
GasLiquidSolid

Diagram

random and 
not touching

random and 
all touching

ordered and 
all touching

Arrangement

move around 
quickly in 
random 
directions

move and 
slide over each 
other

vibrate in fixed 
positions

Movement

very weakweakstrong

Attraction 
between 
particles
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Explaining the properties of solids

Explaining the properties of liquids

Explaining the properties of gases

ReasonProperty

Strong forces of attraction between 
the particles keep them in fixed 
positions.

Fixed shape and 
cannot flow

Particles are all touching and have 
no space to move into.

Cannot be 
compressed 
(squashed)

ReasonProperty

Weak forces of attraction between 
the particles, so they can move 
around each other.

Takes shape of 
container and 
can flow

Particles are all touching and have 
no space to move into.

Cannot be 
compressed 
(squashed)

ReasonProperty

Very weak forces of attraction 
between the particles, allowing 
them to move and spread out.

Takes shape of 
container and 
can flow

Particles are not touching and have 
space to move into.

Can be 
compressed 
(squashed)

The particle model of matter

When gas particles collide with the walls 
of their container, this creates a constant 
force on the walls of the container. 
This causes pressure. The faster the particles 
move, the higher the gas pressure. The gas pressure 
inside containers can be increased by adding more 
particles or increasing the temperature. The more 
frequent the collisions, the higher the gas pressure.

Gas pressure

Diffusion

Diffusion is the random movement of 
particles from an area of high 
concentration to an area of low 
concentration. Particles of substances in 
the liquid and gas states can diffuse 
because their particles can move freely.

melting point: the temperature at which a 
substance changes from a solid to a liquid

boiling point: the temperature at which a 
substance changes from a liquid to a gas,
e.g. water

Melting and boiling points

A change of state is a physical change because no 
new substances are made, and the change is 
reversible. Only the amount of energy the particles 
have changes, which affects the arrangement and 
movement of the particles. Temperature stays 
constant during a change of state.

Change of state
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Pure substances and mixtures
A pure substance is one that 
contains only one substance, 
e.g. pure iron contains only iron
particles. A mixture contains 
two or more substances that are 
not joined together and can be 
physically separated.

pure substances
(one type of particle)

mixture

A solute can be dissolved in a solvent. The 
mixture created is called a solution. When 
no more solute can dissolve in the solution, 
it is a saturated solution. If a solid 
dissolves in a solvent, it is soluble. If it does 
not dissolve in a solvent, it is insoluble. 
Solubility is a measure of how much solute 
can dissolve in a solvent. The higher the 
temperature of the solvent, the greater the 
mass of the solute that can be dissolved.

Solubility is different for different solutes. 
The solubility of a solute will change 
depending on the solvent used.

During dissolving, the solute particles are 
separated and fit between the solvent 
particles to make a solution. 

mixture

Solutions and solubility

Separating mixtures

When a solution is formed, the mass of 
the solvent + the mass of the solute = the 
mass of the solution.

Mass remains constant because the 
number of particles is the same before 
dissolving as it is after.

Conservation of mass

solutesolvent

solution

We can separate mixtures in different ways depending on their properties:

Filtration can be used to separate a liquid from an insoluble solid. 
The filter paper used in filtration is ‘selectively permeable’, meaning that 
it has holes in it that allow the movement of only some substances 
through whilst preventing the movement of others. The insoluble solid is 
unable to pass through the small holes of the filter paper. When a 
mixture of sand and water is filtered:
• The sand stays behind in the filter paper (it becomes the residue).
• The water passes through the filter paper (it becomes the filtrate).

Evaporation and crystallisation can be used 
to separate a soluble solid from a solution. 
For example, copper sulphate is soluble in 
water – its crystals dissolve in water to form 
a copper sulphate solution. During 
evaporation, the water evaporates away, 
leaving solid copper sulphate crystals behind. 
Crystallisation produces larger solid crystals.

Distillation is a separation technique used to 
separate a mixture of liquids. The basis for 
separation in distillation is the difference in the 
boiling points of the components. For example, 
water can be separated from an ink and water 
solution because water has a much lower boiling 
point than ink. When the solution is heated, water 
evaporates. It is then cooled and condensed into a 
separate container. The ink does not evaporate, so 
it stays behind.

Chromatography is a separation technique that separates 
mixtures containing more than one solute based on their 
solubilities in a solvent. It works because some of the 
coloured substances dissolve better than others, so they 
travel further up the paper. A pencil line is drawn, and spots 
of ink or dye are placed on it. There is a container of solvent 
(e.g. water or ethanol). As the solvent continues to travel up 
the paper, the different coloured substances spread apart.
A chromatogram, the results of chromatography experiment.

evaporating dish 
containing 
solution

gauze

tripod

Bunsen
burner

filter 
funnel

filter 
paper

residue

filtrateconical
flask

paper

ink spot

solvent

pencil 
start line
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The seven common processes of living organisms 

DefinitionProcess

Moving itself or its parts to change position or location.Movement

Producing offspring of the same kind.Reproduction

Sensing and responding to changes in their surroundings.Sensitivity

Increasing in size and repairing parts that are damaged.Growth

Using oxygen and glucose (a sugar) to provide energy.Respiration

Removal of waste substances that are no longer needed.Excretion

Using food or other nutrients like water to stay alive.Nutrition

The parts of the microscope

eyepiece lens

stage

light source

objective lens

coarse focus

fine focus

1. Turn the objective lens to the 
lowest magnification.

2. Secure the slide on the stage
using the clips.

3. Move the stage up to the 
objective lens by turning the 
coarse focus.

4. Look down the eyepiece lens
and move the stage away by 
turning the coarse focus.

5. To make the image sharper and 
clearer, turn the fine focus.

6. Rotate the objective lens to get 
a higher magnification. 

Rules for scientific drawings of cells

Drawing of onion cells
nucleus

10 x 40 = x400
cell membrane

cell wall

cytoplasm

• smooth continuous lines
• large, with the same proportions
• stippling
• a few cells
• title and label
• total magnification

Using a microscope

Total magnification = eyepiece x objective

cell tissue organ organ system

The smallest living building block of organisms. cell

A group of similar cells that work together to 
perform a specific function. 

tissue

A structure made up of different types of tissues 
that work together to carry out a specific function .

organ

A group of organs that work together to perform 
a common function.

organ 
system

Levels or organisation
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Needs of plants and animals for survival

Contains the genome which controls the cell’s activities.nucleus

Where the chemical reactions of the cell take place.cytoplasm

Where energy is released in respiration.mitochondria

Controls which substances enter or leave the cell.cell membrane

Stores a watery sap.vacuole

Strengthen and support the cell.cell wall

Where light is trapped for photosynthesis to happen. chloroplasts

Cell organelles and their functions

nucleus

cytoplasm

cell membrane

mitochondria

cell wall

vacuole

cell wall

animal cellplant cell

Oxygen and glucose (a sugar) are needed for respiration to take place in
cells, to provide energy to keep cells alive. These useful substances enter
the cell by diffusion. Waste products of respiration are carbon dioxide and
water. Waste products leave the cell by diffusion and need to be removed
from cells to keep them alive.

• Plants need oxygen, water, light, carbon dioxide, minerals, 
a suitable temperature, and space to grow. 

• Animals, including humans, need water, oxygen, nutrients 
and the right temperature to survive. 

• Plants and animals need these to keep all the cells that 
make them up alive and functioning properly.

Cells are three dimensional (3D).

Specialised cells are adapted to carry out a specific function

Palisade cell
Lots of chloroplasts that 
absorb light for 
photosynthesis. Column shape 
to pack more in the leaf.

Muscle cell
Lots of mitochondria 
to release energy for 
contraction.

Red blood cell
No nucleus for 
space to carry 
more oxygen. 

Root hair cell
A long cell membrane 
that provides a large 
surface area to absorb 
more water and 
minerals. 

The rate of diffusion

The rate of diffusion means how fast diffusion happens. 
Three factors that can affect the rate of diffusion are 
temperature, the concentration of particles and surface area. 
• The higher the temperature, the faster the rate of 

diffusion.  
• The bigger the difference in the concentration of particles, 

the faster the rate of diffusion. 
• The larger the surface area, the faster the rate of diffusion. 
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Atom
The smallest particle of 
matter, which all things are 
made of.

a single atom

Element
A pure substance that is made of only one type of atom. All atoms of an element are identical, e.g. Gold is an 
element made up of gold atoms only.  The 118 known elements are listed on the periodic table of elements. 

oxygen

The atoms of some elements do not join together, but instead they 
stay as separate atoms, e.g. helium.

The atoms of other elements join together to make molecules, 
e.g. oxygen and hydrogen. hydrogen

helium

Non-metalsMetals
most are dullmost are shiny
solid non-metals are soft and easy to cut, except carbon as diamondmost are hard
most are not strongmost are strong
most are not sonorousmost are sonorous (makes a ringing sound when hit)
not malleablemalleable (easy to reshape without breaking)
not ductilemost are ductile (can be drawn out into a long wire without breaking  )
most have very low melting and boiling pointsmost have very high melting and boiling points
not magneticsome but not all are magnetic
non-metals do not conduct electricity, except carbon as graphiteconduct electricity
poor at conducting heatgood at conducting heat

Individual atoms do not have the properties of the element. The properties of an element are because of the arrangement and behaviour of 
the atoms as a group.

Properties of elements

Writing element symbols
The first letter is always written as a capital letter and if there is a second letter, it is always written as a lowercase letter.
Element symbols make writing elements easier and allow scientists all over the world to communicate and write about them. Na O

sodium oxygen



A compound may have very different properties to those of the elements from which it is made.
Water is a compound of hydrogen and oxygen. 
Each of its molecules contains two hydrogen atoms and one oxygen atom.

Chemical changes
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Compound
A substance made of two or more different elements chemically joined (bonded) together. 
A chemical bond is a strong force that holds atoms together in a compound. Lots of energy is 
needed to break a chemical bond. A compound cannot be easily separated.

water

different atoms

(hydrogen and oxygen)

Chemical reactions A chemical formula uses chemical symbols and numbers to 
show how many of each atom is present in a compound.
The small numbers (subscript) go at the bottom. 
For example:
CO2 is correct;
CO2 and CO2 are wrong.

The formula for sodium carbonate is Na2CO3. It tells you 
that sodium carbonate contains two sodium atoms (Na x 2), 
one carbon atom (C) and three oxygen atoms (O x 3).

Naming metal and non-metal compounds
The metal element (furthest left on the periodic table) comes first in the name of the compound. The ending for the non-metal is shortened and 
changed to ‘–ide’. E.g. iron + sulfur → iron sulfide
Naming three element compounds containing oxygen
The metal element (furthest left on the periodic table) comes first in the name of the compound. If there are three elements in the compound, and

one of them is oxygen, the ending of the non-metal is shortened and changed to ‘–ate’. E.g. lithium + nitrogen + oxygen → lithium nitrate

When chemicals 
react, the atoms 
are rearranged. 
For example, iron 
reacts with sulfur to 
make iron sulfide. Iron sulfide, the compound formed in this reaction, has different 
properties to the elements it is made from. 

Chemical formulae

different atoms

(iron and sulfur)

iron sulfideiron sulfur

+ →

iron sulfidesulfuriron

compoundelementelementType of substance

blackyellowsilvery greyColour

nonoyesIs it attracted to a magnet?

Atoms are not destroyed nor created during chemical reactions, so in any reaction:
Total mass of reactants = total mass of products

Conservation of mass 
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We summarise chemical 
reactions using equations:

reactants → products

• Reactants are shown on the 
left of the arrow;

• Products are shown on the 
right of the arrow.

Do not write an ‘=‘ sign instead 
of an arrow.

If there is more than one 
reactant or product, they are 
separated by a ‘+’ sign. For 
example:

copper + oxygen → copper oxide

Reactants: copper and oxygen
Products: copper oxide

A word equation shows the 
names of each substance 
involved in a reaction and must 
not include any chemical 
symbols or formulae.

Chemical equations

State symbols in chemical formulae provide information about the physical state of the reactants and products. 
(s) – solid , (l) – liquid, (g) – gas, and (aq) – aqueous solution (i.e. dissolved in water). 
The state symbol comes after the chemical formula and is written in lower case and in brackets. E.g. CuCO3(s) → CuO(s) + CO2(g)

In oxidation reactions, a substance gains 
oxygen. Metals and non-metals can take 
part in oxidation reactions (be oxidised).

Another example is a combustion reaction, 
where we burn fuels in oxygen:

Fuel + oxygen → carbon dioxide + water

methane + oxygen → water + carbon dioxide

• Combustion is another name 
for burning fuels.

• It is an exothermic reaction.
• The fire triangle shows three 

components which, when 
combined, provide the right 
conditions for combustion 
to happen. 

Carbon reacts with oxygen to form 
carbon dioxide:
carbon + oxygen → carbon dioxide

C(s)   + O2(g)     → CO2(g) 

Magnesium reacts with oxygen to form 
magnesium oxide: 
magnesium + oxygen → magnesium oxide

2Mg(s)    + O2(g)    → 2MgO(s)

Oxidation reactions
This is the breaking down of a substance, using heat, to form 
two or more products. It is an endothermic reaction.
Many metal carbonates take part in thermal decomposition 
reactions. For example, copper carbonate: 

Thermal decomposition reactions

copper carbonate is green; copper oxide is black. 
copper carbonate → copper oxide + carbon dioxide
CuCO3(s)             → CuO(s)        +      CO2(g)

• Exothermic reaction - transfers energy to the thermal 
store of the surroundings. This causes a rise in 
temperature (positive temperature change).

• Hand warmers transfer energy to the thermal store of 
the surroundings by an exothermic oxidation reaction. 

• Endothermic reaction – transfers energy in from the 
thermal store of the surroundings. This causes a drop in 
temperature (negative temperature change).

• Sports injury packs transfer energy from the thermal 
store of the surroundings by an endothermic reaction.

Temperature data collected from exothermic and 
endothermic reactions can be improved by:
• Using a polystyrene cup as an insulator, as it reduces 

energy transfers to or from the surroundings. 
• Using a lid to reduce energy transferred from the surface.
• Using a digital thermometer, which is easier to read than 

a regular thermometer and, if it measures in decimal 
places, also has better resolution.

Exothermic and Endothermic reactions



Multicellular organisms are made of many cells 
(e.g. plants and humans).
• They are larger and more complex than 

unicellular organisms.
• They cannot rely on diffusion alone for 

exchanging substances. 
• Multicellular organisms depend on tissues, 

organs, and organ systems working together to 
exchange and transport substances to cells of 
the body, to keep cells alive. 

• Organ systems in humans include the gas 
exchange system, digestive system, circulatory 
system, skeletal system and muscular system. 

Organ systems
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Unicellular organisms are made of only one cell (e.g. bacteria, amoeba and yeast).
• They can carry out the 7 life processes of living organisms, all in one cell. 
• Unicellular organisms share common organelles, but they also have adaptations. 
• Unicellular organisms can be helpful or harmful. 
• Unicellular organisms use diffusion to exchange substances.

no cell wall for 
changing of 

shape and free 
movement

flagella for 
movement

genome loose 
in cytoplasm

yeast amoebabacterium

cell wall for strength 
and support

• Used in baking
• Used to make 

alcoholic drinks

• Supports digestion
• Used to make 

cheese and yoghurt

nose

intercostal 
muscle

lungs

diaphragm

trachea

bronchi

bronchioles

alveoli

ribs

Air is a mixture of gases, including 
oxygen and carbon dioxide. 

Gas exchange system

Alveoli are 
adapted for 
efficient diffusion:
• good blood 

supply maintains 
the concentration 
difference

• large surface area for faster rate of 
diffusion 

• thin walls (one cell thick) to provide 
a shorter diffusion pathway

ExhalationInhalation

relaxcontract
Intercostal 
muscles

released down 
and in

pulled up and 
out

Ribcage

relaxes 
and moves 
upwards

contracts 
and moves 
downwards

Diaphragm

decreasesincreases
Volume in 
the chest

increasesdecreases
Pressure in 
the chest

out of the lungsinto the lungs
Movement 
of air

Breathing involves changes in pressure and 
volume inside the chest, helped by the movement 
of intercostal muscles and diaphragm, which 
causes the movement of the ribcage.
Vital capacity is the maximum volume of air 
exhaled after inhaling fully and can be used to 
estimate lung volume.

The human gas exchange system allows for the exchange of oxygen and carbon dioxide 
between an organism and its environment. Inhaled air contains more oxygen than exhaled 
air. Exhaled air contains more carbon dioxide than inhaled air. Oxygen moves from the 
alveoli into cells and then into the blood vessels (capillaries), while carbon dioxide moves 
in the opposite direction via diffusion. 



Digestive system
The mouth performs both mechanical digestion 
(chewing) and chemical digestion (saliva).

The oesophagus connects the mouth to the 
stomach and uses peristalsis to push food down.

The small intestine breaks down food 
chemically. Absorption of digested 
nutrients also happens here.

The stomach performs both mechanical 
digestion (muscular tissue contracts) and 
chemical digestion (glandular tissue 
producing chemical substances).

The large intestine reabsorbs water from undigested food back into the blood.
Faeces (poo) are stored in the rectum.

Faeces and waste gases are egested from the anus.

• The human digestive system 
breaks down large, insoluble 
food molecules into small, 
soluble molecules so that 
they can be absorbed into 
the blood.

• Mechanical digestion: 
the physical breakdown of 
food into smaller pieces.

• Chemical digestion: 
the use of chemical 
substances to break food 
down into smaller 
molecules.

Adaptations:
The small intestine is covered in many villi 
for efficient absorption by diffusion:
• villi provide a large surface area for 

faster rate of diffusion
• villi have good blood supply to maintain 

the concentration difference
• villi have thin walls (one cell thick) to 

provide a shorter diffusion pathway

small intestine

villi

Circulatory system

left atriumright atrium

left 

ventricle

right 

ventricle

septum

valve

• The circulatory system transports useful molecules and waste 
around the body. The human circulatory system consists of 
the heart, blood and blood vessels.

• The heart has four chambers: two atria and two ventricles.
• Valves ensure blood flows in the right direction. 
• The septum separates the right and left sides of the heart.

The heart pumps 
oxygenated blood 
from the lungs to 
the body and 
deoxygenated blood 
from the body to 
the lungs (double 
circulatory system).

VeinsCapillariesArteries

• Blood brought 
back to heart

• Low pressure 
blood

• Thin walls 
• Large lumen 
• Valves prevent 

back flow

• Exchange substances 
between blood and 
cells

• Very low pressure 
blood

• Very thin walls (one 
cell thick) 

• Very small lumen

• Blood taken away 
from heart

• High pressure 
blood

• Thick muscular 
and elastic walls

• Small lumen
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Organ systems



Circulatory system (continued)
Blood is a fluid that transports substances, useful molecules and waste around the body.
Blood helps the body to defend against diseases and to form scabs to heal cuts.

v

nutrients 

CO2

waste

Adaptations of the red blood cells:
• biconcave shape →large surface area for faster oxygen diffusion
• contains haemoglobin → carry oxygen
• no nucleus → space for more haemoglobin → more oxygen

Skeletal system

Four functions of 
the skeletal system 
are support, 
movement, 
making new 
blood cells and 
protection of 
organs (e.g. the 
cranium protects 
the brain and 
the ribcage 
protects the heart 
and lungs). 
Bones are living 
tissues that grow 
and change.

Red blood cells carry 
oxygen to all the cells 
of the body. 

Platelets help with 
blood clotting for 
wound healing.

White blood cells 
help defend 
against disease.

Plasma carries the other blood parts, 
nutrients, waste and carbon dioxide. 
It is yellow coloured and mostly water.

cranium

ribcage

humerus

ulna
pelvis

radius

vertebrae

femur

tibia
fibula

Red blood cells, white 
blood cells and platelets 
are made in the bone 
marrow - soft tissue inside 
large bones protected by 
the hard part of the bone 
around it.

A joint is the point where two or 
more bones meet in the body.
Joints connect bones and allow the 
body to move and bend. Different 
joint types allow various movements:
• hinge joint: movement backwards 

and forwards e.g. the knees and 
elbows

• ball-and-socket joint: movement 
in many directions e.g. the hips 
and shoulders 

• pivot joint: twisting movement 
around a fixed point e.g. the neck

• fixed joint: does not allow for any
movement e.g. in the cranium

Joints, muscles and movement

• Muscles can only pull, they cannot push;
• Muscles work in antagonistic muscle pairs. When one 

muscle contracts to pull the bone in one direction, 
the other muscle relaxes to allow movement. 

tendons connect 
muscle to bone

cartilage reduces friction 
and absorbs forces

synovial fluid
lubricates joints 

to prevent 
friction

ligaments connect 
bones in a joint

muscle contracts or 
relaxes to move bone

bone bone

Ageing can lead to joint wear, inflammation 
and arthritis. Arthritis causes joint pain and 
affects synovial fluid and cartilage.

triceps
contracted

triceps 
relaxed

biceps contracted biceps relaxed

• The way in which muscles and bones work together to 
exert forces is called biomechanics.

• Muscle strength varies based on muscle size, age, sex, 
training, nutrition and injury.
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Materials
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Everything around us is made of materials. 
The material is what an object is made of, 
for example a cup can be made of glass, 
plastic or paper. Materials can be natural
(found in nature), or synthetic (made by 
humans).The material that we choose to 
make an object from depends on its 
purpose. Understanding materials helps us 
select the right one for different uses, with 
the use depending on the property of 
the material.

Ceramics

A ceramic is a non-metallic material that is formed by heating and cooling a 
soft substance, which transforms it into a hard material.

glass 

cup

plastic 

cup

paper 

cup

Clay ceramics are made by shaping wet clay while it's soft and then heating it 
to a high temperature and allowing it to cool, which causes it to harden.

Examples of usesProperty

vases, statues and many other objects hard

bricks used for building structuresstrong when compressed

outdoor electrical power-line insulators good electrical insulators 

mugs and dishesnon-reactive with water

kitchen and bathroom tilesresistant to chemicals

oven baking dishes, jet engine turbine bladeshigh melting points

Ceramics are brittle, so they cannot be bent, and they shatter or break 
when hit, dropped, or if too much force is applied.

Polymers

A polymer is a long 
chain molecule made 
of repeating units 
called monomers.

polymer

monomer

Polymerisation is the joining of monomers to form polymers.

Natural polymers occur naturally and are found in plants 
and animals e.g. cellulose in plant cell walls, starch in 
potatoes, wool from sheep, chitin that forms exoskeletons.

Synthetic polymers are manufactured using chemicals taken 
from crude oil e.g. polyester and nylon used in clothing, PVC 
used to make rain gutters, polyethene used for plastic bags.

An increased population increases demand for resources and 
raw materials. Raw materials, which are natural resources 
that are used to make other things, are running out e.g. 
crude oil used to manufacture synthetic polymers.
Competition for and the reduction of raw materials like crude 
oil has ethical, social, economic and political consequences.  

Polymers have common properties, like being in the solid 
state at room temperature. 

Examples of usesProperty

casing around electrical wiresgood electrical insulators 

food containerschemically unreactive

shopping bagsdurable 

Plastic bottlesmouldable



Fibreglass is a composite material 
because it is made from glass fibres 
and a plastic polymer, which are two 
different materials. 

Fibreglass is strong in tension, 
lightweight and stiff. It is used for 
making kayaks and car body panels.

Reinforced concrete is a composite 
material because it is made from 
concrete and steel, which are two 
different materials. 

Reinforced concrete is strong in 
compression and tension. It is used 
for construction and for building.

Materials
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Polymers (continued)

Polymers can have very different properties.
• Polymers can have different properties when they are 

made of different monomers. This is because different 
monomers have different properties.

• Polymers can also have different properties when they 
have different length chains lengths. Longer polymer 
chains have higher melting points and are stronger. 

Plastics and polymers can cause environmental and 
health problems:
• Many polymers take hundreds of years to degrade, 

accumulating in landfills and oceans. 
• Improper disposal and littering of polymer products cause 

widespread pollution.
• Polymer chemicals may disrupt reproduction in organisms.
Global efforts like the plastic bag charge are being taken to 
address polymer-related environmental issues.
Polymers can be reused, recycled, incinerated, or sent to
landfill. Each method has advantages and disadvantages, 
e.g. landfill takes up space and releases harmful gases.

Composite materials

A composite material is a material that is made from two or 
more different types of material. 

concrete beam
steel rods

Composite materials (continued)

• The materials for a composite material are chosen because 
they have different properties that combine to make a 
more useful material with improved properties.

• Each material in a composite keeps its original properties, 
and the properties of those materials complement 
one another.

glass fibres
plastic polymer

The properties of composites make 
them suitable for specific applications 
e.g. breathable fabric used for
outdoor activities.

propertymaterial

strong in compressionconcrete

strong in tensionsteel 

propertymaterial

strong in tension 

and lightweight 
glass fibres

weak in tension 

and stiff
plastic polymer 

The exact properties and behaviour of 
a composite material will depend on:
• choice of materials
• the amounts used of each material
• the way each material is structured 

within the new composite material.



Materials
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Technology developments have allowed scientists to learn more about 
materials.

What it allows scientists to doTechnology

See the structure of materials down to 
the level of each atom.

Electron microscope

Simulate how ceramics behave under 
different conditions.

Computer simulations

Quickly produce prototypes and test new 
ceramic designs.

Three-dimensional (3D) 
printing machines

Developing scientific knowledge through technology

Scientists use a scientific method to collect high-quality data to 
explain observations and answer questions.  
A scientist might choose any of the four scientific methods:
• Testing a hypothesis by changing variables e.g. smoother 

surfaces cause less friction to act on objects sliding over them. 
• Testing a hypothesis without changing variables e.g. as age 

increases, the likelihood of developing arthritis increases.
• Experimenting by changing variables without testing a 

hypothesis e.g. testing different elements to classify them as 
metals or non-metals.

• Observing phenomena without changing variables or testing a 
hypothesis e.g. biologists observing cells or astronomers 
observing planets.

Random error is a measurement error that arises unpredictably 
from the experimental environment and cannot be controlled. 
As it is unpredictable, random error cannot be removed or 
corrected. 
But the impact of random error can be minimised by taking 
multiple measurements, ignoring any anomalies and 
calculating a mean. 

Measurement error

Scientific methods

Scientific advances have enabled workers in Science, Technology, 
Engineering, and Mathematics (STEM) fields) to further technology and 
industry by developing new tools and machines, and by making the 
production of goods in large quantities possible.

For example, being able to create new composite materials such as 
fibreglass has led to their use for car body panels, and these are mass 
produced, made in large quantities, every day.

Developing technology through scientific knowledge

It is important that a conclusion is based on the observed data 
and trends without making over-generalisations that extend 
beyond the scope of the experiment. This makes the conclusion 
more reliable. E.g. when testing polymer strengths, a statement 

such as “polymer C is always stronger than polymer B” 
would be an over-generalisation. 

Conclusions Advancements in technology have improved scientific research by 
providing scientists with many ways of collecting high-quality data and 
communicating. 
• Computer simulations allow scientists to test materials under 

different conditions.
• Cloud-based platforms (online tools) allow scientists all over the 

globe to communicate and collaborate.


