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‘Energy transfer’ and science textbooks

Are the National Curriculum recommendations on ‘energy transfer’ realised in the science textbooks? Textbooks after all play a considerable influence not only on what children learn, but also on what teachers teach. On many occasions teachers rely heavily on textbooks among other resources for the implementation of the curriculum. In the investigation carried out as part of the STTIS research, 24 science textbooks were chosen; 17 of them were published after 1989, that is after the introduction of the innovation, and seven before, starting from 1966.

The textbooks, and accompanying teachers’ guides, were examined for the following:

· exclusive and strict uses of the ‘energy transfer’ idea; 

· exclusive and strict uses of the ‘energy transformation’ idea; 

· uses of both the ‘energy transfer’ and ‘energy transformation’ ideas. 

Use of either ‘energy transfer’ or ‘energy transformation’

Around half of the textbooks examined adopt exclusively one or the other approach, and from these about half (i.e. a quarter overall) use each.  Interestingly there is no significant difference in these proportions after the arrival of the National Curriculum.  

Among the textbooks that make use of the ‘energy transfer’ idea there are those that retain references to potential and kinetic energy, and sometimes also to thermal or radiation energy, and there are those that make no mention whatsoever to any ‘forms’ of energy.  Most of the ‘energy transfer’ textbooks explicitly acknowledge that there is a difference between the two ways of talking about energy and take a clear position in this debate:

“It is more useful to emphasise mechanisms by which energy is transferred from one system to another than different forms of energy, so that electrical conductors, chemical reactions, and pulley systems are all seen as energy-transfer mechanisms.”  (Bausor et al, 1974, p11)

“The idea that energy is transformed when it is transferred leads pupils to think that the energy associated with different things (chemicals, electricity, motion, hotness) is essentially different.  This tends to make energy seem a material substance, rather than a quality of a system (‘having energy’) which, like temperature for example can change according to the circumstances.  Consequently, there is not mention of the idea of energy transformation or of ‘forms of energy’ in the course.”  (Nuffield, 1993, p30)

On the other hand, there are the ‘energy transformation’ textbooks.  These make clear references to ‘forms of energy’ and talk about converting or changing energy from one form to others.  The number of forms of energy they name vary from six to eight.  The names they give for them vary as well though not considerably; the ‘standard’ energy forms mentioned are: light, sound, electrical, chemical, heat (or internal), potential (also stored, up-hill, or springs energy), kinetic (or moving) energy and nuclear energy.  From the ‘energy transformation’ textbooks only one seems to acknowledge that

“...there is some dispute among science teachers over whether the notion of forms of energy should be used at all.  This book uses the ‘forms’ approach, while recognising that it can be problematic.”  (Garrick, 1991, p101)
Use of both ‘energy transfer’ and ‘energy transformation’

Textbooks that use ideas both of ‘energy transfer’ and of ‘energy transformation’ account for almost half of the textbooks investigated, both before and after 1989. They appear to be divided in two kinds.

Textbooks emphasising ‘changes’ of energy

All pre-NC science textbooks examined which make use of both ‘energy transformation’ and ‘energy transfer’ ideas are of this kind. The emphasis is put on the ‘changes’ of energy and this is expressed explicitly and unequivocally; the ‘energy transfer’ idea is also present as an added idea which is used either infrequently or alongside the ‘energy transformation’ approach but not in an overtly contradictory way.  In the following extract for example, taken from the ‘General Introduction’ book of the Revised Nuffield Physics (Nuffield 1966, 1977) textbook series, although the expressions [energy] ‘transfer’ and [energy] ‘conversion from one form to another’ are used as synonyms, it is also made clear and explicit that they are both meant to deal with ‘changes’ of energy:

“If this emphasis on transfer or conversion from one form to another makes us seem to deal only with changes of energy, we ought not to be sorry - since that gives a strong reminder of conservation.”  (p30)

Another example comes from the textbook ‘Science Companions’ (Porter et al, 1991).  The book clearly talks about ‘different kinds of energy’ and energy ‘changing’ from one form to another, but it also has a section on ‘belts’ and ‘gears’ and there the talk is about energy being transferred from one place or object to another; e.g. for a bicycle, it is said that

“The chain on the bicycle can transfer the energy that legs give the pedals to the back wheel.”  (pp78-79)

Combining ‘transfer’ and ‘transformation’

After the introduction of the NC, a different kind of combination of the two ideas appears in some science textbooks.  The emphasis in these is said to be on the transfer of energy. However, this approach is not seen as incompatible with the use of forms of energy. On the contrary, it is combined with it, so that energy is said to ‘transfer from one form into another’.  In other words, whereas terms related to the ‘energy transfer’ idea appear prominently in the textbook, these are used to convey little more than the idea of ‘energy transformation’.  The following extract exemplifies this contradictory use:

“Energy is transferred from one form to another.  Chemical energy in the food is transferred to chemical energy in your body, which is transferred to the uphill energy in the brick.  If the brick is then allowed to fall, the uphill energy will transfer to motion energy just before the brick hits the ground.”  (Lewis and Foxcroft, 1991, p123)

And the authors of another of these textbooks ‘justify’ it as follows:

“The key point is that energy is transferred for jobs to be done.  The older ideas that energy is ‘changed’ from one ‘form’ to another are now out of favour (...).

Nevertheless, if you feel it would be helpful to your pupils, a photocopiable Extension Sheet on ‘Types’ of energy is included in the Teacher’s Guide and could be used this lesson or next.”  (Johnson et al, 1995, p77)
Curriculum development projects and commercial textbooks

Some of the textbooks were written as part of a curriculum development project and others were straightforward commercial textbooks. In the sample, the latter were in the majority (19 out of 24).

Three of the five curriculum development project textbooks use the ‘energy transfer’ approach.  The other two (all pre-NC) belong in the category of the ‘transform ‘plus’’ textbooks, that is they talk mainly of ‘energy transformations’ with only few references to ‘energy transfers’ added on.  Interestingly, none of them subscribes solely to the ‘energy transformation’ approach.  

There are six textbooks which adopt the ‘energy transfer’ approach.  The first solely ‘energy transfer’ textbook ‘Patterns’ (Bausor et al, 1974) was written as part of the Schools Council Integrated Science Project (SCISP) as far back as 1974.  SCISP was an innovatory project in many ways, and was very much the precursor and instigating force behind the National Curriculum change concerning the teaching of energy.  The influence of this project may also be evidenced by the fact that its approach to the teaching of energy was very quickly (the same year) imitated by a commercial physics textbook, which, in addition, bears the similar title ‘Patterns in Physics’ (Bolton, 1974).  The two other commercial ‘energy transfer’ textbooks, one of which is for the study of physics at an advanced level, made their appearance only after 1993.

Overall from the 15 commercial textbooks, which were published after the introduction of the innovation, only two adopted it.  Five remained faithful to the ‘energy transformation’ idea; four seemed to add few elements of the new approach either in an ad-hoc way or in very specialised contexts; and four moved to a mere verbal change - although they substituted ‘transfer’ for ‘transform’, they used ‘transfer’ exactly as they had used ‘transform’ before, that is they changed the lexicon but not the semantics.
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