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Introduction to ‘Energy and Change’ materials

"Shoe leather wears out because it rubs against the sidewalk and the little notches and bumps on the sidewalk grab pieces and pull them off.  That is knowledge.  To simply say, 'It is because of friction,' is sad, because it's not science."
Richard Feynman (quoted in 'Genius' by James Gleick)

‘Energy and change’ is a set of materials (Boohan and Ogborn, 1996a; Boohan 1996a) which addresses the fundamental question 'why do things change?'. It does this not simply by labelling phenomena with words to explain them away, but by looking at the essential nature of physical, chemical and biological changes.  Our aim is to provide a coherent framework within which many important scientific concepts can be developed.

The key idea in our approach is to pay attention to the differences which drive change (Ogborn, 1990).  For example, air in a balloon tends to leak out because of a pressure difference - it continues to spread out until the pressure difference disappears.  Pollution spreads out and mixes with the air in the atmosphere because of a concentration difference.  Eventually the concentration difference disappears.  Hot coffee cools because of a temperature difference.  Energy spreads out into the surroundings, as it goes from hot to cold, until eventually the temperature difference disappears.  Thus, differences tend to disappear because matter or energy or both become more spread out.  This essentially simple idea is also powerful.  We can use it to make sense of a wide range of phenomena from a hot cup of tea cooling, to the direction of chemical reactions and even to the complexity of life.

Many differences are expensive to obtain and may be able to do something for us.  A frozen ice cube has to be specially made and can cool a drink.  Pure water has to be specially provided and is important for life.  Differences must be maintained if they are to be useful, and this may be difficult - ice easily melts, water easily becomes polluted.

How can we make differences?  The hot water for the coffee was made hot by a hotter flame.  Pure water can be made by distilling it, using a hot flame.  Behind this is the idea that it takes a (bigger) difference to make a difference.  Fuels are valuable because they can create a difference which drives a desirable change, such as heating a house or driving an engine.  A difference is being used up to create another difference.

Warm rooms, plants or animals are all kept as they are, far from balance with the environment, by a heater, by sunlight, or by food.  They do it by continually consuming differences, so as to maintain themselves.  By being away from equilibrium they themselves constitute a difference which can cause other changes, as when we run around or when a flame heats a kettle.

An understanding of why things change is clearly of fundamental importance in science.  How is it currently taught in schools?  'Energy is what makes things happen' is a fairly typical statement which could be found in many school science textbooks.  It sounds plausible, but it is wrong, and has led to much confusion.  A flame heats a pan of water, not because the flame 'has a lot of energy', but because the energy in the flame is more concentrated than the energy in the water (i.e. it is hotter).  It is this difference which drives the flow of energy.  

In addition, the focus in most school textbooks has been on learning about 'forms of energy'.  But to say that a car engine converts chemical energy in petrol to kinetic energy adds little to our understanding of the fundamental nature of the change (in the same way that saying friction makes shoes wear out attaches a word to the phenomenon but does not explain it).  And while electric fires are said to 'convert electrical energy to heat energy', what do fridges do?  We cannot say they convert electrical energy into 'cold energy'!  A 'differences' approach accounts for such changes more easily - electric fires and fridges create temperature differences which do not arise by themselves, but are created by a difference being used up in a power station. 

The National Curriculum does not refer to 'forms of energy' but instead talks in terms of 'energy transfer', in which the focus is on what happens to energy, where it is at the start and at the end, how it moves from one place to another, and so on.  The terminology adopted by the National Curriculum is consistent with the idea of energy flows being driven by differences.

It should be clear from the above account that our approach to teaching about why things change is not something which can be confined to a topic called 'energy'.  The activities we have developed can be used in many areas of the science curriculum.  They form the basis of a consistent story about processes of change which can be developed across the whole age range.  Here are a few examples of areas in which these ideas could be used:

dissolving
pollution
evaporation 
separating and purifying mixtures
chemical change in everyday materials
meaning of hot and cold
energy transfers
weather and the water cycle
burning fuel and the release of energy
energy resources
photosynthesis
respiration

energy efficiency
weathering of buildings and rocks
metal extraction and corrosion
microbes and decay
cost of energy used by domestic appliances
cycling of materials in ecosystems
energy transfers in ecosystems
the atmosphere
maintaining the internal environment of plants and animals
enzymes and the synthesis of biological molecules

In understanding such a wide range of different kinds of processes, we will need to help pupils see that many changes are essentially similar, even though, superficially, they appear to be very different.  Thus, dissolving is rather like evaporation in that particles spread out, though there are also important differences.  Respiration is in some ways like burning.  A human being can be understood as being a 'steady state system' rather like a central heating system.  

Making such abstractions is not easy, so we have developed a range of pictorial representations to help pupils to do this. A discussion of these abstract pictures and examples of their use can be found in Boohan (1996b), and Boohan and Ogborn (1996b). In the activities in this workshop, a selection of these abstract pictures have been used, the emphasis being on energy flows due to temperature differences and energy changes in chemical reactions.
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