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ABSTRACT

It is our starting point that teachers’ interpretation of a proposed teaching sequence may result in transformations of the original didactic intentions.  This report discusses two different kinds of curriculum innovations and their transformations by the teachers.  One is the change from ‘transforming’ to ‘transferring’ energy which first appeared in the recommendations concerning the teaching of energy of the 1989 Science National Curriculum for England and Wales.  The other is the smaller scale innovation introduced by the curriculum materials developed by the ‘Energy and Change’ project.  This project aimed to provide novel ways of teaching about the nature and direction of changes and energy introducing ideas related to the Second Law of Thermodynamics.  For each of these two curriculum innovations we first identified the types of actions that ensue from the didactic intentions of the innovations and then we looked for their existence, absence or transformation through teacher case studies.
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1.
INTRODUCTION

1.1
The innovations

In the STTIS framework the UK team chose to look at two kinds of curriculum innovations, both broadly concerned with the teaching about energy.  One is the national-scale innovation defined in the text of the first National Curriculum for England and Wales (DES 1989) about the teaching of energy; in this for the first time the concept of energy transfer as one to be learnt and experienced by pupils at the secondary level appears to replace that of energy transformation used by previous syllabi and most textbooks.

The other innovation we chose to look at is the smaller scale innovation introduced by the curriculum materials developed by the ‘Energy and Change’ project (Boohan and Ogborn 1996, Boohan 1996a).  This project aimed to provide novel ways of teaching about the nature and direction of changes and energy, in particular introducing ideas related to the Second Law of Thermodynamics in a way accessible to pupils aged 11 upwards.  To accomplish this, the project developed an abstract picture language through which the scientific story is told.

We saw these two kinds of innovations as complementary in many ways.  The first is more explicitly concerned with content knowledge and is intended to be applied by all teachers without exception at national level.  It is expressed in the form of general recommendations of what pupils should be taught, but does not suggest either a strict sequencing of concepts, or teaching strategies and pupils’ activities.  The second innovation should be seen as working at the local level; it describes an approach, which is relevant to the teaching of a significant number of topics, and provides explicit materials to be used by the teachers either in the classroom or for their professional development.

For each of these two curriculum innovations the first goal was to locate connections between precise didactic intentions and specific types of actions by the teacher.  Only after having identified these types of actions that ensue from the didactic intentions of the innovations would we be able to look for them in the classroom and acknowledge their existence, absence or transformation.  

In this report we will first present the research done and discuss the findings that arose from it for each innovation separately.  Then we will try to bring together the results of both innovations in an attempt to answer the more general research question addressed by the STTIS project in WorkPackage 3, namely:

•
What transforming mechanisms can one conjecture to be involved when teachers put into practice some well-defined curriculum innovations in science teaching?

2.
NATIONAL CURRICULUM INNOVATION

2.1
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, p427)
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 most recent edition (DFE 1995) states that

“Pupils should be taught that energy can be transferred and stored.”

Implicit in this recommendation 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* , 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.

Ten years this year after this change the questions posed by this research are:

•
How is the change in the National Curriculum reflected in the textbooks used in the science classroom?

•
How are the recommendations of the National Curriculum about the teaching of ‘energy transfer’ understood (by student teachers)? 

•
How are these recommendations put into practice in teaching?

2.2
Data Collection and Analysis

2.2.1
Realisation of the innovation in science textbooks

We first looked at whether and how the new National Curriculum recommendations on ‘energy transfer’ were realised in the science textbooks.  This is because we perceive the textbooks as being one of the key actors in the translation into actual teaching practice of this kind of innovation, which was prescriptive but nevertheless not well defined or explained to the people who were meant to implement it.  Textbooks after all play a considerable influence not only on what children learn, but also on what teachers teach, as on many occasions these latter rely heavily on textbooks among other resources for the implementation of the curriculum.  

For our investigation 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, as we thought that in order to identify the effects of the innovation we needed first to have some idea of how the issue was treated in the years preceding it.  Five textbooks were of physics only, whereas 19 were of science in general; and with the exception of two all were addressed to pupils of 11-16 years of age.  In addition to the textbooks, whenever this was possible we also consulted the teachers’ guides that accompany them, as these latter often convey in a more direct way both the authors’ position in relation to conceptual issues such as the one we were interested in, and their intentions concerning the optimum use of the textbook.  

In both textbooks and accompanying teachers’ guides we looked for one of the following occurrences:

•
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. 

Appendix 1 contains the relevant extracts from the textbooks and teachers’ guides that were taken into consideration in the analysis.

2.2.2
Reading the innovation and implementing it in the classroom

Since the innovation introduced by the National Curriculum for science is an officially documented innovation, we thought it would be interesting to also investigate how the written recommendations concerning the teaching of energy are understood by student teachers of science.  Five trainee teachers were interviewed on their understanding of these recommendations.  These teachers had previously attended a university training session on the teaching of ‘energy’ and had been given a questionnaire to complete, which aimed at eliciting their ideas about energy.  This questionnaire consisted of eight sentences about energy and change, e.g. petrol makes a car go because the petrol has energy in it.  The trainee teachers were asked to say whether each of these sentences made sense to them or not and whether it was a useful way of talking about energy and change to pupils.  They were also asked to explain their answers.

Another four teachers were observed introducing the topic ‘energy’ to their classes and were interviewed afterwards about it.  Observation records were kept from their lessons, and in some cases pupils’ work was collected.

The open-ended questionnaire used in all teacher interviews is shown in the appendix (Appendix 2).  Teachers were asked to put the recommendations of the NC concerning energy transfer in their own words, give examples and suggest how they would go about implementing them in the classroom for appropriate age groups of pupils.  They were also presented with the issue of ‘energy transfer’ vs ‘energy transformation’ and were asked explicitly to express their views regarding it.  Do they think there is a difference between these ways of talking about energy?  Do they prefer one or the other?  Which would they rather use?  Finally, could it be that they are each best in different cases or for different examples and if yes, why might the National Curriculum have stuck with only one?

The answers to these latter questions formed the basis of the analysis.  The views the teachers expressed on the issue of ‘energy transfer’ vs ‘energy transformation’ were compared with the use they made of the concept of ‘energy transfer’ both when they talked about implementing the corresponding NC recommendations and in their lessons (for those teachers where the observation of these lessons were possible) about energy transfer.  The three completed questionnaires collected from the first group of trainee teachers gave some additional information about their ideas and knowledge of the topic of energy more generally.

The two groups of teachers, one consisting of five and the other of four teachers, were analysed as case studies, but were treated separately, as different sets of data were collected from them.  The foci of the analyses were complementary; the data from the first group were used to answer the research question about how trainee teachers understand the official teaching instructions of the NC regarding ‘energy transfer’, whereas the data from the second group were used to identify the transformations of these instructions as evidenced in their actual implementation in the classroom.

In both sets of data we looked for the following occurrences: 

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

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

•
for uses of ‘energy transfer’ to mean ‘energy transformation’; 

•
for specialisation of the ‘energy transfer / transformation’ uses to energy types or levels of schooling; 

•
for post-hoc rationalisation of the issue; 

•
for instances where awareness of the issue lead to self-correction.  

We were also concerned with teachers’ remarks about the difficulty or easiness / obviousness of the ‘energy transfer’ concept, with their knowledge of the issue and finally with the examples of energy transfer they came up with. 

2.3
Science textbooks on ‘energy transfer’

2.3.1
‘Energy transfer’ OR ‘energy transformation’

As mentioned above, we first looked for exclusive occurrences of either the ‘energy transfer’ or ‘energy transformation’ ideas.  In the case of ‘energy transformation’ we included references to energy changes or conversions since these are conveying the same idea.  What we found (see table in Appendix 3) was that 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 these that retain references to potential and kinetic energy, and sometimes also to thermal or radiation energy, and there are these 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)

2.3.2
‘Energy transfer’ AND ‘energy transformation’

Perhaps the most interesting observations arose from the inspection of those textbooks in which both ideas of ‘energy transfer’ and ‘energy transformation’ appear.  These account for almost half of the textbooks investigated, both before and after 1989, and appear to be divided in two kinds.  The ones in which 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)

All pre-NC science textbooks that we looked at and which make use of both ‘energy transformation’ and ‘energy transfer’ ideas seem to be of the above kind.  After the introduction of the NC however, 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)
Interestingly, half of the investigated post-NC textbooks of the broader category ‘transfer and transformation’, or approximately a quarter of all investigated post-NC textbooks (see table in Appendix 3) seem to be of this latter kind.  Since this use did not appear in the pre-NC textbooks, it is reasonable to assume that it arose as a result of the innovation.  

2.3.3
More discussion

Looking more closely at the context in which the above science textbooks were written we made few further interesting observations.  Some of the textbooks were written as part of a curriculum development project and others were straightforward commercial textbooks; the latter are obviously the majority (19 out of 24) in our sample.  

Focusing on the five project textbooks, we noticed that three out of them 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.  

Let’s concentrate on the textbooks which adopt the ‘energy transfer’ approach, and are altogether six.  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.

2.4
Reading the National Curriculum on ‘energy transfer’

In this section we will present the five case studies of the trainee teachers who were asked to discuss the NC recommendations on ‘energy transfer’.  But before doing this, we will say a few words about the training session on ‘Energy’ they had previously attended, since this had clearly affected the way they responded to the task.

2.4.1
Training session on ‘Energy’

In the training session on ‘Energy’ that preceded the interview the following ideas (amongst others) about energy and energy transfer were debated:

•
Energy is needed to make things happen.

The tutor argued that this is a wrong statement because in it energy is being portrayed as the ‘causal factor’ of the change.  He brought the example of things moving and said that force and not energy is the cause of movement.  The students reacted very strongly to this, saying that force maybe the cause of initial movement, but that without energy there would be ultimately no movement.

•
All aspects of energy can be understood in terms of kinetic and/or potential energy.

The tutor argued that there are only two types of energy - potential and kinetic - and that the other so-called forms of energy are really manifestations of transfer processes and mechanisms.  To support his argument he gave them a related article by Osborne (1990) to read.  Having said this, the examples of energy transfers in the transparencies he used had notations of forms of energy which he had tried to re-name as either potential or kinetic energy.

2.4.2
Trainee teacher interviews about the National Curriculum 

recommendations on ‘energy transfer’

2.4.2.1  Lynda

Lynda, a physicist by first degree, did not see any substantial difference between ‘energy transfer’ and ‘energy transformation’; she transformed and demoted the issue into a language/wording issue.  

After the training session she had had on energy, she recognised that she should be more conscious about the words she used in her teaching, because they could lead to confusion.  When she had taught the topic, for example, she had drawn an energy transfer diagram and had called it an energy changer diagram; thanks to the session she realised inconsistencies like this.  Lynda believes that one has to remain consistent in the wording used to explain something when teaching.  She prefers to use the idea of ‘energy transfer’ because ‘transfer’ is an easier word, but also because it makes energy conservation ideas easier to understand.  Having justified its use in these terms, Lynda was not asked to justify the suggested use of the concept in the NC.

Since Lynda did not differentiate between the two concepts, when she discussed the NC recommendations she often referred to energy transfer from one form to another.  More precisely, this happened when she talked about how she would go about teaching the meaning of energy efficiency and that energy can be transferred and stored.  However, in her examples of conduction, convection and radiation she found no problem using the ideas of energy transfer and talked about energy travelling or moving throughout a medium.  Finally, she could not account for evaporation at all in terms of energy at a microscopic level, as the NC required. 

2.4.2.2  Michael

Michael, a physicist by first degree, did not see a substantial difference between the ‘energy transfer’ and ‘energy transformation’ concepts.  From the lecture he seems to have understood that in order to use the idea of energy transfer correctly one would need to explain all forms of energy in terms of kinetic and potential energy, and he found this very difficult for young pupils to understand; he brought as an example ‘light energy’ and said that he found very difficult “to explain to young pupils how light is kinetic energy”.  After all, he believes that “there is in many ways a light energy”.  He, thus, saw merits in retaining the notion of ‘forms of energy’, such as light energy, heat energy and sound energy for younger pupils.  The different forms of energy, according to him, show pupils that “energy is moving around all the time and can be used in different ways”.

Despite the fact that Michael suggested that the concept of ‘energy transfer’ is more scientifically correct and this is why the NC makes use of it, he favoured the concept of ‘energy transformation’; he believes that this helps pupils to understand better the ideas of energy conservation and dissipation.  Furthermore, he argued that talking in terms of energy being transferred from one source/location to another by means of a carrier like electricity or light gives energy transfer a sense of purpose or direction, and said that he did not like this.  He suggested a hybrid use of both ideas as serving best the interest of younger pupils.  He compromises by not using the word ‘form’ of energy, instead using the word ‘transfer’, but he insists on talking about forms of energy; in his view this holds the merits of both perspectives.  

Michael also contended that it is justifiable to use approximate or less exact / accurate models of scientific concepts when teaching younger pupils.

In the context of talking about the specifics of the NC recommendations Michael had no problem explaining how energy is transferred by the movement of particles in conduction and evaporation, whereas he was not so sure about how the process of convection worked.  Moreover, he found very difficult to explain how energy is transferred by radiation, especially since he tried to express this making use of the terms kinetic and potential energy.  In doing this he thought he was putting to use what he considered to have just been taught, namely that talking about energy transfer requires talking about potential and kinetic energy.

Talking about energy transfer due to temperature differences and about the role of insulation was not a problem.  Mention of energy forms and energy changes arose only in the context of talking about energy efficiency, and more specifically when Michael applied this idea to the use of a hairdryer.

2.4.2.3  Judy

Judy, a chemist by first degree, is an interest case in the sense that it is a case in which one can see ‘transformations’ happening almost ‘live’.  From the analysis of the questionnaire she had filled in before the training session it is clear that she had not differentiated between the concepts of ‘energy transfer’ and ‘energy transformation’.  She had made no distinction between the phrases which used the one concept and the phrases which used the other; she treated them the same way and wrote that both were about energy transfers.  She, moreover, had repeatedly used the verb ‘transfer’ in conjunction with talking about changes of forms of energy, e.g. “energy transfer from kinetic energy of falling book to noise and vibrational energy of floor”.  Judy had been so unaware of the issue that she had written that a completely nonsensical sentence like ‘heat energy can be transferred as electrical energy’ makes sense, although she had admitted that its meaning is not obvious.

Furthermore, prior to the training session, when she had been confronted explicitly with the questions of whether she thought there was a difference between the two concepts and of which she would rather use, she had acknowledged that the concept of ‘energy transformation’ implies that there are different kinds of energy and that she would rather use this than ‘energy transfer’.

Now, after the training session, Judy was still not sure about the difference and she thought that it would be better to treat the two concepts as indistinguishable.  The session seems to have thoroughly confused the issue for her:

“What I understood him to be saying was that transformation, if there was such a thing as transformation, was between potential energy of one form and kinetic energy of another form.”

Based on this understanding, she now found the concept of ‘energy transfer’ more useful than this of ‘energy transformation’, although a conditional use of this latter concept was still seen as possible.  She thought that the use of ‘energy transfer’ puts the emphasis on the process and that it makes the idea of conservation of energy easier to accept, and this is why the NC suggests it.  She was convinced that it is not a good idea to talk about energy changes, since it suggests that energy becomes something different.  She however, still approved of talking about forms of energy and still used expressions such as ‘one form of energy is transferred to some other form’.

When Judy attempted to put in her own words the NC recommendations and tried to give examples for them, similar observations to the ones for the other interviewees were made.  On the whole she faced no problem explaining one or more of the processes of conduction, convection, evaporation and radiation in terms of energy transfers at the microscopic level.  She also seemed to find very easy to talk about temperature differences and energy flowing / spreading out because of them.  However, when she talked about energy efficiency, or suggested examples she would use to teach that energy can be transferred to the younger pupils, she reverted to a clear talk about energy transformations.

“Well, something like the energy being transferred, the idea that when they switch on their stereo they get sound out of the other end, and the various forms of transformations that go through to make that, and also the battery to turn the light on and things, go through some sort of examples that they will have come across, what they do at one end, what they do at the other and work them through what happens in between.  The changes in the energy.”

2.4.2.4  John

John is a biologist by first degree and admits never having studied physics.  His case is also interesting because in it, just like in Judy’s, we can observe the accommodation and assimilation processes of a new knowledge.  

From his questionnaire it is clear that prior to the training session on ‘energy’ he had made no distinction between ‘energy transfer’ and ‘energy transformation/change’ sentences.  He had unproblematically rephrased sentences of the first sort to the second, e.g. he had written that the sentence ‘when a dropped book hits the floor it stays still because its energy spreads out amongst the molecules of the floor’ makes sense because “kinetic energy transfers to vibrational energy”.  Moreover, he had thought that the nonsensical sentence about heat being transferred as electrical energy made sense and had given as example of it the use of steam turbines to power generators.

Confronted with the two ways of talking about energy, his view had been that both are valid: ‘transfer’ when talking about the same type of energy and ‘transformation’ when explaining how one form of energy is changed into another.  The latter had also been deemed as more useful for introducing the idea of energy efficiency. 

After the lecture John said that his views on the issue had changed.  He had understood that all the differently named energies need to be re-expressed into a combination of the two main ones, namely into potential and kinetic.  He said he had been told that this, in addition to other advantages, would make the energy calculations easier, since one would not need to convert from one unit of energy to another.  He called the problem of the different forms of energy as one of semantics - they are not really different energies, just different manifestations of energy transfer.  John seemed to be rather pleased with this explanation; he found it simpler and easier to use.

However, interestingly, at least to start with he treated the question of ‘energy transfer’ vs ‘energy transformation’ as a separate issue.  He seemed not to be very happy with either expression.  He found that the concept of ‘energy transfer’ promotes a view of energy as a substance which moves from one place to another and he feels that such a view is not appropriate, especially for young children.  He retained, as before, that the concept of ‘energy transformation’ is suitable for teaching about energy efficiency.  However, he also realised that if there are only two forms of energy, it does not make sense to talk about transformations.  John admitted to feel confused about the issue.  He did not know why NC chose to stick with ‘energy transfer’, though he recognised the need for it to be consistent throughout.  Finally, attempting to accommodate the two ways of talking about energy, he resorted into suggesting that whereas ‘energy transfer’ may be suitable for use with any age group of pupils, ‘energy transformation’ should only be used with older pupils and as a way of explaining certain things, such as the generation of electricity.  However, the frustration and uneasiness he felt in doing so could not be expressed more clearly than in the quotation:

“Oh, I don’t know.  It’s trying to get my mind back to the way I’ve always thought about it for the last God knows how many years.’

Having not much of a background in physics John found difficult explaining convection, conduction, evaporation and radiation in terms of energy transfers.  For one, he was conscious he should not be using the term ‘heat energy’ when accounting for these processes.  Still, when it came to explaining how he would teach the idea that energy can be transferred and stored to pupils at the start of secondary school, John seemed to forget everything discussed up to this moment and says:

“...you have storage of energy in the petrol, that there’s potential energy in the petrol and just simply talk about that you’re just changing that energy, just you know, in a very simple sort of way.  Use the change in the energy so that one can use it for something else.”

2.4.2.5  Tim

Tim, a biologist by first degree, admitted not to have considered energy in much detail before.  Indeed, his answers in the questionnaire betray a poor understanding of the topic.  Although his objections with the sentences presented to him in the questionnaire had to do with their scientific correctness, e.g. he questioned whether a dropped book which hits the floor and stays still has all its kinetic energy changed into heat, he did not voice any objection for any of the uses of ‘energy transfer’ or ‘energy transformation/change’ in them.  Moreover, in his remarks he consistently used the idea that energy can be ‘converted’ from one form to another.

After the lecture, Tim said that his views had changed about energy and he considered this change a substantial one.  He was convinced that there are only two forms of energy, potential and kinetic, and thinks that with his pupils he would need to find ways to re-express the other energy forms in terms of these two.  He explained this change as quite a fundamental one in knowledge terms; a change which arose with time from a deeper understanding of the subject.  He paralleled it to current changes in the knowledge of biology and raised the concern that this kind of changes take time to show in society and in the teaching of the subject.

Discussing the NC recommendations Tim found it quite hard to explain how energy is transferred in conduction, convection, evaporation and radiation, and how insulation can reduce the energy transfer from hotter to colder objects.  The recommendations about the teaching of ‘energy efficiency’ and of energy transfer and storage to younger pupils, appeared to prompt him, same as with all other interviewees, to talk about forms of energy and energy transfers from one form into another.  Tim, himself, recognised that with heat and kinetic energy it is easier for him to see and furthermore show to his pupils how they can be transferred from one object to another.

2.4.3
Discussion of case studies

Prior to the lecture they had on energy none of the five trainee teachers differentiated between the use of the ‘energy transfer’ and ‘energy transformation’ concepts or objected to the use of ‘forms of energy’.  After the lecture they all professed that their views on the uses of these concepts had changed.  Nevertheless, still none confined him/herself to a strict and consistent use of either of them.  Concerning the difference between the ‘energy transfer’ and ‘energy transformation’ concepts in particular, three of them found it insubstantial and demoted the issue into a language/wording issue, and the other two admitted not to be very clear about it.  

Having said this, the trainee teachers did not refrain from expressing their views about the easiness, conceptual implications, scientific accuracy and preferred use of the two concepts.  Talking about ‘energy transfer’ was said to be easier and more useful because it makes ideas about conservation and dissipation easier to understand by putting the emphasis on the process; it was also said to be more scientifically correct.  As negative statements, it was said to promote a view of energy as a substance and to give a sense of purpose or direction to the energy flow.  

Two of the trainee teachers said that they favoured the use of the ‘energy transfer’ concept, one preferred the use of ‘energy transformation’ and two could not make up their minds.  However, almost all of them believed in and suggested some kind of combination of the two ways of talking about the teaching of energy.  In all cases these suggestions entailed making use of the word ‘transfer’ in the sense of ‘transform’, and in some they entailed the specialisation of one or both of these uses to certain age groups of pupils .  Two teachers, for example, talked about using the idea of transfer for energy forms for younger pupils; another endorsed the use of ‘energy transfer’ for all age groups of pupils but also suggested the use of ‘energy transformation’ with older pupils and for teaching about certain things, such as energy efficiency, or the generation of electricity.  None of these teachers seemed to recognise the inherent contradiction of their suggestions.  On the contrary, most of them presented their suggestions as serving best the interest of pupils, and especially of younger pupils.

It is worth saying few more things about this last point.  These suggestions the teachers made were clearly the products of their efforts to accommodate what they learned with what they already knew.  In this light, the reference to what is best for the pupils only served to legitimise and make more objective their newly invented rationale.  Further, these rationales were in turn projected by the same teachers on to the NC and said to explain the intentions of the authors.  So, to the question of why the NC makes strict and exclusive use of the ‘energy transfer’ idea the answers received dealt, as above, with the issues of easiness and correctness of the concept, of inclusiveness of all pupils and of internal consistency of the document.

Finally, having noted that there was no consensus in the suggested use of the concepts of ‘energy transfer’ and ‘energy transformation’ in teaching, it may come as a surprise that there were great similarities in the use the teachers made of these concepts in explaining different processes of change.  None of them appeared to have difficulties talking in terms of energy transfers in the context of explanations of one or more of the processes of conduction, convection, evaporation and radiation, providing of course that they knew about the process.  In other words talking about energy transfers due to temperature differences was straightforward.  Explaining these transfers by the movement of particles, which is what the NC demands, further facilitated this.  Whereas talking about ‘energy efficiency and the economical uses of energy’ or exemplifying the teaching of the idea that energy can be transferred and stored, with no exception prompted the trainee teachers to refer to energy forms and changes in their examples.

2.5
Teaching about ‘energy transfer’

Out of the four teachers, who were observed teaching about energy and were then interviewed about it, Farida, Laura and Man Pong were training to become science teachers and were doing their teaching practice in state schools, and Jonathan was the head of science in a private school.  Farida is biologist by first degree, where Laura, Man Pong and Jonathan are chemists.  Before considering what these four teachers had in common and how they differed in the way they dealt with the concept of ‘energy transfer’ we will present each of them separately and say few words about the attended lessons and the interviews that followed them.

2.5.1
Teacher case studies

2.5.1.1  Farida

Lesson

Farida’s lesson was an introductory one on energy with a class of 11-12 year-old pupils.  The objectives she had set for this lesson were very clear and precise: to get all pupils to know that energy is needed to make something happen and to learn the six main types of energy.  She had also hoped that most pupils would understand that energy is stored and can be transferred, and moreover that some of them would understand that energy is conserved and never disappears.  In the actual lesson, consistent with these goals, Farida called the idea that “we need energy to do everything” the key point of the lesson and then established that chemical, light, electrical, heat, movement and sound are the six main types of energy.  She then went on to talk about energy transfers and introduced the energy transfer diagrams; she drew the following energy transfer diagram for the change of ‘rubbing your hands’
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and said about it

“We don’t rub our hands to produce sound, but also sound energy is produced.  Chemical energy is transferred to heat energy.  ‘Transferred’ is an important word to learn and remember.  Energy can be transferred from one place to another or from one form to another.”

Further on in the lesson Farida, following the suggestion of her school tutor, who was present throughout the lesson, added in the above diagram ‘movement’ as one of the energy forms being ‘produced’ during the change.

The pupils were then shown several gadgets and asked to work in groups of five to draw an energy transfer diagram for one of them.  The task proved quite a struggle for most pupils; to help them Farida prompted them with questions such as ‘what type of energy does it use’; ‘what are the transfers of energy’; ‘what is the final energy’.  Similar ideas were also voiced in the closing classroom discussion of these diagrams.  Finally, two worksheets were given to the pupils for homework.  One asked them to tick the types of energy they thought that are involved in each of six situations, and the other to fill in already drawn energy transfer diagrams (of the sort they had seen in the lesson) with the appropriate types of energy for a list of ‘energy changers’.  These are defined in the worksheet as machines or other equipment designed to change (or transfer) one type of energy into another. 

It is important to note that the energy transfer diagrams drawn by Farida and also appearing in the worksheet make use of two conventions to represent the ‘produced’ types of energy; the ‘less useful’ types of energy appear inside ellipses or circles and the ‘more useful’ ones inside rectangles.  These two conventions are made explicit in the worksheet, whereas Farida used them but never explained them.  

A further interesting point arose from the comparison of Farida’s lesson plan with the school’s suggested lesson plan, as this appears in the school’s schemes of works for science.  Although on the whole Farida followed the school’s lesson plan conscientiously, she deviated from it in few very significant (for our discussion) ways.  Although the suggested lesson plan cites the worksheet with the energy changers to be used for homework, and thus implicitly endorses the teaching of energy types or forms, it does not make any explicit reference to them or to the kinds of energy transfer diagrams that Farida used.  As a reference for the teaching of the energy transfer diagrams the schemes of work mention another textbook in which the equivalent diagram of ‘rubbing your hands’ appears as follows:
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Moreover, the school’s scheme suggests that the teacher should emphasise the idea that energy is transferred for jobs (work) to be done; Farida changed this into energy is needed to get jobs done.

Interview

According to Farida there is a difference between transferring energy and transforming it.  She correctly identified this difference and then expressed her thoughts about their use as follows:

“There is a difference talking about just transferring the energy and transformation cos when you're saying ‘transformation’ implies you change the shape and the form and everything of the energy.  ‘Transformation’ is probably a better word, but for the younger years ‘transferred’ is easier to understand.  So ‘transformation’ would probably be used, that sort of language, with the GCSE and they'd be able to understand what transformation actually means and implies as well.  With the younger years it's easier to use transfers which is a simpler context - just moving rather than changing everything.”

So, ‘transfer’ for her is an easier word and ought to be used with younger pupils; ‘transformation’ better expresses what is happening, which is that energy is changing form, but as it implies something more complicated it should be used with older pupils.  Consistently with this line of reasoning Farida argued that the National Curriculum has chosen to use only the word ‘transfer’ because it refers to all pupils even those “who have lower ability or maybe language problems” and who might find easier to understand ‘transfer’ rather than ‘transformation’.

This argument, even if it was formulated on the spur of the moment for the sake of answering the interview question, may explain in a way why Farida used the words ‘energy transfer’ with her class of young pupils.  However, it also makes the fact that Farida really talked about nothing but energy transformations, an interesting transformation (in the STTIS terminology) of an internal rationale.

In regards to the National Curriculum recommendations, Farida clearly alters their meaning.  She demotes the issue into one of ‘language’ use and projects her invented rationale onto the official document.

2.5.1.2  Laura

Lesson

Laura’s class had slightly older pupils (12-13 year-olds).  It was a difficult class and Laura admitted not having a very good relationship with them and feeling nervous teaching them.  To this she attributed the fact that her lessons were very much textbook-driven.  

Two of Laura’s lessons were observed; they were the introductory lessons on energy for that year.  The first lesson served the purpose of reminding the pupils about energy transfers and energy transfer diagrams, knowledge covered in their science lesson of the previous school year, and then of teaching them about energy conservation and efficiency.  The second lesson aimed at getting pupils to calculate the efficiency of an energy machine and then to get them revise their knowledge of photosynthesis and construct a simple food chain.  For the purpose of our study, the first lesson held more interest.  In it Laura talked of objects and people as having and using energy.  She made reference to two kinds of energy, potential and kinetic, and to transfers from one to the other; she spoke of these transfers in the context of a demonstration she attempted (unsuccessfully due to technical problems) of a motor lifting up a weight.  

“Potential energy from the battery transfers to kinetic to turn the motor to lift the weight.”

The pupils were asked to work through questions in their textbooks about this change; one of them involved copying (from the book) and completing its energy transfer diagram.  It needs to be stated here that the textbook that Laura was using was of the same series as the one suggested to Farida in her school’s schemes of work.  This being said, the energy transfer diagram shown in the book and also used by Laura is a sort of ‘store and use’ kind of diagram.  It looks identical to the one drawn above, with the difference that it emphasises the split into useful and wasted energy implying thus more strongly the notion of energy conservation.

To remind the pupils how an energy transfer diagram is drawn, and thus to set them off on their new task which was to draw such diagrams for six objects, Laura chose the example of an electric kettle.  In it ‘electrical energy from the socket’ is split into ‘useful energy (which) heats the water’ and ‘wasted energy (which) heats up the kettle’.  However, whereas Laura explained the split of the arrow in terms of energy usefulness, she never alluded explicitly to the convention of the thickness of the arrow, and therefore at least one pupil used in his/her energy transfer diagrams single line arrows.  The ideas of energy conservation and efficiency, and how these can be shown on energy transfer diagrams and calculated from them respectively were pursued more thoroughly by Laura in the second lesson.

Overall, from the two lessons we can say that although Laura had no problem in seeing energy moving from object / place to object / place, she could not either fully disengage from the notion of types of energy, whether these are potential, kinetic, electrical or simply types of use, such as useful and wasted.

Interview

Laura accepts that there is a difference between saying that energy is transferred and saying that energy changes.  When talking about this difference, which she could not exactly put into words, she raised issues of scientific correctness merged with issues of familiarity, difficulty and authority.  She said that she had been taught that energy changes from one form to another, and thus presumed that the focus on energy transfer must be relatively new.  She further admitted that she felt more comfortable using the ‘change’ idea although she suspected that the idea of energy being ‘transferred’ is probably more valid and scientific.  Finally, she moved on to resolve the issue by assigning respective roles to the two ideas: use of ‘energy change’ for teaching younger pupils, since “it’s a much easier word for them to grasp”, and use of ‘energy transfer’ for older ones.

For the NC authors, according to Laura, the issue was mainly one of uniformity and consistency, and this is why only one of the two ideas appears in the document.

2.5.1.3  Man Pong

Lesson

Man Pong had a class in the first year of secondary school (i.e. of 11-12 year-olds), like Farida.  The lessons observed were the second and third lessons in a sequence of five on energy changes and energy transfer.  The first and second lessons were taught by Man Pong’s school tutor with Man Pong being present as an observer; only in the third one did Man Pong actually teach by himself.  

In the first lesson (not observed) the pupils had been introduced to energy as something needed for jobs to be done, and had looked at the types of energy present in different situations.  The second lesson started with the teacher (Man Pong’s tutor) discussing the meaning of the term ‘potential’ as an introduction to ‘potential energy’ and then ‘stored energy’.  The ‘stored energy’ was further subdivided into chemical, gravitational and elastic.  The teacher made use of various examples and demonstrations where pupils were called to identify the associated types of energy.  He then went on to talk about humans getting their energy from food and asked them to calculate how much energy they used on a typical Saturday based on the energy values reported for different activities in their textbook.  Man Pong took on from there in the following lesson.  According to the school’s scheme of work for the topic he had to teach about energy changes and energy transfer and show the class how to draw energy transfer diagrams.  

Man Pong consistently throughout the lesson talked about ‘energy changes’ and energy ‘changing’ from one form to the other.  Only towards the end of the lesson did he introduce the word ‘transfer’; he asked the pupils what it meant and got the answer that it meant taking something from one place to another.  Man Pong agreed and offered them as concrete example that if they were naughty they might be transferred to a different school.  And further employing the word in the context of the energy lesson he said:

“Energy can change or can move to another form; in other words ‘transfer’.”

The energy flow diagrams he drew consisted of names of energy forms linked with thin single-line arrows; the arrows seemed to flow out from the original one in all directions.  Man Pong used a variety of demonstrations talking about energy changes; he had also set up a circus of examples of energy transfers around the lab and asked pupils to draw energy diagrams for each example they looked at.  The instructions he gave them were to identify the energies involved, to put these in order, and to think of where energy comes from and what it turns into.  Some of the contraptions on the benches such as the oscilloscope, the radio or the light sensor were complicated enough to confuse several pupils.  Things became more difficult when Man Pong attempted to talk about energy changes in series and drew for an electric bell the following diagram
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As a result some pupils drew energy diagrams with arrows flowing out in all directions.  One pupil for example drew the following diagram for an oscilloscope:
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Overall, Man Pong seemed committed to the ‘energy forms’ idea and was more at ease talking about ‘energy changes’ (from one form to the other), rather than about ‘energy transfers’.

Interview

Man Pong seemed aware of the existence of an issue about the teaching of energy, he however admitted not making too much sense of it.  In his own words

“Well, erm, I think it’s been said that there is a difference [between the two ways of talking about energy], like people are encouraged not to teach energy as particular forms like chemical energy, or movement energy, but rather they would like to teach people, teach pupils to understand that energy, erm, that energy is not confined to any particular form, that it is transferred, ohh, it’s hard to explain.  That it is transferred quite from one form to another.  I don’t know, it doesn’t make sense, does it?”

Whereas Man Pong put his finger on the cause on the confusion, because it really does not make sense to talk about energy transfer from one form to another, even in plain English, he was not able to resolve the confusion.  He first associated the use of different forms of energy with macroscopic explanations of changes and thus deemed it to be appropriate for younger pupils.

“But later on in Key Stage 4* we would probably like, they would understand that chemical energy really, you know when you’re talking about molecules reacting, you’re talking about heat which is really movement of particles; so it’s really a kinetic energy to a microscopic level.”

He further strengthened this specialisation of the ‘energy forms’ talk to younger pupils by raising issues of experience with science and feelings of safety.  People, he said (including pupils and himself), feel safe with concrete definitions of concepts; only after having some experience with science do they get to understand the more abstract, complex and less accurate scientific models, such as the one of energy transfer.  His argument was indeed consistent with his practice. 

But the issue was not totally resolved by this suggested specialisation, especially as Man Pong was reminded that the NC did not embody it, but rather used the ‘energy transfer’ model throughout.  Man Pong then, trying to accommodate these two ways of talking about energy, came up with this invented notion of an in-between state where energy, while being transferred from one form to the other, has no definite form.

“I think when you're talking about transformed, you're probably talking about, it makes people think that it's a sort of a physical, more has a physical identity and it's more a fixed physical identity like chemical energy is chemical energy and mechanical energy is always mechanical but they don't realise that there is an in-between and how energy is transferred between one to another.  You know it has no defined form.  So maybe, it feels that it is a correct form in the long run, so yes I think it would be, it would be taught later on, it should be.”
2.5.1.4  Jonathan

Jonathan gave an introductory lesson on energy like Farida and Man Pong.  The lesson observed was the second in the series.  In the first one he had introduced some ideas about energy, types of energy and energy changes.  However, from the evidence of the pupils’ homework Jonathan had gathered that they had not got a clear idea about energy changes, and so his plan had been to go over this idea again and then try to carry it a step forward to the idea of multiple sequences of energy changes.

In the actual lesson Jonathan made use of lots of examples of everyday human actions to stress the idea that energy changes from one form to another.  He talked about these actions in terms of the use and ‘change’ of energy they involved.  He did the same for a variety of contraptions, such as an electric buzzer, which he also called ‘an energy changer’.  Some of these contraptions he demonstrated and for most he drew the corresponding ‘energy change’ diagram.  In order to do the latter, Jonathan guided the pupils to think about the kinds/types of energy one started off and ended up with, and then about which of the latter ones one wanted and which one did not.  The less-wanted types of energy, later named ‘wasted energy’, were to be drawn differently; in the following diagram for a television for example, heat is one of these less-wanted types.


 EMBED Word.Picture.8  


Jonathan then showed the class the functioning of a model steam engine and introduced the idea of consecutive energy changes.  He then went on to demonstrate a more complicated series of energy changes, i.e. an electric motor pulling up a weight which then falls and makes a light bulb light up, and asked the pupils to draw the diagrams that corresponded to the pulling up of the weight and its dropping down.  The second change proved more problematic for the pupils and Jonathan ended up giving them the required sequence of energy types.  In the context of these changes, he also reminded them of potential energy and of stored energy, and introduced the term ‘wasted energy’.  He then talked to them about Joule’s waterfall experiment and asked them to guess what Joule had expected to find with it.  None of the pupils answered correctly or showed they were thinking in terms of energy changes as Jonathan had hoped for.  After the lesson, Jonathan seemed disappointed about this and questioned how much pupils had got to understand the ideas of energy changes and energy dissipation.  Interestingly, however, he seemed ready to attribute this lack of understanding to a combination of the abstract nature of the energy concept and the young age of the pupils, rather than to his approach of teaching the topic.

Concerning Jonathan’s commitment to the ‘energy change’ idea instead of the ‘energy transfer’ one a further incidence is worth mentioning.  Throughout the lesson and on different occasions the pupils referred to energy being used up despite the fact that Jonathan tried vigorously installing to them the idea that energy never runs out.  At one occasion talking about the previous day Sun’s energy and paralleling it to his voice sound energy, he talked about energy eventually becoming useless because of becoming spread out so much.  This was the closest Jonathan arrived to the idea of ‘energy transfer’, since a view of energy spreading out is consistent with a view of energy flowing and not with a view of energy changing.  However, with the exception of this incidence and unlike the trainee teachers discussed above, Jonathan remained totally faithful to the idea of ‘energy change’.  That is, he never made use of contradictory statements, such as the one about energy being transferred from one form to another.

Interview

It is not clear whether Jonathan was aware of the issue of ‘energy transfer’ vs ‘energy transformation’.  His reasoning about it, consistent in all with his practice, can be described as ‘favouring the old and deferring the new’.

Jonathan, head of science in his school, is obviously an experienced and confident teacher who has developed set ways of teaching certain things and set reasons about doing so.  As a result and as one might have expected, in the interview after the lesson, he defended vehemently the use he made in his teaching of ‘energy forms’.  He did this by associating the two ways of talking about energy to different pieces of science.  So, according to him, the idea of ‘energy transfer’ comes in relation to the teaching of particular examples, such as radiation and after pupils have been taught about waves and particles.  In other words, the idea of ‘energy transfer’ is only appropriate for much older pupils than the ones he was teaching.  Moreover, the NC recommendations, according to Jonathan’s interpretation of them, only endorse this argument.  Choosing to ignore the recommendation that referred to pupils of 11-13 years old, which said that they should be taught that energy can be transferred and stored, and focusing on these which referred to pupils of 14-16 years of age, he observed:

“The particular things that they are talking about here seem to be tied up with waves and particles.  And that’s a Key Stage 4..., well, it’s probably reasonable to assume that certainly by the end of Key Stage 4, students would have some notion of waves and particles , so that they can begin to relate to energy transfers in that kind of way.  That’s rather different from teaching Year 7 when they have not idea about waves or particles at all.  So, that would be an inappropriate approach I think for a class.”

Jonathan was clearly referring to the recommendations, which talked about teaching how energy is transferred by the movement of particles in conduction, convection and evaporation, and how it is transferred by radiation.

2.5.2
Discussion of case studies

In all four above cases of teachers teaching and talking about energy the idea of ‘energy transformation’ is retained.  Moreover, none of these teachers shows any evidence that they have seriously thought about the difference between ‘energy transfer’ and ‘energy transformation’.  For at least one teacher, the difference was perceived to be “just in the language”.  

However, the strategies they employ either in their classroom or in justifying their practice are different.  The trainee teachers seem to endeavour more complying with the NC recommendations and thus have made some move towards using the concept of ‘energy transfer’.  However, this move is rather to use ‘transfer’ to mean ‘transform’ in contradictory phrases such as ‘energy is transferred from one form to the other’.  On the other hand, the head of science consistently maintains the ‘energy transformation/change’ idea throughout his lesson.  In both cases, it also became obvious that the available teaching resources exerted influence on how and what the teachers taught.

All four teachers suggested some kind of use for the ‘energy transfer’ concept; however, none confined him/herself to a strict use of it.  Three teachers suggested that it should only be used with older pupils.  The reasons they called upon to base their suggestions varied; they can be summarised as follows:


• ‘energy transfer’ is more scientifically correct, but more difficult;


• ‘energy transfer’ is a more abstract, complex and less accurate model;


• ‘energy transfer’ comes after the teaching of waves and particles.

One teacher on the other hand found ‘energy transfer’ an easier word, which ought to be used with younger pupils, lower ability pupils and pupils with language problems.

In addition to these invented reasons the teachers also raised issues of uniformity, consistency and authority in order to explain why the ‘energy transfer’ concept and not the ‘energy transformation/change’ one appears in the document of the National Curriculum for science.

As we just saw, at least three teachers specialised the use of ‘energy transfer’ to older pupils.  Two of them also specialised it to particular pieces of science.  Man Pong and Jonathan both agreed that ‘energy transfer’ is more appropriate for microscopic accounts of changes and Jonathan saw it being used mostly for processes of heat or/and wave propagation. 

As a result of attempts to intellectually accommodate the ‘new in the old’ the trainee teachers ended up contradicting themselves both in words and in actions.  Moreover, in one occasion this intellectual accommodation resulted in the invention of a new notion, of the notion of an ‘in-between’ energy state.  Energy is in this state while in transfer/transition from one form to another; while in this state energy has no defined form.

2.6
Concluding remarks

The predominant idea orientating the research is that of transformation of didactic intentions by teachers.  This means that the analysis is not focused on the ‘difficulties’ teachers had with the curriculum innovation as such, but that we refer our observations to precise didactic intentions.

Concerning the National Curriculum innovation, our findings seem to indicate that the didactic intentions of the innovators may not be fulfilled in today’s teaching of energy.  Our case studies of teachers suggest that although the term ‘energy transfer’ either as a noun or as a process has been partly adopted in the teaching of energy, its conceptual implications have not.  In other words whereas most teachers have stopped using the term ‘energy transformation’, they see no problems in talking about energy being transferred from one form to another.  This linguistic amalgamation of fundamentally different concepts and ideas is unfortunately many times one of the results of a curriculum change.  Often the teachers adopt the suggested new ways of talking about something, but not the meanings these new terms are meant to convey.  

In our cases, the (student) teachers accommodated the new nomenclature to their existing schemas; their underlying conceptions did not alter, only the terms they used to express them.  A similar finding also emerged in the analysis of the science textbooks.  Although, proportionally we found no difference in the number of exclusive occurrences of either the ‘energy transfer’ or ‘energy transformation’ idea between the pre-NC and post-NC science textbooks, we found that almost a quarter of the post-NC ones makes use of the ‘energy transfer’ idea to convey little more than the idea of ‘energy transformation’.  Looking more closely at these textbooks we further noticed that they were all commercially produced as opposed to produced as part of a curriculum development project.  These latter ones seemed keener to subscribe to the ‘energy transfer’ approach; certainly after the advent of the National Curriculum all two project textbooks in our sample did.  On the other hand, only two of the 15 post-NC commercial textbooks followed this example.

Another interesting point is that this accommodation of the ‘new’ in the ‘old’ that we observed in the textbooks and in our teacher case studies did not seem to be always implicit or subconscious.  Some of the textbooks seemed to acknowledge the issue and attempted to take a position in relation to it.  Also the (student) teachers identified differences between the two ways of talking about energy and gave reasons for using one in preference to the other.  

In addition, a certain kind of specialisation of the ‘energy transfer’ concept to particular kinds of processes became obvious both in the suggestions the (student) teachers made about its use and in the examples they used.  ‘Energy transfer’ was seen as more pertinent for microscopic accounts of changes and for processes which involve heat transfer.

Similar overall transformations were also observed in the student teachers’ talk about the National Curriculum’s written recommendations on ‘energy transfer’.  In particular, the finding about the specialisation of the use of the ‘energy transfer’ concept to certain accounts of change had straightforward implications for the reading of some of the NC recommendations.  The student teachers found easier talking in the prescribed way about the processes of convection, conduction, evaporation and radiation to older pupils, whereas, with no exception, they found impossible doing the same in the context of energy efficiency and with younger pupils.

3.
‘ENERGY AND CHANGE’ PROJECT

3.1
Conceptual framework of the innovatory approach

The novel approach developed by the ‘Energy and Change’ project introduces thinking related to the Second Law of Thermodynamics, explaining ‘why things happen’ in ways suitable for work at the lower secondary school.  Crucial to the approach is the idea that change is driven by differences, e.g. pressure differences, concentration differences, temperature differences, etc..  In their different ways, all differences drive change downhill.  Energy flows from higher temperatures to lower temperatures; matter falls from high in the Earth’s gravitational field to lower down; matter diffuses from regions of high concentration to regions of lower concentration; complex molecules tend to split up.  When a difference drives a change downhill, the difference tends to get less.  That is because matter or energy or both become more spread out.  In scientific terms we would say that the total entropy of the system and surroundings increases until it reaches a maximum.  The idea of ‘difference’ therefore relates to the concept of negative entropy; the key idea is that differences drive change because differences tend to decrease (which is a way to say that entropy tends to increase).  Another way of looking at this is to say that the informal notion of ‘differences’ corresponds to the scientific concept of free energy - both tend to be ‘used up’ during a spontaneous change (Ogborn 1990).

However, differences must be maintained if they are to be useful.  This can be done because a difference can be used up to create another difference.  A difference may be kept going by using up another difference, or can be preserved (and thus a change prevented) by walling off the difference or freezing it (slowing down the change).

The difficulty with teaching about ‘why things change’ is that the term ‘energy’ has been inappropriately recruited as a cause of change.  Indeed, in both its everyday use and the way it is used in many school textbooks, the term is much closer in meaning to the scientific concept of ‘free energy’ than to the concept of ‘energy’.  This has caused much confusion and was one of the issues discussed in the general debate about the teaching of energy cited in the previous section.  Moreover, research into children’s ideas about energy suggests that their starting point is that energy represents a power to act which is used up and may be refreshed (for example, Watts 1983, Brook and Driver 1984, Solomon 1984).  The new approach deals with these issues by suggesting that we do use up something when we burn some coal in a power station or run a race and calling this something not energy, since energy is conserved in every change, but differences.
The above ideas about differences as expressed above are aimed at teachers and not at pupils.  To make these intelligible to pupils and useful to teachers the project developed a range of abstract pictures together with a consistent way of talking about them.

3.2
Telling the story about differences

The picture language and respective ways of talking about it were originally conceived and developed in the context of the classroom, working alongside teachers and pupils in the beginning of secondary school (ages 11-14).  However, both are developed to be consistent with the later, more orthodox, language of thermodynamics.  The rationale for the design and development has been described elsewhere (Boohan 1996b).  Though there is a wide range of different pictures which are able to represent specific kinds of change, there are a relatively few fundamental kinds of spontaneous change, and these are represented in Figure 1.  To talk about these changes with the pupils the project suggests expressions such as ‘it ‘just’ happens by itself’, ‘it happens more easily forwards’ and ‘it is a ‘downhill’ change’.
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Figure 1  Fundamental kinds of spontaneous change

In each of these boxes, the top picture represents ‘before’ and the bottom picture represents ‘after’, so time goes from top to bottom.  For example, in Figure 1(d), the top picture shows a system (dark shading) which is warmer than the surroundings (light shading), and an energy flow from system to surroundings.  This is consistent with a view of temperature as a measure of the concentration of energy.  The bottom picture shows that eventually, the temperature difference disappears.  Overall and in project terms, the picture shows energy ‘spreading out’ due to temperature differences.  The reverse change in which ‘energy becomes more concentrated’ is not a spontaneous change; in it ‘energy is stored’ by creating a temperature difference.

Differences in the concentration of particles, such in Figure 1(c), because of the random movement of particles tend to disappear until eventually there are no differences.  In project words a change in which particles ‘spread out’ or ‘mix’ ‘just happens by itself’, whereas the reverse change in which matter becomes more concentrated (‘bunches together’) or is separated (‘unmixed’) does not - it is an ‘uphill’ change.

Energy can also ‘be stored’ by creating a potential energy difference.  For example when you pull the two ends of a spring apart, energy is stored.  When you let go of the spring, the energy ‘escapes’ and ‘spreads out’ (Figure 1(a)).  These ideas do not just apply to mechanical springs - similar changes take place when a gravitational ‘spring’, or an electrostatic ‘spring’ is ‘pulled apart’ (‘stretched’) and ‘released’.  Energy also ‘spreads out’ when a moving object slows down (Figure 1(b)) - a ‘slowing down’ change ‘just happens by itself’, whereas a ‘speeding up’ change does not.

The changes mentioned above occur because either matter or energy ‘spreads out’.  In chemical reactions, however, one needs to pay attention to what is happening both to matter and to energy.  A spontaneous chemical change happens because matter or energy or both spread out.  Thinking about chemical changes brings in the need to talk about particles which ‘join’ and ‘split’, ‘break down’ and ‘build up’, get ‘disordered’(or ‘less ordered’) and get ‘ordered’ (or ‘more ordered’), in other words to talk about differences in structure or complexity.  On the other hand energy now should be seen as stored in systems, such as the fuel-oxygen system.  These systems are represented by the project and talked about as ‘chemical springs’.  So, when water is electrolysed for example, hydrogen and oxygen are ‘pulled apart’ and energy ‘is stored’ - it ‘is concentrated’ in the ‘hydrogen-oxygen spring’.  When this ‘chemical spring’ ‘is ‘released’, that is when hydrogen and oxygen are burnt together, the energy ‘escapes’ and ‘spreads out’ into the surroundings (Figure 1(e)).

Finally, in some situations, things may be ‘staying the same’.  Thermodynamically interesting are the changes in which the system ‘stays the same’ - a difference is maintained - by a continuous ‘flow of energy and/or of matter’.

Both non-spontaneous changes and steady-state systems need ‘to be driven’ by a change which ‘just happens’.  Two examples of non-spontaneous changes been driven by spontaneous ones are represented in Figure 2.  In Figure 2(a), energy spreading out due to a temperature difference is being used to drive a change in which something is made to start moving - this could for example represent a steam engine.  In Figure 2(b), energy spreading out from an exothermic chemical change is driving a change in which particles become more ordered - this could for example represent the crystallisation of copper sulphate.
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Figure 2  Coupled changes

The idea behind the development of the abstract pictures was to provide a way for children to compare very different examples, such as evaporation and melting, so as to see fundamental similarities and contrasts between these changes in what is happening to the particles and the associated energy.  Therefore, the abstract pictures are meant as a tool to help pupils represent the story about differences and change in a wide variety of processes.  Typically an activity suggested by the curriculum materials consists of a set of changes and a set of relevant abstract pictures, and pupils are asked to make appropriate matches.  It is expected that teachers will explicitly encourage pupils on the basis of these matches to compare different changes and to identify similarities and differences among them.  Moreover, the teachers are urged to keep in mind that what is important in most of these activities is not so much the matching itself, but the discussion which is stimulated during the process of matching and when pupils are challenged by the teacher and by other pupils about their choices.

The above paragraphs attempt to demonstrate how the conceptual framework outlined at the start gets realised in the approach suggested by the ‘Energy and Change’ project and builds a consistent story about change.  Most of the words put in inverted commas appear in the curriculum materials, either in the pupils’ activities or in their teaching notes as a guide to how teachers and pupils could talk in a consistent and scientifically correct way about change.  Consequently, the teachers and pupils are encouraged to use these or similar to these terms.  So, an ‘ideal transmitter’ would be able to use these terms in a correct, efficient and flexible way.  However, most of these terms are not technical terms, so their use is not compulsory.  It is getting across to the pupils the ideas behind them that, according to the project, should be the goal of the teacher.

3.3
Research questions

The research questions, same as with the National Curriculum innovation, concern the teachers’ use of the innovatory approach:

•
How have teachers used the novel aspects of the approach suggested by the ‘Energy and Change’ curriculum materials in their classroom?

•
How have teachers incorporated this approach in their schemes of work?

3.4
Data Collection and Analysis

In the case of the ‘Energy and Change’ curriculum innovation and its use by teachers we used two sources of information.  An evaluation* of the learning outcomes of the new teaching approach earlier conducted and reported elsewhere (e.g. see Stylianidou 1997, Stylianidou and Boohan 1998) provided us with the case studies of two teachers (see Appendix 4 and Appendix 5) who had used the new materials with their classes over a period of eight months, as well as with information about how accessible and useful science teachers found the approach.  This study, therefore, which was based on observational notes of lessons, teacher questionnaires and interviews, supplied us both with the necessary background and research tools to conduct the corresponding STTIS research, and with results we could relate our findings to or compare them with in order to check for their generality and validity. 

For the STTIS research, data were collected from two schools and were treated as case studies.  In the first school, a physics teacher who had made spontaneous use of the innovative project materials and had diffused the ideas to other physics teachers in the school, was observed using the project materials, and was subsequently interviewed.  This teacher had attempted to integrate the innovative approach suggested by the materials for the teaching of energy with more conventional teaching approaches.  His attempt was also evidenced in the schemes of work he had produced for the benefit of his colleagues in the school.  

In the second school we attended an In-Service Training session in which the ‘Energy and Change’ approach and curriculum materials were presented to 13 teachers from the locality.  An evaluation questionnaire was given out to them at the end of the session.  One teacher from this group, was subsequently observed using the approach for the teaching of the topic ‘Energy’ to 11-12 year-old pupils, in the course of five weeks.  More specifically, observation records were kept from six lessons, and the teacher was interviewed on each occasion.  The schemes of work he used and supplied us with show how the school has incorporated the innovative approach in its science teaching at the lower secondary school.  Samples of pupils’ written assignments as well as the test they did at the end of the topic were also collected.  These provided us with some additional data about how the pupils had reacted to the new ideas and thus about how successful the lessons had been.

All four case studies of teachers using of the ‘Energy and Change’ materials were then interrogated with the above research questions.  However, the different contexts in which the materials were used made that some case studies could more readily address one or the other of the research questions.  More specifically, the case studies of the two teachers who had integrated the materials over a longer term but in a prescribed way told us more about how  they used the novel aspects of the approach in their classroom, but less about how they had incorporated the materials in the schemes of work.  On the other hand, the other two case studies gave us interesting information about how the teachers had viewed and achieved this incorporation since we could directly compare the project materials with the ones used in teaching.

3.5
Teaching about ‘energy and change’

3.5.1
Ivan - ‘Welding the new to the old’

Ivan is a very experienced physics teacher, ex-head of physics in his school, and a forward thinker who is in constant search for ways to enrich and advance the teaching of physics.  His approach to introducing novelties in his teaching can be described as a dynamic combination of experimentation and adjustment; he likes to try out new things, to see what works and what does not work; if he sees that something does not work he will change it until it does work.  Ivan, however, is also very realistic and pragmatic; having been head of physics in his school he is aware and sensitive both about the need for pupils to achieve well in exams, and about the resistance his fellow physics teachers might show towards introducing something completely novel in their teaching.  The way he put it when he talked about the incorporation of the ‘Energy and Change’ abstract pictures in the school’s schemes of work was:

“So actually putting them in was quite easy, persuading everybody to do them was harder.  And that process of persuasion is something that I think will take two or three years.  That’s how we work here, yeah?  Because they’re new, because not everybody has read the nice little ringbound books and everybody’s going to, yeah, then we need a process of gradually working them in.”

And ‘gradually working them in’ is what he does.  Ivan does a piece-meal selection of the ‘Energy and Change’ materials, tries them out in the classroom, shares his experience with his colleagues and invites them to try them out themselves.

“...because people need to believe in these things and see that they can do a useful job for them.  But to get them to do that, they need to kind of start using them a bit and see whether they do and don’t work and why they do and don’t work.”

He then goes on to implement the amendments to the schemes of work.  More specifically, when we visited him he had already done this for the Year 7’s physics schemes of work and he was in the process of doing the same for the Year 8 ones.  The way he had gone about it is to add pieces of the new material onto what had already existed and then to make the new part of the old by creating a framework to justify it all.  In other words, he had not simply added few new ideas to the existing ones, but he had systematised their use by making them an essential component of an overarching approach to the teaching of energy.  We might guess that the reason for doing it this way, does not only reflect Ivan’s personal style, but also his wish to make the teachers use the new approach.

So Ivan’s transformations of the ‘Energy and Change’ innovation can be seen mainly as consequences of this ‘welding’ of the new to the old.  Under this perspective, the teaching materials and schemes of work produced by Ivan were thought of as best mirroring the product of this ‘welding’, whereas the lesson observed was seen as an example of the ‘welding’ in action.

3.5.1.1  Teaching materials

In the Year 7 (first year of secondary school) teaching materials energy is taught in a topic called ‘Fuel for toys’.  There, energy is said to be “something fuel-like [...] which enables things to happen”.  The pupils are told that it is important for them to learn to talk about the world and changes in it using energy and energy transfers because

“transferring energy is very important to the way we live;

it is a very simple way of describing lots of complex events;

we can measure how much energy is transferred;

energy is conserved.”

Talking in this way is like learning a foreign language, they are told.  

“First you must learn what some words mean and then try to use them.  By practice you will find out what they mean.”

The pupils are then successively introduced to three kinds of diagrams which are said to answer different and progressively more difficult questions about the energy transfers that are involved in changes.  First come the ‘energy transfer diagrams’ which are portrayed as some “simple diagrams to help catalogue what is happening”.  To do this the pupils are taught the technical names of seven forms of energy (which are also said to have nine informal names); for a given change they are asked to figure out what energy is transferred to what and draw the corresponding diagram.  For example, for a catapult which is fired, the suggested diagram and description are:
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“The spring energy is transferred to motion energy and heat energy.”

According to Ivan, the aim of these diagrams is to familiarise pupils with the language of energy.

The next kind of pictures is the ‘energy flow diagrams’.  These are characterised as more complete and said to answer the questions “how much?” as well as “where to?” in reference to the energy transfers involved in changes.  These are Sankey type diagrams; the pupils are asked to estimate how much energy is transferred in each route and draw the arrows accordingly.  The previous change for example would now be portrayed as follows:
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The function of these diagrams according to Ivan is to give to the pupils the notion that energy can be quantified.

Finally the third kind of diagrams are the ones developed by the ‘Energy and Change’ project.  In the pupils’ materials these are called ‘energy difference diagrams’ or “why” pictures.  They are characterised as “hard work” but said to give an idea of why some changes happen and others do not.  Furthermore, pupils are told that “those [changes] that do just happen can drive those that will not”.  More concretely, according to the materials, from changes that happen without our help “energy is made available to do something else”.  The above example of a catapult which is fired is now described and portrayed as follows:
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“We could use the energy stored in a stretched elastic band to fire something in the air.”

The things which happen by themselves are said to be of four sorts: temperature difference decreasing; spring relaxing; slowing down; and falling.  On the other hand, the things which do not happen all by themselves are shown to be of five kinds: stretching a spring; stretching a chemical spring; stretching a gravitational spring; speeding up; and temperature difference increasing.

In Ivan’s words these diagrams “begin to tackle questions of why energy moves in the way that it does”.

In the Year 8 teaching materials the new approach had not yet been incorporated formally.  The relevant topic was called ‘Domestic Energy Transfers’.  It traditionally dealt with the processes of conduction, convection and radiation as “ways in which thermal energy can be transferred from one place to another”; then, went on to talk about measuring energy and compared boiling water using electricity and boiling water using gas; and finally ended up with the hot house investigation in which the pupils had to look at ways to control a given temperature in an electrically heated house.  Ivan’s suggested amendments to this program were motivated by his desire to include “some energy diagram work” in the materials, and this was explicitly stated in the written notes he had compiled to this effect and had distributed to his colleagues.  Ivan described this amended version of the scheme of work as “an interleaving” of what there was up to then and what were suggested as desirable additions.  Interestingly he did not describe it as ‘integration’ or even ‘incorporation’.  This ‘interleaving’ is an example of what we called before ‘welding of the new to the old’.

Ivan suggested that the topic should start with an introduction to warming up as energy changes, leading to a review of the Sankey-type diagrams.  The latter, according to his proposal, should be modified to take account of both effective and ineffective outputs of thermal energy.  An introduction to “the mechanisms for the delivery of thermal energy - conduction, convection and radiation” as before would follow; then, a section which would revisit the “why” diagrams to look at changes which happen by themselves in the light of things cooling down and dyes spreading out, and which can drive other changes which do not happen by themselves; and finally, the hot house investigation as before, only this time it would include the use of Sankey and “why” diagrams as interpretative frameworks.  The combination of the two sort of diagrams, according to Ivan, would get pupils thinking about “why the energy ends up where it ends up and then how much of it ends up in any particular place”.

The above amendments for Year 8 had not yet been fully implemented when we visited Ivan’s school.  In particular the use of the “why” diagrams had been met with some resistance by the teachers; as Ivan put it, they had not been convinced that it is doable.  So, the idea was that Ivan, being a couple of weeks ahead of his two colleagues who were teaching the same year group, would try out some activities with his class and then share his experience with them about what ‘worked’ and what did not work.  

3.5.1.2  Lesson

This very first lesson using the ‘Energy and Change’ approach with a Year 8 class, was the one we observed; experimentation and adjustment were its major features.

Ivan’s plan had been to remind the pupils of the different sorts of energy diagrams they had met in the previous year, and of the questions that these diagrams were meant to address about energy, and then to introduce to them the new sort of energy diagram,

“the one which begins to tackle questions of why energy moves in the way that it does”.  

However, as the pupils did not seem to remember how to draw the ‘energy transfer diagrams’ Ivan ended spending the start of the lesson talking about how energy changes from one form to another and showing the pupils how they could draw a simple ‘energy transfer diagram’ for a pen falling.  He thus sketched on the board:


 EMBED Word.Picture.8  


He then went on to introduce the “why” diagrams.  For the pen falling he built step by step the following two Before-After pictures:
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“Well, I built it for them, because I wanted them to see that there was a structure inside the diagram.  So, that the diagram was representing a process for us rather than just a fixed state of affairs.”

Ivan then said about these two diagrams that what energy the left loses the right gains.

“This [the right diagram above] you have to provide some input - you need to pump energy in to make it happen.  This [the left diagram above] happens by itself”

And thus he added the arrows of spontaneity (one pointing up and one pointing down) on the above pictures and linked the two pictures.

After the lesson Ivan admitted that he had hesitated about linking the two diagrams.  He was afraid that he had gone too quickly from building up one diagram to talk about linking two of them, but he had decided to do it in order to describe the whole process rather than just part of the process.

Ivan then moved on to one of the project’s activities for pupils called ‘Concentrated energy’.  The aim of this activity, according to the project, is “to introduce the notion that we can think of a ‘concentration’ of energy in the same way as a concentration of a substance”.  Ivan explained his rationale for using this activity

“I then needed them to have some background of why the pen wasn’t going to start moving by itself.  So we needed some notion about spreading and randomness built in.  [...]  So, the goal of the lesson rests in trying to get the notion of things being spread out linked to their thinking about energy changes.  Cos that’s the first time they’ve really begun to think about irreversibility at all.”

On the project’s worksheet there were two activities for the pupils to do.  For the first they had to repeatedly dilute a coloured liquid until they could no longer see it and for the second they had to do the same thing, only this time with hot water until they could no longer notice the temperature changing.  For both activities they had to answer some questions which aimed to make the point that while matter and energy spread out they do not disappear, even though they may have spread out so much that they are undetectable.  

During the activity Ivan kept trying to make the pupils see that the two sets of questions on the worksheet were identical, and that therefore their two sets of answers were linked.  In the interview after the lesson he expressed his doubt about whether the majority of the pupils had made this link.  The activity had lasted more time than Ivan had anticipated and as a consequence there had been no whole-class discussion of the results, which could have achieved some recognised class consensus about the similarity of the sets of experiments.  Ivan thus declared his intent to make this link more obvious next time he used the activity, so that pupils were encouraged to use similar arguments in their answers and the analogy between the spread out dye and the spread out energy got more strongly established.

At the end of the lesson Ivan gave the pupils a worksheet titled ‘Things which happen all by themselves’ to do at home.  This worksheet contained some examples of things cooling down next to the corresponding abstract diagram labelled ‘temperature difference decreasing’ and also the diagrams of something slowing down, a spring relaxing and something falling.  The pupils were asked to write three everyday examples of changes which happen all by themselves and might be described well by each of these latter diagrams.

In the after-the-lesson discussion we had with him, Ivan admitted to having once more experimented when he had given the pupils this latter activity.

“I’ve given little introduction to these [diagrams] and the extent to which they [the pupils] can manage to find three or four common exemplars of those will tell me the extent to which I actually need to think about being able to deal with the diagrams as separate or see them needing to be linked.”

He however also expressed his worry and discomfort for having too much rushed the new pictures and ideas in the lesson and attributed this rush to the fact that he was trying to slot them into a scheme of work which already existed.

3.5.1.3  Discussion

By talking to Ivan after the lesson, it became clear that the new approach appealed to him greatly.  A good visual thinker himself, a trait which is evidenced in lots of the teaching materials he has produced over the years, he believes strongly in the use of abstract pictures for facilitating abstraction and generalisation.

“Drawing the pictures can get them [the pupils] from the physical situation through to what’s actually happening or what the physics then talks about.”

Moreover, he sees that a science teacher’s job is to widen the pupils’ perspective so that they can actually think in the abstract, which is according to him what science is all about.

Indeed, in the teaching materials we examined the pupils are often encouraged to “look for patterns in what is happening and in the stories that are being told”; they are told that an abstract idea is also powerful, since it can be applied in more than one situation; and on several occasions they are asked to look for similarities between two apparently very different changes.  This sort of thinking of course is very much desirable from the innovation’s perspective.

The appeal of the pictures for Ivan further lies in the fact that there is a unique set of them for talking about energy.  So, he can see them being used often in the science lessons over the years.  Furthermore looking into the future he believes that in some five years’ time they will be used more widely and might even be (partially) incorporated in the standard examination curriculum.

All the above lead to the assertion that Ivan has a great faith in the new approach and embraces some of its fundamental characteristics.  However his use of it and his incorporation of it in the existing schemes of work reveal also that he has not espoused other equally fundamental characteristics.

For one, Ivan does not seem to see any contradiction between the ‘energy transformation’ approach and the ‘energy transfer’ one; the latter is inherent, as explained in previous section, to the ‘Energy and Change’ innovation.  In this respect he is also one of the teachers who has accommodated the new in the old, as described in the first part of the report.  As a result he seems to have recruited the project pictures for the purpose of putting some sort of mechanism/machinery to the abstract boxes he used before and which show one form of energy changing into another.  

Furthermore, there is no evidence that Ivan has embraced the principal premise of the innovation which is that differences (of concentration, temperature, etc.) drive change.  The fact that he calls them ‘energy difference diagrams’ rather attests to the contrary, since according to the new approach a flow of energy is not caused by an energy difference, but by an energy concentration difference, or a difference in chemical, gravitational, electrical (etc.) potential.

At first sight, Ivan seems to appreciate the opportunity that the abstract pictures give him to tackle the issue of reversibility of changes from early on in the teaching of secondary science, since he has readily incorporated in the teaching materials the distinction between those changes that ‘happen ‘just’ by themselves’ and those which do not.  He, however, does not perceive the first kind of changes as driving the other, at least in the way it was intended by the innovation.  He talks of a downhill change as a process which delivers the energy needed for an uphill change to happen.  “You need to pump energy in to make it happen”, he told his pupils referring to a non-spontaneous change.

The problem here is not only that one of the major objectives of the innovation was to ‘correct’ precisely this idea, that energy is needed for things to happen.  Moreover, it is a deliberate feature of the ‘Energy and Change’ pictures not to depict an energy flow from one system to the other when these are coupled.  Richard Boohan, one of the authors of this innovation and designer of the abstract pictures, in an interview* about the approach talks about this feature:

“[Whereas] the emphasis on those kinds of pictures [the Sankey type diagrams] is on flow from one system to another and on conservation, these pictures [the ‘Energy and Change’ abstract pictures] deliberately sort of uncouple that in a sense.  So, if you are looking at an engine, you’re looking at a flow from hot to cold as being a driving change and that’s in a separate box, and it’s coupled to another one in which something is starting to move, and there’s an energy input there.  But the energy does not go from one system to another, and as I said in a sense that break is deliberate, because you’re looking at what kinds of change are able to drive what other kinds of change, what’s spontaneous and what isn’t.”

Having said this, it is also important to recognise that the problem Ivan was faced with, namely putting those two views together, was not at all trivial.  Richard Boohan talking about the limitations of the pictures identified it as one and admitted that he had not managed to find a solution despite having tried to do so:

“I think at some point one needs to try and put those two views together, and that is something which...  I’ve played around with those things, in other words showing the energy flow going from one system to another as well as that coupling, but none of them looked very elegant, it didn’t look convincing.  So I think there is more work that needs to be done, to think about how to tie those two aspects together.”

He also accepted that whereas in these coupled changes the focus is on the total entropy change and not so much on the individual changes,

“...there is a step which is missing, which is how can one talk sort of semi-quantitatively about that, that, what every it is that’s driving those coupled changes.  We don’t have a word to talk about the size of that thing; to say this change drives that one, this is a change which just happens and this is a change which doesn’t just happen, so this kind of change can drive that.  And we haven’t got a language to apply to that quantity which is what does the driving, the size of that thing which does the driving.”

Apart from these more important in our view transformations, there were a couple of smaller ones that may also be worth mentioning.  One of them is the fact that in the teaching materials he has chosen to include four kinds of changes which happen by themselves and five which do not; in other words he has not included the picture of a chemical spring relaxing amongst the spontaneous changes.  

Another choice he seems to have made is not to use the more generic and abstract picture of a ‘spring’ relaxing (see Figure 1a) to talk both about a mechanical spring and a gravitational spring relaxing, instead he uses a more concrete picture (showing a ball ‘Before’ at a distance from the Earth, and ‘After’ on the Earth) to depict falling, and he keeps the one with the spring to talk about the change of a mechanical spring.  This might have been a deliberate decision of his to use on the whole pictures that are not very abstract.  The inclusion of the chemical spring picture, even if only in the group of non-spontaneous changes raises questions about whether abstraction was something he purposefully wanted to avoid.

Finally in the teaching materials the picture showing temperature difference decreasing does not show the system arriving at the same temperature as its surroundings as in Figure 1d, but the system colder (i.e. the shading is lighter) than its surroundings.  One would expect that this latter oversight of the conventions of the pictures, would also create conceptual difficulties to the pupils who are using them.

These few last observations should be considered, in our view, as consistent with the view of Ivan as a ‘welder’ attempting, or even daring, a difficult task; to add a novel approach to what already exists without making any waves.  He is not going for the ‘whole or nothing’ approach, nor for the ‘perfect or nothing’ approaches.  Piece by piece, trial and error are the ways he sees curriculum reform as happening.

3.5.2
‘A concentrated dose of vocabulary’ 

This second case study should be seen as a case study of a school which has decided to take up an innovation and incorporate it progressively in the science curriculum of the first three years of secondary school.  

The school is a prestigious private school; it is a boarding and day school for boys and girls.  The person who introduced the innovation to the school and was responsible for incorporating it in the Year 7’s (pupils 11-12 years old) scheme of work was Giles, the head of science for the lower secondary school.  His way of inserting the approach was to create a new topic called ‘Energy and Change’ which consisted exclusively of the innovation’s teaching materials.  The idea seemed to be that the pupils would be exposed to the basic new ideas, terms and abstract pictures in one large dose, and thus in subsequent topics the teachers could draw on this knowledge, build on it and use further project activities alongside other materials.

In order to acquaint the teachers and himself better with the innovation Giles invited Richard Boohan* to give a training session on the new ideas and teaching materials to be used.  Subsequently the new topic of approximately five weeks duration was taught by the four science teachers of Year 7, including Giles.  According to what customary happens when the teaching of each topic is completed, after the end of the ‘Energy and Change’ topic all four teachers involved in its teaching met to evaluate it.  The evaluation meeting as well as six of the lessons with one class were observed and detailed notes were kept on each occasion.  Moreover, the teacher of the class, Christopher, was interviewed repeatedly and evaluation questionnaires were distributed both to the teachers who participated in the training session and again to the four Year 7 teachers after they had tried out the materials.

In the following sections, drawing on the variety of data we have collected, we will try to give a feel both for how the integration of the innovation in question was experienced by its different participants in the school, and how the innovation was transformed in this process.  

3.5.2.1  The training session

The training session lasted about two hours.  Richard Boohan talked about the way the innovation sees the teaching of energy and then introduced the main ideas and features of the novel approach.  The teachers invited by Giles to attend came both from his school and from other schools in the locality.  During the training session they had the chance to have a look at some of the new curriculum materials and moreover to do and discuss some of the pupil activities.  

How did the teachers react to the new approach?  From the eleven completed evaluation forms that we collected at the end of the session we can conclude that overall they thought positively of it, though they expressed their reservations about the abstract pictures and vocabulary used in the materials.  On these evaluation forms the teachers were asked to say whether they agreed or disagreed to a series of fifteen positive and negative statements about the new approach.  On the one hand they agreed that the ideas introduced by the approach are fundamental and that the materials can help them to find simple ways of talking with pupils about energy and change.  On the other hand they were concerned that the materials contain a special vocabulary to be learned and that pupils may not be able to make sense of or use the pictures because they are very abstract and have too many conventions.  These results agree with the ones that have been reported in the larger scale evaluation study of the materials, mentioned earlier.

Listening closer to the discussions the teachers had while trying out the activities, we got some further insight about what some of the teachers from the school in focus thought of it all.  Giles, as expected, reacted very positively to the new ideas.  He had read about the approach, he seemed to appreciate its endeavours and was obviously committed to embody them in the existing science curriculum of the lower secondary school.  The head of physics was quite sceptical; he kept questioning the scientific accuracy of the ideas and terminology suggested, and the choice of conventions of the abstract pictures.  Julie also showed some resistance; she did not believe in the use of abstract pictures and in its role in instigating ‘good talk’ among pupils.  Christopher, on the other hand was openly enthusiastic about the approach and the suggested pupil activities; he had ‘slotted’ some of the activities already in his teaching and had found that the pupils had worked very well with them and had enjoyed them.

3.5.2.2  The teaching sequence

As mentioned before the way that Giles had perceived the introduction of the materials in the scheme of work was to create a topic called ‘Energy and Change’ and pack into it 14 pupil activities from the ones developed by the project.  These were intended to be done in the space of nearly five weeks.  This use of the materials had been neither intended nor anticipated by the creators of the innovation.  More precisely, one of the three booklets which introduce the innovation, called ‘Activities for the classroom’ (Boohan and Ogborn 1996), emphatically mentions that 

“the activities do not make up a complete teaching pack for a topic, but are designed to be easily ‘slotted into’ existing schemes of work” (p1)
In the following table (Table 1) one can see the outline scheme of the topic, as Giles devised it, detailing which activities should be taught in which weeks of the course.  

      Table 1: Sequence of activities for the ‘Energy and change’ topic

	Activity
	School’s scheme (Week)
	Chris’s scheme (Lesson)
	Observed lessons

	A1   Backwards and forwards in the kitchen
	1
	1
	4

	A2   Pictures of mixing
	
	1
	4

	A4   Mixing and ‘unmixing’
	
	2
	4

	A5   Mixing and ‘unmixing’ - ‘downhill’ and 
       ‘uphill’
	
	2
	4

	B1   A ladder of temperatures
	2
	3
	

	B2   Measuring temperatures
	
	4
	

	B3   What happens next?
	
	5
	

	B4   What is best for making things hotter?
	3
	6
	

	E1   Concentrated energy
	
	7
	4

	E2   Energy on the move
	
	8
	4

	E4   Getting hotter and colder
	4
	9
	

	E5   Insulation
	
	10
	

	E6   Examples of insulation
	
	11
	4

	A7  ‘Spreading out’ and ‘bunching together’
	
	12*
	

	A6  ‘Pictures of separating’
	
	12*
	

	E3   Energy transfers in the kitchen
	
	13*
	4

	E7   Energy from hot to cold
	5
	13
	4

	       Test
	
	14
	


We need to note here that Giles did not specifically link activities with individual lessons - this was to be done by each teacher.  Table 1 shows both the overall school scheme and the way that Christopher fitted these activities into lessons.  The six lessons we observed are also annotated.  Moreover, the three activities with asterisks next to them in the table were not part of the school scheme.  Christopher, having finished the required activities before the end of the allocated time, ‘slotted’ them in his lessons after consultation with us.

In order to appreciate how the above scheme by itself consists a major transformation of the intended use of the innovative curriculum materials, it is worth comparing the above table with the one below (Table 2) which shows how the same activities were taught in another school (which we will call the ‘control’ school), where the integration of the materials had been negotiated between the teachers of the school and the authors of the innovation.

     Table 2: Sequence of activities in the ‘control’ school

	Activity
	School’s scheme (Weeks)
	School’s scheme (Lesson)

	A1   Backwards and forwards in the kitchen
	Y7 ‘Water’
	5

	A2   Pictures of mixing
	started
	7

	A4   Mixing and ‘unmixing’
	22/11


	11

	A5   Mixing and ‘unmixing’ - ‘downhill’ and 
       ‘uphill’
	ended
	16

	A7  ‘Spreading out’ and ‘bunching together’
	24/1
	18

	B1   A ladder of temperatures
	-
	-

	B2   Measuring temperatures
	Y7 ‘Materials’
	7

	B3   What happens next?
	13/4-18/5
	9

	B4   What is best for making things hotter?
	-
	-

	E1   Concentrated energy
	Y8 ‘Energy’
	1

	E2   Energy on the move
	started
	2

	E4   Getting hotter and colder
	18/5


	4

	E5   Insulation
	ended
	3

	E6   Examples of insulation
	8/6
	4

	A7  ‘Spreading out’ and ‘bunching together’
	Y7 ‘Water’
	18

	A6  ‘Pictures of separating’
	“
	15

	E3   Energy transfers in the kitchen
	Y8 ‘Energy’
	2

	E7   Energy from hot to cold
	“
	4

	       Test
	
	-


One can see that the same activities were taught as part of different topics, which existed prior to the integration, and even with different age groups.  However, what is important is that they were spread out amongst other activities, thus providing a more balanced overall curriculum.

3.5.2.3  Christopher – ‘An over-enthusiastic agent of change?’

Christopher is a young teacher, physicist by first degree, who right from the start showed zeal and enthusiasm to implement the new approach in his classroom.  He seemed to understand and appreciate the ideas behind the approach, as well as to be committed in the means suggested for teaching them.  His comments about it were genuinely and consistently positive throughout his interactions with us.  Christopher is also very self-confident and ambitious, and no doubt both these characteristics contributed to a successful implementation of the innovation.

In Table 1 one can see that Christopher taught all the suggested activities, in order, and inside the time allocated.  Moreover, in Appendix 6 one can read in detail how the lessons progressed: what was the scope of each activity, how Christopher realised it and how the pupils responded to it.  From this reading it quickly becomes clear that Christopher was in a sense the ‘perfect’ innovator; he understood the activities and what they tried to achieve and faithfully followed the teaching suggestions which accompanied them.  He also anticipated the difficulties the ideas involved might present to the pupils and tackled them swiftly and efficiently.  Finally, he was able to make use of the new ideas in activities he designed by himself for the pupils.

The only criticism that we may have of Christopher is that he may have possibly been too keen.  Not only that did he not question the dense structure of the topic, but he managed to make it even denser, since he inserted in it three more of the innovation activities, which were not part of the school scheme.  He was the only teacher in the school to teach these extra activities.  It was almost as if he were so keen with the new approach that he wanted to test it to its limits, to the possible detriment of the pupils whom he risked overloading.  Consistent with this hypothetical conjecture was also the impression that Christopher did not view the ‘Energy and Change’ topic on par with other topics; it often seemed that he perceived it as some sort of an intellectual gamble between himself and the pupils.  He clearly valued greatly the cognitive processes of ‘thinking hard’ and ‘abstracting similarities and common mechanisms’ and the new materials seemed to offer opportunities for his pupils and himself to do this.  His role was to push these opportunities the furthest possible.  He justified for example using one of the extra activities in the following terms:

“Two things: a. these [pictures] are genuinely difficult; and b. I also wanted to see if they [the pupils] could cope with the same ideas but in new situations without falling to pieces.”

Perhaps the biggest challenge for Christopher was when he had to design the test at the end of the topic to assess what the pupils had learned.  The way he approached it attests both to the above claims as well as to his self-confidence and to a desire to experiment with the new ideas.

“That’s what I’m going to do for the test: I think I’m going to use some of the picture diagrams, but in completely new context and just see who has just read the worksheets and memorised things, and who can actually apply it to something new.”

His evaluation of the innovation and of his teaching tells us that he enjoyed teaching the innovation.  Apparently he had been surprised by how well the class had kept going with the activities and by how quickly they had picked up the basic ideas.  According to him, even “when they get some of the subtler aspects wrong, it is a good teaching opportunity”.  He also admitted to have found the approach very useful for himself, since it helped him understand how many chemical and biological processes are driven.

3.5.2.4  Discussion

It was never clear whether Giles had consciously intended the ‘Energy and Change’ topic to be an intensive ‘language’ course which would give the pupils the vocabulary to use and build on later on.  Christopher, talking about both further use of the new materials in the same year and about the future integration of the approach in further years, certainly indicated some apprehension that this was the case:

“This is if you like a big whopping dollop of vocabulary, all of C.  It’s going to come into their work of Chemistry, there’s some bits about mixing, not very much, but there’s a few little bits.  It’s going to come into the second year; we’ve introduced some worksheets for into Life, when we come to look at animals and various living processes in the second year.”

On the other hand the fact that all four teachers complained in their evaluation forms about the lack of practical activities, rather denotes that they did not own up to this transformation, but that they perceived it as inherent in the approach.  The way in particular that Giles formulated it in his evaluation form further attests to this conviction:

“Do we need to devise more of our own practicals?’

The point they made about the absence of practical activities is of course a valid one since lots of the project activities are explicitly meant to complement practical work.  Isolating and insulating the novel approach from interaction with other teaching material makes its teaching possibly easier, but robs the children from the opportunity of seeing it working in the context of or alongside more familiar activities.  As a consequence of this, the pupils may perceive it as a kind of intellectual game whose scope and application are self-contained.

The way they chose to go about incorporating the innovation has also other consequences.  Christopher identified a practical one

“We’ll have a problem in the third form cos’ of course we have people coming into the school from outside.  We get about 40% [of pupils] from outside the school in the third form.  So, there will have to be few little revisions, you know, just to remind those and just to quickly teach it.  That may require just pulling together a few of these or maybe just producing a few little summary ones of our own, just parts of each one.  I’ll, you know, cross that bridge when we come to it.”

A further one is that if a teacher does not understand very well the innovation, then the teaching of the topic becomes an uphill struggle.  This was the case with Susanna who was one of the Year 7 science teachers, a biologist by first degree.  She had the less able class and she felt that the pupils got ‘bogged down’ in the conventions of the abstract pictures and got frustrated and confused.  She herself did not see the point of all the work comparing pictures and talking about them; she found that the ideas behind them are too general and that some practical experiences would have been better.  She further was not sure about whether the approach was easy to integrate in the existing scheme of work, nor whether it helped her to find simple ways of talking with pupils about energy and change.  In fewer words, Susanna was not happy at all with the new approach and even less happy with its kind of integration in the scheme of work.

However, one of the problems she identified with the pictures in one activity indicates that the main obstacle Susanna had with the approach was that she had not understood the underlying framework behind it.  She complained for example that coffee was represented with two different shadings in consecutive but different pictures and that she had found this confusing.  This remark rather denotes however that Susanna had not understood and certainly had not appreciated the abstract nature of the pictures.

In the case of Rachel, the fourth teacher for that year group, having not taken fully on board the general framework, as she said, meant that the new approach worked in isolation in this topic.  In other words, she admitted not yet feeling able to extend the new ideas in the teaching of other topics.

To conclude, the major transformation we observed in this case study was one of sequence and integration of the innovation rather than of content.  The innovation was adapted to an educational philosophy which was not imagined by its creators.  It was intended to interact with other teaching materials so that the effected change would happen incrementally; it was transformed into a scheme which could be dictated, a large dose of vocabulary to be learned in isolation.

3.6
Concluding remarks

In the above two case studies we saw the ‘Energy and Change’ innovation being transformed and adapted in each case to the school’s ethos, to the teachers’ pattern of work and to what the teachers already knew.  

Due to the nature of the ‘Energy and Change’ innovation, that is being an innovation which is not prescriptive on the one hand, but which on the other provides teachers with explicit curriculum materials and with a general framework for their optimum use, these case studies gave us an extra insight.  They did not only show us the transformations arising from the adoption of an innovation at the microscopic scale, which is the context of the teacher’s classroom, but also those arising at the macroscopic scale, which is the context of a whole school.  In this latter context is where we observed some very interesting and indeed important transformations.

Despite the fact that the two schools have comparable status, they seemed to have different educational philosophies.  In one school the approach taken towards the integration of the innovation seemed to be cautious, piece-by-piece welding of the new material to the old.  In this process only certain ideas of the innovation were adopted and transformed to suit what was already there, the adoption of the general framework of the innovation was deferred and thus possible contradictions between the new and the old were ignored.  In the other school, the approach was one of total commitment to both the ideas and the general framework of the innovation.  Integration though here meant isolation; it meant insulating the new ideas and making them into an intensive course.

In the first case we have an integration at the macro level which is more in line with the intentions of the designers of the innovation. We have however very important transformations at the micro level, since the adoption of the innovation did not go as far as adopting fully its ways of thinking and talking about energy.  In the second case we have a huge transformation at the macro level - in how the work is organised.  However, in those instances where the teacher fully understands the ideas behind the innovation, as happened in our case, we see almost no transformations at the micro level - the level of the teaching in the classroom.

4.
CONCLUSIONS

In the previous sections we looked in detail at two curriculum innovations and their uses by the teachers.  In this last section we will try to synthesise some general conclusions from observations we made across both innovations.

In both cases investigated we saw transformations taking place; in other words they were there as expected.  These transformations came in two broad types:

a. those which occur when the innovation is imposed and the people who are called upon to implement it are not committed to it and do not understand it; and

b. those which occur when the people who are called upon to implement it are committed to it and/or do understand it.

We are going to discuss each of these types of transformation separately.

The first type often includes transformations which happen simply at the verbal level; substituting the new phrase for the old phrase, but not really changing anything else.  One meets attempts to bring the ‘new’ and the ‘old’ together which are followed by invented rationalisations about which is easier and which is harder.  There is also a good deal of switching between using the innovation and not using it depending on the context.  In other words there is an apparent specialisation of the innovation according to different contexts or users.  It is often the case that this specialisation is triggered by the context itself.  ‘Old’ and familiar contexts attract ‘old’ and familiar strategies.  A circus of contraptions around the lab, for example, called ‘energy circus’, set up for pupils to interact and discuss using the language of ‘energy’, seems to induce more readily talk about ‘energy transformations’ than about ‘energy transfers’ to teachers and then subsequently to pupils.  This is of course no accident; the ‘energy circus’ laboratory activity has been associated with such talk, because it was originally defined as the one which would help pupils to identify and learn the different ‘forms’ of energy.

All the above behaviours were detected in the writing of textbook authors as well as in the practice of teachers, so one cannot claim that they are particular to teachers.  It appears that this is how people think and act.

In general, under this first type of transformations we usually have transformations of the ‘new’ so that it becomes like the ‘old’.  We also have some transformations of the ‘old’ to fit the ‘new’, but these are clumsier and seem to result in a struggle.  We saw for example the textbook authors apologising for attempting this.

Another point worth remembering when we refer to innovations imposed from the top, is that teachers will obey authority if necessary and accept to adopt the innovation, but they can subvert it in the classroom anytime if they do not understand it or see the effectiveness of it.

In the second type of transformations, which are the ones brought about by people who understand the innovation, the context and the other people to be affected become prominent.  Then the possibility of action becomes an issue and the innovation becomes something to be negotiated rather than to be adopted as it is.  Consequently, the transformations vary a lot, depending on the relationships between the people involved, especially the existing power relationships between them.  Hence we see different strategies being followed in the implementation of the innovation, strategies which are explicable in terms of the people involved rather than of the nature of the innovation itself.  In Ivan’s case, for example, the nature of the innovation was completely altered as a result of the negotiations of its implementation.  His strategy was one of piece-meal integration.  Another strategy we met was one of insulation of the innovation.  In Christopher’s school, they seemed to think that by insulating and thus isolating the new materials they would make their incorporation easier for all involved, than if they attempted to fit them into context.

In general then it seems to make a difference whether the innovation does something close or related, at least in the mind of the person who puts it in force, to what s/he has customarily been doing.  Adjustment of the innovation, in this case, is perceived necessary until it is sensed that it fits.  In doing this adjustment teachers will apply lots of criteria which often have nothing to do with the nature of the innovation and its merits.  These criteria are usually work-related and reflect practical concerns about whether for example a particular activity will stretch pupils enough or too much, or whether it will keep the pupils occupied and interested, or even whether it requires extra preparation work and time from the part of the teachers.  These considerations are very prominent for teachers, even if they are not always for curriculum innovators; it is known that some teachers would be ready to sacrifice principle for practical possibilities.

On the other hand, the adoption of an innovation does not make trivial demands on one’s time and attention.  It can be likened to a plant which needs constant watering and fertilising if it is to grow and blossom.

From our research, we also saw that the distinction between the levels at which the transformations were happening was useful.  So, the macroscopic level was the level of the whole school or department which adopted the curriculum innovation, whereas the microscopic level was the level of the teacher and his/her classroom.  It is possible for the transformations at one scale to reflect the transformations at the other, but it is not necessary that they do.  In the case of Jonathan for example although he seemed to ignore the National Curriculum recommendations on the teaching of ‘energy transfer’, one might assume that the school’s scheme of work did not.

Finally, for both innovations we investigated it was true that mere acceptance of their merits was not enough for their successful take up.  Deep understanding and commitment to the innovation appeared to be some of the preconditions.  In addition, attention to the details as well as to the general framework of the innovation is essential, since it is these details which may often undermine its overall effect.  The choice of conventions for example one uses to draw an energy transfer diagram may say more about what one reads into it, than the words one uses to describe it.
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APPENDIX 1

Review of science textbooks
1
NUFFIELD (1966, 1977). Section VI: The teaching of energy in this programme. In Eric M. Rogers & E. J. Wenham (Eds.), Revised NUFFIELD PHYSICS - General Introduction (pp. 23-33). London: Longman Group Limited.

pp 23-24

We mention Energy at an early stage and build increasingly sophisticated knowledge of its nature and uses as we return to it year after year in pupils’ ‘spiral’ of learning.

From the beginning, we want to avoid ENERGY being used as a magical, little understood, catchword to ‘explain’ almost everything in Nature.  Therefore it is particularly important to provide a factual or operational description at the beginning when varied uses of the concept have not yet built understanding.

Whenever in the first three Years pupils embark on Nuffield physics, we first describe energy as something very important which we ‘get from fuel’ something which ‘does useful jobs’ for us in raising loads, etc.; also something which can warm things up.

[...]  The fuel does not manufacture energy, nor can we say that fuel is energy; but its change into less useful stuff is accompanied by a change of energy from some stored up from to another form.

[...]  More often we value the process of energy-transfer rather than the final form of energy.

Forms of energy  Some of the energy we get from fuel goes to mechanical forms: the energy stored in a stretched spring or the energy of motion.  The idea of potential energy is extended from the stretched spring to storing energy in the gravitational field - ‘like stretching a giant spring attached to the Earth’.  Interchanges between these (mechanical) forms of energy each involve a force moving through a distance and we choose FORCE X DISTANCE as a measure of the transfer of energy from one form to another.  We call that product WORK.

At this stage we are naming energy and energy forms and using the names in experiments so that children build a practical sense of their meaning.  This is somewhat like the way in which a very young child learns language, by increasingly clear use instead of waiting for definitions.

In Years 1 and 2 we describe P.E. as ‘up-hill energy’ and as ‘springs energy’; and we go on to name other forms, with practical illustrations: chemical energy (stored in food, oil, fireworks...), electrical energy (supplied by a battery); and, provisionally, heat as a very common important component in interchanges.

The energy circus  We illustrate forms of energy and interchanges between various forms by a collection of devices: [...]

p30

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.

2
SCISP, Bausor, J., Hall, W., & Mowl, B. (1974). Introduction: learning about energy. In Patterns: Teachers' guide 3 (pp. 1-12). London: Longman Group Limited.

pp 3-4
Forms of energy

The habit has grown up of speaking about a number of different ‘forms of energy’, of making a list of these (which can be extended as necessary), and of referring to energy transfers as changes of form of energy (‘transforming’ energy - even if transformers don’t actually transform it!).  This is useful in emphasising the change aspect of energy transfer, but tends to make energy seem more concrete than it really is, as if it were almost a sort of ‘stuff’ which comes in allotropic forms.

In fact when we say ‘this object has kinetic energy’, what we are doing is using a sort of shorthand for the statement, ‘this object can perform a fuel-needing task because it is moving’.  There is not a distinct sort of energy in moving bodies: the phrase kinetic energy is a recognition that any body which is moving represents a source of energy.

Similarly potential energy is an indication of an energy source because of position, whether forces of a gravitational, magnetic or some other sort are involved.  This shows that potential energy is in reality an attribute of a system, not strictly of a body, an emphasis which is frequently omitted.  Perhaps the easiest way for pupils to understand this is an ‘object in a context’.

When the term gravitational potential energy is used, it indicates not only that a body is situated in gravitational field, but also that a convenient mechanism exists for transferring energy from the body-Earth system o some other.  Water at sea level has not potential energy, unless you happen to be in a coal mine under the sea!  Similar statements could be made about every other situation where potential energy is involved.  It is therefore suggested that the most helpful emphasis in teaching is ‘does the body (or even this system) have energy?’ but ‘is there a mechanism by which energy can be had from this system?’  This should help pupils to think of energy as ‘potentiality’ rather than as a special sort of ‘stuff’.  [...]

p11

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.

Textbook:

pp 1-2
Ways of transferring energy

(Pupils are asked to draw a table with the following headings and list all the energy transfers available:)

system for which

systems to which

way in which the
energy is transferred

energy is transferred

transfer takes place

They are told that in doing so they should make sure that they do not leave out any important steps.  “It is a good idea to check that you have included all the different transfer mechanisms, and all the obviously different systems.  [...]  [...] what you take a ‘system’ is a matter of choice.  What you have to do is to choose sensibly.” 

3
Bolton, W. (1974). 3. Energy. In Patterns in Physics (pp. 66-92). McGraw-Hill Book Company (UK) Ltd.

p66

[...]  There is energy associated with height of an object.  This is called potential energy.  There is energy associated with velocity of an object, called kinetic energy.  The process of transferring energy from a fuel to an object and producing a change in potential or kinetic energy is known as work.  The process of producing a change in temperature by means of an energy transfer is known as heat.
4
Buckie, B., Sinton, R., & Young, L. (1976). Exploring energy 1. In 'Everything, everywhere, everyone'. A modern course in integrated science. (pp. 36-39, 42-46). Oxford University Press.

p37

Forms of energy

To identify the forms of energy you must ask yourself





questions.  The answer will either be yes or no.

A question to ask


       The kind of energy

Is there a temperature change?
2 yes
 2 Heat


t


no

Would you see it in the dark?

2 yes
2 Light


t


no

Is there any kind of noise?

2 yes
2 Sound


t


no

Can the chemical produce energy?
2 yes
2 Chemical


t


no

Is there movement?


2 yes
2 Moving


t


no

Does anything happen when you
2 yes
2 Electrical

switch on the circuit?

t


no

Is there energy stored in it?

2 yes
2 Stored


t


no

There is not a simple question you can ask to identify nuclear energy.

p38

Energy can change from one form into others.

5
Wellington, J. J. (1982). Chapter 1. Different kinds of energy. In Physics for All. (pp. 8-13). Stanley (Publishers) Ltd.

pp 8-9
The forms of energy

There are at least seven different kinds of energy which are all very important in physic, and each of these will be looked at in different parts of this book.

Heat energy and light energy both come from the sun.  Both can be used to make electricity, or electrical energy.  Potential energy is the name of energy which is stored up, ready to be used.

Chemical energy in things like coal and wood or a man’s muscles is one special type of potential energy.  Sound energy, carried in sound waves, is another type of energy.  Finally, when something is moving, like a car or a train, we say it has kinetic energy.  

In other words, the seven different ‘forms’ of energy are: heat, light, sound, electrical, chemical, potential and kinetic energy.

Nuclear energy is another form of energy, which will be described later in the book.  It is the energy that can be released from the very centre of an atom: the nucleus.

Changing energy from one form into another

Electrical energy is changed into light energy by an electric light bulb.

Chemical energy is changed into electrical energy by a torch battery.

Kinetic energy is changes into heat energy when you rub your hand up and down on your sleeve.

In fact, all forms of energy can be changed into another form.

6
Bateman, R., & Lidstone, P. (1985). 3. Energy. In Steps in Science. Book 2. (pp. 20-27). London: Hutchinson Education.

p20

When energy makes something happen, it changes its form.  For example, the record in cartoon B uses electricity to drive the motor.  This gives the turntable kinetic energy.  Little movements of the stylus (needle) on the record are changed into electrical energy in the cartridge.  This electrical energy is magnified (made bigger) by the amplifier and the loudspeakers change the electrical energy into sound energy.  The energy changes are called energy transfers.

7a
SUFFOLK (1987). A major conceptual issue: teaching about energy. In Co-ordinated Science (13-16). Teacher's Book. Teaching for Active Learning. Collins Educational.

pp 90-92

It has not been easy to develop a strategy for the teaching of energy.  At the time the course was being developed there was a great debate about what pupils might be expected to understand and be taught, a debate which is not yet over.  [...]

[...] 

In Co-ordinated Science pupils first meet energy as ‘non-problematic’ (e.g. in ‘Energy investigations’, year 3).  The assumption is: ‘We all know about energy - we watch TV, read the papers - let’s see how we can use it, save it, control it, find out where it come from’.  In this unit we do not worry too much about what energy ‘is’: the question is raised in the Pupils’ Book, but as a question that people might well ask but doesn’t have an easy answer.  First, we might tell them what we know a lot more about what energy ‘does’.  In the ‘Energy investigations’ unit pupils gain experience of interesting situations in which energy is of importance: ‘egg races’, energy transfers, everyday energy sources.  We teach that energy is possessed by a system (not a single object), that one system can gain energy from another, that when this happens not all the energy is transferred.

Figure showing

Energy can be transferred in different ways, e.g.:
as radiation








by forces








by heating








by moving fuel/food








as energy of movement








by electric currents

***************************************************************************

In the actual lesson notes for the ‘Energy investigations’ unit:

p14

[...]  We would expect them [pupils] to develop the confidence to use the following ideas in the context of their own experiences:


1  Energyword ‘makes things happen’.


2  Energy comes in a number of different forms.


3  Energy can change from one form to another.


4  When we attempt to get ‘useful’ energy out of a system, energy is often ‘wasted’.

[...]  The language for describing energy has been considered carefully.  We anticipate that pupils will use the following names for energy forms:

movement (kinetic)

gravitational


light

electrical


elastic



heat

chemical


sound



radiation

***************************************************************************

Energy in the introductory year

There is some debate about whether learning about ‘forms of energy (chemical, electrical, potential, light, heat, movement, etc.) is good or bad.  The view taken in the Co-ordinated Science is that pupils need to talk about the energy transfers that happen, and the sources and uses of energy, so these terms are seen as useful (but shorthand and incomplete).  The emphasis, however, should be on discussing (writing. talking) rather than pupils labelling empty boxes.  Thus a situation in which a steam engine is used to run a generator to light a lamp must do more than simply produce labelled boxes, as in Figure 5.5a.  It is better to use simple Sankey diagrams or for pupils to describe what happens, e.g.:

The fuel burns and gives energy to the water.  The water turns to steam which moves (movement energy) the pistons, which turn the wheel and then the dynamo.  This changes movement energy to electrical energy, which makes the lamp light.  There is a lot of sound energy as well.

[...]
7b
SUFFOLK, & Dobson, K. (1987). 5. Energy. In Co-ordinated Science (13-16). Introductory Book - GCSE (13 yrs old) (pp. 44-57). Collins Educational.

p46

Energy going from one thing to another does jobs, makes things work, makes things hot, carries messages, and can be stored.

pp 48-51

People keep track of energy by giving it different names, depending usually on where it is at the time.

Chemical energy is a shorthand way of saying “energy stored in chemicals”.[...]

People talk about food energy as the energy stored in the food chemical used by living things.  [...]

Fuel energy is also the energy stored in chemicals [...]

Electrical energy is the name used for the energy we can get from the moving charges in an electric current.  [...]

Light energy is stored in those mysterious waves we call light - when we can see it.  [...]

Sound energy is what we can hear - really the energy of movement of pressure waves in air, or whatever the waves are travelling though.

Kinetic energy is the energy stored in a moving objet, just because it is moving.  [...]

Gravitational energy is caused by the force of gravity pulling everything downwards.  We know it is there because when things fall, they pick up movement energy.  [...]  It can be called “uphill energy”.

Nuclear energy is the name for the energy stored in the very centre of an atom - the nucleus.  [...]

Solar energy is a name for the energy that comes from the sun.  [...]

Work is what you do when you change some of your own energy to some other kind, e.g. you cycle hard and change energy stored in muscles to movement or uphill (gravitational) energy [...].

[...]

p52

The energy confusion

It is often quite hard to sort out which energy is which in real life.  This is because most things that happen involve energy stored in more than one place or thing.  [...]

7c
SUFFOLK (1992). Physics at home. Patterns of life. In Co-ordinated Science. GCSE Book 1 (pp. 36-38, 88-89). Collins Educational.

p36

...Using electricity to carry the energy is easier and often cleaner than using fuels that have to be burnt....

Energy transfer

How does energy move?  Let’s begin with what we call ‘heat’ energy.  A hot object can lose its energy in three ways: by conduction, convection and radiation.

8a
NUFFIELD (1993). Nuffield Science for Key Stage 3. Science Year 8 Teacher’s guide (pp. 31-48). Harlow: Longman Group UK Ltd.

The emphasis in this topic (and indeed throughout the course) is on what energy does rather than what it is.  There is no attempt to give a formal definition of energy.  There is no reference to ‘forms of energy’, or to transformation from one form to another.  Energy can be stored (for example by lifting a weight, winding up clockwork, stretching a rubber band, heating something up or charging a battery).  Energy can be transferred from such a store to make something move, to lift it, to heat it.

[...]

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.

A3
Transferring energy  pp 35-36

Energy can be transferred from one place to another by a variety of means.  In this activity, pupils examine a range of different energy-transfer mechanisms. [...]

hand operated winch:

The shaft transfers energy from the hand to the road.

gear-driven electric ‘clock’:

The gears transfer energy from the electric motor to the pointer.

steam engine driving a flywheel:

The steam transfers energy from the boiler to the piston.  Then the belt transfers energy from the piston to the flywheel.

battery lighting a lamp:

The wires transfer energy from the cell to the lamp.

8b
NUFFIELD (1990). Topic C. Energy. In G. Dorling (Eds.), Nuffield Science for Key Stage 3. Science Year 9. Teachers' Guide (pp. 5-6). Longman Group UK Ltd.

(Similar principles to these appearing in NUFFIELD (1993). Nuffield Science for Key Stage 3. Science Year 8 Teacher’s guide (pp. 31-48). Harlow: Longman Group UK Ltd. - See above.)

8c
NUFFIELD (1990). Topic C. Energy. In G. Dorling (Eds.), Nuffield Science for Key Stage 3. Science Year 9 (pp. 27-39). Longman Group UK Ltd.

C2  Transferring energy  pp 30-31

[...]  If you investigate any energy-using task you will find that the energy used has to be obtained from something else.  The energy gained by one thing is lost by another.  We cannot make energy.  We have to get it from somewhere.  So, instead of talking about using energy, we find it more helpful to talk about transferring energy.  This reminds us that the energy used for a task is always lost by something else.  Often the energy comes from burning a fuel, such as the gas in the cylinder of the stove.

A windmill obtains its energy from the moving air.  We obtain our energy from the food we eat.  A gardener, digging the garden, is transferring some of the energy stored in his last meal to lifting and moving the soil.  The diagram in figure 2a illustrates this energy transfer.

When an energy transfer happens, not all the energy is transferred to doing the things we want.  For instance, the gardener will start to feel very hot after digging for some time.  The energy diagram can be redrawn to include this ‘unwanted’ energy transfer [‘energy to warming up the gardener!’] as well (see figure 2b).

C3  Making life easier  pp 32-33

Figure 3

This power station enables energy to be transferred from coal to users by electricity.

9
Appleby, D., & Jarvis, A. (1990). Using fuels. Turning the generator. In Action Science. 'Energy'. (pp. 6-7, 14-15, 165-166). Oxford University Press.

p165 (Student checklist)

WHAT YOU SHOULD KNOW

[...]

Energy cannot be destroyed.  It can only be changed from one form to another.  All energy changes involve losses to the environment and eventually end as heat.

p14

‘Turning the generator’

...fuels have chemical energy; they burn and the chemical energy changes into heat energy...

...heat energy of the steam has changed into mechanical energy...

...generators change mechanical energy into electrical energy...

10
Hoyle, P., Laine, C., & Smyth, s. (1990). Transferring energy. In Science Kaleidoscope: a student's guide to KS 3 Heinemann Educational.

3.12 ‘Transferring energy’

In an energy chain, energy is converted from one form to another at each stage.  But not all the energy gets converted to the useful end product - some is converted to other things along the way.

(There is a diagram of an energy chain where energy is said ‘to pass’ or ‘transferred’ (once) from the sun to plants and then to the person and to the cow.)

(There are also two diagrams showing two sorts of lights, a fluorescent light and an electric bulb.  In both cases electrical energy is shown converted into heat energy and light energy with different efficiencies.)

(This double-spread page is supposed to comply with the following recommendations of the 1989 NC:

13.6.1
Be able to recognise different types of energy source and follow some processes of energy transfer in terms of the principle of conservation of energy.

13.6.2
Understand that energy is conserved but becomes spread around and so less useful.)

11
Jones, G., Jones, M., & Marchington, P. (1990). 47-54. Energy. Energy and work. Power. Heat. Energy stores. Efficiency. Heat transfer. Controlling heat flow. In Balanced Science.  Book 1. (pp. 120-137). Cambridge University Press.

47 Energy pp 120-121
Energy is needed in order to do things.  Nothing happens without energy.  Nothing happens, either, when energy is just stored.  Things only happen when is transferred.  The energy may be transferred from one object to another.  Or it may be transferred from one form into another.  When energy is transferred, things happen.

For example, petrol contains chemical energy.  If the petrol remains in a car’s fuel tank, nothing happens.  But when the chemical energy is converted to thermal (heat) energy in the car’s engine, movement occurs. [...]

Internal energy is energy in a substance
In everyday speech, we often talk about ‘heat energy’ in an object.  A hot object has ‘heat energy’.  However, a better term for the energy in an object is internal energy.

Energy transfers in firing a cannonball

[...] As the gas expands, the internal energy of the gas is transferred to kinetic energy in the cannon ball.

[...] On impact, its kinetic energy is converted to heat energy.

Mechanical energy has two main forms

Potential energy is stored energy.  [...]  Gravitational energy is potential energy.  [...]

Kinetic energy is energy of motion.

48 Energy and work pp 122-123

Work is a form of energy, and is measured in joules

[...]

Energy transfer always involves some wastage

Whenever energy is transferred, some is wasted.  When a block is pulled up a slope, friction causes energy to be lost as heat.  The energy does not disappear.  It is transferred to the surroundings.  [...]

Energy never disappears

Energy is never created or destroyed. it is just transferred from one from to another.  This is the principle of the conservation of energy.

Muscles transfer chemical energy to work and heat.

[...]

Combustion transfers chemical energy into heat.  [...]

12
Swift, D. (1990). Gathering winter fuel. Making things move. Counting the cost. In Blackwell Modular Science Key Stage 4. Energy. (pp. 3-9). Basil Blackwell Ltd.

Unit 1 Gathering winter fuel  pp 3-5

...Most of the energy from the burning fuel was transferred to the meat, making it hotter.

...Some of the energy left the burning fuel as radiation.

Summary

Fuels release energy in the form of heat and light when they burn.

Unit 2 Making things move  pp 6-8

To make anything start to move, you need a source of energy.   Moving objects have kinetic (motion) energy.

Fuels and electricity can provide this energy.

Objects can also be moved by using potential energy.  This is different from kinetic energy, but can be converted into kinetic energy.  Objects that are high up have gravitational potential energy.  Objects which are stretched or compressed and spring back afterwards have elastic potential energy.  Thus gravitational energy can be converted into kinetic energy by letting the object fall, and elastic potential energy can be converted into kinetic energy; for example, by releasing a spring or elastic band.

13a
Garrick, T. (1991). Energy. In Simon & Schuster Modular Science. Teachers' Handbook: Key Stage 3 (pp. 101). Simon & Schuster Education.

p 101

...Evidence suggests that children have a very ‘human’ view of energy, although teachers’ won experiences in eliciting pupils’ ideas in their classes may uncover other aspects.  The idea of ‘forms’ of energy may therefore not come easily to science pupils.  Indeed, 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.

13b
Fielden, S., & Wellington, J. (1990, 1993). 2. Energy. In Simon & Schuster Modular Science KS3.  Forces and Energy 1 and 2. (pp. 24-29, 34-37, 24-29). Simon & Schuster Education (1993).

2.1 What is energy?  pp 24-29

...Whenever we ‘use’ energy, we are changing one form of energy to another.  The energy does not ever disappear.  For example, we gain chemical energy from our food, we use the energy during each day and it is all eventually converted to heat energy, but it is never lost.  Whenever energy is ‘used’, or changed from one form to another, we say than work has been done.  So energy is always used to do work.

2.6 Different forms of energy  p34

One way of understanding energy is to separate it into the different kinds which we see around us.  This unit tells you about one way of classifying different types of energy, and about ways of changing energy from one form to another.

(The way of classifying energy into different forms is summarised as:

Potential, Kinetic, Chemical, Electrical, Wave (In water, Light, Sound) and Nuclear

For each form three examples of objects which have this form of energy are portrayed)

Changing from one form of energy to another

Energy is constantly being changed from one form into another.  This is what people mean when they say energy is used.  In fact, energy is not being used at all - it is being converted from one form into another.

14
Avison, J., Bailey, M., Bishop, P., Cartledge, J., & England, N. (1991). Energy and fuels. In Science Scene. Book 1. (pp. 140-147). Hodder and Stoughton.

p140  Energy for life

Machines and materials allow us to transfer energy from one thing to another.  For example, using a stretched elastic band you can transfer energy to a paper pellet or a model aeroplane.

p146  Energy from the Sun

Important energy changes take place when plants grow and fossil fuels form.

Heat and light energy from the sun are trapped by plants as they grow.  The light energy is used to join together carbon dioxide and water to form carbohydrates.  This process is called photosynthesis.  The carbohydrates produced during photosynthesis include substances like starch and glucose.  They are important sources of energy as foods.  We say that they contain chemical energy.

15
Lewis, J. L., & Foxcroft, G. E. (1991). 11. Energy. In J. L. Lewis (Eds.), Longman Science 11-14. Physics (pp. 120-138). Longman Group UK Ltd.

p120

[...]

The energy stored in fuels or food is sometimes called chemical energy. [...]

p122

... Since this energy depends on the height of the brick, we will call it uphill energy.  ...

Later in the course we will call this energy gravitational potential energy or more briefly  potential energy.

... This is energy due to the fact that it is moving, and we can call this motion energy.  Notice that uphill energy has been changed into motion energy.  ...(Later we will call this kinetic energy, but at this stage it will be easier just to call it motion energy.)

p123

Energy transfer

... 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.  [...]

p124

[...]  Heating results in increased motion of the particles of a substance and we call that internal energy. [...]

p126

[...]  In other words the stretched spring must have energy stored in it.  We will call this strain energy or spring energy.

pp 127-130

...sound energy...

...atomic energy, or nuclear energy...

...radiation energy... (light, radio waves)

...electrical energy...

p133

Looking at energy transfer

These experiments are about ways of changing energy form one form into another.  Often a ‘device’ is needed to do this.  The solar cell is an example of such a device; it transfers light into electrical energy.  The energy change can be shown in a flow diagram

[...]

The device or transducer, as it is usually called, is named in the box.  The forms of the input energy and of the output energy are named along the arrows.

p137

Summary: different forms of energy

1
Uphill (or potential) energy

2
Motion (or kinetic) energy

3
Strain (or spring) energy

4 
Strain energy of a liquid or gas (‘pressure’ energy)

5
Electrical energy

6
Chemical energy

7
Internal energy

8
Sound energy

9
Nuclear energy

10
Radiation energy (including light and radiowaves)

16
Porter, A., Wood, M., & Wood, T. (1991). 5. Energy. In Science Companions (pp. 70-71, 74-75, 78-79). Stanley Thornes (Publishers) Ltd.

p74

There are many different kinds of energy, so it difficult to give a simple explanation of what energy is.

We get energy from the food we eat.  When we are ill and do not at much, we feel weak and do not have much energy.

Transistor radios need two kinds of energy to work.  The electricity to power the circuits inside comes from the battery.  The aerial picks up energy form the radio waves sent out by the radio station.

Radio waves are similar light which another form of energy.  Apart from the light we can see there are other forms of light that are invisible to our eyes. ...

In our homes fuels we burn give out energy.  They give out heat to the room.

(A diagram of an energy chain connects objects (energy sources) with arrows which are labelled ‘Energy’)

pp 78-79

Storing energy

We have looked at a number of fuels or energy sources which have energy stored within them.  There are many different kinds of stored energy - they are all called potential energy.  This because the energy has the potential to be used but it is somehow locked up.

(e.g.)  Rubber bands have potential energy stored inside them when they are stretched.  

Batteries or cells have electrical energy stored inside them.

Gas and other fossil fuels have chemical energy stored in them. 

Under the right conditions the stored energy can be released and used.  Then the energy is changed into other forms.  One useful form is moving energy, called kinetic energy. ...

[...]

Belts

...Most devices use one or more belts to transfer the motion from the motor to other parts.  Belts can be seen on many machines.

(e.g.)

The chain on the bicycle can transfer the energy that legs give the pedals to the back wheel.

The belt in a cassette recorder transfers the energy from the motor to the drive wheel.

[...]

...Gears are used to transfer the energy from one cog to another.

17
Ramsden, E., Breithaupt, J., & Applin, D. (1991). 6. Energy. In Key Science 4. Book 1. (pp. 95-104). Stanley Thornes (Publishers) Ltd.

pp 96-97

Forms of energy

Objects can have energy in different forms.  For example, winding up the mainspring of a clockwork toy car stores energy in the spring.  When the spring unwinds, it drives the wheels and the car moves.  The wound-up spring is said to contain potential energy.  Any moving object is said to have kinetic energy.  When the car is moving, potential energy in the spring is being changed into kinetic energy of the car.  In other words, energy is changing from one form into another when the car is moving.

[...]

Another example of energy changing from one form into another is when you use a torchbulb.  The torch battery pushes electric current through the torch when the torch is switched on.  As a result, the torchbulb emits light energy.  The battery converts chemical energy into electrical energy and the torchbulb converts the electrical energy into light energy.

[...] heat

[...] sound energy

[...] nuclear energy

pp 98-99

Conservation of energy

[...]  Most energy changes involve energy changing from one form into two or more different forms.  Devices designed to change energy into a particular form often produce other forms of energy as well. ...

18
A.S.E. (1992). Unit 4 'Using energy at home'. Teacher notes.  Questions to discuss. In SATIS 8-14. Box 2. Book 9. (pp. 39, 46). A.S.E.

p39

...Electricity is expensive because it is made from other forms of energy...

19
Boyd, J., & Whitelaw, W. (1993). AT4 • Levels 4 - 5 - 6 - 7. In Science Revision KS3 (pp. 48-49, 52, 55, 58-59). John Murray (Publishers) Ltd.

p48

B1
There are several forms of energy.  For example, heat energy, sound energy, light 
energy, stored energy, movement energy and electrical energy.

B2
Energy can be transferred from one energy form to another.  An energy transfer is 
needed to make things work.

p52

B1
In any process, an energy transfer takes place.  For example, when water is boiled in 
an electric kettle, electrical energy is transferred to heat energy.

p58

B1
Heat energy can be transferred from a hot object or place to a cooler one in three 
ways: conduction, convection and radiation.

20
SALTERS (1993). Where does the energy go? In Science Focus.  The Salters' Approach.  Looking into Science. (pp. 26-27). Heinemann Educational.

pp 26-27

Transferring energy

Energy never disappears.  It can only be transferred from place to place.

Transfers of energy can produce movement, sound light, heating... whenever anything happens, energy is involved.

All energy transfers result in something being heated.

Whenever energy is transferred, it spreads out into more places so it becomes less useful.

Energy diagrams

energy you use to wind up the elastic --> Heating - your muscles, the elastic, etc.






--> energy stored in elastic --> heating of elastic, bench 








   top and air









        --> carried away by sound









        --> movement of the roller

Different forms of energy

Energy can be stored:

•
by lifting up a weight

•
when something springy is squashed or stretched

•
in chemicals, such as gas or oil, or the chemical in your muscles.

When energy is stored, it is sometimes called potential energy.

Energy can be transferred:

•
as electricity in a circuit

•
as light

•
as sound

•
as movement

•
by heating.

The energy of a moving object is sometimes called kinetic energy.  Energy transferred by heating is sometimes called thermal energy.

21
Boyle, A., Ditchfield, C., & Hannon, M. (1994). Using Energy: Introduction. Forces in action. Energy forever? Keeping warm. Electricity. In Changing Science. Book 1. (pp. 194-198, 214-215, 217-223, 235-237, 240-241, 247, 256-259). Hodder and Stoughton.

pp 194-195  Using energy
...In each picture energy is being transferred.

Tanya wakes up at 7.30am.  Energy from ... heats her bedroom.

The bus transfers energy from... to make it move.  Tanya listens to her personal stereo which transfers energy from... to...

Tanya sell fruit and vegetables in a shop.  Food stores energy that is transferred from...

p196  

You have probably used the word ‘energy’ before.  Maybe you already know about energy transfers like those shown in the photographs.  Energy is essential for all living things.  Plants and animals need energy to live and grow.  Humans and other animals transfer energy from the food they eat to their bodies; plants transfer energy from sunlight to their tissues. 

Energy is only useful when it is transferred.  Think about a chocolate bar which is advertised as ‘full of energy’.  The energy is no good to you until you eat the chocolate and transfer the energy stored in it to your body.  Chemicals in our food store energy which originally came from the sun.

Some people talk about different ‘forms of energy’ and ‘energy changes’.  This can be confusing.  Energy does not really change.  There is only one form of energy and it always stays the same.  The same energy that is stored by the chemicals in our food is transferred by your body to do different jobs.  When energy is transferred from one place to another, it makes things happen.  Here are some examples of energy transfers.

In a torch, energy from chemicals in the battery is transferred to moving electric charges which flow around the circuit in the torch.  As charge passes through the bulb a lot of energy is transferred from the charge to the filament.  The filament heats up and because so much energy is transferred quickly, the filament gets white hot.  The glowing filament transfers energy to light waves.  This is a useful way of transferring energy.  The filament also transfers energy to the glass, which gets hot, and the surrounding air, which is also warmed.

p241  Keeping warm
You often hear people talking about ‘heat’ or ‘heat energy’ being transferred.  Strictly speaking there is not such thing as heat; it is energy that is being transferred.  It is the same energy that can be carried by electric currents or transferred by your muscles when you move.  You can use the word ‘heat’ as a verb to describe what is happening when energy is transferred.  For example you could say that burning fuel will heat the air around it.  This because energy is transferred from the fuel to the air.  The air gets hotter when its molecules move faster.

22a
Johnson, K., Adamson, S., & Williams, G. (1995). Spotlight Science Teacher’s Guide 7 (pp. 74-86). Stanley Thornes (Publishers) Ltd.

p74

Developing the correct concept of energy is not easy, but is helped by:

•
discussing energy in many different contexts...

•
discussing energy as though it is a quality of a system (‘having energy’) rather than a substance (which the pupils think is somehow used up).  For this reason the pupils’ pages emphasise energy transfers (as does the National Curriculum), and aim to avoid referring to ‘forms’ and ‘types’ of energy (but there is an Extension Sheet on ‘types of energy’ if you prefer this older approach).

p76

(Pupils checklist)

What I should know:

[...]

•
To get a job done, energy must be transferred from one place to another.

[...]

•
Energy can be stored.  Stored energy is called potential energy.  For example, chemical energy, strain energy, and gravitational energy.

•
Movement energy is also called kinetic energy.

[...]

p77

What is energy?

Possible introduction / scene-setter:

Children often believe that ‘energy’ is only possessed by people, so it is important to give them examples of objects with energy.

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.

22b
Johnson, K., Adamson, S., & Williams, G. (1993). Energy. In Spotlight Science Year 7 (pp. 33-44). Stanley Thornes (Publishers) Ltd.

p34  What is energy?
To get a job done, energy must be moved or transferred from one place to another.

p36  Go with energy

...When petrol burns in a car, the stored energy is transferred to movement energy of the car and energy for heating the car:

Stored energy is called potential energy.

Here are some examples of potential energy:

•
Chemical energy

•
Strain energy

•
Gravitational energy

[...]

When she skis down, the potential energy is transferred to her movement energy.  (Another name for movement energy is kinetic energy.)
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p201 (Pupils checklist)

•
Renewable sources of energy include: geothermal energy, wind energy, wave energy, hydro-electric energy, tidal energy, as well as biomass and solar energy.
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p45  Getting moving
Everything that is moving has energy.  We call this type of energy movement energy or kinetic energy.

To make something move, you have to transfer energy to it.

pp 46-47  Getting warm
Heat energy is a kind of energy.

Energy transfers

The cat is enjoying the heat from the fire.  Heat energy is being transferred from the fire to the cat.  We can draw an energy transfer diagram to show this transfer.  The arrow shows that heat energy in the fire has been transferred to heat energy in the cat. [...]

We say that the coal is a store of energy.  It is a store of chemical energy.  Most fuels are energy stores.  We can include ‘chemical energy’ in the energy transfer diagram for the cat in front of the fire.  [...]

Chemical energy (of the coal) --> heat energy (of the coal) --> heat energy (of the cat)





--> light energy (of the flames)

The arrow splits in two, because we get two types of energy, heat energy and light energy.

pp 48-49  Body fuel
...The chemical energy in our food becomes kinetic energy and heat energy.

What two forms of energy are produced when a candle burns?

p50  Electrical mysteries

Inside the battery are chemicals which store chemical energy.  When the train is switched on, this energy is gradually changed to electrical energy.  The train has an electric motor to make the wheels go round.  Wires connect the battery to the motor.  Electrical energy is transferred from the battery to the motor though these wires.

... a radio changes electrical energy into sound energy.

p52  Hidden energy

...elastic energy

...gravitational energy

... chemical energy

p134  Energy changes

Electrical energy is being changed into different types of energy in each of these appliances.  Decide what type of energy it is changed into in each one.
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p54
Forms of energy?

In elementary work it is sometimes helpful to think of different forms of energy, such as chemical energy, nuclear energy, electrical energy and heat energy.  We then talk about ‘converting energy from one form to another’.

This approach to energy is less useful - and can be misleading - in advanced studies.

[...]

These are the few fundamental forms of energy:

•
Potential energy

(Talk about ‘kinds of potential energy’ such as gravitational potential, electrical potential and binding energy.)

•
Kinetic energy

[...]
•
Radiation energy

[...]

All other ‘forms’ of energy can be described more simply and fundamentally as combinations of these three basic types.

p55

‘Transferring energy’ is more useful than ‘converting’ it

In most practical situations, energy becomes important when it is being transferred from one system to another.  It is therefore sounder and more useful to have a good understanding of energy transfer processes.

Electrical transfer or electrical energy?

Instead of talking about the ‘electrical energy’ in a wire, it is better to think of the wire as a vehicle for the transfer of energy by an electrical transfer process. [...].
APPENDIX  2
Interview about ‘Energy’.

1.
Let’s look at the recommendations in the Programme of Study for Key Stage 4 concerning energy transfer, namely that pupils should be taught:


energy transfer
a
that differences in temperature can lead to transfer of



energy;


b
how energy is transferred by the movement of particles in



conduction, convection and evaporation;


c
how energy is transferred by radiation;


d
that insulation can reduce transfer of energy from hotter to 



colder objects, and how insulation is used in domestic 



contexts;


e
the meaning of energy efficiency and the need for 



economical use of energy resources.

1a.
Could you put each one in your own words, and give an example?

1b.
Let’s look at a and b.  What ideas might you have about how to tackle them at GCSE level (KS4)?

2.
Here’s another recommendation - this time for Key Stage 3, younger pupils:  

“Pupils should be taught that energy can be transferred and stored.”


What ideas might you have about how to tackle it?  


(What relevant experiences do you think that the pupils should have?)

3.
The National Curriculum talks about energy transfers, energy going from one place to another.  But lots of textbooks talk about energy transformation, changing energy from one kind to another.

3a.
What do you think about the difference between these ways of talking about energy?  Is there a difference even?

3b.
Do you prefer one or the other?  Which would you rather use?

3c.
Could it be that they are each best for different cases/examples?

3d.
Why might the National Curriculum have stuck with only one?

	TEXTBOOK
	DATE
	energy transfer
	energy transform
	transfer and
	transform

	
	
	
	
	transform 'plus'
	transfer(=transform)

	1
	1966&1977
	
	
	1
	

	2
	1974
	1
	
	
	

	3
	1974
	1
	
	
	

	4
	1976
	
	1
	
	

	5
	1982
	
	1
	
	

	6
	1985
	
	
	1
	

	7
	1987
	
	
	1
	

	
	
	2 (out of 7)
	2 (out of 7)
	3 (out of 7)
	0 (out of 7)

	
	
	29%
	29%
	43%
	0%

	8
	1990&1993
	1
	
	
	

	9
	1990
	
	1
	
	

	10
	1990
	
	
	1
	

	11
	1990
	
	
	
	1

	12
	1990
	
	1
	
	

	13
	1990&1993
	
	1
	
	

	14
	1991
	
	
	1
	

	15
	1991
	
	
	
	1

	16
	1991
	
	
	1
	

	17
	1991
	
	1
	
	

	18
	1992
	
	1
	
	

	19
	1993
	
	
	
	1

	20
	1993
	1
	
	
	

	21
	1994
	1
	
	
	

	22
	1995
	
	
	
	1

	23
	1995
	
	
	1
	

	24
	1997
	1
	
	
	

	
	
	4 (out of 17)
	5 (out of 17)
	4 (out of 17)
	4 (out of 17)

	
	
	24%
	29%
	24%
	24%


APPENDIX  4
*Teacher case study: Anna

Anna was the science teacher of a Year 7 class (11-12 year-old pupils).  She is a dynamic and competent teacher.  She is very good at managing her class; she knows how to let pupils take initiatives while she keeps tight control of the class.  

Concerning the question of whether Anna really grasped the general long-term aim of the project, what the project tried to achieve on its whole, the answer is not very conclusive.  She saw it as a different approach to teaching certain things but not as introducing ideas that have not been taught before in the lower secondary school.  Commenting on the Year 7 work she said:

“It’s not really meant to introduce a new idea, is it?  It’s just meant to be a different approach to teaching something that’s not being taught very well at the moment.”

She saw the approach as trying to get the children to think about the causes of changes, as trying to provide better explanations of why things happen, but it seemed that she did not see these explanations in their unity deriving from the Second Law of Thermodynamics.  The materials provided her with a set of few powerful ideas expressed in simple words she could carry from one lesson to another and use them to explain a variety of changes.  She saw these ideas as bringing coherence to her teaching

“...you tend to do lots of isolation sort of bits and pieces especially in, for example, the energy topic, and you don’t really see a progression or a theme, and you definitely do when you’re using those materials.”

and as facilitating children in their transition to GCSE science and that’s why she was enthusiastic about the materials.  Her agenda seemed to be very pragmatic; her two concerns were to enrich her teaching, go beyond the description of what happens and talk about what causes things to happen in a language that would be easy for pupils to understand and use and which would be scientifically correct; and to prepare the pupils as better as possible for when they would get to their GCSEs.  

Anna really welcomed the use of the project’s materials in her lessons and accepted easily the suggestions one of the co-directors of the project made about how these could fit in the existing schemes of work for the three topics chosen.  As to the researcher’s presence in the classroom, she did not seem to be particularly happy about it at the beginning.  She soon however got used to her and seeing her work mainly with the pupils she felt less threatened.  She ended up asking the researcher’s help or/and her opinion concerning the use of the materials and children’s reactions to them several times.

It is true that Anna did not have the overview of what objectives were sought for the Year 7 pupils from the project’s point of view, nor did she have the materials to be used a long time in advance to study and reflect on them -some of the materials were only made available to her a week before the lesson- so it is unfair to ask whether while she used them she could see the ideas involved achieving something in the long term.  And when she did, mainly after having used them, this was I think in terms of better achievement of pupils in traditionally difficult parts of science at higher level.  

Having observed Anna teach the project’s materials for a period of approximately eight months we formed some impressions about how she coped in the classroom with some of the characteristics inherent in the design of the materials.  The terminology used in them is one for example.  The terms ‘spreading out’ and ‘bunching together’ or ‘easier forwards’ and ‘easier backwards’ were terms heavily used in the Year 7 materials and reflected ideas very important for the project.  Anna, certainly at the beginning, did not feel very comfortable using them.  She actually did complain that the project was imposing on children difficult words which moreover were not scientific, though it seems that this comment more demonstrated her own feelings and confusion about the terms used.  It is interesting that in her interview at the end of the year she said: 

“No...no, I don’t think you could class bunching and spreading as a special vocabulary, I don’t think so.  [...] using simple words like spreading out and bunching together has made the children understand it straight away and once they’ve got that understanding then you can use the proper words.”

It appears that she saw these words mainly as simple words she could use to describe what is happening to the particles during a process of change without paying so much attention to the importance of these ideas for the project which was that one is happening spontaneously while the other is not.  While she kept bringing them up in her lessons whenever she felt that was suitable, to the point that the pupils were used to read her cues and answer in these terms even if it was not appropriate to do so, she did not give them any ‘life’, she used them somehow dryly as if they were names of processes.  She would often say for example ‘mixing is spreading out’ or ask the pupils if ‘bunching together is dissolving’ but would not often talk of ‘something spreading out into something else’ or draw pupils’ attention to what was bunching together, if anything.  We suggest, in other words, that in trying to make the pupils use the suggested words she often encouraged a mechanistic use of them rather than a use that reflected a deeper understanding of the ideas involved.  That is not to say that she used these ideas only in abstract contexts; on the contrary, she always tried to provide some concrete examples from children’s everyday experiences to apply these ideas to.  Moreover, to help pupils visualise the actions of ‘spreading out’ and ‘bunching together’ she asked them to role play them.  It is also true that as she grew confident with the use of the new terms, she applied them more and more spontaneously and consistently.  However, it was also found that she did not fully explore the opportunities that were presented to her by the materials to make the point that the ‘spreading out’ of matter is a downhill change while the ‘bunching together’ is an uphill change.  

Commenting on Anna’s use of the terminology introduced by the project, it is important to say that these were not the only words Anna tried to engrave on children’s minds.  The teaching of important ‘scientific words’ was a very high priority for her.  The spelling of words like ‘solid’, ‘liquid’, ‘solvent’, ‘solution’, etc., was tested regularly and their presence was requested in children’s explanations, both oral and written.  The fact that the class consisted of about 50% bilingual pupils of whom some had very poor knowledge of English dictated for Anna the above policy.

Another idea which is very important to the project is that of temperature differences driving change.  This comes up in the Year 7 work only in the teaching of the changes of state.  Anna seemed not to pay any attention to this idea and taught them in the conventional way focusing thus only on the nature of the substances before and after the change.  It is not clear what that says about her understanding of this idea; interestingly, talking about this activity in the interview she said:

“The ‘Putting changes into groups’ is a good one because it shows the...it really gets them to think about what the particles are doing regardless of the temperature.”

Anna, indeed was very keen to talk about particles but most of the time attributed to them rather macroscopic properties.  She certainly moved between the macro and micro realm a little carelessly.  This was more obvious in the case of the use of ‘spreading out’.  So, she would talk of the sugar particles spread out in the water, but also of a jersey spread out to dry faster.  Thus the ‘Life’ materials in which the macro descriptions of changes contradict the micro ones, e.g. when a baby’s bones grow the substances bunch together and not spread out, were met with more scepticism and uncertainty by Anna.

“[...] it’s quite an abrupt sort of very different kind of idea.”

The use of abstract pictures is another characteristic of the materials.  Anna did not seem to have any problems with the use of abstract pictures, although it is true that in the Year 7 materials they do not feature heavily.  Only once, at the beginning she seemed to express the feeling that the children were daunted by them, but by the end she thought that once the children were explained what the conventions meant they did not have any problems with the pictures.

“Most of the children were understanding what they were meant to be seeing.  and by the time you’ve done two or three worksheets then they’ve got use to the pictures and the arrows and then it’s no problem for them at all.”

She moreover felt that the use of the pictures made the work accessible to students who had lower English abilities and who previously would not have understood it.  However, interestingly she never drew one of these pictures on the blackboard or referred to them spontaneously in her teaching.

Another characteristic of the approach is that it encourages pupils to look for similarities between different changes.  Again, although Anna appreciated the existence of a few general ideas that can explain a variety of changes, she did not seem to appreciate the merit of activities where pupils reason about the similarities and differences between different changes.  She did not stimulate discussions of that sort in the classroom.  She appeared to mainly think of them as extension work for the more able pupils.  

Overall, it can be said that Anna provided a reasonable environment for the use of the project’s materials.  She did not make full use of the opportunities that the materials offered her, nor was she very imaginative and spontaneous in their use, but she used them in good faith and she seemed to enjoy using them.

APPENDIX  5
* Teacher case study: Beth
Beth was the head of science in the school where the materials were trialed, but also the science teacher of the Year 8 class (12-13 year-old pupils) which was monitored in the course of five months.  She is a very dynamic and vivacious person always on the move as she tries to juggle around her different responsibilities.  In the classroom she moves briskly and efficiently and the pitch of her voice betrays her full emotional as well as physical commitment to her job.  She thinks that science is interesting and always talks with affection and concern about her pupils.

What did she think the project is about?  She saw the project as providing the teachers with a coding system consisting of a combination of pictures and words which, when used systematically in the classroom to describe changes, will stimulate interesting discussions amongst pupils, enhance their abstract thinking, and therefore in time raise their achievement.  Once more, like Anna, Beth appreciated each activity or set of activities on their own merit; she saw them as working together only at the level of promoting deeper understanding and more abstract thinking, and not to build up the ideas of the Second Law of Thermodynamics.  However, she also recognised that apart from being a different approach to teaching certain things, it introduces new ideas as well.

“The business of one change driving another, I think is a new idea largely.  [...] It shouldn’t be a new idea looking back, but it is a new idea for that age group I think.”

“What you’re doing is you’re trying to access the information and then getting them [the pupils] to go a little further to internalise it at an earlier stage.  So I think that is new.”

For her the project provided the pupils with a simple pictorial way of expressing abstract ideas, it gave them something “to hang their words onto”, it gave them “a discussion point” and promoted interaction both at the level of the whole class and at the level of the group.  For pupils with language difficulties particularly, it increased their self confidence because they could express themselves through the choice of pictures about which they could speak in their own language.  Beth also thought that the project gave the teachers a set of communication tools with which they could talk about complex changes and get “a common understanding” that they could build on.  These communication tools included a set of simple words that teachers could use consistently.  Beth acknowledged the problem that some of these words were often used loosely as analogies by teachers, while the project had given a specific meaning to each one of them but said that 

“...to some extent that’s easier to get you head round than the many different ways that you might use it”

About the pupils and the use of these words she was concerned that because these words carry a lot of meaning with them, when pupils use them one might easily assume “that they understand what the whole package means”.

Another concern of hers was that, because it involves so much learning about conventions, the pupils can easily be left behind and get alienated if they happen to be absent for a couple of lessons or more.

Beth welcomed the use of the project’s materials in her lessons and accepted easily the suggestions one of the co-directors of the project made about how these could fit in the existing schemes of work for the three topics chosen.  However because she is a teacher who put a lot of emphasis on practical work, she would have liked the pupils to have done more practical work than they did.  

“It’s been a bit daunting for some because you have so many to match up and they go oh no ...not pictures again ..oh no...and you’re just beginning to think oh we could just do without this, lets have a practical, can’t we do a proper experiment for once.  I suppose it’s being unrealistic in that respect.  They haven’t done as many practicals as I would normally have done with a year 8 group and I’ve expected far more consolidation from them than I have often expected from previous year 8 groups.”

As to the researcher’s presence in the classroom, she seemed very at ease about it.  Because of her multiple responsibilities she never had time to speak to her after the end of the lesson, but they exchanged some feedback occasionally during the lessons.  The more the materials were unfamiliar to her the more she referred to her, as it could be expected.  Furthermore, in two occasions she asked her to introduce the materials to the class because she would be absent.

The vocabulary used in the Year 8 materials did not seem to present any problems either to the pupils or to Beth.  May be at the start she used quite loosely the term ‘joining’ to mean mixing as well, but later on she stuck to the use suggested by the project.

As one of the topics observed was the ‘Energy’ one, a topic of special importance to the project, particular attention was paid to how Beth made use of the terms involved.  Therefore, it was noticed that she used extensively the idea that there are forms of energy, so her examples would range from heat energy to human energy.  This is important because one of the principal axes of the approach is that there are no forms of energy, that energy should be viewed as one thing that can be more or less concentrated and can flow.  Another thing which was noticed, is that Beth sometimes used the words ‘temperature’, ‘heat’ and ‘energy’ without discrimination.  She would say, for example

“The hot oven gives energy to the room.  They both end up with the same energy.”

or

“The heat is going to be given to the metal block.”

The idea that she thought of as more interesting is the idea that one can make something happen by coupling it to a spontaneous change,

“I found it very interesting particularly the idea with one change driving another.  I found that very interesting and sorting out ideas... for myself.”

but expressed the fear that not many teachers will use the activities that include this idea in the future.  
The pictures did not present any particular problems to her or the pupils.  Beth was very cautious, going over and over the conventions with them whenever she could.  However, she never used them spontaneously to explain or describe a change.

She moved between macro and micro interpretations of the abstract particle pictures rather carelessly.  For the picture, for example, which showed gas trapped in a solid, she accepted / suggested the examples of ‘brick’ and ‘cheese’, and for the picture which showed liquid with pieces of solid of a different substance inside, she suggested the example of ice cubes in water.

Moreover she the pictures used to represent chemically stored energy seemed to overwhelm her a bit.  She felt she had forced too many pictures on the children who should have had more practical experiences before being introduced to them.

Something that Beth did not do was to encourage pupils to look for similarities between different changes.  

On the whole, it was found that Beth used efficiently the project’s materials in the classroom.  She encouraged the pupils to complete the activities and provided more time for that when she felt that it was needed.  She used to let the pupils read the instructions on the worksheet and asked them to work in groups.  In the end of the lesson however, she most of the times tried to check the answers with the whole class and this, was found, very beneficiary for the children as they were given a chance to raise points for discussion and clarify further their views.  The practical work was her very strong point and knew how to tie it in smoothly with the ideas of the project.

The materials could have been further exploited, and the opportunities that arose were not always followed up, but on the whole Beth managed to handle difficult materials at a short notice very adequately.

APPENDIX  6
Christopher’s case study: lessons, interviews and pupils’ work

First Lesson

‘Backwards and forwards in the kitchen’ (Activity A1)
This was the first activity from the project that the pupils met in the first lesson.  The activity is about dissolving, and the idea behind it is that “changes in which things are mixed happen more easily than changes in which they are ‘unmixed’” (Theme A, p2)*.

An OHT introduces the idea of changes which happen more easily in one direction, by giving two examples of such changes; a mug breaking is said and shown in a picture to happen more easily forwards than backwards, while an onion being made from a chopped onion is said and shown to happen more easily backwards than forwards.  Christopher did not make use of the OHT; he demonstrated instead the two experiments and talked about them.

The project activity is an individual activity which entails cutting out twelve pictures depicting six changes -once forwards and once backwards- and sorting them out in two groups, an ‘Easier forwards’ group and an ‘Easier backwards’ group.  The pupils then have to stick the pictures of the ‘Easier forwards’ group in their books and write why they think those changes go forwards more easily than backwards.  Christopher asked the pupils to stick both groups of pictures in their books and to look for similarities between the changes in each group.  He insisted that they should find a rule which was true for all changes, since “a rule for all is more useful that a rule for one”.  He thus was not completely satisfied when a pupil came up with the suggestion that it is easier to mix something [than to ‘unmix’], because this could not explain why breaking the mug is easier than assembling it back again.  What he wanted pupils to conclude, and therefore prompted them to do so, was that all the changes that were easier forwards were ‘spreading out’ processes. 

‘Pictures of mixing’ (Activity A2)

This was the second project activity which was used in the first lesson.  It is “about matching changes to abstract pictures involving mixing.  It also encourages pupils to think about mixing as a process in which substances ‘spread out’” (Theme A, p2).

In the ‘control’ school this activity had followed a lesson on ‘dissolving’ where children had been introduced to the process and to its relevant terminology and had gained experience in dissolving different substances in water.

There is an OHT that accompanies the activity and which introduces the conventions of the abstract pictures with matched examples.  Christopher gave a copy of this sheet to every pupil and discussed with them the conventions of the pictures.

The activity is to be done by the pupils individually.  They need to match eight changes to nine pictures of mixing and write about each change.  Christopher asked them to first do the matching and pointed out that more than one change may go to one picture.  Three of the abstract pictures in the activity show impossible changes in which something ‘disappears’ with the solvent remaining unchanged; Christopher at some point indicated them to the children, and asked them to think why this was the case.  At the end of the lesson the class reported and discussed the correct matches.  Christopher asked them to write for homework about the eight first changes using the words suggested on the sheet, namely ‘mixing’, ‘spreading out’, ‘solid’, ‘liquid’, ‘dissolving’, ‘solvent’, ‘solute’, ‘solution’, ‘soluble’ and ‘insoluble’.  He further gave them an example of a desirable account for the first change of ‘dissolving sugar in water’:

“Sugar (solute) dissolves in the water (solvent).  The sugar particles spread out and mix with the water.”

After the lesson, Christopher seemed very content with how they lesson had evolved.  He found that the pupils had had no problems with the abstract pictures - “they pick them up incredibly quickly, no problems at all” - and moreover he found that they had liked the fact that the activities were different from what they had done before.  He also felt confident that the pupils had got a better understanding of what dissolving means - “the idea that dissolving means one thing spreading out into the other” - and that they had appreciated the idea that there is a direction to the changes, and that the direction is what occurs naturally.

In relation to the structure of the lesson Christopher said:

“I think, maybe the idea of going round and having a look at the practical demos might sort of make it [the second activity] fit better into a lesson.”  

Also as it regards the sequence and timing of the activities he expressed surprise to have been able to get through both activities “with five minutes to spare”.  He, however, also admitted that the last ten minutes of the lesson the pupils had got a little ‘frisky’.

“And I think it would have worked a lot better as two singles [single-period lessons], but I don’t have any choice; I’ve got a double and I’ve got to fill it.  [...]  If I had absolute carte blanche, I would have fudged it, so I could have done a single and a single.”

Pupils work

Eight samples of pupils’ work (out of the 18 pupils who constituted the class) were collected for the activity ‘Pictures of mixing’.  Most were reasonable accounts of the changes using the ‘desired’ terms.  Since Christopher had talked of ‘particles’ only in passing, only one pupil attempted to use the term; he used it to account for two changes in which a solute dissolves in a solvent; the solute was seen as breaking down in small particles.

Second Lesson

‘Mixing and ‘unmixing’’ (Activity A4)

This is an activity (to be used as a class discussion) “which introduces the idea that mixing is a process which happens more easily than ‘unmixing’” (Theme A, p4).  It is based on an OHT which presents the ideas that mixing is a ‘downhill’ change and ‘unmixing’ is an ‘uphill’ change and reinforces the use of the terms ‘spreading out’ and ‘bunching together’ in connection with the processes of mixing and ‘unmixing’.

Christopher did not use the OHT as such.  He viewed this activity as a sort of revision of what the class had done in the previous lesson; he presented the examples that are on it as demonstrations for discussion and reminded the pupils of the relevant ideas from the previous lesson.  He then gave out to the pupils a paper copy of the activity and introduced the ideas of ‘uphill’ and ‘downhill’ change.  He made a point of comparing the two examples on the sheet, the mixing up of some red and white polystyrene balls, with the dissolving of salt in water, and of calling the first a molecular model of the second.  He also, however, told the pupils that they should not worry at that stage about the difference between atoms and molecules.  On this point, after the lesson he noted:

“It took a bit of time to spot the idea that with these two you know what you've got is a little particular model at the top and that's really what's going on with salt and water.  I still don't..., they still don't tend to think in terms of atoms.  They know about them but they don't tend to think about them unless they're really sort of forced to, but they got everything there in the end.”

‘Mixing and ‘unmixing’ - ‘downhill’ and ‘uphill’’ (Activity A5)

“This is a brief activity intended to make the point that mixing ‘just happens’ but ‘unmixing’ does not ‘just happen’” (Theme A, p4).  For six changes the pupils have to decide (and tick the relevant boxes) about whether something is mixing or ‘unmixing’ and about whether the change is something that ‘just happens’, or that ‘does not just happen’.

Christopher used this activity as a sequence to the previous one in the same (second) lesson.  The pupils completed the sheet by themselves and then had a class discussion about their answers.  The dissolving of sugar in tea in particular produced a more extended discussion, since the pupils questioned whether it happens by itself or stirring is needed for it to happen.  To resolve this question Christopher asked them to do it as an experiment at home and went on to demonstrate the spreading out of some coloured liquid in clear water and of copper sulphate crystals in hot water.  The first demonstration did not work very well, as the liquid spread out readily over the surface of the water, but not throughout its volume.  He also talked of the spreading out of the smell of a stink bomb:

“Smell particles spread out and mix with the air particles.”

Then Christopher drew the pupils’ attention to the intended learning point of the activity and explained that the changes which ‘don’t just happen’ are possible but more difficult.  For homework he asked the pupils to answer the first two questions on the worksheet and also to write some original examples of their own of mixing ‘downhill’ changes.

In the interview Christopher said that he was happy that the pupils had not had any serious problems with the activity.  Having seen that deciding whether a change ‘just happens’ was a little troublesome for some pupils, he had asked them to find the changes which ‘do not just happen’ first.

“If they see it  [a ‘just happens’ change] as the opposite of ‘does not just happen’, then it’s obvious.”

Christopher’s slight concern was that the examples the pupils might come up with would be quite complicated and would not be clear-cut spontaneous or non-spontaneous changes.

“It’s not very many changes that are so utterly simple as the ones on this list, and so they’re going to get confused if the don’t appreciate the effect of external factors, like when Felicity was trying to understand what happens when you stick a cloth on top of something to wipe it up.”

Pupils’ work

Indeed Christopher might have been right with his above remarks.  From the sample of five pupils whose answers were collected for the above activity none gave more than two examples and three gave only one.  From all answers however, only one may confirm Christopher’s concern that the pupils might not appreciate the effect of external agents: 

“If you put ants in a jar they spread out.  But it’s harder to take them out.”

Third, Fourth, Fifth and Sixth Lesson

For these lessons there were no observation records.  The only information we have about them came from Christopher’s brief written accounts of them and corresponding pupils’ work.

‘A ladder of temperatures’ (Activity B1)

“The aim of this activity is to give pupils a feeling for a range of different temperatures.  Pupils match objects and situations to the ladder of temperatures.” (Theme B, p2)

Christopher had asked the pupils to go to the library to find the information that they needed in order to do this activity.

‘Measuring temperatures’ (Activity B2)

“This is a practical activity in which pupils gain experiences in looking at situations in which temperatures are becoming equal.” (Theme B, p3)

The activity consists of six tasks.  These tasks are intended to be set up as a circus round the classroom.  The children have first to read about each task, to decide what would happen out of two or three given alternatives, then to do the experiment to check whether they were right and finally to explain why this happens.  

Christopher evaluated the lesson in writing as follows:

“Most of them [the pupils] sorted it out before the end although some still had problems using what they claimed to understand from one example to the next one.  I had some demos around the lab which were quite useful although using separate thermometers is a disaster, as they are not identical!  The idea of temperature difference driving the process, which continues until dT=0 came from them.”

It is interesting to note that Christopher talked about ‘demos’ in the above extract; it is not clear whether the pupils did the experiments by themselves as the teaching notes of the activity suggested.

For homework the pupils had been asked to think and write about things which insulate people and are found in a house or a school.
‘What happens next?’ (Activity B3)

“The aim of this activity is to encourage pupils to pay attention to differences in temperatures, and to make the point that eventually these temperatures will become equal.” (Theme B, p3)

On the worksheet pupils are given six changes which are about things at different temperatures; these two temperatures for each change are shown semi-quantitatively with the aid of a picture of two thermometers.  Children have to think what eventually happens to the temperatures in the changes and choose the picture (one out of eight suggested) they think it shows this best.  They are also asked to consider the possibility that some of the pictures may show something which could never happen, and try to identify them.

Christopher evaluated the lesson in writing as follows:

“A very useful follow up.  I let them do it, then we went through them.  The difference between room temperature as an infinite heat sink and a beaker of water was appreciated (although not in that language!) and we had a useful discussion about which were the impossible pictures and which showed the process at a half-way stage.”

For homework the pupils had been asked to write about how insulators work.
‘What is best for making things hotter?’ (Activity B4)

“This activity is intended to reinforce the idea that temperatures tend to become equal.” (Theme B, p4) 

Pupils are shown a metal block at three different temperatures.  In each case they are presented with three things at various temperatures and are asked to say which of these could be used to make the metal block hotter and to explain their answer.

Seventh Lesson

‘Concentrated energy’ (Activity E1)

“The aim of this activity is to introduce the notion that we can think of a ‘concentration’ of energy in the same way as a concentration of a substance.” (Theme E, p2)

Christopher reminded the pupils of the idea of ‘spreading out’ to describe changes in concentration with the aid of a simple demonstration in which he dissolved some potassium permanganate powder crystals into a beaker of water to show the dye ‘spreading out’ into the water.  Christopher actually talked about  the ‘molecules’ or ‘particles’ of potassium permanganate spreading out.  Energy was said to also spread out and become less concentrated when a red-hot nail is put in a beaker with cold water.  Christopher then gave out the first sheet of the activity which is meant to be an OHT and describes the demonstrations he had done.  Referring to this sheet he discussed with the children the fact that a ‘spreading out’ process happens more easily than the reverse, in other words, that it is harder to get the purple dye or the energy to become more concentrated.

Christopher then gave out the second worksheet, on which there were two activities for the pupils to do.  For the first they had to repeatedly dilute a coloured liquid until they could no longer see it and for the second they had to do the same thing only this time with hot water until they could no longer notice the temperature changing.  For both activities they had to answer some questions which aimed to make the point that while matter and energy spread out they do not disappear, even though they may have spread out so much that they are undetectable.  The activities proved rather straightforward for the pupils who did the first activity individually and the second in pairs.  Throughout the experiments Christopher kept repeating to the pupils that he was not interested in their results as much as in their ideas about what was happening.  When he introduced the second experiment he cued them that it was basically the same experiment, only instead of looking for purpleness, they should be looking for temperature change.  After they had finished doing it, Christopher explicitly compared the two experiments and after a series of verbal interactions with the pupils concluded that

“Difference in concentration of energy and in concentration of the dye: by spreading out the difference gets less.”

He then spent the remaining time talking about insulators, what makes a good insulator, and how insulators work.

In the interview after the lesson Christopher expressed his satisfaction that the pupils had worked well with the activities and the ideas involved.  He identified as a possible undesirable consequence of the activity that it might reinforce pupils’ naive conceptions that energy is very much as matter-like:

“I don’t really think they see them as two different situations at all.  [...]   I think this is the first time they’ve used the word energy in any specific form, so they probably have some lovely ideas about energy, like the old calorific theory or something like that.  And [...] they certainly don’t know that energy, thermal energy is just a vibrating, you know a vibrating atom; so, they probably see it more as an idea of little particles.  And so far all they have, you know the first time they’ve encountered it, it has been constantly linked back to matter spreading out.”

Eighth Lesson

‘Energy on the move’ (Activity E2) 

This is intended to be used as a classroom activity; it consists of three OHTs which introduce the conventions used in the abstract pictures showing temperatures and energy flows.  “Each section on the OHTs has a question for the class to discuss and answer.  In each section there is a reminder of the important points to bring out in the discussion.” (Theme E, p2)  The teaching notes for the activity further specify that discussion would be helped by having equipment to demonstrate the situation.

Christopher did not follow this suggestion; he discussed the conventions of the abstract pictures with the whole class based on the OHTs.  He specially dedicated time to go over the ‘impossible’ answers asking the pupils to explain why it was that they were so.  

Talking about the picture depicting an ice cube Christopher questioned the choice of convention (i.e. of no shading):

“What if I have something colder?  It could not be whiter!”

This remark may indicate that Christopher had read the shadings of the pictures to represent absolute temperatures and not relative ones, which is what they are meant to show.

When it came to the picture depicting the temperature change and energy flow for a metal block in hot water in a room, one pupil seemed to insist that the metal block would end up warmer than the hot water.  Christopher then copied the picture (showing in the ‘After’ instance the metal block and the water at the same temperature with each other, but still at a higher temperature than the room) from the OHT on the board and added a third part to it at the bottom which he labelled ‘Much later’.  The class easily agreed that in this third part (i.e. at equilibrium) room, water and block would have all the same shading, that is the same temperature.  Christopher then following pupils’ suggestions amended the ‘After’ instance of the picture to show the necessary energy flows from both the water and the block to the room.  The amended picture looked like this:
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Christopher then went again over the pictures on the first page of the activity and offered a sentence for why each of the answers was correct.  We could not help noting that in passing he accounted for an energy flow correctly in terms of ‘energy transfer’:

“...because energy is transferred from hot to cold.”

He then asked the pupils to start doing the equivalent for pages 2 and 3 and finish it as part of their homework.

Talking about the lesson afterwards, Christopher said that he thought that lesson to have been primarily a vocabulary learning session:

“This is essentially introducing a picture language for explaining it so that we can then talk about the insulation.  So, I don’t think there’s anything radically new in terms of science.  It’s just practice for them.”

He thus found that the pupils had embraced the ideas behind the abstract pictures as well as how the pictures worked, though he made the remark that they had not been very consistent with their application of the rules.  He also said that he did not expect them to face any problems with the homework that he set for them.

Pupils’ work

Indeed, from the nine samples of homework we inspected, it was clear that the only picture that created some difficulties to the pupils was the last one with the metal block, the hot water and the room, and even this one most of the pupils explained in a desirable way.  On the whole we found the pupils’ answers to be very satisfactory.  One account in particular seemed quite sophisticated for a pupil of this age.

“...because in the end the ice cube can not get any hotter than room temperature, because the concentration of energy becomes even and temperatures become equal.”

Ninth and Tenth Lesson

These lessons were not observed.  The only information we have about them came from Christopher’s descriptions in a subsequent interview.

‘Getting hotter and colder’ (Activity E4)

“This activity is intended as a stimulus to discussion about what happens in various situations in which there are temperature differences.” (Theme E, p4)

Christopher had given out the worksheet to the pupils; for each of six changes two pictures were given; the pupils had had to identify the picture that came first and write about the reasons for their choices.  Christopher had done the first change with them and had left them get on with the rest.  The pupils had first thought that all the changes were the same, but with Christopher’s help had then decided that they were not.  One of the changes showing fur wrapped around a beaker of water “caused them slight problems” which however, after some discussion they had quickly overcome.

Overall, Christopher found that it “went very well”.  He, moreover, gathered that the goal of this activity had been 

“to end up with a sort of simple little rule about why things, why energy transfers from one thing to another.”

He had thus asked them to write about what this rule could be, and had found that “they were all quite good at that”.  His own version of the rule, which he had dictated to them was:

“Whenever there is a temperature difference energy flows from the hotter object to the cooler one until the difference is gone.”

‘Insulation’ (Activity E5)

“The activity gives pupils practical experience in looking at the effect of insulation.  More importantly it encourages them to think about how the idea of energy flow due to a temperature difference can be used to explain the phenomena.” (Theme E, p4)

Christopher reported that the pupils had worked happily on this activity.  The experiment that had puzzled them a little was the one in which they had had to reason that the insulation does not affect something which is already at room temperature.  Christopher seemed to play down a little the importance of this puzzlement.

“They found 2 the hardest one because they didn’t seem to think that I’d set them an experiment where nothing happens, so I think they were probably trying to make more difficult than it was.”

He identified the point of this activity to be:

“the idea that insulation is not a heater.  All insulation does is slow down an energy transfer, rather than actually provide a source of energy, and that it slows down energy transfers into something as much as it slows down energy transfers out of something.”

Christopher was happy that all pupils had got this point, though they had found it not trivial. 

The worksheet also asks pupils to draw arrows on some pictures to show what is happening in the situations they set up in the experiment, and then to write about what each of these pictures is showing.  Christopher had done the first part with the pupils on a transparency.  He had also written on the transparency an account for the first situation.  He had then switched off the projector and had asked them to come up with a similar account in their own words for all three situations.

Pupils’ work

From a sample of ten pupils’ work inspected the accounts the pupils provided were on appropriate lines.  Interestingly what came up in two of pupils’ assignments was the idea that absence of temperature difference does not mean absence of energy flow; it just means that the same amount of energy flows in and out of the system.  Particularly, one pupil gave what was “probably a ridiculously good answer”, as Christopher put it on a later occasion:

“The energy flows both ways because they’re at the same temperature, so they mix.  The temperature doesn’t rise, cause they are the same temperature.  Energy flows but the same amount.  The energy is concentrated the same in both.”

Christopher dealt with this idea in the thirteenth lesson.

Eleventh lesson

‘Examples of insulation’ (Activity E6)

This activity builds on the previous practical activity ‘Insulation’ “by relating the ideas of energy flow and insulation to more familiar everyday examples”.  (Theme E, p5)  It is a matching activity; pupils match situations involving insulation to abstract pictures of energy flow.

Christopher gave the pupils the worksheets to do the matching activity individually.  He warned them that some pictures may have more than one situation matched to them; he wanted them to look for similarities among the situations matched to the same picture.  Some of the pupils originally made the mistake of trying to match the pictures to the situations and not the other way round as it was meant to be.  Christopher pointed this out to them.  After the lesson Christopher said that for the following year he planned to have the sheet with the abstract pictures blown up to big size, so that the pupils could match the situations on top of it and would not do it the other way round.

In the class discussion that followed the matching, it got clear that most pupils struggled with the activity.  It seemed that they had difficulties matching different temperature changes to the same picture.  It was as if they tended to read the shadings of the pictures to mean absolute temperatures rather than relative ones.  Christopher, in the interview, made a similar remark when he suggested that the idea that a picture could apply to both something which is at room temperature and to something which is at much less, was not appreciated by the pupils.  

For homework Christopher asked them to write for each of six pictures why they had not been used for any of the situations.

Summing up the lesson, Christopher on the whole thought that “it was not a particularly brilliant lesson”.  He agreed that the pupils had found the activity difficult and admitted not to have anticipated this.  But, he seemed to attribute this to external circumstances rather than to factors that had to do with the activity itself or the ideas involved in it.

“This lesson always suffers because they don’t arrive at once.  They’ve all come from different French sets, whereas normally they arrive as a class.  [...] and if they arrive at different times, they tend to sort of take longer to get going and certainly I was not expecting them to take quite so long with that.  At the end of the lesson, I think, you know, they all appreciated what’s what, but they didn’t produce so much of the goods themselves today.”

Pupils’ work

This difficulty the pupils had with the activity was also evidenced in their written work.  In three out of the nine assignments inspected the pupils, not being able to justify what is wrong with the pictures, resorted to simply describing what they represented.  Having said this, it is also true that the majority of the pupils in the sample completed the task overall successfully.

Twelfth lesson

This lesson was not observed.  The only information we have about it came from Christopher’s account of it.  

Both activities used in this lesson were not included in the scheme of work.  Since Christopher was ahead of schedule in completing the teaching of this topic, we mentioned that he might want to include the activity ‘Spreading out’ and ‘bunching together’ as it was highly relevant with what the pupils had learned and it could serve as part of the revision of the unit.  Christopher looked it up in the project materials and in doing this decided to also use the activity ‘Pictures of separating’.

‘Spreading out’ and ‘bunching together’ (Activity A7)

“The aim of this activity is to encourage pupils to use appropriate language for describing processes of mixing and separating.” (Theme A, p5)

In the worksheet the pupils are asked to choose the correct words from a set of alternatives, so that the sentences formed are correct for the given change.  Having done this they are then given four changes which they are asked to describe in their own words.  

Christopher reported that the pupils had gone through the first part of the activity fairly quickly and that they had been happy noticing the similarities between the changes that go easier forwards and those that go easier backwards.  He had then decided not to continue with the second part of the activity, but instead do the ‘Pictures of separating’ one which he had thought was a lot harder.

‘Pictures of separating’ (Activity A6)

“The activity is about matching changes to abstract picture involving separating.  It also encourages pupils to think about what similar processes have in common.” (Theme A, p5)

In the ‘control’ schools this activity followed three lessons where the pupils had done practical work on separation using different techniques.  

The conventions used in the worksheet are basically the same as those used in the activity ‘Pictures of mixing’, with one addition, the convention for the representation of gas.  For the activity the pupils have to cut out and match twelve changes to six pictures of separating; two changes corresponded to each picture.  After identifying the matches, they have to write about each pair of changes what they have in common.  

The pupils in Christopher’s class had time to do only the first part of the activity.

Christopher conceded that he had chosen this activity because 

“it was pushing the picture language a little bit further.  And these were some situations that were new to them.  [...]  I thought it would, you know, it would open up the idea that I was trying to get through for the test, [...] it wasn’t just going to be repetitive same situations over and over again.”

Later on in the interview, he explained these goals more blatantly:

“Two things: a. these are genuinely difficult, and b. I also wanted to see if they could cope with the same ideas but in new situations without falling to pieces.  and therefore whether it would be worth setting them a test in the manner that I am now going to do.”

His evaluation of this endeavour was as it can be assumed from the above quotation that the pupils did cope.  The way he elaborated this assertion was:

“I think that although they struggled, in the end they got there and some of them got there quite quickly.”

He had further found that the activity had made the pupils stop and think hard, which he considered a good thing.

Thirteenth lesson

At the start of the lesson Christopher went over the two last pieces of homework on ‘Insulation’ and on ‘Examples of insulation’ that they pupils had been asked to do the previous week.  Christopher tackled the idea that had come out in their writings that in cases when there is no temperature difference energy flows both in and out of the system by the same amount.  He talked to the pupils about people going in and out of a supermarket and about the amount of water in a human.  Trying to make them see that it is easier to talk about the overall effects of a change, rather than about energy flowing in and out, he gave them the example of a complicated change where there were lots of energy flows involved in both directions.

He then went on to give out the first activity for the lesson, which, similarly to the ones used in the previous lesson, was not originally included in the scheme of work but was suggested to him by us.

‘Energy transfers in the kitchen’ (Activity E3)

In this pupil activity “abstract pictures are used to represent some everyday examples of energy flow from hot to cold” (Theme E, p4).  

The pupils had to choose the pictures they thought best represented four given changes.  They deliberated their answers in a whole-class discussion.  For the change ‘some plates are put in hot washing-up water’ the children seemed to object that the arrows of the energy flow depicted went straight from the hot water to the plates and no energy was shown to flow from the hot water to the room.  Christopher agreed with their objection.  The pupils also seemed to identify quickly the impossible pictures.
Christopher had found that this activity was a good summary of what the pupils had done up to then about temperature differences and energy flows.  It had also the advantage for him that it was a slightly more difficult activity, in the sense that one had far more opportunities to go wrong, which made the pupils think harder rather than just guess.  Christopher’s choice of activity was also determined once again by his decision to experiment ‘safely’ in the design of the unit’s test.

“And also I wanted to see if they could it to any degree cos this something else I want to stick into the test, except we’re not going to be having stickies, they’re going to have to shade them in and the draw them themselves.  So, I want to make sure that they could actually do something of this slightly more difficult level.”

The second activity Christopher used in the lesson was:

‘Energy from hot to cold’ (Activity E7)

This activity is intended as a reinforcement activity of the ideas previously introduced by the project about temperature differences and energy flows.  

The pupils have to circle the correct words in a piece of text about energy flow from hot to cold.  They are then asked to “write their own explanations for a number of different phenomena - it is intended that the ‘circling’ activity will provide a prompt for the kind of explanations which are appropriate.  They could be encouraged to make their own abstract pictures to represent what is happening” (Theme E, p5).

Christopher asked the pupils to do only the circling activity.  All the pupils got the correct answers.  

He then gave them some advice about how to revise about the coming test.  He summarised the ideas they had met in the unit in the phrase:

“Changes are caused by differences to get differences smaller, and they go on until the differences disappear.”

and told the pupils that he did not want them to memorise any worksheets; he wanted them to learn the ideas involved.  The things they needed to know were: “vocabulary for a liquid, extra dots for gas; use of thermometer; vocabulary of energy pictures”.  He warned that they would be seeing new situations, but using the ideas they had already seen.  They were also told that they would be doing some shading of pictures.

Test

Christopher prefaced the test by saying that he was slightly disappointed with it but he was not quite sure why.  He also said that he thought that there was enough there for all of the pupils to get some marks and to stretch the better ones.

The test consisted of six sections.  In the first one the pupils were asked to match five previously unseen but everyday situations to the abstract pictures of the activity ‘Pictures of mixing’.  They were also asked to make up new examples for two of these pictures, one showing two liquids and the other two solids mixing.

In the second section they were told that a metal block and a wooden block are left for a couple of hours in a room, and they were asked whether they would expect to find both blocks at room temperature or the metal block at a lower temperature when they measured the temperatures of the blocks.  They were further asked to justify their response, but also to say why the other answer is wrong.  The task in this section was very similar in kind with the tasks set by the project’s activity ‘Measuring temperatures’.

In the third section a metal block is put into a beaker of water which is at 20˚C.  The pupils were asked what might the water temperature be a minute after the block is put in, given three different temperatures as the block’s starting temperature.  They are also asked to identify what other two variables affect the amount that the temperature of water changes, if one of these is what metal the block is made of.  The first task in this section was very similar in kind with the tasks set by the project’s activity ‘Insulation’.

In the fourth section, the pupils were given the pictures from the activity ‘Energy transfers in the kitchen’ and were asked to choose those that were appropriate in order to complete the diagrams showing what is happening in two ‘novel’ changes.

In the fifth section, the pupils were asked to circle the correct words where there was an underlined choice and fill in the blanks in a given text.  The task in this section was very similar in kind with the task set by the project’s activity ‘Energy from hot to cold’.

Finally in the sixth section the pupils were presented with four examples of energy transfers and they were asked to write about the similarities and differences between these situations.  Although pupils had been asked before in the context of the project’s activities to identify similarities between situations, it had always concerned situations matched to the same abstract picture, that is where there was a visual clue about what was similar between them.

Pupils’ test results

The pupils overall did quite well in the test.  More specifically, a comparison of their test scores with the average of the ones they got in the previous two units, assuming that all tests were of approximately equivalent difficulty, showed that two thirds of the pupils did at least the same as, if not better than formerly.  

In Appendix 7 one can see a table with the results the pupils got in the ‘Energy and Change’ test.  As each section of the test had a different possible maximum score, in order to compare the scores they got for different sections, we normalised the scores as a fraction of one and rounded them up to one decimal point.  Although such a comparison makes the assumption that all sections were of equivalent difficulty, something we cannot be sure of, it gives us a rough idea as to whether any sections of the test proved to be more difficult to the pupils than the rest.  Looking at all the pupils’ average performance for each section, it appears that the sixth, the fourth and the second sections were more problematic (in descending order) than the rest.  Looking further for what could be possible reasons for this, we found that: the sixth section, as already mentioned before, included a task not only considerably demanding, but also quite unfamiliar to the pupils; the fourth section involved constructing abstract pictures from its parts for two changes, one of which concerned the thermal exchange between two objects placed in a room; and the second section asked the pupils to reason about the temperatures of a metal and a wooden block left in a room, a problem which is known for the misconceptions it evokes.

	Section
	Lucey
	Emma
	Kym
	Nick
	Jack
	Alastair
	Fel2
	Beccy
	Oliver
	JSL
	Charlie

	1 (out of 7)
	7
	7
	7
	7
	6
	7
	5
	5
	5
	5
	7

	2 (out of 3)
	3
	3
	3
	2
	1
	2
	3
	2
	0
	1
	3

	3 (out of 5)
	3
	4
	3
	5
	5
	5
	4
	4
	4
	4
	3

	4 (out of 6)
	6
	3
	4.5
	3
	5
	4
	2
	3.5
	5
	3
	0

	5 (out of 11)
	10
	11
	10
	11
	10
	10
	10
	10
	10
	10
	10

	6 (out of 3)
	1
	2
	2
	1
	1
	0
	2
	1
	1
	1
	1

	Total
	30
	30
	29.5
	29
	28
	28
	26
	25.5
	25
	24
	24

	
	
	
	
	
	
	
	
	
	
	
	

	1
	1.0
	1.0
	1.0
	1.0
	0.9
	1.0
	0.7
	0.7
	0.7
	0.7
	1.0

	2
	1.0
	1.0
	1.0
	0.7
	0.3
	0.7
	1.0
	0.7
	0.0
	0.3
	1.0

	3
	0.6
	0.8
	0.6
	1.0
	1.0
	1.0
	0.8
	0.8
	0.8
	0.8
	0.6

	4
	1.0
	0.5
	0.8
	0.5
	0.8
	0.7
	0.3
	0.6
	0.8
	0.5
	0.0

	5
	0.9
	1.0
	0.9
	1.0
	0.9
	0.9
	0.9
	0.9
	0.9
	0.9
	0.9

	6
	0.3
	0.7
	0.7
	0.3
	0.3
	0.0
	0.7
	0.3
	0.3
	0.3
	0.3

	Total
	0.9
	0.9
	0.8
	0.8
	0.8
	0.8
	0.7
	0.7
	0.7
	0.7
	0.7

	
	
	
	
	
	
	
	
	
	
	
	

	
	Rich
	James
	Will
	Fel1
	Jessica
	Dav
	
	
	
	
	

	1 (out of 7)
	4
	5
	6
	7
	7
	3
	
	
	
	
	

	2 (out of 3)
	2
	2
	1
	0
	1
	2
	
	
	
	
	

	3 (out of 5)
	4
	4
	3
	3
	3
	3
	
	
	
	
	

	4 (out of 6)
	2.5
	2.5
	3
	2
	2.5
	1
	
	
	
	
	

	5 (out of 11)
	10
	10
	10
	8
	5
	4
	
	
	
	
	

	6 (out of 3)
	1
	0
	0
	2
	1
	1.5
	
	
	
	
	

	Total
	23.5
	23.5
	23
	22
	19.5
	14.5
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	Average performance

	1
	0.6
	0.7
	0.9
	1.0
	1.0
	0.4
	
	
	per
	1
	0.8

	2
	0.7
	0.7
	0.3
	0.0
	0.3
	0.7
	
	
	section
	2
	0.6

	3
	0.8
	0.8
	0.6
	0.6
	0.6
	0.6
	
	
	of  the
	3
	0.8

	4
	0.4
	0.4
	0.5
	0.3
	0.4
	0.2
	
	
	test
	4
	0.5

	5
	0.9
	0.9
	0.9
	0.7
	0.5
	0.4
	
	
	
	5
	0.9

	6
	0.3
	0.0
	0.0
	0.7
	0.3
	0.5
	
	
	
	6
	0.4

	Total
	0.7
	0.7
	0.7
	0.6
	0.6
	0.4
	
	
	
	Total
	0.7


____________________________________________





*	Mike Coles was interviewed on this issue on June 2, 1998.





_____________________________________________





*	Pupils 14-16 years old.


_____________________________________________





*	As part of Fani Stylianidou’s PhD thesis (in progress) bearing the title ‘Learning about energy and processes of change: An investigation of novel aspects of a curriculum intervention’ and carried out at the Institute of Education, University of London.


_____________________________________________





*	Richard Boohan was interviewed about the ‘Energy and Change’ project in November 1995.


_____________________________________________





*	Co-director of the ‘Energy and Change’ project.


_____________________________________________





*	Early draft, part of Fani Stylianidou’s PhD thesis.


	Based on classroom observations and interviews which took place during the period Jan 94 - July 94.


_____________________________________________





*	Early draft, part of Fani Stylianidou’s PhD thesis.


	Based on classroom observations and interviews which took place during the period Jan 94 - July 94.


_____________________________________________





*	These quotations are taken from the teaching notes for the corresponding ‘Energy and Change’ activities, which can be found in the ‘Energy and Change: Support materials’ (Boohan 1996a).  In the parenthesis we have indicated the theme of the activity in question, as well as the page number where the relevant teaching notes can be found.
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