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  Think About It

Identify the predator and prey in each photograph. Are the animals producers or 

consumers? Explain. 

In pairs, share your answers.

In a mangrove swamp, bats feed on the nectar from the flowers of certain kinds of 

mangrove trees. The bats are, in turn, eaten by owls. We can write a food chain to show 

how energy is transferred from the mangrove tree to the bat and the owl (Figure 5.16). 

Can you identify the producer, consumers, predator and prey in this food chain?

Plants are not the only producers in food chains. Algae [singular: alga] and 

phytoplankton, which are microorganisms that live in fresh water, seas and oceans, 

can also carry out photosynthesis. They are producers in many aquatic food chains.

Here is an example of a food chain in a mangrove swamp that starts with an alga.

 Mangrove tree

 Owl

 Alga
 Fish

 Water monitor
 King cobra

 Bat

102 Chapter 5

Figure 5.16 Example of a food chain in a mangrove swamp habitat

Figure 5.17 Example of a mangrove swamp food chain that begins with an alga as the producer

  Try It Out

Bats are also eaten 

by snakes. Can you 

write a food chain 

that shows this food 

relationship?
 
Remember to start 

the food chain with a 

producer.

Figure 5.14  Lioness hunting a zebra Figure 5.15  Snake catching a frog
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CHAPTER 12
Have you been on a roller coaster before?

Energy is needed to make a roller coaster work. As the roller coaster cars move up and down along the track, energy is transferred and transformed.

What is energy? What forms of energy are there? Can energy be created or destroyed?

ENERGY

WHAT WILL 
YOU LEARN 
IN THIS 
CHAPTER?
•  Define energy.

•  Recognise different
forms of energy and 
energy transfers.

•  Understand that
energy cannot be 
created or destroyed, 
and that it is always 
conserved.

258 Chapter 12
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 is a comprehensive, three-level science programme aligned to the 
Cambridge Assessment International Education lower secondary curriculum. The series 
uses the constructivist-inquiry approach to offer a learner-centred solution that helps 
students acquire scientific concepts, processes and skills. The use of spiral progression 
allows students to revisit concepts and skills at different stages with increasing depth in 
order to build a strong foundation.

The materials make use of exciting photographs, infographics, inquiry questions, 
activities and case studies to make science engaging and enjoyable. Interactive 
Augmented Reality (AR) models have been included at certain junctures to make science 
come alive for students.

Chapter Opener
A short write-up, with trigger questions 
and a stunning photograph, to provide 
an engaging introduction to the chapter. 
Teachers and students can use the 
learning outcomes under ‘What will you 
learn in this chapter?’ as a checklist to 
check students’ understanding.

Short activities or questions to provide 
opportunities for student-centred learning

Questions to encourage critical thinking and 
support the constructivist-inquiry approach

PREFACE

iiiPreface

(S)ILS_SciAhead_TB1_Preface.indd   3 10/12/19   11:03 AM



SCIENCE TODAY
www.mceducation.com

Artificial Intelligence Imagine going to school in a driverless bus, or not even having to go to school. A smart machine or computer is your virtual teacher. It teaches you whatever you need to learn, wherever you wish, according to your ability and progress. 
If you are hungry, you give a voice command to your smartphone, and it suggests the nearest place to get your favourite food. You pay 
using an app in your smartphone, and a drone then delivers the food 
to your doorstep.

Meanwhile, your smart refrigerator alerts you to stock up on some milk as the supply is running low. You shop online for the milk, and the 
online store recommends the most popular brands of milk and those 
you have bought before. 

Your robotic vacuum cleaner whizzes around the house to clean the floors, and returns to the docking station to recharge after cleaning.   
During your break, you decide to play a game, so you put on a virtual reality headset that transports you into virtual outer space. As you strategise and battle against aliens, the aliens learn from your strategies and quickly put them to use against you.

Figure 1.23  Drone delivering food

Figure 1.26  Robot playing chess

Figure 1.24  Robotic vacuum cleaner cleaning the fl oor

Figure 1.25  Teenager 
playing a virtual reality game

All these are possible because of artificial intelligence (AI). Machines with AI show 
abilities linked with human intelligence, such as learning, reasoning, planning, problem 
solving and motion. 

Machines with AI can learn or be taught how to do specific tasks, such as 
recognising language, speech and objects. They can understand voice 
commands, translate languages, diagnose X-ray images, and move from place to 
place without hitting something or getting hit. They can do mundane chores for 
you. They can help you search online for information you want, and recommend 

things based on past searches or what you have bought before. They can play 
games with you, and even beat top masters in chess.

How do you use AI in your daily life? What do you wish AI could do for you?

17Introducing Science
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WHAT ARE THERMAL  

ENERGY AND HEAT?

You have learnt about the particle theory, which states that 

matter is made up of tiny particles that are constantly moving. 

What will happen to the tiny particles in an object when the 

object is heated up (Figure 12.18)?

The particles in an object have kinetic energy as they are 

constantly moving. When the object is heated, its particles  

move faster and their kinetic energy increases.

Thermal energy is a form of energy an object has due to  

the motion of its particles.

When an object is heated, the total kinetic energy of its particles  

increases. Hence, its thermal energy increases. The object becomes hot and its 

temperature increases unless there is a change of state.

Temperature is a measure of how hot or cold something is. It is usually measured with 

a thermometer using the unit degree Celsius (°C).

Let’s compare the thermal energy of water in a swimming pool and that of water in a 

teacup  (Figure 12.19).

Figure 12.18  Kinetic energy of water particles in the 

kettle increases as the flame heats up the kettle.

 Water at 40oC in a swimming 

pool during a very hot day

Figure 12.19  Which has a 

higher thermal energy?

  Water at 80oC 
in a teacup

266 Chapter 12

  Science Bytes

What is the difference 

between the thermal 
energy and the 
temperature of an 
object? 

The particles in an 
object are moving 
randomly at different 

speeds and have 
different amounts of 
kinetic energy. 
 
Thermal energy is the 

total kinetic energy 
of the particles within 

the object. 

Temperature is the 
average kinetic 
energy of the 
particles in the object.
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 Earth

 Moon

Figure 13.7  Sun-Earth-Moon system (not drawn to scale)

 Caution

Do not stare at the Sun directly. It is very bright and the strong sunlight can damage your eyes. 
Wear sunglasses to 
protect your eyes from 
strong sunlight and the Sun’s UV rays.

Figure 13.8  We see 
the Sun when its light 
reaches our eyes.

WHY ARE WE ABLE TO SEE THE SUN, THE EARTH AND THE MOON?If you were given a light source, a tennis ball and a soccer ball, how would you use them to represent the Sun, the Earth and the Moon? Why did you represent them the way you did? Is your model of the Sun-Earth-Moon system an accurate representation of the actual system?
Models and diagrams cannot represent the Sun, the Earth and the Moon accurately. This is because the Sun is very far from the Earth and the Moon, and is much bigger in size.

The Sun, like other stars, is a light source as it gives off its own light. Objects that give off light are known as luminous objects. We can see them when the light they give off reaches our eyes.

Figure 13.6  How can 
these objects be used to 
represent the Sun, the 
Earth and the Moon?

 Torch

 Soccer ball

 Tennis ball

 Sun

281The Earth and Beyond
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Precautions for handling 
chemical substances 
or other materials, and 
against the effects of 
the Sun’s radiation

Interesting information 
related to the concepts 
taught to pique students’ 
interest and engage them

A recent article to showcase the current 
application of the concepts taught
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Figure 5.10   Adaptations of a fennec fox

Discuss these questions in small groups and share your answers with the class.

1   Describe the environment of the desert.

2   How do the large ears of the fennec fox help it to survive in the desert?

3   Give five other adaptations of the fennec fox that help it to survive in the desert.

4   Which adaptation is a behavioural adaptation?

5   Predict whether the fennec fox will be able to live in the cold Arctic. Explain your prediction.

FENNEC FOX
A fennec fox lives in the dry, sandy Sahara desert. The desert gets 

very hot during the day and cold during the night. The fennec fox 

has many adaptations to help it survive in the desert. 
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FENNEC FOX
A fennec fox lives in the dry, sandy Sahara desert. The desert gets 

very hot during the day and cold during the night. The fennec fox 

has many adaptations to help it survive in the desert. 

The large ears help the fennec fox lose its body heat quickly to 

the surroundings during the hot day. This helps the fennec fox 

to keep itself cool. The ears are also very sensitive and enable 

the fennec fox to hear and find prey hiding underground. 

The hair on the sole 

of the feet protects 

the fennec fox from 

the scorching hot 

sand during the day.

EARS

FUR

The thick fur helps 

to protect the fennec 

fox from the hot sun 

during the day and 

insulate it from the cold 

at night. It is cream-

coloured which helps 

the fox blend in with its 

surroundings so that 

its predators and prey 

do not spot it easily.

SOLE

BURROW

The fennec fox stays in 

its cool burrow during 

the hot day and hunts 

at night when it is 

much cooler.
KIDNEYS

 The kidneys are adapted to retain 

water to reduce water loss. This 

enables the fennec fox to survive for 

long periods on the water it gets from 

its food or dew collected in its burrow.

99
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1  Infer the physical properties of substances A to H from these statements.
 a A can scratch most other substances. b B can withstand a very large force without breaking or tearing.

 c C is a gas at room temperature. d D can be bent into different shapes. e  E has a mass of 21.5 grams per cubic centimetre compared to water, which has a mass of 

1 gram per cubic centimetre. f  F becomes hot very quickly when dipped into hot water.
 g  G can be drawn into wires and beaten into shapes. h  H does not allow an electric current to pass through it easily.2  Write down three examples of metals and three examples of non-metals.3   A shiny substance, W, has a melting point of 3422°C and a boiling point of 5555°C.

 a What is the physical state of substance W at room temperature?
 b Infer whether substance W is a metal or non-metal. Explain your answer.
 c Based on your answer in b, infer three other physical properties of substance W.
4   You are given a sample of two solids — one is a metal and the other is a non-metal. What physical properties can 

you use to differentiate the two solids?
5   In the past, spectacle lenses were made of glass. Now, it is common to use plastics to make spectacle lenses.

 a  Write down two physical properties of glass and plastics that make them suitable for making spectacle lenses.

 b Give two reasons why plastics are preferred over glass in making spectacle lenses.
6   Figure 8.31 shows a frying pan. a Why is the pan made of metal? b Why is the handle made of plastic?

REVIEW QUESTIONS

Figure 8.31  Frying pan

metal pan
plastic handle

183
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THINK-TANK
1   Intelligent machines can be made to move, sense and respond. They can even 

perform some tasks that human beings can do. Can intelligent machines be 

considered living things? Why?

2   Stem cells are cells that can develop into cells that have special functions. 

For example, stem cells can become nerve cells, muscle cells or red blood cells. 

Suggest one use of stem cells in medicine.

3   A cyborg (short for ‘cybernetic organism’) is a person with mechanical or electronic 

body parts (Figure 3.55). This person may have electronic eyes, robotic limbs or 

other artificial parts in the body. Artificial body parts can help physically challenged 

people regain their physical abilities or even extend them beyond what normal 

people can do. Cyborgs are no longer confined to science fiction. Are you in favour 

of becoming a cyborg to enhance your abilities? Elaborate why or why not.
of becoming a cyborg to enhance your abilities? Elaborate why or why not.

Figure 3.55  Cyborg with an artifi cial leg

74 Chapter 3
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An article with real-life examples 
related to the concepts taught, 
along with questions for students 
to hone their critical thinking skills

REVIEW QUESTIONS
End-of-chapter questions to test and 
evaluate students’ understanding of 
the concepts learnt

THINK-TANK
Challenging questions to encourage 
students to apply the concepts learnt 
and nurture higher-order thinking skills
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124 Chapter 5

  Key Points

•  Coal, crude oil (petroleum) and natural gas are fossil fuels. They are formed from 
organisms that died millions of years ago.•  Fossil fuels are non-renewable energy resources. They can run out because they 
cannot be replaced quickly once they are used up.•  As fossil fuels are limited, we need to conserve energy by avoiding wastage and 
using less. We also need to find alternative energy resources.•  There will be less burning of fossil fuels when we conserve energy. This helps to 
reduce its negative effects on the environment.•  The Sun, wind, running water and biomass are renewable energy resources as they 
will not run out in the long term.•  Solar heaters harness solar energy for heating, while solar cells convert sunlight 
into electrical energy.

• Wind turbines harness energy from wind to generate electricity.•  Hydroelectric power stations harness the energy from running water to 
generate electricity.

•  Biomass refers to plant matter, crops and waste from living things that can be used 
as fuels. Biogas and ethanol are examples of fuels obtained from biomass.
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Telescopes and artificial satellites

The numerous craters on the Moon can be observed in detail using 

telescopes. The 17th century scientist and astronomer, Galileo Galilei, 

observed the moons of Jupiter and the rings of Saturn with the aid of 

telescopes.

Observatories all over the world use large telescopes for space observations. 

The Hubble Space Telescope (Figure 13.32) is a large telescope orbiting the 

Earth. A telescope in space has certain advantages over telescopes 

on land. It can capture images that are not distorted by the Earth’s 

atmosphere or affected by light pollution from the Earth.

The Hubble Space Telescope is an artificial satellite. Unlike 

moons, which are natural satellites, an artificial satellite is 

an object that is placed in orbit around the Earth or other 

planets. Artificial satellites are launched using rockets for 

different purposes. They are used for communicating, 

finding directions, observing and forecasting the weather, and 

studying the Earth and space.

Space probes 

and rovers 
Space probes are unmanned 

spacecraft used for exploring 

celestial bodies. They carry 

instruments such as cameras 

and computers. 

Rovers are robotic 

vehicles that can move 

across the surface of 

celestial bodies.

Figure 13.32  Hubble Space Telescope

Figure 13.31  Galilean 

moons are the moons 

of Jupiter observed by 

Galileo Galilei.

Figure 13.34  In 2004, two 

Mars Exploration Rovers 

landed successfully on Mars 

to explore the Martian surface.

Figure 13.33  In 2015, 

New Horizons space 

probe reached Pluto, 

a dwarf planet in the 

Kuiper belt.

Let’s look at some of the things used to explore space.

Figure 13.35  

Rocket carrying 

astronauts into 

space

Rockets
Rockets are 

used to launch 

satellites, 
spacecraft, 

space stations 

and human 

beings into 

space. 

Scan this page to view 

how rockets are used 

for space exploration.

295
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CHAPTER 1
INTRODUCING SCIENCE
Look around you. Our daily lives are very closely related to science. 

How do you think that the food we eat, the clothes we wear, the transport we take, 
or the devices we use are related to science? Is science always useful and beneficial?

WHAT WILL WHAT WILL 
YOU LEARN YOU LEARN 
IN THIS IN THIS 
CHAPTER?CHAPTER?
•  Understand the meaning of •  Understand the meaning of 

science and technology.science and technology.

•  Understand the attitudes, •  Understand the attitudes, 
skills and processes involved skills and processes involved 
in science.in science.

•  Observe the safety rules in •  Observe the safety rules in 
science laboratories.science laboratories.

•  Recognise the symbols •  Recognise the symbols 
representing different representing different 
hazardous substances.hazardous substances.

•  Understand the functions •  Understand the functions 
of different types of of different types of 
laboratory apparatus laboratory apparatus 
and how to use them.and how to use them.

•  Recognise the benefits, •  Recognise the benefits, 
abuses and limitations of abuses and limitations of 
science and technology.science and technology.

1Introducing Science
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1.1 WHAT IS SCIENCE?
Science is the study of nature by making observations and doing 
experiments. Science is divided into many branches. Figure 1.1 shows 
some examples.

Science is important to everyone, not just scientists. Science helps us understand 
the things around us, solve problems, and train our minds to think logically and 
systematically.

Look at the things or events around you. Do you understand the science behind them?

  Think About It

A photographer 
needs to understand 
the nature of 
light to take good 
photographs. An 
artist needs to know 
the science of mixing 
colours. Think about 
why it is important 
for a non-scientist 
like you to have 
some knowledge 
of science.

In pairs, share your 
answers. 

Figure 1.1  Some branches of science

SCIENCE
INCLUDES

 Biology — 
the study of 
living things

 Chemistry 
— the study 
of matter 

 Geology — the study 
of the Earth’s structure

 Astronomy — the study 
of stars, planets, moons 
and other objects, and 
phenomena in outer space 

 Physics — 
the study of 
matter and its 
motion, energy, 
forces and their 
interactions 

Figure 1.2  Why do 
lemons taste sour?

Figure 1.4  Why does water fall downwards?

Figure 1.3  How are we 
able to move our bodies?

2 Chapter 1
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  Try It Out

Here are some scientists who helped change the world. 

 Charles Kao

 Albert Einstein  Marie Curie

 Grace Hopper  Stephen Hawking

Figure 1.5  Scientists who made an impact on the world

For each of these contributions to science, identify the scientist who made the 
contribution. You may use the Internet or other resources to help you.
1   Discovered and studied the nature of radium, which helps us understand about 

radiation and radioactivity
2   Pioneered the development and use of fibre optics in telecommunications, without 

which the Internet would not have existed
3   Invented one of the first compilers, a computer program that converts English 

language instructions into machine language that can be understood by computers
4   Developed the theories of relativity, which help astronomers understand and learn 

more about outer space
5   Contributed to our understanding of the origin and structure of the Universe, from 

the Big Bang Theory to black holes

  Key Points

•  Science is the study of nature by making observations and doing experiments. 
Biology, chemistry, physics, geology and astronomy are some branches of science.

• Science is closely related to our daily lives.

3Introducing Science
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1.2  WHAT ARE THE IMPORTANT 
ATTITUDES IN SCIENCE?

Go through the checklist below and tick the attitudes that you think you have.

The attitudes in the checklist are some positive attitudes that you should have in the 
study and practice of science. 

Scientists are curious and like to find out about the nature of the world around them. 
They ask questions and come up with ideas to answer those questions. They observe 
and carry out experiments to test their ideas and collect evidence. They persevere and 
keep on trying when their methods or experiments fail. They are open-minded and think 
of different ways to solve their problems. 

Why do you think it is important for scientists to be cooperative and to have integrity?

Checklist
 I am curious. I like to question why and find out about things.

 I have perseverance. I do not give up easily, even when I fail.

  I am open-minded. I think there are many ways to solve a 
problem, and I am willing to have my ideas questioned.

  I am cooperative. I can work well with my teammates most of 
the time.

  I am fair and objective. I do not think something is good or 
right just because I like it.

  I am sceptical. I do not readily accept all that I have read or 
learnt as the absolute truth.

  I am humble. I am not proud when I am successful, and I am 
willing to admit my mistakes when I am wrong.

 I have integrity. I do not cheat to get the results I want.

  Key Point

•  Curiosity, perseverance, open-mindedness, healthy scepticism, humility, integrity, 
and being cooperative, fair and objective are some positive attitudes to have in the 
study and practice of science.

  Try It Out

Jane Goodall, a 
British scientist, 
studied wild 
chimpanzees in their 
natural habitat in 
Africa for more than 
10 years. She lived in 
the tropical rainforest 
without the comforts 
of modern facilities 
and was exposed to 
the risk of diseases 
such as malaria. She 
pushed on despite 
many obstacles. 
Finally, she was able 
to make interesting 
discoveries about 
the behaviour of the 
chimpanzees.

What are the positive 
attitudes that Jane 
Goodall has for 
her to succeed in 
her study on wild 
chimpanzees? 

Discuss in small 
groups and share 
your answers with 
the class.

Figure 1.7  Jane Goodall

Figure 1.6  Checklist to evaluate your attitudes
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1.3  WHAT ARE SKILLS AND 
PROCESSES IN SCIENCE?

Skills and processes are very important for the study and practice of science. Observing, 
using apparatus and equipment, comparing, classifying, communicating, inferring, 
making hypotheses, predicting, verifying and analysing are examples of skills. Processes, 
such as investigating and problem-solving, involve several skills. 

Let us take a look at some skills and processes in more detail.

OBSERVING 
Observing is the skill of using the senses to find out about things or what is happening. 

Scientists are good observers. They make careful and accurate observations with their 
senses. Very often, they observe with the help of instruments, such as thermometers, 
microscopes and telescopes. This is because human senses are limited and are not 
always reliable.

Figure 1.8  Can you see 
these structures in a plant 
leaf without a microscope?

Figure 1.9  Can you tell exactly 
how hot the tea is without a 
thermometer?

Figure 1.10  Can you 
see Jupiter’s moons 
without a telescope?

  Try It Out

Which senses or 
instruments can you 
use to observe the 
following? 
1   The loudness of 

sound
2   The texture of 

fabric
3   The flavour of 

vegetable soup
4   The fragrance of 

a jasmine flower
5   The rings of the 

planet Saturn
6  A bacterium

In pairs, share your 
answers.

5Introducing Science
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COMMUNICATING
Communicating is a skill that involves sending and receiving information.
The information can be presented in various forms, such as pictures, words, tables,
charts or graphs. For example, we can present information on the growth of a plant
as a table, bar chart or line graph (Figure 1.11).

  Try It Out

Study Figure 1.11 
to answer these 
questions.
1   What is the 

advantage of 
presenting the 
growth of the 
plant in the form 
of a bar chart 
or line graph 
instead of a 
table?

2   What was the 
height of the 
plant at week 
one and week 
six?

3   Between which 
two weeks did 
the plant grow 
the least in 
height?

In pairs, share your 
answers.

Figure 1.11  Different ways of presenting 
information on the growth of a plant 
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  Try It Out

You should not 
confuse inferences 
and observations. 
Which of these 
statements are 
inferences? Which 
are observations? 
1   A spider has 

eight legs.
2   A spider is not 

an insect.
3   The Sun appears 

to rise in the 
east.

4   The Earth orbits 
the Sun.

5   The Earth has an 
iron core.

6   Dinosaurs 
became extinct 
65 million years 
ago.

Discuss in small 
groups and share 
your answers with 
the class.

INFERRING 
Inferring is the skill of drawing conclusions from 
observations or information gathered. For example, 
we observe that water boils and turns into steam when 
heated. From this observation, we may infer that heat is 
needed to change a liquid into a gas. 

The conclusions that we draw by inferring are called 
inferences. We can make different inferences from the 
same observation, and not all inferences may turn out to 
be correct.

Figure 1.13  The puddles of 
water along the road will take 
longer to dry up on a cool day 
compared to on a hot day.

MAKING A HYPOTHESIS
Making a hypothesis [plural: hypotheses] is the skill of providing a tentative 
explanation for an observation or phenomenon that can be tested by investigation. It is 
an extension of inferring. Scientists often make and test hypotheses to understand the 
nature of the world.

If you observe that puddles of water take a longer time to dry up on a cool day than on a 
hot day, what hypothesis can you make?

You may infer that temperature, which is low on a cool day and high on a hot day, affects 
how fast water evaporates. You may then make a hypothesis as follows:

Figure 1.12  Making inferences

MAKE AN 
INFERENCE 

Is her baby 
brother 
likely to 
have curly 
hair?

Is this 
animal a 
mammal?

Like me, both 
my parents have 

curly hair.

Temperature affects how 
fast water evaporates.

The rate of evaporation 
of water increases when 
temperature is higher.

or
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You can carry out an experiment to test the hypothesis. Testing a hypothesis is part of 
the scientific method as shown in Figure 1.14.

Figure 1.14  The scientifi c method

Yes No

Make an observation
E.g. Puddles of water take a longer time to dry up 

on a cool day than on a hot day.

Make a hypothesis
E.g. The rate of evaporation of water increases 

when temperature is higher.

Test the hypothesis
E.g. Set up two identical beakers of water. Leave 

one in a warm place and the other in a cold place, 
and observe which one dries up faster.

Does the result of the test support the hypothesis?

Accept the hypothesis. Make a new hypothesis.

  Think About It

Figure 1.15  What difference can you see 
between the rock sugar and fi ne sugar?

You dissolve some rock sugar in a glass of water at 
a certain temperature. Then you dissolve an equal 
amount of fine sugar in an identical glass of water. 
You observe that the rock sugar dissolves less 
quickly than the fine sugar.

From this observation, what hypothesis 
can you make?
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PLANNING AN INVESTIGATION 
Much of the scientific knowledge that we have today is the result of the numerous 
investigations that scientists have made over the years. In the study of science, we have 
to plan investigations to find out about things, collect evidence, verify concepts or 
solve problems. 

Figure 1.16 shows the steps in planning an investigation. Can you 
identify the skills involved in planning an investigation?

  Key Points

•  We need skills and processes to study and 
practise science.

•  Observing, communicating, inferring and 
making a hypothesis are some examples of skills.

•  Processes such as planning an investigation 
involve several skills.

1 Ask a question or make a hypothesis for 
investigating.

4 Decide on the materials or apparatus 
required for the investigation.

5 Decide on the steps or procedure of the 
investigation.

2
Identify the variables involved. Which 
variable should be changed? Which 
variables should be kept constant?

3
Decide on the measurements or 
observations to be made and how to 
make and record them.

Figure 1.16  Planning an investigation
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1.4  WHAT ARE SOME SAFETY 
RULES IN THE LABORATORY?

Where are science experiments carried out? Are they carried out only in laboratories? 

Some science experiments may be performed outdoors, for example, when studying 
plants and animals. However, most of them are carried out in the laboratory. 

Although performing experiments may be interesting, it can be dangerous if you are not 
careful. For your own safety and the safety of others, you must follow safety rules in the 
laboratory (Tables 1.1 and 1.2).

What you should do What you should not do

•  Open all doors and windows unless 
otherwise instructed by your teacher.

•  Read the instructions first and 
understand them before starting your 
experiment. If in doubt, always ask 
your teacher.

•  Handle all apparatus and chemicals 
carefully and correctly. Always check 
the label on the container before 
using the substance it contains.

•  Work tidily. Wash all used apparatus 
and dispose of the waste correctly.

•  Return the apparatus to the proper 
storage places after cleaning.

•  Wash your hands after all laboratory 
work.

•  Do not enter the laboratory without 
your teacher’s permission.

•  Do not carry out any test or 
experiment without your teacher’s 
permission.

•  To avoid contamination, do not pour 
any unused chemical back into its 
container.

•  Do not taste any chemicals unless 
otherwise instructed by your teacher.

•  Do not eat, drink or play in the 
laboratory.

•  Do not tamper with the electrical 
mains and other fittings in the 
laboratory.

•  Do not remove any apparatus or 
chemicals from the laboratory.

What you should do

When heating or mixing chemicals When accidents occur

•  Wear goggles when mixing or heating 
chemicals.

•  Put flammable substances away from 
a flame.

•  When heating chemicals in a test 
tube, point the mouth of the test tube 
away from yourself and others.

•  Report all accidents, injuries, 
breakage and spillage to your teacher 
immediately. 

•  Should a chemical get into your 
mouth, spit it out into a basin and 
rinse your mouth with plenty of water. 
Report the incident to your teacher.

Table 1.1  General safety rules

Table 1.2  Specific safety rules
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Symbol
Nature of 
hazardous 
substances

Proper way(s) 
of handling

Symbol
Nature of 
hazardous 
substances

Proper way(s) 
of handling

Flammable 
substances

Examples: 
Petrol, alcohol

Put flammable 
substances away 
from fire or heat.

Irritating or 
stimulative 
substances

Examples: 
Chloroform, 
alcohol, bromine 
vapour

Avoid inhaling the 
vapour of stimulative 
substances. Use 
them in a fume 
chamber.

Explosive 
substances

Example: Mixture 
of hydrogen and 
air

Explosive substances 
usually explode when 
heated or lit. Use 
them according to 
the instructions given.

Poisonous or 
toxic substances

Examples: 
Mercury, 
cyanide, chlorine

Do not eat, 
drink or taste 
these poisonous 
substances. Use 
them according to 
the instructions given.

Corrosive 
substances

Examples: Strong 
acids and strong 
alkalis

Avoid direct contact 
with the corrosive 
substances, which 
can cause burns. 
Wash off any spilled 
acid or alkali on 
your skin or clothes 
with plenty of water.

Table 1.3  Hazardous substances

  Try It Out

Dangerous substances are labelled with special symbols to warn us about their 
hazardous nature. Some common symbols and the types of hazardous substances they 
represent are shown in Table 1.3.

  Key Points

•  You should observe safety rules at all times in the laboratory.
•  You should recognise the symbols of hazardous substances and know the proper 

ways of handling these substances.

Figure 1.17  Potential 
dangers in the laboratory

Study Figure 1.17. 
In small groups, 
identify and discuss 
the dangers that may 
be present and what 
should be done to 
avoid them.
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1.5  WHAT ARE SOME APPARATUS 
IN THE LABORATORY? 

Many types of apparatus are used in the laboratory. They enable us to carry out 
experiments and make measurements and observations. Different types of apparatus are 
used for different purposes. We should learn to handle them correctly for safety reasons, 
and to get accurate and reliable measurements and observations.

When drawing diagrams of laboratory apparatus, we should draw them in outline only, 
and in correct proportions as shown in Table 1.4.

Apparatus Use Apparatus Use

Test tube

For containing 
or heating small 
amounts of 
substances

Boiling tube

For containing 
or heating small 
amounts of 
substances

Beaker

For containing 
chemicals or 
collecting liquids

Conical flask

For containing 
chemicals or 
collecting liquids

Flat-bottomed flask

For containing 
chemicals when 
preparing gases if 
the process requires 
no heating

Round-bottomed flask

For containing 
chemicals when 
preparing gases if 
the process requires 
heating

Measuring cylinder

For measuring a 
volume of liquid  
accurately

Burette

For measuring a 
volume of liquid  
very accurately

Table 1.4  Common laboratory apparatus
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Apparatus Use Apparatus Use

Pipette

For measuring very 
accurately a specific 
volume of liquid 
(e.g. 25.0 cm3,  
50.0 cm3)

Thistle funnel

For transferring 
liquids into a flask

Filter funnel

For separating an 
insoluble solid from 
a liquid with the help 
of a piece of filter 
paper

Gas jar

For collecting gases

Bell jar

For separating an 
experimental setup 
from the outside 
environment

Evaporating dish

For evaporating a 
liquid from a solution

Crucible

For heating solids 
directly over a flame

Water trough

For containing water 
when collecting 
gases

Tripod stand

For supporting 
apparatus during 
heating

Displacement can

For displaced liquid 
to flow out through 
its spout

Table 1.4  Common laboratory apparatus (Continued)
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barrel

gas tubing collar

air-hole

base

Table 1.4  Common laboratory apparatus (Continued)

The Bunsen burner (Figure 1.18) is another common piece of laboratory apparatus. It is 
used for heating purposes. 

Figure 1.18  Bunsen burner and its outline diagram

  Try It Out

Identify these laboratory apparatus.

A B C D E

  Key Points

•  Different types of laboratory apparatus are used for different purposes. The correct 
skill of handling these apparatus is important for safety reasons, and to get accurate 
and reliable results.

•  Laboratory apparatus should be drawn in outline only, and in their correct 
proportions.

barrel

gas jet

gas tubing

collar

air-hole

base

Apparatus Use

Retort stand

For supporting apparatus during experiments
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Figure 1.19  Some products of technology 

Figure 1.21  If you use a 
smartphone app to help you 
navigate and reach your destination, 
you are using GPS (Global 
Positioning System) technology. This 
technology uses multiple satellites 
in space to send signals to your 
phone to fi gure out your position. 

Figure 1.20  If you shop online, you are using ICT. 

1.6  SCIENCE AND 
TECHNOLOGY 

WHAT IS TECHNOLOGY? 
Do you take a bus or train for transport, use a mobile 
phone for communication, and a computer to help you 
with your homework? Would all these have been possible 
without science?

Scientists and engineers apply what they learnt in science to invent new 
products, processes and systems as well as solve problems. The application 
of science is known as technology. Thus, studying the nature of matter is 
science. Applying what we have learnt about the nature of matter to make 
new materials is technology.

Aeroplanes, man-made satellites, cloned animals and genetically modified 
(GM) food are all products of technology (Figure 1.19). Can you think of more 
examples?

The use of technology often enables us to make further discoveries in 
science. With the aid of powerful computers and ICT (Information and 
Communications Technology), we are able to process very large amounts of 
data in research. Scientific discoveries then lead to further 
development in technology. For example, genetic 
research on the genes of wild rice plants helps us 
breed rice plants that are resistant to drought and 
diseases in farms.

How do you make use of ICT in your daily 
life? What other types of technology do you 
make use of?

 Man-made satellite

 Dolly, the first 
cloned mammal

 Aeroplane

 GM maize
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  Think About It

Do you think science and technology have improved our lives? Use the example of 
electricity to help you decide.
1   Think of the machines and appliances that run on electricity and the convenience 

electricity has brought us. What do you think daily life was like before the use of 
electricity?

2   Is there any harm to human beings and the environment when we generate and use 
electricity?

3   Are there any limitations of electricity?

Discuss in small groups and share your answers with the class.

WHAT ARE THE BENEFITS OF SCIENCE 
AND TECHNOLOGY? 
From the example of electricity, we can see that science and technology have brought 
great benefits to human beings. Science and technology enable us to grow more food; 
live better, longer and more comfortably; communicate and travel faster and further; and 
allow us to explore outer space (Figure 1.22).

Figure 1.22  Benefi ts of science and technology

Rail technology 
enables trains 
to transport 
passengers and 
goods over long 
distances quickly.

Medical 
technology enables 
us to prevent, 
diagnose, treat or 
cure diseases so 
that we can live 
longer and 
healthier.

Food technology 
enables us to 
have different 
flavours and 
colours of food.

Biotechnology 
enables us to 
grow high-yield 
rice plants that 
can produce 
greater quantities 
of rice grains.

Space 
technology 
enables us 
to explore and 
find out more 
about outer 
space.

BENEFITS
OF SCIENCE 

AND 
TECHNOLOGY
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SCIENCE TODAY
www.mceducation.com

Artificial Intelligence 
Imagine going to school in a driverless bus, or not even having to 
go to school. A smart machine or computer is your virtual teacher. 
It teaches you whatever you need to learn, wherever you wish, 
according to your ability and progress. 

If you are hungry, you give a voice command to your smartphone, 
and it suggests the nearest place to get your favourite food. You pay 
using an app in your smartphone, and a drone then delivers the food 
to your doorstep.

Meanwhile, your smart refrigerator alerts you to stock up on some 
milk as the supply is running low. You shop online for the milk, and the 
online store recommends the most popular brands of milk and those 
you have bought before. 

Your robotic vacuum cleaner whizzes around the house to clean the 
floors, and returns to the docking station to recharge after cleaning.
   
During your break, you decide to play a game, so you put on a 
virtual reality headset that transports you into virtual outer space. 
As you strategise and battle against aliens, the aliens learn from 
your strategies and quickly put them to use against you.

Figure 1.23  Drone delivering food

Figure 1.26  Robot playing chess

Figure 1.24  Robotic vacuum 
cleaner cleaning the fl oor

Figure 1.25  Teenager 
playing a virtual reality game

All these are possible because of artificial intelligence (AI). Machines with AI show 
abilities linked with human intelligence, such as learning, reasoning, planning, problem 
solving and motion. 

Machines with AI can learn or be taught how to do specific tasks, such as 
recognising language, speech and objects. They can understand voice 
commands, translate languages, diagnose X-ray images, and move from place to 
place without hitting something or getting hit. They can do mundane chores for 
you. They can help you search online for information you want, and recommend 

things based on past searches or what you have bought before. They can play 
games with you, and even beat top masters in chess.

How do you use AI in your daily life? What do you wish 
AI could do for you?

17Introducing Science
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IN WHAT WAYS ARE 
SCIENCE AND TECHNOLOGY 
ABUSED OR MISUSED? 
Although science and technology can improve our lives 
and bring many benefits, they have negative effects as well. 
Generating electricity using fossil fuels, for example, can lead 
to pollution, which causes harm to human beings and the 
environment (Figure 1.27).

At times, science and technology have been abused or 
misused by human beings. Taking the wrong dosage 
of medicinal drugs is an example of misuse. Using 
deadly weapons intentionally to kill innocent 
people is an example of abuse (Figure 1.28). 
Using the Internet or social media for cyber-bullying 
(Figure 1.29) and scamming are also abuses of science and 
technology.

  Try It Out

Have you heard of the Nobel Prize? It is named after Alfred 
Nobel, the inventor of the dynamite, who left much of his 
wealth to the setting up of the Nobel Prize. 

What was Alfred Nobel’s intention when he invented the 
dynamite? How have human beings abused his invention? 
You may use the Internet or other resources in your search. Figure 1.30  Alfred Nobel

Figure 1.27  Pollution from a coal 
power plant harms the environment.

Figure 1.28  A nuclear bomb explosion is 
deadly and very destructive.

Figure 1.29  Cyber-bullying can affect 
the mental and emotional state of its 
victim. If you are a victim, seek help.

Mean 
words

Threats

Teasing

Name-
calling
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ARE THERE ANY LIMITATIONS OF 
SCIENCE AND TECHNOLOGY? 
In ‘Think About It’ on page 16, you were asked to discuss whether there are any 
limitations of electricity. Did you find any? Is electricity able to provide us with enough 
energy to turn night into day? Do you experience power blackouts every now and then?

Science and technology have their limitations. They cannot be used to find an answer 
to all our questions or solve all our problems. We can use science and technology to 
reduce the damage caused by natural disasters such as earthquakes and hurricanes, 
but we cannot prevent them from happening. 

Can you give other examples to show the limitations of science and technology?

Figure 1.31  Science and technology 
cannot prevent earthquakes.

  Think About It

How are science 
and technology used 
to reduce damage 
caused by a hurricane 
or an earthquake? 

In pairs, share your 
answers.

  Key Points

• Technology is the application of science.
•	 	Science	and	technology	can	bring	us	great	benefits.	However,	their	

abuse and misuse can cause problems for us and the environment.
• Science and technology have limitations.
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1  Differentiate between science and technology. Give an example of each.

2   Read the write-up below about the famous inventor Thomas Edison. What qualities and attitudes made him a 
successful inventor? 

 

Thomas Edison was born in 1847 in Ohio, USA. He was deaf from a young age. He attended school for five 
years but not regularly. Much of the instruction in school was by rote. Due to this and partly his deafness, 
Edison was bored and labelled a misfit in school. To make up for the lack of formal schooling, he read avidly. 
He quit school after five years to work as a train boy, taking the chance to learn telegraphy. Telegraphy is the  
sending and receiving of text messages from long distances. It uses a system called the telegraph to send 
and receive codes. Edison spent his time improving the telegraph. He went on to invent the electric light bulb, 
phonograph, motion-picture apparatus and many other things before he died in 1931.

3  Observe the plant in Figure 1.32.

 a Do you observe flowers and/or fruits on the plant?

 b  Infer whether it is a flowering plant based on your observation.  
Explain your answer.

 c  Describe briefly an investigation you can carry out to find out  
whether your inference is correct.

4  Make a hypothesis for each of the following observations.

 a Sugar dissolves faster in hot tea than in cold tea.

 b  A ball moving in a straight line changes its direction when it is pushed.

5  a Write down five general safety rules in the laboratory.

 b Write down three safety rules when handling chemicals.

 c List the steps to follow if chemicals get into your mouth.

6  What do these hazard symbols represent?

      a       b             c    d                     e

7   Ali was asked to heat some alcohol in a test tube. Write down two precautions he should take when heating the 
alcohol. Explain briefly why he should take these precautions.

8  Draw an outline diagram for each laboratory apparatus. 

 a Beaker   b   Tripod stand  c   Test tube 

 d Measuring cylinder  e   Evaporating dish

9  Give an example each to show the benefit, abuse and limitation of science and technology.

REVIEW QUESTIONS

Figure 1.32  Plant
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1   In small groups, brainstorm and write down the various ways in which smartphones benefit us, as well as their 
abuses or misuses and limitations. You may list them using the table below.

 

Benefits Abuses/Misuses Limitations

2   Three-dimensional (3D) printing is a technology that creates 3D objects from computer-aided designs. It uses a  
3D printer to add material layer by layer to create the object based on the design. 3D printing can be used to build 
models (Figure 1.33). Scientists have used this technology to print organs from a patient’s own cells. However, 
more research is needed before a 3D-printed organ can be used for organ transplant.

 Suggest other uses for 3D printing.

THINK-TANK

Figure 1.33  3D printing of a hand model
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The textbook uses exciting photographs, infographics, inquiry questions, 
activities and case studies to make science engaging and enjoyable. This book 
is supported by interactive Augmented Reality (AR) models that make science 
come alive for students.
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