiply by 11.m l l y 1

Step 1S e
Hand your friend a pencil, a piece of paper, andHand o r friend a pencil a piece of paper andH d u r d p c f p a
a calculator, and ask him or her to do the following:a calculator, and ask him or her to do the following:a c a k m d h w :

one beneath the other.o b e  e

third new number beneath the other two.third new number benea w e e a t o r o

and write a fourth new number below them.b b l ha w e f t e n b o h

third and fourth numbers and write it below them. d u m r n w e w e

a column of ten numbers.l f t ba l n t m r

Step 2S e
Ask your friend to show you the list of numbers.A y r e t h b s
Tell him or her that you can add the numbersTell him or her that you can add the numbersT h h y   m r
together quicker using a pen and paper than together quicker using a pen and paper than t r c r i a n n a r
he or she can using a calculator.h r e s a l r

Step 3t p 
When your friend accepts the challenge, don’t 

When your friend accepts the challenge don’t

e o f n c p h c le e o
add the numbers together. Instead, simply 

add the numbers together. Instead, simply

m r o h te , m
multiply the seventh number by 11—this will 

lt y e v h u e y — h w
give you the sum total of all ten numbers much 

e u e m ot o ll n m e m h
more quickly than your friend can figure it out 

more quickly than your friend can figure it out

r u l ha y r en c fi r o
with a calculator.
with a calculator.

h ca u o

For instance, if the ten numbers your friend 

ta e t t n m rs o fr d
wrote down were 7, 12, 19, 31, 50, 81, 131, 

wrote down were 7, 12, 19, 31, 50, 81, 131

ot o n r , 3 5 8 1
212, 343, 555, all you have to do is multiply the 

12, 343, 555, all you have to do is multiply the

, 3 5 al o a t o m t y e 
seventh number, 131, by 11 to get 1,441, the 

e h m er 3 by 1 g 1 1 he
sum total of all the numbers. Don’t forget 

sum total of all the numbers. Don’t forg t

m ta f m r D t rg
you can use a pen and paper for this trick.

you can use a pen and paper for this trick

n e pe a p e o i ri

+

-
×

7 8 9
4 5 6
1 2 3
AC 0C

222222222222
= . % ÷
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YYouurr aabbiilliittyy ttoo tthhinkk in tthhrreee ddiimmeennssiioonss 
oouuiss ccaalllleedd ssppaattiaall  aawwaarreenneessss. IItt eennabblleess yyo
iinnggss ttoo vviissuuallizze sshhaappeess aanndd iimmaaggiinne whhaatt tthh
aallsso mmigghhtt llookk liikkee  ffrroomm ddiiffffeerrennt aanngglleess.. Itt aa
 ggiivveess yyoouu aa sennsee ooff ddirreeccttionn,, hheellppss yyoouu

ss..rreadd mmaapss,, andd iiss uuseeffuull iinn mmaannyy ssppoorrttss

100

Map 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 pictures
If you have to pack a lot of items
into the trunk 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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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 figure out how
the 2-D objects in these puzzles interact with 
one another. Check your answers on page 188.

102

2−D
SEEING IN 

Up and down
Imagine the man turning the top-right cogg 
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, figuring out how the turning
of each cog, wheel, and pulley affects 
how the next one will move. 

You use 2-DD, and Yo ,2 ,DDYou us andu u nYou use 2-DD, andu u de 2- dYoYou use 2-DDDD, and 
sometimes 3-DD, spatialDD3 ss es lo atiametim tetimes io i -DD, spatiaetimes 3- iisometetimeseses 3-DDDD, spatial
skills when yoou play y psk s lll yyoouw u plaills when yoou plak s w eiskillsls whwhen yoooou play

computer ggames.puter gg es.omputer ammput escomputer gaut ee eercomputerer gggameseses.

BB

AA

BRAIN GAMES
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side-down triangleUps
you figure out a way to turn theCan y
e on the left into the triangle triangl

right by moving only three tires?on the r
help if you use ten equal-sizeIIt might h

make your own triangle and cooins to m
oins around to find a solution.ove the como oluti

Five into fouur
Here you can see five squares maade 
out of 16 shovels. Can you figure out 

a way to move only two shovelss to 
turn the five squares into four? 
No shovels can be taken awway.

Equal division 
The workers, wheelbarrows, The workers wheelbarrows
and piles of bricks at this
construction site look randomlyy
arranged. However, see if you can 
add four lines to divide the site
into five areas, each containinginto five areas, each ccontainin

w, one worker, one wheeelbarrow
and one pile of brickss.

vealed that the Scans have rev hethScans have r aled thaans ha ttd thatn hhhhh eeealecans have rev dans ha aled that tve rev d that theeee re ealed that theeeve reverevScans haveve rerevevveaealeded that tthhhee
ain associated area of the bra ssrea of the bra oo ain associaarea of the bra tt n associatedh eea of the in associb oof the b ain associatedarea at tedea of the erea of the br i ifarereaea of the b araaraaain associateded 
gation, the with naviggg on,w aa tion, tt nwith n hh eith nav ivigatioavigation, twith v ewith naviith i iwith naviviggigggation, the 
s, is enlarged hippocampushippocampuspp pppp s, is enlargss largoo u aaamm duu nhh enlargecc iii oo pppppp gedaa auuu enlargedi ihhiiippppppppooooccaaaammppppuussss, is enlargrgeded 
taxi driversin London ttaxi drivers.in London ta .srsLL rsrrroooo aaxxttt dddd nnnnnn ervvii iriii oooo dddd aatt drivd eeeevevererrrii iiiinn LLoooonnddoooonn ttttaaaaxxiii drddridririivevevererserrsrs.
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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 solvee 
these 3-D problems. Turn to 
page 188 to find the answerss.

104

Four triannggles
Arrange six equal-l-size pencils 
so that they makke four equilateral 
triangles. If yoouu get stuck, remember
that this is a 3 3-D puzzle. 

Diffferent angleses
Alththough these nine 3-D shhaapes 
allll look very different, twoo them are 
iidentical—they’re just beeing shown from 
contrasting angles. Seeee if you can find 
the two matching shaapes. You will need 
to visualize each shhape at different angles.

View from ththe top
The side view above e shows four 3-D shapepes positioned on a boarrdd 
(clockwise from toop left: a cube, a cylindder, a pyramid, and an
icosahedron). Caan you figure out whicchh of the six overhead vieews 
below matchess the positions of the 33-D shapes in the side viview? 

BRAIN GAMES
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People regularly come up with new ideas thatPeople re
make life easier and that may even change theand the 
world. Turning such inventions into practicalinventions into practiracti
technology takes hard work, but the originalhe 
idea is often the product of inspired genius.re
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INVENTNVEN IIONO

Bright ideasBr
Inventive people are often very
observant, with a talent for linking what o
hey see to other ideas. In 1948, Swissth
ventor George de Mestral noticed ainve

of prickly plant seedpods clinging lot of prickly plant seedpods clinging
s clothes. He discovered that they to his c t they 

quipped with microscopic hookswere eq roscopic
ng to the fabric, and he used histhat clung e fabric,

to invent the Velcro fastener.discovery toto invery t

Problem solvingIn 1993, British inventor Trevor Baylis was watching a TV show about the spread of AIDS in DS inAfrica. He realized that people t pewere dying because they could se thnot pick up vital information 
p vitabroadcast over the radio, simply 

t over
because they had no electricity. 

cause
He solved the problem by inventing a wind-up radio, powered by a clockwork motor linked to a small electrical generator. 

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

el Prize was established The Nobel Prize was estaT s establisT PrN l Prize was establl Prizo was establishedh e was establishee Nobe ize was establiob bb was establishede e was establishee ee establishee Prize was establiThThe Nobellel PrPriPrrizize wwas esesestablisheded 
chemist Alfred Nobel, by Swedish ch Alfred Nobel,S ss lfred Nobely ow mist Alfredwed hh chemist Alfred Nobee cc ii bb obb dd twed ede emist Alfred Nobee Alfred Nobew Alfrii fby Swededish cchhemist Alfrfrefrreded Nobelel,

s fortune when he who made his f e fos fforto une wwho ma rtd une whenw hen hho made h eee whee hi foo mad tuw ww ww ww wwho mad e when hee e when hewho made ww rtune wi fwhwho made his foffortrtrtune whwhen he e
amite in 1867.invented dynamitite in 1867y 867.86ynamm tted d n 1nnvented dyn evente iiii 8d dyna tt 7vented d 7e eente eve 1188 7it iiinveventeded dynammite iiinn 11888667.

Known as burs, seedpods like this one have 

Known as burs, 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 
Stiff Velcro hooks (red in this magnified view) mimic

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

of a woven pad.
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Wernher von Braun was a visionary inventor: a man who 
saw the future and made it happen. He was the scientist 
behind the Saturn V rocket that carried men to the Moon,V
and he masterminded the development of the smaller 
rockets that preceded it. He also had ambitious plans 
for an orbiting space station and manned flights to 
Mars. But all this was based on his early experience 
developing the deadly V-2 missile for Nazi Germany.

Wernher 
von Braun

108

Liftoff
Born in 1912, von Braun developed a 
passion for astronomy when he was a child.
Inspired by the rocket-powered vehicles of
Fritz von Opel and the work of rocket 
pioneer Hermann Oberth, he became
obsessed by space travel and joined the
Spaceflight Society at the University of 
Berlin to assist Oberth in rocket research.

Wrong target
In the late 1930s, the German Nazi authorities
persuaded von Braun to develop the V-2 rocket as
a weapon. Yet von Braun always said that he was
really only interested in space travel. On hearing 
the news that the first operational V-2 had hit
London, England, he said, “The rocket worked
perfectly except for landing on the wrong planet.”

 At the age of 12, von Braun was At the agage of 12, vovon Braraun wwas
arrested for attaching rockets to a cart arrrrerrresesesteded fofor attttttaching rorocketetsts toto a cartrt rt

and setting fire to them in the and setetttttting firfirefirre toto them in the 
crowded streets of Berlin.crcrorowdwdeded strtrereetetsts of Bererlrlin.

An astonishing total of 3,225 V-2s were An astotonishing tototal of 3,225 V-V-2s wererere 
launched against Allied targets toward the aunched against Allied targets toward thelauncheded agagainst Allieded targrgetetsts totowwardrd the 
end of World War II—up to ten per day. end of WoWorlrld WaWar II—up toto ten perer day.

A rocket-propelled Fritz Opel hurtles down 

the AVUS racetrack in Berlin in 1928.

A captured V-2 rocket is launched by British scientists in  October 1945, soon after the war ended.  

Relaunch
In 1945, von Braun surrendered to the
American forces, who took him to the 
U.S. Eventually, he was joined by a team 
of 127 technicians who had worked on
the V-2 rocket program. Their task was
to develop the V-2 into a nuclear missile. 
However, in 1958, one of von Braun’s 
rockets was used to launch the first 
U.S. satellite, Explorer 1. This marked
the beginning of the space race 
between Russia and the U.S. that
was to lead to the Moon landings.
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Lunar land
ing

Von Braun’s big success was the colossal 

Saturn V “superbooster” that carried the 

V

Moon missions of the late 1960s. Much 

bigger than any previous rocket, it had the 

power to carry a heavy load into Earth orbit 

and beyond. Von Braun’s dream became 

a reality in 1969 when his rocket launched 

Apollo 11 on its pioneer mission to land 

men on the Moon. Altogether there were 

six Moon landings—all using the Saturn V.

Rocket science
While he was working on the first American 
rockets, von Braun came up with some 
ambitious plans for space exploration.
He devised a huge manned orbiting space 
station and figured out ways of mounting 
expeditions to the Moon and even Mars. 
He later worked as an adviser to Walt 
Disney, who was making TV shows
about space travel.

Grounded
Eventually it became clear that von Braun’s 

Saturn rocket was going to be replaced by 
the space shuttle, which is not suitable for 

missions beyond Earth orbit. Von Braun’s 
hopes for more expeditions to the Moon and 

planets were shattered, and in 1972, he stopped 
working for the American space program. Soon 

after this he became ill, dying in 1977. Yet he 
had achieved his main ambition of sending 

astronauts into space—and to the Moon.
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Coming?

Okay?

Let’s go

Hi
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Okay

Great

Hello

Yes
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HAVING A

WORD

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

eye, mouth, hair, fur, crow

smell, aroma, taste, touch, hearing 

up, back, on, below, above

pencil, color, paper, paint, brush stroke

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

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

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

BRAIN GAMES

It is very difficult 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 color of

the word and the word itself are not therd itself are not the
same, we say the wword much quicker 

than we can naame the color.
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Like and unlikeLike and unlike
This game tests your knowledge of how words 
relate to one another. In the top game, pick twop g , p
words from each line—one from the left side and 
one from the right—that are closest in meaning.g g
Now do the same for the game below, but this 
time pick the two words that are opposites.p pp

Like
nice, hungry, work starving, cat, strong
tired, cut, include apple, sleepy, worsepp py
scary, trash, party top, fish, spooky
friend, banana, sillyy catch, grow, foolishg

Unlike
hide, distant, praise scorn, blink, listen
sharp, chew, edgep, , g bite, center, strange, , g
twist, rational, puzzle untidy, illogical, test
crawl, leave, startcrawl leave start return, walk, travelreturn walk travel

Rabbit

Goat

DogDog

Horse

Pig

Sheep

Cat

Tiger

Bird

ElephantElephantElephant
Rabbit

Tiger

Elephant

HorseHorse

Pig

Dog

Goat

Cat

Bird

Sheep

Colored creaturesColored creatures
Time yourself as you say out loud the color y y y
and the animal pictured behind the word for 
the group of animals on the left. For example,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.and compare the two times

 As in the mixed-messagesg s 
game, it is harder to ignore thee

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

and this slows us down.
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SoSoSoSoSociciciciciiiiialalalall i ii iinsnsnsnsnstititititinccncncnctststststs
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bebebecacc ussse ee thhhhe eee exexxprpresessisssiononons ssss ananaaa d dd bbbboodydyddydy 
lalalangngnguauauagegege ttthahhhat tttt heheheh lpppp uuuus s cococoommmmmmunuuunicicicatatate e
arrrre e hahhardrddr ere  to ununnndedeersrsrstatanddd wwwheheheh nn n
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wiwiww ll notoo  uuunderee stststannand ddd iffif iiit is nnnnototoot e eeexpxpplall inii ededededd 
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Can I have 
two tickets 

for the movie, 
please? Can 
we sit where 

we want?

What is he
doing?

We had a terrific 
time skiing in the 

Alps last year.

When did you 
go there? 

We went in March. I think 
that’s the best time to
go because there was 

a lot of snow. 

We will do 
the same.

The children 
will love it!

hink he willDo you think 
me?ever forgive me?

ANGUAGE
 USING

Maybe you should 
explain to him why 

you did that and 
see what he says.
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Fill in the blanks
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.

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 objectsbetween objects. 

Coming up with 
10–15 connected 
words in the time 
limit shows a good 
level of word skill.

You will need: 

X-ray almost froze when he saw the shape.
Looking up at the ________ birdlike 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 1

to name as many animals as he or she can 
in 30 seconds.

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

Step 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 it
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Step 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 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.

p 1Step
n adult to write 12 words Ask a
ns and adjectives) on separate (noun
ces of paper. Fold each piecepiecp
 put them inside the box.and

Step St 2
The first player chooses a 

piece of paaper and reads out 
the word, annd the second 

player has to ssay a similar
word. If the noun is “yacht,”y

he or she could say “ship” or if the aadjective 
is “cold,” he or she could suggest “ffreezing.”

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

Step 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 talking
Now it’s time to 
think on your feet—
and hope those 
words keep coming. 

You will need: 

Every picture tells a storyHere’s a game to test your storytelling 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 relativ
es

Your brain has an aamazing capacity to 
remember words, often by linking them 
with visual imagess. These games help you 
practice your wordd skills to improve your
vocabulary and connfidence so that you 
won’t ever be lost ffor 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:  

adult to help out with 

the game 

119
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As lnog as you wrtie Ass lnogg as you wrwrtrtirtie
the frsit and lsat lttres thhe frfrsfrrsiit and llsaat llttttrtttrereseses

of a wrod, you can of a wrwrorod, you can
sitll raed it.sitll raed it.siitltll raraeded iitt.

Words 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 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

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 difficult 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 
Champollion

çç

122

Sanskrit is the ancient language of 

Hindu India, dating back to 1500 B.C.E.

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

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 B.C.E. 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
Born in F i 1790 J F iBorn in France in 1790,, Jean François
came from a poor family and was
eight years old before he went to
school. He quickly discovered that 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 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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A 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 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 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 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. Trunkfish
E. Kingfisher’s beak

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

as the brain thinks about whatat 
the artwork is showing andd 

draws on what it means.
By basing your story on

something that inspires youu, 
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 SPSPPAAPPP RRK?
ARE YOUU A CREATIVE

BRAIN GAMES
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Something 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 imaginationsparks yoour imagination.

Lateral thinking
ee if you can solve these riddles with a dash Se
of imagination and a lot of lateral thinking.o

le A:Riddl Romeo and Juliet 
ying dead on the floor.are ly
ere are no marks on The
r of them, but they are either

ed with water, and nearsoake
is a broken glass bowl. them 
How did they die?H

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.

cPut your potential for brilliancce to the tes
Some of thwith these six challenges. Some of the ga

ng, while othersrequire lateral thinking, w s leav
in your hands. Juthe creativity entirely i Just

e in each cloud and secheck the challenge se
r you qualify as a creative spark!whether you quali

find the answers on page 189.You’ll fin

You may come up with a 
fantastic creation, but even if your 
ideas turn out to be more silly than

st 
ames 
ve 

ee ee
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ideas turn out to be more silly than 
splendid, you will have learned

a great deal about using your own nn
creative spark. 
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BOOST YOUR
CREATIVITY

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 freshang

ed to be creativeapproaches you need to be creative. 
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Lateral thinking
Similar to brainstorming, lateraal 
thinking is all about approachinng 
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 thoughht,
such as letting a book fall openn,
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.

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

Vissual thinking
Insteaad of making simple lists of ideas, you can tturn them 
into a diagram. You start with ai t a diagram You start with a central problem, such as 
global warming, and add a series of spreading branchesdi 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...?
One way of moving beyond fixed ideas
is to ask, “What if . . .?” You could aask, 
“What if all bus travel was free?” aand 
this might lead to creative thinkingg 
about the way we get around and tthe 
role of cars. It could be a negative 
question, such as “What if no one
collected our garbage?” You could 
then figure out ways of dealing witth 
the problem. Or the question couldd 
be impractical in itself, such as “WWhat
if our pets could talk?” This might
seem like a fantasy, but it could
stimulate useful ideas about 
how we treat animals. 
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Energetic thiinking
Many people find that theey think 
more creatively about prooblemsoblems 
while they are walking, ruunning, 
or working out. The exerccise has 
to be repetitive, so it frees your 
mind to work on the probblem. 

technique of The fh ih que of T technique ohhh echniquee technique oe echniquee echniquei ffThThhe tecechhniique of f
g diagrams tousingusingg diaggg sss rams touu diagrams tuu nn iii diagrams togg agrau tu diagriiuussiiinnggggg diagagrarams toto
eas dates back link ideas dates bas dates backlink as dates bank ideas dates bacink i dates bd as dates badeas dates backk kk kk kk ki k ilink ideaeeas dateseses back 
he 200s to thto th 200soo tttt he 200hhe 200oto t etototooo tthhhe 200s CC..EEE..EEE , ,
n it was used when aw was usw n it was usedwhen wh ee it was usedw ww ww ww ede ewhe ww ww iwhwhenn it wwas useded 
philosopher by ppp losopher y hilosopherb philosopb ilosopherby ppphilosopherer 
hyry of Tyre.Porphyry of Tyrp ry of Tyre.rp rPo yry of TyPo hyry oh of TyrePo p ePo ry of Tyrr fPoPorprphhyryry of TyTyrere.e.

I WAALK MY 
HUMANS TWICE

A DAY.

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

A

C

B

I TRAINED 
MINE TO WALK 
THEMSELVES.
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CREATIVE

EXERCISES

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

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

purple, sheep, chips, stringg,
chair, summit, apple, screww, 
tie, smile

Clip 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, set, go!

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 vacation in space?
What if our eyes were in our kneecaps?

  What if we could breathe underwater?

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 GAMES
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e of the world 
being aware

and using it for 
around us a

. When was the 
inspiration.

ou really looked 
last time yo

u? Pick a color—for 
around you

green. How many 
example, g

n you see that are 
things can

ere are more than 
green? Th

t think at first. 
you might

Creative 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 backyard The clues could even behouse or backyard. The clues ccould even be 
pictures. Each clue leads to another until you 
reach the treasure. Read out thhe first clue and 
let the hunt begin! 

Albert Einstein cultivated his ownAAlb t Ei t i ltiv t d hi wAA Einstein cultivated hisEirt Einstein cullll ultivated his owtttttrttAlbert Einstein cultivateddnstein cultivated his ownhbert Einstein cultivated hibbert Einstein cultivated his owwert Einstein cultivatedvAlbert Einstein cultivated his owi t ti iiAAllbbberertrt trtrt EEiEiinsttteiin cullttiivavvattededd hhiis owwn
creative exercises. These crcrereaeativeve exexerercrciseseses. ThThesesese ““thought thought 

experimentsexexpxpereririmentsts”” led to the development leded toto the devevelelopment 
of his famous theories of relativity.of his fafamous theoeoririeseses of rerelelativivity.
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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 (left). 

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
da Vinci

Visionary engineer
In 1482, Leonardo got a well-paid job with
the duke of Milan by describing himself as
a military engineer. Luckily he was much
more talented than most engineers of the
time. He was interested in water power 
and came up with many devices driven by
water wheels. 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 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 very 
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 around 1505. 

Leonardo left most of his projects unfinished, and eonardo left most of his projects unfinished, andLeoeonardrdo lefeftft ft most of his prorojojecectctstts unfinisheded, and 
it is possible that he suffered from attention deficit it is possible that he suffered from attention deficitit is possible that he suffffefffererereded frfrofrrom attttttention defieficit 

disorder (ADD)—a psychological problem that disorder (ADD)—a psychological problem thatdisordrderer (A(ADD)—a psychologogical proroblem that 
has only recently been identified. has only rerececently been identifieded.

Today, Leonardo’sToToday, Leoeonardrdo’s
paintings—and evenpaintings—and eveven
his drawings—are his drdrarawings—arere 
among the most among the most 

valuable in the world.vavaluable in the woworlrld.

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 water wheel.

(c) 2011 Dorling Kindersley. All Rights Reserved.(c) 2011 Dorling Kindersley. All Rights Reserved.



135

tetees s ananandd d skskskketetetchchchesesNoNoN
kknonon w w ababbououout t LeLeonoo arardodo’s’ss m mmanany y tatatat leleentnts ssWeWe kk
aausussse e e hehee k kepept t nonootetetees s ililluluustststrararateteteed d wiwithth bebeeecacc
aileded sssskeketctchehehes.ss  AAAn n nn inntrtrrigigguiuiuingngngg f feaeaeatututurerer  ded ta
hehesesee nnottesess i i s s ththatatt tttheheey y y arara e e ee wrwrw itititteteteen n n frfrfromomomof th
hht t tototo lefefeft t inin “ ““mimimim rrrroroo ” wrwrititininng.g. W WWe e e knknknowowoww  righh
t LLeoonanan rdrdo o o wawawas s leleftf -handeded, wwwhihihichchchh thatthat
kek s wrwrw ititttining g leleleeftft tto ririghght in inknk qquiu tetee mak
ficucult b ececauauausesee y yyouour wrwrittininingg handnd didd ffiff
ududgegeg s thhhe wewet ininnnk.k. HHe poposss ibi lyy ddeceecididedd smu
gett aroroounuu d thiss bby yy wrwrrittinii g bab ckckwawawaardrdd— —to g
denenncece ooof f his ss orriggininalal, , lologicac l ththinkikingngg.   evee id

Gruesome fascination
Leonardo was fascinated by human anatomy. 
He spent hours dissecting human corpses and 
drawing what he saw. This gruesome activity 
was considered 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.
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The inner youT
Most of us believe that we have 
M
an inner “self” that defines our 
a
personalities. The concept has 
p
no biological basis, and most 
n
scientists think it is an illusion. 
s
Yet it is a very powerful idea, 
YYet it is a very powY
and it forms the basis of the 
a
“soul” that many people believe 
“
survives even after death. 
s
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SELF
SENSE OF

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 around 18 months, they know who they are
looking at—they have developed a sense of self.

Self-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 judgment of our self is inaccurate 
and we are actually closer to the ideal than we think.

You know who you are. You rrecognize 
yourself in mirrors and pictuures. You 
have an image of yourself that includes 
your personality and your beeliefs about 
how others see you. This sellf-awareness 
enables you to think about yoour identity 
and how you relate to other people. It is 
what we call consciousness..
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Brain 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-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.

Consciousness
No one really knows what consciousness is, 
but we all have it. It has been described as 
an awareness of our own existence and our
thought processes. So it is partly about your
identity but also about your ability to think, 
plan, and analyze your thoughts and plans.

y

I look good, I look goodood,,,
and I’m looking and I’m lookd I’m lookinging

forward to seeing foforwward to seerwarwwardrd toto seeiingeing
my friends later . . .my frfrifrriendsds laterererer . . .. . .

Some people suffer fromSome peoeople suffffeffferer er frfrofrrom
a psychological condition that a psychologogical cocondition that 
makes them think they have makes them think they have makeseses themem think theyey haveve 

more than one morere than one ““self.selelf.f.
yy
““ OnOn

average, they believe theyavevereraerragage,e, theyey belelieveve theyey
have 13 different identitieshave 13 different identities.ffhave 13 different identities.dddhave 13 dahave 13 different identitiessve 13 different identitiesaa e e en en eeeeeeeee fe3 ffevv rr eseseeeeerereehh nnnn ddddhave 13 different identitieshhaaveveve 1133 ddiiifffffeffffferfererererenrennentt iiiddenennenttiiittiiiesessseseseseses.
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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.

140

PERSONALITYTYPES

In the gene
s

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 along togetherSome people are very reserved and have only a few 
special friends. Others are more sociable and seem 
to get along 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.

Individuality
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 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 GreeksThThe ancient Grereekeksks
thought there were onlythought thererere wererere only
four basic personalityfofour basic perersrsonality
types: happy, gloomy, typeseses: happy, gloomy,
calm, and excitable.calm, and excitable.calm, and exexcitable.e.
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Five-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 systems
People often use simple ways of 

defining personality. One common 

system is the type A person who is 

dynamic and pushy—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.

Neuroticism

Extroversion

Openness

Agreeableness

Conscientiousness

Worried 
Insecure 

Self-pitying 

Sociable
Fun loving

Affectionate

Imaginative

Independent

Prefers variety 

Helpful
Softhearted

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 1700s,
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.

Mary
Anning

Fossil hunter
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 store. 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 

identifying, exciting fossils, and 

when she was 20, she started to 

run the fossil business herself.

Jurassic 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
1800s, 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 1800 at one year old Mary survived beiIn 1800, at one yeaear old, Maryry survrvirvviveveded being
struck by lightning. People believed that this truck by lightning. People believed that thistrtruruck by ligightning. PePeoeople belelieveveded that this
made her unusually bright and observant.made her unusually bright and observant.made herer unusually bririgight and obserervrvarvvant.t.

Marine 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 only 12 years old.

This view shows Lyme Regis across the bay, and the beach in 
Charmouth where Mary found some of her best fossils.
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GeG ological pioneerr
When Mary Anning was colllel ctctining 

fossils, most sciei ntists still believeeed d
that Eara th and its animals had been 
created in six days, only 6,000 years 

ago. The evolutionara y theories of 
Charles Darwin were e not published 

until 12 years after MMary died 
in 1847. Her fossiiilss o f extinct t t

creatures wew re some ofo  ttheh  most 
important geg ologicala  discovev ries of 
all time, annd d her ideas abouo t whw at 

they meant fforceced scientists to o look 
for differennt ways of explainingg the 

history of life. In 18824, it was said dd ofo  
MaM ry, “. . . all acknon wledge that t she 

understands more of the sciencn e 
thhhan anyone else in ththis kingdom.””

SeSeSea a drdrdragagagononn
WeWeW alalththy y cococcolllllecectoot r r ThThT omommasas BBBirirchch wwasass s sso 
imimmmprp esesseseedd d bybyby MMarry’yy s s didid scs ovverre ieies s ththatat  hhe sold 
hihis s owwownn nn fofofossilil c ccollo lelelecttctiioion innnn 1 182820 00 anana dd ggag ve 
ththe e prprococeeeedsds to o hthe e e AnAnniiingngs.s. T Thihiss esestatablished 
MaMaMaryry in heher r bubusisineessss,, anandd shshe e weweentn  oon to make
ottotheheh r r amamazazining g finfindsds. . ThTheyey iincncluludeded,d,, i inn 1823, the 
firfirstst k knonownwn sskekeleletoton n ofofo  a a l lonong-gg-nenecckckeded “sea 
drdragaggonon ”,” llatere  dddesescrrcribibedd a as s aa a plplese ioosasaur.

Renowned expe
rt

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 the 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 

she visited London—then the center 

of the scientific world—only once.

Inspired by finds like Mary’s, this old print shows what 
an ichthyosaur and a plesiosaur might have looked like.

Mary on the shore of 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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by the conscious part of your 
brain. A lot of mental activity is unnconscious—or it is until you 
become aware of it. It includes priimitive instincts and urges 
inherited from our distant ancestoors but also your own 
perceptions and memories. Thesee color your personality 
and affect your decisions, sometimmes in strange ways.
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Carl Jung
Swiss psychologist Carl Jung believed 
in the collective unconscious—a mass 
of buried memories inherited from our 
ancestors. He thought this explained the 
ghost stories, myths, and fairy tales that 
are part of every culture. However, since 
Jung’s death in 1961, his theory has been 
displaced by other ideas.

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 behavior. People who eat 

in a room smelling faintly of cleaning 

products are much more likely 

p
o clean up after they have eaten 

to 
n if the room has no scent. 

than 

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 sick may recover 

after taking a “medicine” that they 

believe will cure them, even though 

it has no active ingredients. This is 

called the placebo effect.

(c) 2011 Dorling Kindersley. All Rights Reserved.



he brain that The part of th rart o rain thaa thatrt of the brainhe part of the brain the braipart o brain thaa tt t te ee par r ifThThe partrt rt of thhe brarain that 
ng emotions controls stro g emotionsrols stro otioontrols stro mottrols st ng emotionn ec otioontrols stro g emottrols st etr tr icontrtrorolsls strtrorong emotions

n your 20s. matures in your 20s.es rr youmatu ur 0u nes in our 20a utu ue rr imaturereseses inn your 20s.

Your unconscious mind canYoYour unconscious mind can
be difficult to control, but it be diffiffifficult toto contrtrorol, but it 

is vital to your survival.is vivital toto your survrvirvvivaval.
In
st
in
ct

Most of our u
nconscious 

mental activi
ty s

eems to be 

guided by in
stin

ct. B
rain scans 

of people tested for u
nconscious 

urges, such as greed, show activi
ty 

in th
e prim

itiv
e parts

 of th
e brain— 

the parts
 th

at w
e share with

 other 

animals. These areas contro
l 

basic instin
cts such as appetite

.

Ad
ve
rt
is
in
g

Some advertis
ing tri

es to
 

influence th
e unconscious m

ind. 

It m
ay u

se flashed m
essages, 

songs, o
r s

logans or a
ssociatio

ns 

with
 everyd

ay o
bjects. F

or e
xample, 

an advertis
ement fo

r ic
e cream 

might b
e lin

ked to
 a a catchy tu

ne, 

making yo
u th

ink about b
uyin

g 

ice
 cream whenever y

ou hear it
.

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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Emotional 
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.

Coomplex emotions  
As wwell as the six basic emotions, we also 
expperience up to 30 complex emotions 
succh as guilt, irritation, alarm, pride, 
envvy, and love. Many of these are related 
to the complexities of human society.
Theey are less automatic, involving more 
thought—although emotions such as
lovee can still seem difficult to control.

Crying 
As far as we knoow, only humans cry.
Crying in distresss produces tears
and a distinctivee facial expression. 
Tears with a different expression 
can also be caussed by joy, especially 
among adults. TThis may indicate 
that the mental wiring for distress
and joy is connected.

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 neighbor 

eating popcorn, but he is managing to 
stop himself from getting angry.

Tears seem to wash awayTeTeaearsrs seem toto wwash awway
some natural chemicalssome naturaral chemicalsls

that make you unhappy. that make you unhappy.
This may be why you feel ThThis may be whwhy you fefeelel
better after a betetttttterer aftftfterer a ““good cry.““good crcryry.””
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South Africa. Here he is with his staff in 1903.

We do not often link politics with genius. 
Yet some political figures have the genius
to see problems in a new way and use 
this insight to change history. One of the 
greatest was Mahatma Gandhi, the leader 
of the Indian independence movement. 
He pioneered resistance to authority by 
nonviolent mass civil disobedience—an 
idea that inspired movements for civil
rights and freedom across the world.

Mahatma
Gandhi

154

Nonviolent protest
In 1906, the South African government tried to 

force resident Indians to carry registration cards. 
Gandhi called on Indians to defy the law but not

use violence. During a seven-year campaign, 
thousands were jailed, beaten, or even shot—

yet Gandhi stood firm. Eventually this harsh
treatment of peaceful protesters forced

the government to negotiate with Gandhi. 
Nonviolent protest had won its first victory.

Rude awakening
Born in 1869 in Gujarat, India,
Mohandas Karamchand Gandhi
studied to become a lawyer. In 1893, 
he went to work in South Africa on
a 12-month contract and came
face-to-face with racism when he
was thrown off a train for refusing
to give up his first-class seat. He 
became a political agitator, staying
in South Africa to help resident
Indians obtain the right to vote.

Great soul
Gandhi returned to British-ruled India in 1915
and became involved in the independence struggle.
He campaigned against the unfair taxation of poor
villagers, earning the name Mahatma, or “great
soul.” He always advocated nonviolent protest, 
even after the 1919 Amritsar Massacre in which 

British-commanded soldiers opened fire on an
unarmed gathering, killing at least 379 people.

At the age of 19, Gandhi travelled to Great Britain 

to train as a lawyer at University College London.

In South Africa, GandhiIn South Afrfrifrrica, Gandhi
found racism in the fofound raracism in the 
courts, where he was courtrtsrtts,s, whwhererere he wwas
not allowed to wear not alloweded toto weaear 

his turban.his turbrban.
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Body 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 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. 

Acting
Actors are judged by their abilityy to 
express emotions that they do not 
really feel. This can be difficult, 
so one performance technique,
known as “the Method,” involves
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.

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.

A real smile looks different A rereaeal smile looksks diffffeffferereerrenent 
from a fake one because it is frfrofrrom a fafake one bececause it is

controlled by a different cocontrtrorolleded by a diffffeffferereerrenent 
part of the brain.part of the brain.partrt rt of the brarain.
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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.
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TALK
BODY

Fake 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 GAMES

Figuring 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.

A B

C D

E F
D

F

E

A

B

C
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WWee aalll hhaavvee hhabbiittss tthatt hheellpp uuss ggeet throouugghh lliifffee.. WWhheeennn yyoouu wwaassshh 
yyoouuurr hhaannddss, ddoo yyoou ssttoopp to tthinkk hooooww ttoo ggeettt tthheemm wweeettt,, aaapppppllyy tthhee 
ssooaapp,, uuse iitt too ccllean yoouurr sskkinn, aanddd ttheenn  rriinnssseee iiitt ooofffff?? PPrroobbaabbllyy 

tt YY t ti lll dd iitt bb it’’ hh bbiitt Itt’ ll ff llnoott. YYouuu aauttomatiiccalllyy  ddoo iitt,, bbeeccaauussee iitt ss aa hhaabbiitttt.  IItt s aallsssoo uuusseeefffuulll,, 
unlikee bbaadd hhabitts ssuucchh aass nnaaill bbittiinngg. AAllll hhhaabbiittss aarree fffoorrmmeedd 
bbyy reeppeettiittioonn, whicch pprrooggrraammss yoour bbraaiinn ssoo tthhaaaatt yyoouu  bbeehhaavvveee 
likke aa roboot—and oncce formed, ttheyy ccaann bbee vvveerryyyy ddiifffificcuulltt ttoo bbbrrreeaakk.
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Addiction
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 sick, but despite
this, they just can’t stop—they are stuck with a bad habit.

orProgrammmed behavi
atterns of behavior Habits are formmed by repeated pa
rain. These work creating nerve networks in the br
an appliance like a like the simple programs used in 

ned on, the program washing machine—once it is turn
brushing your teeth, runs by itself. SSo when you start b
complete the job.the habit prograam takes over to c
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Useful 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.

bitBreakingg a bad ha
ak because it is wired A bad habit cann be difficult to bre
ge to overcome a bad into your brain. Even if you manag
ng is still there, ready habit for severaal months, the wiri

trigger. Time may help,to be reactivateed by the relevant t
ace a bad habit with a but often the beest tactic is to repl

less damaging one.

Bad habits
pick up bad habits. A lot Unfortunately, it’s very easy to p
or pick their noses. Theyof people bite their fingernails o
 doing it, because they often do not know that they are

else. Sometimes this are thinking about something e
 it can be irritating for doesn’t matter much, although

an be very damaging.others. But some bad habits ca

Triggers 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. 

(c) 2011 Dorling Kindersley. All Rights Reserved.



164

Confidence
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 ten out of 12 
contests, the weaker wrestlers won!

Setting 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. Visualization

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 a 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.
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The most primitive animals do 
not have brains. A jellyfish has 
only a network of nerve fibers 
extending over its body, with no 
central control area to directce
its actions. But most animalst
have brains of some kind to h
process sensory signals and 
enable them to respond to en
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 expandedd 
to give us our capacity for 
abstract thought.

BRAINSRABRAINS
HOW WE GOT OUR GOT OGOW WE GOTGG

Super 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. 
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lsads and tailHea
do not animals like jellyfish Simple animals sh do note animals like jellyfisSimple a
ve no have brains because they havthey have nohave brains because thehave brains because t
of the heads or tails. The evolution heads or tails. The evolutio

pmentbrain began with the developgan with the developm
of a front end  to the e body, of a “front end” to thehe body
because once an animal startsmal start
using only one end of itself to nd of itself to
explore its world, its sense organsrld, its sense 
become grouped at that end.ouped at that e
The sense organs need a nervee organs nee
center to process their signals and o process t
send instructions to the rest of the f the struction
body. So even a snail has a brain. has a beven a sna

Intellect central
The part of the brain that seems to be tthe 
main intellectual processing centre is tthe 
bulge at the front, behind your foreheaad—the
prefrontal cortex. This uses informatioon from 
the senses to form judgments, make cchoices,
and predict future events. It has expannded in 
size throughout our evolution, pushinng the 
human forehead forward compared tto our 
monkeylike ancestors. However, a stuudy of 
the brains of baboons—large monkeeys—has
shown that the human prefrontal corrtex is
not much bigger than theirs relativee to the 
rest of the brain. So it is likely that itts 
structure has also changed.

Monkey

Human

taclesSeensory tentensoSe
mation thatGaather inform
cessed by amust be proc
e kind,brrain of som

mitive. hoowever prim

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 ancestors
By 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,t of the globe. 
these people led primitive lives, but they needed mitive lives, 
to be smart to survive. Studies of their skullstheir sk
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 had them. They have left evidence of their
intelligence in the rock art that still survives in
the places where they lived.the places where they lived.the plap
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Instinct and thought
For a shark, the taste of blood in 

the water means only one thing—
food! For a human, it could mean mea

several things: “Have I cut myself?my
Is it someone else’s blood? Where od
is the closest doctor? Will a sharkWi
detect it? Help!” The difference isfference is f

that a shark doesn’t give the bloodesn’t giv th
much thought but acts on instinct.ought nstin
By contrast, humans tend to thinkontr nk

about everything and may think so ou
much that they suppress instinctsmu

that are crucial to survival.

mansThe  first humr
n did we get soget soWhy y and when did we gdid we g

rainsinteelligent? Our big br
ourprrobably evolved as o

uallyssocial nature gradu
drove us to develop pdrove us to develodrove us tto develo

ilitylanguage. The abi
became to talk and plan b
t people useful, so smart

were more successful were more succwere mmore sucmore succore
ildren.enand had more cha

ms to have TThis process seem
st human iven rise to the firsgi n rise t

pecies,sp habilis, whichlis, whiHomo habilhabil
e primitive  volved from a moreev
around apelike ancestor aapelike ance

2.3 million years ago.ago2.3 million years 3 million years

Hoomo habilisHH
Knnown aswn as Homo habilisHom ,

eeorr “handy man,” because” because
thhey were the first to 
mmake stone tools.

Human creativity took Human crcrereaeatitivivityty tototook 
a great leap forward a grereaeat leaeapap foforwrwarwwardrd 
around 40,000 yearsaroround 40,000 yeaearsrs
ago, possibly because of agago, possibly bececause of 

improved language skills.improved language skills.improroveveded languagage skillslss.

These dancing or hunting figures were painted on 

These dancing or hunting figures were painted on

the rocks of the northern Sahara Desert long before 

the land became a desert. 

rsome great white shark i
rsome great white shark is 

M t f th b h i f thi f

Most of the behavior of this fear
ther than conscious thoughts.  

ther than conscious thought

driven by inherited instincts rat

dd i b i h it d i ti t r t

H tivit tH tiviit t
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English naturalist Charles Darwin revolutionizedd 
the way we see the living world. His theory of 
evolution by natural selection showed that 
competition for scarce resources led to species 
changing constantly 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.

Charles
Darwin

170

The Beagle
voyage
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
neighboring 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 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,en Darwin’s great theory was publishedWhWhen Darwrwrwin’s grereaeat theoeoryry wwas publisheded,
his friend T. H. Huxley said, his frfrifrriend T.T. H. Huxleyey said, ““How extremely How exextxtrtreremelely
stupid of me not to have thought of that!stupid of me not to have thought of that!stupid of me not toto haveve thought of that!t!””

These Hawaiian honeycreepers all 

evolved from the same ancestor 

through natural selection. 

Natural selectionWithin one year of his return in 1836, Darwin was thinking 
about how animals might evolve. He realized that if food 
is difficult to find, animals that are less well equipped to 
find it tend to starve, while more favored animals 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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Most of the development of the braain takes place before 
a baby is born, so at birth the brain contains almost all the 
nerve cells that it will ever have. DDuring childhood, these 
cells are rearranged into increasinngly complex networks 
that allow us to learn and remembber. The brain reaches 
peak weight in early adulthood and then starts to shrink. 

GROWS
HOW THE BRAIN

Beginnings
During the early stages of a baby’s development in the 
womb, the brain forms at the end of a tube of cellls that 
eventually becomes the spinal cord. At first it reseembles 
the brain of a fish, with all the “primitive” parts wwell 
formed. But at around 11 weeks, the cerebrum sttarts
to expand, until at birth it looks like a smaller versionion
of a mature human brain.

Making 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 

t k th t t i f ti dnetworks that store information and 
enable us to think. Like the girders 
below, they are rearranged into 
a new, more complex form.

Trimming 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
around 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 Dumpster.

1772

3  weeks 7 weeks 111 weeks
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Older and wiser?
As you get oldeer, you definitely know more 

about the world aand are able to make better
decisions. But once you pass the age of 25, you 
often become less aable to learn new skills that

are not connected to the things you 
already know. This mayy reflect the 

fact that, in many peoplee, the brain 
gradually loses weight, mostly grradually loses weight mostlyht, mostly 

throough the loss of brrain cells. 
But this mental declinne is not 

an inevitable pprocess. 

Use 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 aging until the last few 
months of life. Solving problems may seem

like hard work, but
it probably keeps

your brain fit 
and healthy.

Structural 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 duringAt timeseses duriring
the growth of the grorowtwtw h of 

an unborn baby,an unbornrn baby,
the brain developsthe brain developsppssrar llooaratt ddnnhhe evevviibb ooppbb ddathe brain deveeeeee eeee eevevraitthhee bbbbrararaaaiiinn ddeevevevellelooooppppss

at the rate of at the rarate of 
250,000 nerve cells250,000 nerervrvervve celellsls

per minute.perer minutee.

Nelson Mandela

Damaged brain cell
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Radiotherrapy
Some brain disease can be 

treated by therapies that don’t 
involve cutting into the brain.

They include radiotherapy, 
which uses a beeam of 

radiation to destrooy the
cells that cause canceerous

brain tumors. The bbeam 
is precisely targeteed on 
the basis of a compputer

simulation, as seen here 
(right). It is painlesss but 

has to be repeated 
several timmes.

Surgical precisionn
Thanks to three-dimensional computer-aided 
guidance systems, brain surgeonss can reach 
damaged areas without harming nnearby 
tissues. They can operate preciselly with 
the aid of remote-controlled microoscopes—
shown in use here—and fiber-optic lighting. 

ngscovery and learninDis
he geon operates on a patient’s brain, tWhen a brain surg
s a is precisely located and recorded. Asarea that is affected i
of rstand a lot more about the function result, we now under
he of the brain, and this has increased tvarious parts o
ry.acy and effectiveness of brain surgeaccura
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Hippocrates 
Ancient Greek physician Hippocrates, who 

lived from around 460–370 B.C.E., 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 treat
Many stories of animal intelligence 
involve their devising ways of i l th i d i i f
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” bird feeders. 
Hunger is a powerful motivator.

Some insects, such as termites, Some insecectctstss, such as terermrmiteses,ess,
construct amazingly complex t t i l lstruct amazingly compl llonstruct amazingly complextttconstruct amazingly complexiconstrttruructct tt amazaziinglly compllexex 

nests using instinct alone.nests using instinct alone.neseseststs using instinctct alone.e.

Toolmakers
Several animals are able to make 
and use tools—a skill that was d t l kill th t
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 
intelligent. Sometimes it will do something 
that amazes you. But that is becauuse we do 
not expect animals to think. We exxpect them 
to use the instincts that are programmed into 
their brains at birth rather than mmake use ofmake use of
the information in their memoriess to solve 
problems. But some animals do juust that.p j
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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.

Step 1
Show your hamster a treat 
in your hand and then
hold it above its head.

Step 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—around one YoYoung hamsterersrs—aroround one
or two months old—are the or twowo months old—arere the 

easiest to train.eaeasiesesest toto trtrarain.

Ham-standing!

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 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.

k 2Trickk 2TrickT
lso teach your You can a

alk or run arounddog to wa
cles. Start by you in circ
him a treat andshowing h
ing it around your then mov
hat he follows it. body so th

him with the treat Reward h
ratulate him. and congr

Trick 1T
Next time your dog yawns,
ask him, “Are you ssleepy?” 
Do this every time you y yyou y
catch him yawning and 
praise him as he dooes it.
Eventually, he will yyawn 
whenever you ask hhim 
if he is sleepy. 

Take your guinea inpig for a walk
your guiny r guin

Guinea pigs might not be as smart as dogs, but they are intelligent enough to be trained to walk on a leash. This gives you the chance to give your pet some exercise and to show it off to your friends.

Step 1SStS
Start by getting a leash 
small enough for your
guinea pig. Sit it on
your lap with its favorite
food and give it a lot of
attention. While it is
eating, slip the leash on,
and let your pet get used
to wearing it for a while.

BRAIN GAMES

s possible to teach It is
dog new tricks, but an old d
may not learn as they 
kly as when they quick
were young.w
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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

FRIEND
PROGRAM YOUR

Step 1
Using the tangram below as a guide, draw 
a square on a piece of paper and divide it
into seven individual shapes. Then color 
and cut out each shape.

Step 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 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:

or pens

BRAIN GAMES

Puzzling time
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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 commaands. 

You will need:
 Several blindfolds 

Step 1
Get into pairs and
stand in a circle. 
One person in each
pair must put on a
blindfold. Set a timee 
limit of ten minutess 

game begins with oone 
blindfolded player
holding the ball.

Step 2

“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 3
When the time limit
is up, you can switch 
the blindfold to the
other player and start

to judge on how good
you and your friends
were at either 
listening or giving 
clear instructions.  

Step 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 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 

Step 3
One person then goes out of the room to look at
the picture and can only answer questions by saying

has to listen to the questions and answers and draw 
a picture of what he or she thinks is being described.

Step 4
When the time limit is up, compare the picture 
with the original and see how closely it matches.
If it doesn’t, figure out where things went wrong

How good are your 
friends at giving 
clear instructions to 

achieve a common 
goal? Find out with 
this activity! tiv y

You will need:Picture this
Play time! 
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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 at hand.

auditory
Having to do with hearing and sound.

axon
The long fiber 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 fiber 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 behavior
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 fibers extending from 
nerve cells (neurons) that carries
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 fibers extending from nerve cells 
(neurons) and carries coded information 
to the brain or other organs.

neuron
A single nerve cell.

GLOSSARYG
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nucleus
The control center of a cell.

olfactory
Having 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 
The process of 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 besides
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 railroad tracks 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 that his or her 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 judgment 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 
Having 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
Having to do with shape and space.

spectrum 
The entire range of visible colors,
as seen in a rainbow.

spinal cord
The main bundle of nerve fibers.
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.

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 other
dimensions of height and width.

unconscious
Having 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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ANSWERS

6–7  Your amazing brain
Do you remember?
1. The shower
2. Running, skiing, swimming, 
playing soccer
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 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 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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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
Carnival 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 sales 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.  Cookies 5. Pepper
3.  Flour 6. Rice

Two at a time
Brother 1 and Brother 2 cross 
together, taking two minutes. 
Brother 1 returns, taking one minute. 
The father and grandfather cross
together, taking ten minutes. 
Brother 2 returns, taking two minutes, 
then Brother 1 and Brother 2 cross
together, taking two 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 package?
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 28

3

21

17
15 15

29
9

17

17
17

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

JJ KK

G

FF
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FFive into four

1188

104–105  Thinking in 3-D
Different angles
The two matching shapes 
are A and F.

Bottoms up
The color of the 
face-down side in the 
third picture is green.

Find the shape
Shape A shows theShape 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.Basket A will move up aand Basket B will move down.

Equal division

97 Think of a number96–9
ing pyramidPuzzli 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 triangleUpside-down triangleee

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

5

8

60510105105
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

7
444

Multiple fractions
The answer is 5.

Pineapple = 5 strawberries
Orange = 4 strawberries
Apple = 3 strawberries
Banana = 2 strawberries

333222111

FFA
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114–115  Having a word
Odd ones out

cat and cone 

stapler and ruler

Moon and Sun 

dolphin and sea horse

run and laugh 

Quick comparisons

Like and unlike
LIKE

UNLIKE

118-119  Words aloud
Fill in the blanks

128–129  Are you a creative spark?
A dotty challenge

Male or female brain?

Body clock

6—11 points

12—18 points 

19—24 points

144–145  What makes
you tick?

4—B 

5—C 

Lateral thinking 
Riddle A:

Riddle B: 

Riddle C:

160–161  Body talk
Figuring faces
A B C
D E F

Sham smiles

Body language
A—Dishonesty

B—Mimicking

C—Dominance 

D—Aggression 

E—Defensiveness

F—Submission

Natural talent
1—E

2—D 

3—A
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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
rocket science 108–109
Rosetta stone 122–123
routine 163
Rubik’s Cube 101, 105

S
saliva 40, 43
scanning techniques 19, 

174–175, 185
scientific thinking 12, 82
self-awareness 138–139

of animals 177
semicircular canals 35, 52
senses 6, 19, 24–57, 

185
shapes

recognition of 15, 29
rotating (3-D) 101

sharks 168
sign language 112, 177
sixth sense 56–57
skin 44–45, 53

sleep 10, 18
dreams 57, 150–151
sleepwalking 151

smell 40–43, 63, 148
snakes 61
social skills 116, 140, 153
somatic sensory cortex 19, 44, 

53, 185
soul, concept of 138
sounds 34–37
space 

conditions in 37, 42
rocket science 108–109

spatial skills 6, 13, 82, 
100–105, 185

spectrum 25, 185
speech see language
spinal cord 16, 17, 185
sports 82, 101, 164–165
squirrels 176
stapes 35, 36
stereotypes 61, 185
stomach 52
storytelling 117, 119,

128, 132
stress 148, 157
strokes 173, 174
Sudoku 92
superstitions 89
surgery 174–175

T
taste 40–43
taxi drivers, London 103
tears 153
telepathy 56, 185
temperature 47
termites 176
testosterone 144
thalamus 10, 41, 44, 

156, 185
thinking 7, 18, 60–61

conscious and unconscious 
61

creative 130–131
energetic 131
inspired 57
language and 117
lateral 129, 130
logical and illogical 

86–91
machines and 180–181
mathematical 12, 82, 

94–95
in pictures 100
rational 12
scientific 12, 82, 117
visual 130

3-D (three-dimensional) 
100–101, 104–105, 185

tire, pneumatic 107
tongue 40, 43, 112
toolmakers 176
touch 44–47
treasure hunt 133
triggers 163
tumors 174, 175
twins 56, 140

U
unconscious mind 148–149, 185
universe 95

V
Velcro 106
visual skills 66, 112, 119, 130

see also eyesight
visualization 164
vocal cords 112
von Braun, Wernher 108–109

W
Wernicke’s area 18, 19, 

112, 185
wheel, invention of 107
Williams, Venus and Serena 

21
word games 114–115, 

118–119
writing 12, 120–121, 135
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