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Briefing Sheet 2

Transferring vs transforming energy

“Pupils describing processes which involve working or heating are encouraged to focus their attention on the forms of energy and the transformations that occur.  This emphasis on forms of energy introduces problems.  It draws attention away from the easier, more useful and important understanding of energy transfer.”  (Ellse 1988, p 427)

This quote appeared in March 1988 in the School Science Review and echoed the debate at that time amongst science educators in the UK.  The issue concerned the replacement of the concept of energy transformation used until then by many examination syllabi and textbooks by what was argued to be the more scientifically appropriate and useful concept of energy transfer.  This debate took place in the context of the amendments performed on the last drafts of the first Science National Curriculum (NC) for pupils of compulsory school age (5-16 years old) in England and Wales.  Furthermore, it alluded to a strong interest in the teaching of energy expressed in the international science education scene during the 1980s and evidenced by the many publications on the issue (e.g. Bliss and Ogborn 1985, Brook and Driver 1984, Driver and Millar 1985, Duit 1984, Marx 1983, Ogborn 1990, Schmid 1982, Sexl 1981, Solomon 1982, 1984, Warren 1982, Watts 1983).

The result of this debate was that the first official publication of the NC (DES 1989) contained a notable change in the relevant recommendation.  Whereas the interim report  (DES 1987) which had preceded it explicitly stated that 

“Pupils should understand that energy can be thought of as existing in a number of forms: it can be transferred from one place to another and can be transformed.”

The first NC (and every NC publication since) omitted any references to ‘forms of energy’ or ‘energy transformation’ and instead focused on the processes of ‘energy transfer’.  The wording of this recommendation has had slight alterations in the different revisions of the NC since. The Appendix contains a list of all statements in the most recent edition of the National Curriculum (DfEE/QCA 2000) which refer to energy. This states, for example that in KS3, pupils should be taught:

· 5d  the distinction between temperature and heat, and that differences in temperature can lead 
to transfer of energy

· 5e  ways in which energy can be usefully transferred and stored

At KS4, pupils should be taught, for example:

· 5a  how insulation is used to reduce transfer of energy from hotter to colder objects

· 5d  to calculate power in terms of the rate of working or of transferring energy

Implicit in these recommendations is that energy should be thought of as ‘staying the same kind of thing’ while it goes / flows / is passed from place / object to place / object.  Moreover, it should not be associated with its sources, but with the way it travels.  So, there are not different forms of energy, but there are different kinds of transfer - energy is carried in different ways, e.g. energy is transferred by work, heat (thermal energy transfer), electricity, and so on.  Having said that there are no ‘forms of energy’, the distinction between ‘potential’ and ‘kinetic’ energy is retained (see also Osborne and Freeman 1989, pp29-44); more specifically, pupils should be taught the quantitative links between kinetic energy, potential energy and work.

This change was justified on the basis that the notion of ‘energy transfer’ is not only scientifically more correct than this of ‘energy transformation’, but also gives pupils a more rigorous understanding of energy; an understanding which can be further extended to include ideas dictated by the second law of thermodynamics which is taught only much later in schools.

This need for consistency and long-term coherency in the ideas to be taught was not shared, however, by everybody who commented on the NC change.  The response to it, although only documented anecdotally, was diverse.  According to Mike Coles (interviewed on June 2, 1998 as part of STTIS research), who was lead officer in the working group for science in the NC at that time, although most people accepted that ‘energy transfer’ is a more straightforward concept, some of them also thought that it might be best to start off teaching younger children about forms of energy and only later, when they are older to tackle the notion of ‘energy transfer’.  This view identifies with curriculum developers who maintain that approximate and possibly even wrong definitions of difficult concepts can acceptably be included in a curriculum in order so that their teaching becomes possible across the ability range.
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Appendix: Energy in the National Curriculum

This briefing sheet identifies those statements relating to energy which appear in the National Curriculum for England for Key Stages 3 and 4

Source: DfEE/QCA (2000) The National Curriculum: Handbook for secondary teachers in England (Key stages 3 and 4).  London: HMSO.

Key stage 3

Sc3 Materials and their properties: Changing materials

Physical changes

2c)
to relate changes of state to energy transfers

Sc4 Physical processes: Electricity and magnetism

Circuits

1c)
that energy is transferred from batteries and other sources to other components in electrical circuits

Sc4 Physical processes: Energy resources and energy transfer

Energy resources

5a)
about the variety of energy resources, including oil, gas, coal, biomass, food, wind, waves and batteries, and the distinction between renewable and non-renewable resources

5b)
about the Sun as the ultimate source of most of the Earth's energy resources and to relate this to how coal, oil and gas are formed

5c)
that electricity is generated by means of a variety of energy resources

Conservation of energy
5d)
the distinction between temperature and heat, and that differences in temperature can lead to transfer of energy
5e)
ways in which energy can be usefully transferred and stored

5f)
how energy is transferred by the movement of particles in conduction, convection and evaporation, and that energy is transferred directly by radiation

5g)
that although energy is always conserved, it may be dissipated, reducing its availability as a resource.

KS4: single science

Sc3 Materials and their properties: Patterns of behaviour

Rates of reaction

3j)
how the rates of many reactions depend on the frequency and energy of collisions between particles

Sc4 Physical processes: Electricity

Mains electricity

1h)
how measurements of energy transferred are used to calculate the costs of using common domestic appliances.

Sc4 Physical processes: Energy resources and energy transfer

Energy transfer

4a)
how insulation is used to reduce transfer of energy from hotter to colder objects

4b)
about the efficient use of energy, the need for economical use of energy resources, and the environmental implications of generating energy
Electromagnetic effects

4c)
how simple ac generators work

4d)
how energy is transferred from power stations to consumers.

KS 4: double science

Sc2 Life processes and living things: Living things in their environment

Energy and nutrient transfer

5e)
how energy is transferred through an ecosystem

5g)
how food production and distribution systems can be managed to improve the efficiency of energy transfers.

Sc3 Materials and their properties: Patterns of behaviour

Rates of reaction

3p)
how the rates of many reactions depend on the frequency and energy of collisions between particles

Energy transfer in reactions

3t)
that changes of temperature often accompany reactions

3u)
that reactions can be exothermic or endothermic

3v)
how making and breaking chemical bonds in chemical reactions involves energy transfers.

Sc4 Physical processes: Electricity

Circuits

1e)
that voltage is the energy transferred per unit charge

Mains electricity

1j)
how measurements of energy transferred are used to calculate the costs of using common domestic appliances

Sc4 Physical processes: Waves

Characteristics of waves

3d)
that waves transfer energy without transferring matter

Sc4 Physical processes: Energy resources and energy transfer

Energy transfer

5a)
how insulation is used to reduce transfer of energy from hotter to colder objects

5b)
about the efficient use of energy, the need for economical use of energy resources, and the environmental implications of generating energy
Work, power and energy
5c)
the quantitative relationship between force and work

5d)
to calculate power in terms of the rate of working or of transferring energy
5e)
to calculate kinetic energy and potential energy
Electromagnetic effects

5j)
how energy is transferred from power stations to consumers.

Attainment targets

Attainment target 3: materials and their properties

Level 6

They relate changes of state to energy transfers in a range of contexts [for example, the formation of igneous rocks].

Attainment target 4: physical processes

Level 6

They use abstract ideas in some descriptions and explanations [for example, electric current as a way of transferring energy, the sum of several forces determining changes in the direction or the speed of movement of an object, wind and waves as energy resources available for use]. 

They recognise, and can give examples of, the wide application of many physical concepts [for example, the transfer of energy by light, sound or electricity, the refraction and dispersion of light].

Level 7

They apply abstract ideas in explanations of a range of physical phenomena [for example, the appearance of objects in different colours of light, the relationship between the frequency of vibration and the pitch of a sound, the role of gravitational attraction in determining the motion of bodies in the solar system, the dissipation of energy during energy transfers].

Level 8

They consider physical phenomena from different perspectives [for example, relating the dissipation of energy during energy transfer to the need to conserve limited energy resources].

Exceptional performance

They recognise the importance of quantitative data and make effective use of this when they consider questions such as energy efficiency.
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