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Progression in Children’s ideas about changes in matter

Introduction 
Ideas in this section of the National Curriculum lead (at KS3 and KS4) to a chemical understanding of our environment. It is an understanding based on the idea that matter (at least at an atomic level) cannot be created or destroyed, therefore materials are constantly being recycled in all processes on Earth. We see this in the simplicity of the water cycle through to the most complex cycling of materials by the processes of life itself. 

At primary level these ideas are best approached by getting children to think about where materials come from, for example in 

a cup of milk

a wooden table

a china plate

a metal spoon

This process of tracing things back shows that materials don't come from nowhere - in the same way they don't disappear when they are eaten or thrown away. 

Materials get cycled in nature in three main systems: 

life (biology) 
climate (meteorology) 
rocks (geology) 

Only recently have scientists realised that living things are made of the same matter from which their environment is composed. Children need experience that plants obtain all they need from air, water and soil, and that this material is passed on to animals. Living things return materials to the environment to be used over and over again. In this respect materials from life (wood, cotton etc) are biodegradable so can be recycled through the action of microbes after use. Synthetic materials (made by humans) however, are not and must be recycled in other ways. 

Recently humans have not cycled the material they use. Consequently we have begun to run out of new resources and also run out of places to dump waste. Thus a resource and pollution crisis has developed which endangers many ecosystems and threatens to change the global climate. 

In order to distinguish between the different forms of matter, materials must be separated into single constituents - a process that is also called purification. Sieving (stones from soil), filtering (tea leaves from tea), settling (soil in water), evaporation (leaving salts behind) are ways of separating out single or 'pure' substances. 

Pure substances come in only five basic forms (structures): 

metals (eg copper)
rocks (3-D giant molecular structures - eg granite, bricks)
life-polymers (polymeric/fibrous giant molecular structures - eg wood, nylon)
volatile materials (gases, most liquids and volatile solids)
salts (ionic)

This classification is more helpful than solid, liquid and gas, because, as noted above, all substances can exist in solid, liquid and gaseous forms. These five substance types are used for different purposes which depend on their properties. Thus copper metal (ductile and conducting) is used for electrical wires, bricks (hard and brittle) are used for house walls and nylon (tough and flexible) is used for clothes. The other two types are not usually used for making things because they either have too little strength (volatile) or they dissolve in water (salts). Instead they are used for their chemical properties - eg minerals in the soils (ionic salts) are used by plants for growth and fragrant oils (volatile) are used by plants to attract pollinators.

Pure substances can be elements made from only one type of atom (like copper or oxygen) or compounds (like limestone or water) when two or more elements are combined at an atomic level to form a new single substance. Some materials are not pure or single, but are made up of two or more substances mixed together, eg soil and milk. 

Progression in children's ideas 

The following table is based on research on children's ideas and covers all the themes of the Science National Curriculum, breaking down ideas into basic conceptual steps. The two columns represent the two main strands in the English National Curriculum. 

	  Foundation and Key Stage 1 (ages 4 – 7)

	Year 
	Materials 
	Change 

	Reception 
	Materials are different from objects (the spoon is made of metal). 
	The shape of clay and dough can be changed. Water can be poured. 

	Y1 
	Objects can be sorted by the properties of the materials (wood won't break when dropped and will burn, china will break but won't burn). Properties of materials (such as hardness) are different from properties of the object (such as shape and size). Living things are also made of materials (eg hair, wood). 
	Objects/materials have not always been the same (chair made from wood, wood came from tree; bread baked from dough - from flour - from wheat). The amount of a material is the same even if you change its shape (eg squash plasticine) or crush a solid to a powder. Some solids melt (eg ice, chocolate, jelly) when warmed. 

	Y2 
	Solids can be soft (cloth) powder (flour) as well as hard. Not all liquids are water (eg oil, petrol) but most are mainly water (eg milk, coke, sea, urine). Materials are chosen for specific uses on the basis of their properties. 
	Most solids can be melted into liquids if they are heated (eg ice-water, rock-lava, metal-molten metal, butter-melted butter). All liquids can be frozen if they are cooled. Materials haven't always been the same - many go through several changes over time. 


	  Key Stage 2 (ages 8-11)

	Year 
	Materials 
	Change 

	Y3/4 
	Many materials are not pure (they are mixtures like soil, concrete, milk), but they can often be separated into single substances (pure substances). Air is a gas, we feel it when wind blows. It is a real substance. 
	Substances can be separated by sieving (eg stones from soil, leaves from tea) or settling (eg leaves from tea). Some substances dissolve in water (eg sugar, salt). If the water is then evaporated the substance is left behind. The water can be got back by condensation, eg in the water cycle. 

	Y5/6 
	There is nothing special about the materials from life, they are just like any other material on earth. Gases are real matter, and have weight. Some solids are soft and weak and easily melt and turn to vapour (eg candle wax) - these are better classified together with materials that are already liquids (like oil) or gases (like air). Most other solids can be classed as metals, rock-like or life-like (tough, flexible, can catch fire). 
	Once-living matter chars when heated (giving smoke and char) and catches fire if heated strongly in air (giving invisible fumes and ash). When fuels burn in air it is like food combining in our cells with air - respiration. In both cases, water and carbon dioxide are produced - there is no loss of matter, it is simply the fuel and oxygen joining up. It is harder to change rocks and metals, though both will melt if they are heated strongly. 

	Key Stages 3 and 4 (ages 12 – 16)

	
	Classifying Materials
	Changing Materials
	Patterns of behaviour

	 Y7-9
	Introduction of the idea of elements which can be metals (zinc, copper, iron, sodium) or non-metals (carbon, hydrogen, nitrogen, oxygen). There are five types of pure substance: metallic/alloys, volatile (air, wax, water), ionic (salt), rocks and life/polymers (wool, nylon, wood). 


	Elements remain during all (chemical) changes by combining in different ways. Explanation: matter is made of unchanging particles called atoms. Atoms of one element are all the same but different from those of other elements.


	Distinction between bulk properties (melt, colour, burn …) and atomic make-up (bond, attract, vibrate)

Using model atoms to model chemical change is more helpful at this stage than to use word equations or symbols. 

	Y10-11
	Atomic structure and bonding.
	Experiencing changes around us – extraction of useful materials, disposal of waste – pollution problems

Quantitative chemistry – the mole
	The periodic table.

Becoming aware of a wider range of types of chemical change – burning, acids, biochemistry.

Chemical change – rates and energetics.
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