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ABSTRACT

This report looks at the use of computer modelling and simulation in the teaching of science in secondary schools in England.  More particularly, using teacher case studies the research attempts to identify possible factors which favour or hinder the take-up of the selected informatic tools in science classes, and to investigate how teachers incorporate these tools in the curriculum. 
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1.
INTRODUCTION

In the STTIS framework the UK team chose to investigate the use of computer modelling and simulation in the teaching of science in secondary schools.

The situation in England and Wales regarding the teaching of information technology (IT) is that from 1996 it is compulsory as a component part of the teaching of technology for all pupils up to the age of 16 (14 for Wales).  There exists a discrete National Curriculum for it, which sets out for each age group what pupils should be taught and what the expected standards of pupils’ performance should be.  IT can be taught as a discrete subject or within other subject lessons.  As regards the teaching of science, the National Curriculum for science (DFE 1995) explicitly states that 

“Pupils should be given opportunities, where appropriate, to develop and apply their information technology (IT) capability in their study of science.”

but does not specify any further how or at which instances in the programmes of study this can be done.

In the post-16 teaching of science the use of computers depends on the one hand on whether this is required by the specific examinations syllabus the pupils follow and on the other on the disposition of the teacher in charge.

2.
DATA COLLECTION AND ANALYSIS

In accordance to the methodology for Work Package 1 (STTIS 1998a) eight teacher case studies were carried out.  The case studies were concerned to identify possible factors which favour or hinder the take-up of the selected informatic tools in science classes, and to investigate how teachers incorporate these tools in the curriculum.  Concerning the latter, the main questions the case studies address are:

•
What are the fits (matches) or gaps (mismatches) between the intended or expected use of the tools and the way the teachers actually use them in practice?

•
What do teachers identify as more successful and less successful examples of uses of the tools, and what reasons do they have for identifying them as such?

•
Are teachers conscious of transforming suggested uses of tools in their own practice, and if so what reasons do they give?  If not, are there clues about what may determine the teacher’s practice?

The teachers in our case studies were selected by their willingness to participate and to attempt to make serious use of computer modelling and/or simulation in their science classrooms.  The choice of modelling software as well as the context of its use were left to be made by the teachers.  We considered this as our only realistic option if we wanted to get the desired number and quality of teaching instances.  As a result however, the intended use of the tools in most cases was not specified in any other sense than as a combination of what one would call the ‘expected good pedagogic’ use of the tool and the use the teacher intended it to have in the specific context.  

All teachers were observed making use of the informatic tools.  This sometimes entailed the observation of more than one lesson for each teacher.  In all instances, record notes were kept for each observation, worksheets and pupils’ work were collected and interviews with the teachers before and sometimes after the observations took place.  The interview questionnaire can be inspected in Appendix 1.  When there was no opportunity for the teacher to be interviewed before the lesson, the interview took place after the lesson with a correspondingly modified questionnaire.

The generation and writing up of the case studies followed a series of steps.  First of all, together with the other partners, we identified the important themes we wanted to try to address in them.  These are:

•
Accepting / changing external goals  

The designer of a computer tool may have certain intentions and goals concerning its use.  These goals should be seen as related to: 


•
the possibility of implementation of the tool; and/or


•
the science learning addressed by the tool

and should be identified as such whenever this is possible.

The teacher may choose to commit to these goals or reject them.  It is this spectrum of attitudes between a full commitment and a wholehearted rejection that we hope the case studies will help shed light on and describe.  A teacher for example may simply agree to these ‘external’ goals, or decide to conform with them; s/he may, however, decide to warp them and substitute his/her goals for them.  There is no doubt that whatever the attitude taken, there are reasons for it, sometimes embedded in his/her ideology and/or values.

•
Rationale vs Practice

The case study will attempt to identify whether there is any perceived difference between the rationale the teacher offers for his/her use of the informatic tool and his/her actual practice, as this is observed and interpreted by the researcher when the teacher makes use of the tool in the classroom.

•
Actual /Realising goals (of teacher) 

The case study will also express an opinion as to whether the teacher succeeded (or not) in accomplishing the goals s/he him/herself had set for the lesson(s).  One would expect to come across some effective practices, some partially effective, and maybe even some ineffective ones.  There is a wide range from skilled to awkward teachers.

•
Teacher’s knowledge

Important information about the teacher’s knowledge and relevant experience will be included.

•
Effects of physical objective circumstances

The implementation of the computer tools is conditioned by diverse circumstances (technical, physical, subjective, etc.).  The case study should make their role, if it is relevant, explicit.

•
Existing practices

Another factor to be looked for is the possible effects of the national curriculum, when there is one, and of other institutionalised practices such as examinations on the use teacher makes of the specific informatic tool.

Based on this pre-determined framework of issues we assembled the data we had for each of the teachers and identified the key themes that were present in them.  The raw data for each teacher consisted, as mentioned before, of some factual information about the school and its provision of computers (see Appendix 1), the transcripts of the interview(s) with the teacher, the observation record(s) of the lesson(s) and any relevant worksheets and/or copies of pupils’ work we had collected.  Consequently, a first draft of the case study was drawn up.  These drafts were then checked in discussion between the two researchers, against the data, and were modified as necessary.  

3.
TEACHER CASE STUDIES

3.1
Modelling with a spreadsheet:

Albert - ‘Medium becomes message’

The school is a small private school which is mildly selective in its intake of pupils.  The science department in this school is well enough equipped with computers so that each pupil can have individual access to a laptop.

The two lessons observed had to do with modelling the capacitor discharge curve through a resistor with Excel and were part of a sequence on electric circuits.  Before then the class, which had five 17 year-old girls aiming to get between A and C at their Physics A’ level the year after, had studied the factors that affect the characteristics of the capacitor charge and discharge curves through data logging.  They had also used the reed switch method to measure a capacitance both experimentally and with the aid of a circuit simulations programme called ‘Crocodile Clips’.

The teacher, Albert is a biologist by first degree and has taken up teaching A’ level physics for the last 2 years.  He describes himself in his new role:

“I'm learning at the same time as the girls are, a lot of the time.  I'm more than a few pages ahead in the book, but nevertheless often things come up in lessons that they think of that I haven't and so I'm having to think very much on my feet, which I find tremendously stimulating. [...] This is [also] stimulating the girls to be very very questioning and I think it's a much better way to learn for all concerned.  It’s fun, but it’s quite a lot of stress.”

His inexperience with teaching Physics at an advanced level we think we evidenced as an endeavour to keep firm control over what was happening in the classroom.  Pupils’ practical work seemed to be usually preceded by a number of demonstrations which he carried out, before it was “handed over to” the pupils.  In the same spirit, the day before the modelling sequence in question he disclosed:

“I’ll be going home and making sure I’ve gone over every detail of this and set it all up myself.”

Having said that he likes being in control, Albert seems also to be a person who is not afraid to experiment, in all sorts of ways.  He likes to introduce something new in his teaching (this capacitor modelling activity he used for the first time), even if he risks to fail in doing so.  He sees himself as being at the avant-garde in the use of computers in teaching in his school.  Not only does he use computers much more than his colleagues - in about a quarter of his lessons - but his department has more recent computers than the rest of the school - “they had to upgrade to catch up with us”.

In general Albert sees the use of computers in teaching science “very closely tied to actual practical work - experimental work”.  His experience using modelling:  he had used Excel in relation to teaching about velocity and acceleration once before with another class, not very successfully.  The problems he had encountered he attributed to the fact that the pupils were not adept enough at handling Excel.  According to him “it got in the way of physics”, seeming to suggest that one of his aims using modelling had been to facilitate the delivery of the content.  This time he believed he would manage better because the pupils were a bit more practised with Excel.  However, he still anticipated that absolute and relative addressing in Excel would be the ‘most crucial’ problem in setting up the model.  He had also attempted to use the ‘Warwick Spreadsheet System’ - ready-made spreadsheet packages which can be used as simulations - the previous year with the same class to teach heat transfer but he had failed.  According to him the factors which determined this failure were the ‘very resistant’ attitude of the pupils, their incompetence with the computers, and the complicated interface.  Albert, however, had used a circuit simulation program called ‘Crocodile Clips’ successfully with that class and had made simple models in Excel and used them as demonstrations.

Summing up the above we can say that Albert had used some modelling in his teaching of science prior to the instance we observed, but only in few occasions and not always with success.  For Albert pupils’ competence with the software is one of the main factors that determine success.
Concerning the specific class we observed Albert said that the girls had attended a computer course for the last two years and that they were familiar with the generic software Word and Excel.  He also said that they had not heard about modelling before.  

Albert’s strongest criterion, however, for choosing Excel to use appeared to have to do with his competence in using it and not with the pupils’:   

“I’m very familiar with Excel... so I feel comfortable using this.  I wouldn't be diving into this if I weren't adept at solving the sorts of problems that kids come up with.”

His familiarity with Excel suggests to him that ‘absolute and relative addressing’ would be a problem for the pupils.  How was he going to deal with it?

“I'll give them a bit of a talk about how that works and do some examples.  But really I think you have to try it in, get stuck into doing it yourself.  And I'll be there to go round and solve problems as they come up.  But they will get a short talk about relative and absolute addressing and actually writing the equations.  They do know how to write equations already in cells, they've done it before.  But I don't think they've had to think about this addressing problem.”

He was willing to let the pupils “get stuck into doing it themselves”, and he was confident that he would be able to deal with the problems as they came up.

One of the things Albert was hoping to achieve by using modelling in this lesson was that the pupils began to see mathematically what is going on in the set up.

“It’ll also I think introduce them to the mathematics, ... the use of increments to study an exponential curve.”

This is a valid ‘modelling’ aim which however he did not rate as so important because “they’re going to do it in maths a little bit later on”.  He was also hoping that the pupils could see the power of the computer as a tool to investigate what-if questions; that the pupils’ physics knowledge, which he believed was good, would be consolidated; and finally, but most importantly for him, that the pupils learnt a new technique/method which he could later use with other topics.  

In other words, Albert had short-term ‘modelling’ aims but also a more basic longer-term aim that he wanted to achieve: to acquaint the pupils with the use of spreadsheets in science, so that he could use them in the future for the teaching of other topics.

What is particularly interesting for the purposes of this case study is that achieving these aims was so important for Albert that it not only justified doing this activity in the first place, despite the fact that it was ‘a little bit off’ their syllabus, but also justified ‘transforming the message into the medium’:

“We're using the physics in a way as a vehicle to pick up a new technique, a new skill, which I hope will then be used later on.”

First lesson

The lesson started with Albert explaining to the pupils how one can calculate how much charge has been discharged in a given ∆t.  To do that he chose to first present them with the final formula and then attempt to deconstruct it to its primary component formulae.  In the opinion of the observer his explanation was quite complicated and unorthodox and as a result the pupils did not seem to comprehend how the final formula is derived.  

Then Albert announced to them that they would be using a computer to calculate the capacitor discharge with the aid of this formula.  The pupils showed some resistance to the idea of using a computer (“But you can do it by hand.”), which he attempted to counteract with reasons such as “it is quicker”; “then you can change the values”; “the graph that comes out is more accurate”.
The goal he set for them is to make a graph like the one he had given them.  The modelling procedure?  Albert took them step by step through what they should write (he had prepared the spreadsheet as a transparency) not only in terms of the formulae, but also in terms of the computational equations they needed to put in each cell.  The way he put it to them:

“I will tell you how to put the equations in.  You do not have to invent them this time.  Other times I will let you invent them.”

A difference between his spreadsheet and the pupils’, a mistake in one of the computational formulae, plus the problem of absolute addressing in Excel created a lot of confusion.  The talk was mainly centred around software manipulations.

The end of the lesson arrived before most girls had time to do the chart Q=f(t).

Albert’s account of the lesson in the interview that followed it was:

“It felt very slow to me.  We weren’t making the progress that I’d wished to.  I thought we would have got the graphs drawn with a few minutes to spare at the end of the lesson, actually, five or ten minutes to spare so that we could actually start putting in different values and see what happens and then beginning to discuss that.  But too many of the girls really hadn't finished doing all the copying and pasting and filling down that needed doing.  I felt that they understood fairly clearly the process that we were going through, the calculation of the small charges that flowed in each time interval, I think they got that idea quite well.  I think they were beginning to get the idea of how that was put onto the spreadsheet.  But I don't think they made the connection between one row and the next to see how the iteration worked clearly.  I think they were just translating my numbers on the screen into their numbers on the sheet without trying to understand where the actual values were coming from; so that needs to be clarified.  I'll get them to label up the spreadsheet with that kind of information.”

He felt let down.  He had not been able to follow his time plan and as a consequence what he had thought to do in one lesson would spread over two lessons.  The reasons he identified were that first not all pupils had the same competency with using the computer and second that the software allows you to do the same thing several ways and this brought confusion.

His account of the lesson was pretty accurate, although the observer has her doubts as to whether the pupils really understood how the model worked.  One of the reasons for this is because the model he had presented them with did not have an easy / the conventional sequencing, that is most of the cells in one row took their input values from other cells which did not lie on their left, but on their right and which had not been ‘calculated’ yet.  This made very difficult to conceptually follow how the model worked.

What did he see as the benefits the girls got out of this lesson?

“From a physics point of view I don't think they learned much they didn't know already, so, the benefits are in the practice of using the computer and in seeing the computer being applied in a physics situation which they haven't seen enough of and the benefits will be gained much later when they're able to do this for themselves on some of the topics like velocity and acceleration.  But there's quite a long way to go to get them competent enough to really feel the benefits.”

Again we see here Albert acknowledging and defending his transformation.  The benefits he identified are pretty consistent with what he had said were his aims, but are nevertheless the signs of a transformation: the message had become the medium.  

Albert’s (remaining) aims for the second lesson were that the pupils understood how the iteration works; and that the pupils saw what happens to the model (graph) when one changes the time scale.

Second lesson

The second lesson unfolded much more smoothly.  Albert re-established control of the class by keeping the pupils away from the computers at the start of the lesson and talking them through the first row of the model, clarifying where there was input coming from outside and where there was input generated by the programme itself.  He assessed their understanding by getting them to talk to him about the next row.

He then got them to check that their models conformed to his and subsequently asked them to change the values of the resistance and capacitance in order to see what these changes did to the resulting graph.  Finally, he asked them to print out their graphs so that they could work out from them for homework the half life and compare their finding with what they had calculated with the computer.  After seeing the couple first printouts the teacher pointed out that they had to change the time increment and the resistance and capacitance values appropriately so that they had a suitable graph to find the half life.  The pupils did not seem to understand immediately what they had to do and showed a lot of resistance to make their own changes.  They also objected doing more print-outs and putting gridlines on their graphs; they invoked ecological considerations for the first and aesthetic considerations for the second.

Towards the end Albert added to the model the mathematical and computational formulae to calculate the energy of the capacitor and asked them to plot it together with the charge against time.

In the interview after the lesson, Albert seemed much happier about how the lesson had gone.  He once more stated what he thought to be the most useful thing that the pupils gained:

“...familiarity with the machine and with Excel.  The physics actually was a vehicle for them to learn about the machine rather than the other way round.  Now I'm hoping that they'll become sufficiently familiar with the machine that we can use it as a vehicle to extend their understanding of velocity, acceleration, momentum, kinetic energy and the rest.”

It is clear in his words that his longer term objective is to use modelling to extend the pupils’ understanding.  Working towards this aim justifies ‘making the medium the message’ in the short term.

Summary

Albert clearly warped most external goals concerned with the use of Excel as a modelling tool to teach science.  In particular, two main transformations we think we can see in this story.  First, as said many times already, we see him transforming the message into the medium.  He is conscious and explicit about it.  This transformation seems to be the product of both his sense of adventure and his sense of safety.  He clearly is doing something new he does not have to do, but which he believes in.  However, he does not want to take chances.  He knows from previous attempts that pupils are not competent enough using the computer, and he believes that their incompetence would get in the way.

So, he chooses a topic which he firmly believes that the pupils have understood very well: the charging and discharging of a capacitor.  He has done all the relevant practical work with them and he has also demonstrated a relevant ‘simulation’ to them.  He wants to use the ‘physics’ as a vehicle to get the pupils familiarised with the process of using a spreadsheet for modelling in science.  He also has some aims which are relevant with the modelling process itself, for example he wants them to understand how an iteration works.  On the other hand, any aims which are pertinent to the teaching of the relevant content knowledge, such as to learn to represent mathematically and/or graphically what is going on during a capacitor discharge, seem to be of very little importance to Albert.  

The second transformation discloses a discord between his rationale as just described and his practice, and seems to arise from the insecurity he feels about his knowledge of the subject he has to teach, namely Physics.  This insecurity drives him to convert the knowledge to be taught into recipes.  As a result the process of modelling becomes a process of following steps and blindly copying a set of formulae on to a spreadsheet.  As a further consequence, we believe that Albert only partially realised his goals and certainly not in the space of one lesson as he had intended to.

Together with these two main more general transformations we see other smaller ones taking place, some related to classroom management, others dictated by the dynamics of the classroom.  A possible example of the first kind of transformation, we think, is that Albert in order to re-establish his control of how the lesson progresses at the start of the second lesson chooses to keep the pupils away from the computers when he explains to them how the model works.  The fact that the school provides computer laptops for the students makes it easier for Albert to control the class’s interaction with them without having to move the pupils to different purpose rooms.

A possible example of the second kind, we think, is that what Albert had planned to be one lesson ended up being two; the reason for this being that the pupils proved to be less fluent with the computers than he expected.

Finally, the physics examination syllabus is always in Albert’s mind, but this does not seem to stop him from trying something ‘a little bit off’ it, since he believes that in the long term his venture will pay off.

3.2
Using a simulation: 

Bernard - ‘Demoting goals’

This is a story of a conservative teacher who wants to use the possibilities of new technologies to enhance the preparation of his pupils for the university entrance exams (A’ levels).

The school is a girls’ private school, partially selective in its intake of pupils.  It has recently dedicated two rooms close to the science labs for computer use and has equipped them with new PCs, all linked to a central network.  

Bernard makes use of IT only three times in this two-year A’ level course: he makes use of two ready-made spreadsheet packages as simulations, which the pupils explore with the help of the accompanying worksheets, in the teaching of the photoelectric effect and the alpha particle scattering and also he makes use of the computer for pupils to analyse and process data from experiments with capacitors.

The lesson observed was about the alpha particle scattering, which is part of the ‘Particles and Radioactivity’ section of an examination standard syllabus.  Interestingly, the pupils had already studied the topic from a textbook a month before the observation, and had even taken the end of the year exams, though not the university entrance exams which were due the year after.  The timing of this computer activity in the scheme of work says a lot about the importance that Bernard attributed to it, despite the fact that he acknowledged that it was “a strange way of doing this”.

Bernard had also decided to use the simulation in a new way: previously, having only one computer available in the lab, he had done it as a part of a circus of experiments with two pupils working with the simulation at a time.  This year this way had not worked efficiently due to some interface problems the pupils had had with the software.  Moreover, the advent of a computer network in the school led Bernard to the decision to have the pupils work with the simulation individually.  However, Bernard felt some apprehension about this change, especially about the technical aspects of having the pupils work on the network and thus he had the network manager on site to help with these.

“The real fear I have is that something goes wrong with the computer system because they are on the network.  Now P. F. will be there as well, because he is the network manager.  So, he knows I’m doing this lesson and he has offered to be there, and so he will be there, if anything goes wrong with the computers.”

He was also not sure about having the pupils work individually on the computers.

“I have never had eight students all doing the worksheet on separate computers, so this may be interesting, and in fact I may therefore change my mind in future and put one computer between two, just because I can’t get round eight computers and help them.”

The simulation he made use of is of the Geiger and Marsden experiments using metal foils to scatter alpha particles.  A quote from a leaflet which describes the activity to potential users:

“Observe alpha particles deflected through large angles.  Collect data that you can analyse like the original data to ‘prove’ the existence of atomic nuclei.  Try different alpha particle energies, foil thicknesses and foil materials just as Geiger and Marsden did.”

and a further quote from the pupils’ worksheet:

“The spreadsheet ALPHAS calculates and plots the trajectories of alpha particles passing near to the nucleus of an atom based on Rutherford’s idea of tiny, charged, heavy nucleus at the centre of every atom.  It should give you a good understanding of how the alpha particles behaved in Geiger and Marsden’s historic experiment.”

gives us an idea of how the simulation is meant to be used and of what the simulation is of.

However, Bernard’s main goals for using the activity are different from learning; for him this can be done with the aid of a textbook.  The computer simulation is considered a supplementary activity which could help the pupils answer the exam questions better.

“They’ll get a better understanding of the alpha-particle experiment, and they will hopefully be better prepared to answer exam-type questions.  For example, the straight forward experiment can be done from a textbook, but if for example an exam question asked what happens if the alpha particles are going slower, unless they have actually ever seen the computer simulation, or some other mechanical simulation, then they won’t have so much idea, they won’t remember it so well.”

We think that this quote holds the key to how Bernard sees the role of IT in science.  For him it is an added resource, not essential for learning, but nevertheless helpful to the overall goal which is to prepare the pupils for the university entrance exams.  He seems to be thinking of the simulation as an animated book where seeing is remembering.  Furthermore, for Bernard a mechanical simulation would do as good a job as a computer simulation.  We believe that his view reflects partly his awareness of his competence with computers and his wish to protect himself in case something went wrong, and partly his conservatism, that is his tendency to keep things to what he knows.

This view of the computer simulation as another analogue, as one among other resources was exemplified in how the lesson unfolded.  At the start of the lesson Bernard showed the pupils a model of the actual apparatus which they used to use in the school to do the alpha-particle experiment and explained to them how it worked.  He also showed them pieces of celluloid on which they could see, if they put it under the microscope, little spots where the alpha particles hit and left their marks.  He made the point that it was a very long winded and a very laborious thing to do and that it was very difficult to get good results.  

“It’s all about a week’s worth of work... so this is one reason why the computer simulation is so much easier.”

With the demonstration of the actual apparatus and the traces of alpha particles on celluloid Bernard seemed to ground the existence of the particles in the realm of the real before moving on to the simulation, which he however differentiated it from the ‘real’ experiment only on the basis of it being much easier.  Bernard himself acknowledged that although he is making use of simulations, he does not make the pupils aware of the aspects of modelling:

“I don’t think we particularly talk to them about ‘this is a modelling... point’.”

The plan for the rest of the lesson had been for pupils to work their way through the worksheet which accompanies the simulation.  However, a great deal of time was spent at the start to get the programme loaded and running.  Lack of experience with the software made Bernard fall into most of the known pitfalls of the programme.  Moreover, lack of experience with the computer network resulted in him facing the usual interface problems of first locating the software, then of computers seizing up and finally of setting up the printer.  Bernard communicated the frustration of all these to the network manager:

“Just to show you how hard it is to do it.  I’ve got one, two girls who have found it, and the rest we’re struggling because of where the thing is.”

To get the pupils started Bernard demonstrated what they had to do, showing them on the screen the variables they could alter and explaining to them what these are and how the pupils could have the trajectories plotted on the same graphs.

His instructions to the pupils followed faithfully the instructions on the worksheet with only minimal adaptations.

A feature of the software is not to generate angles less than ten degrees for practical statistical reasons.  Bernard was aware of this and anticipated it to come up as one of pupils’ observations or questions .  However, as it did not, he decided to make a problem out of it, throwing the blame for pupils not being clear about it first to the pupils themselves, then to himself and finally to the worksheet:

“Do you know why you’ve got none [no deflection] between nought and ten?  [...]  But you obviously missed the whole point of this exercise - if you can’t answer that question.  [...]  Well, I’m just illustrating how you haven’t really read the sheet allright.  [...]  Because on the sheet, somewhere it says I would imagine... [...] only you see it doesn’t actually, so it’s not your fault, it’s my fault for not making it clear.  [...]  The sheet hasn’t in a way, made it a hundred per cent clear that the computer can’t cope between nought and ten, cos there are thousands of them [alpha particles] going  between nought and ten.”

The lesson finished similarly to how it started: Bernard using a mechanical model (the gravitational analogue of 1/r hill) as opposed to the computer model the pupils were using to reinforce the observation that slower alpha particles deflected more and to demonstrate the deflection of alpha particles with different impact parameters.

Summary

Overall we can say that Bernard conformed to the external goals of the designer of the computer activity by weakening them.  The activity was demoted by being left until after the end of the teaching of the topic.  It was seen not as essential for learning, but as a supplementary activity which could facilitate the answering of exam questions.  It was moreover used in the same way in the lesson; the computer simulation was portrayed as nothing more than a modern version of the mechanical gravitational analogue.

Bernard kept his goals modest.  We attribute this both to his conservatism and to his awareness of his computer skills.  And he seemed to manage to achieve these goals judging from the pupils’ written reports of the lesson.  However, differences were noted between the goals he articulated for the lesson and his and the pupils’ actions observed in the classroom.  Although his rationale did not include getting the pupils skilled on the computer or learning about simulations, a significant amount of time was spent in the lesson on both these.

The computer activity took place in a room dedicated for computer use.  This by itself imposed some restrictions on Bernard.  One was that the activity could not be integrated with other non-computer activities.  Bernard who up to that lesson had used the computer simulation as part of a circus of experiments had to modify its use and scope.  Another consequence, which did not arise but which he had to anticipate in his preparation of the lesson, was that he would have to make the activity fit in the time they had the room booked for.  In case the pupils finished earlier, Bernard had got for them worksheets for a different computer simulation to do.

Finally, as discussed before, the justification for using this simulation for Bernard lay in the conviction that it covered part of the examination syllabus and that it potentially covered it a little better than the standard textbook, in the sense of helping the pupils to answer more of the exam questions better.

3.3
Using a web-based simulation: 

Chris - ‘Ad-hoc - ‘virtues from necessity’’

This is the story of a science teacher, Chris, who is putting together a day’s IT event off school timetable for 12-13 year-old pupils (Year 8) using external resources.

The school is an 11-16 state school of good standing.  At the time of the observation IT teaching in the school was cross-curricular and Chris was acting as the network manager.  Since then the school has introduced discrete IT lessons for 11-13 year-old pupils and Chris has become in charge of these, having got the post of the IT co-ordinator.

Chris enjoys using IT with his science classes; he calls IT his speciality and uses it once a week on average.  He considers this use frequent and unusual for a scientist.  The use of a modelling programme in particular is built into the Year 8 science curriculum of the school, in the teaching of ecology, which means that most of the science teachers have to use it at some point.  However, Chris estimates that only a quarter of them make use of other applications of IT in their teaching. 

The lesson observed was about earthquakes and volcanoes.  Chris was responsible for organising this multimedia day for Year 8 pupils who had volunteered to attend.  His plan was that pupils would use a CD-ROM on the network and access the Internet to acquire information on volcanoes and that they would do a web-based simulation on earthquakes.  The pupils would further have to use this information to answer a set of questions he had prepared on volcanoes and earthquakes, and to prepare a wall display with these answers, written in a language suitable for pupils of their age or younger.  

It was the first time Chris used this web-based simulation called ‘Virtual Earthquake’.  He had encountered it while looking for an interesting site on the web which he could use in the teaching of Earth Science.  His plan was to incorporate it as an optional activity in the school’s scheme of work for the topic of Earth and Space.

Quoting the information given by the creators of the simulation, “‘Virtual Earthquake’ is an interactive computer program designed to introduce you to the concepts of how an earthquake epicenter is located and how the Richter Magnitude of an earthquake is determined.  The ‘Virtual Earthquake’ computer program is running on a Web Server at California State University at Los Angeles.  You can interact with ‘Virtual Earthquake’ using your Web browser.”  More precisely, ‘Virtual Earthquake’ presents the pupil with the recordings of an earthquake’s seismic waves detected by three seismographs far away from the earthquake.  The pupil is invited to locate the epicentre of the earthquake by making measurements on the seismograms presented by the programme.  Additionally, s/he is asked to determine the Richter Magnitude of that earthquake from the same recordings.  Upon completion of the activity the pupil is given the opportunity to receive a personalised certificate as a “Virtual Seismologist”.

Chris talked of the programme’s accessibility and computer compatibility, but also of the programme’s suitability for classroom use and appropriateness for 12-13 year-old school children, as reasons for choosing this simulation.  He also saw the award of the certificate at the end as a good motivational incentive for the pupils.

His goals for using the simulation seemed very ad hoc and not very well thought out, as though they were derived from what the simulation could offer and not from any particular teaching or learning rationale.  They comprised more specific objectives about pupils “getting the science out of” the simulation, or learning to read graphs accurately and making estimates, but also more generic objectives about pupils understanding how computer models can be used to predict, appreciating how powerful computers are, or getting the skills to use Internet software and becoming independent users of it.

The ad hoc nature of his rationale is also evidenced by the fact that he transformed a flaw of the programme into a feature of it.  The simulation, as explained before, provides with a sequential narrative in which actions by the user are embedded and required.  However, it has the peculiarity of not allowing the user to backtrack in time to correct or review these actions.  This in conjunction with the fact that it required that the pupils read the graphs at a level of accuracy which was beyond the clarity or the scale of the graphs themselves proved to be major disadvantages of the programme and created a lot of agitation in the lesson as the pupils had to repeat the simulation several times in order to complete it successfully.  Chris was aware of this flaw:

“They’ll probably not read them [the graphs] accurately enough, they’ll not read subdivisions.  Well, they’ll read subdivisions, they won’t read between divisions, between marks.  I didn’t, when I first went through it.  When I saw them, I just took the whole line numbers, and failed.”

but turned it into a valuable feature of the situation, whereas clearly it was not.

“They’re going to fail first time and then they are going to try a bit harder.  It will teach them the importance of accuracy.”

Having discussed the opportunistic character of some of Chris’s goals, it is interesting to mention that when it came down to him defining what would count as success in the lesson his expectations were considerably scaled down compared to the objectives he had identified for the lesson.

“Successful [instance] that 75% of them [the pupils] come out with their certificate.  And failure would be that very few get their certificate at the end of the day, which is not a nice thing, to do.  But, on top of that I also, you know, I am hoping by the end of the day they..., well during the day I see them working and enjoy working.  I will be looking for their motivation and interest.”

Another trait of Chris’s rationale associated with the previous discussion was manifested in the role he assumed during the lesson.  At the start of the lesson, before the class moved to the computer room which was opposite the classroom,  Chris introduced the day to the pupils as their Internet day in which they would see how ‘un-solid’ Earth is and they would learn a little geography - “a bit science”.  He then mentioned that they would be seeing a computer model and explained to them what this is.  He then went on to explain what their tasks would be.  He made a case for how important it is to know how to download information and pictures from the Internet; he cautioned them not to work on the simulation all at the same time for fear that the server on the other end would not cope; and he warned them that if they were not good at reading graphs or doing the simulation, they would not get the certificate.

In the computer room he demonstrated how to browse and get the pictures off the internet and explained what a link is, how to follow it up and how to use a search engine.  He then showed them how to access the site of ‘Virtual Earthquake’.  From that point onwards and until half an hour before the end of the lesson Chris changed his role to the one of facilitator or/and problem solver.  He gave every content-related teaching responsibility to the software which was expected ‘to do the work’, and assumed the role of helping the pupils with the practical tasks of downloading pictures and later their certificates, manipulating them in a document and having them printed.  Repeatedly, answering pupils’ requests for information, he instructed them to read the information on the screen.  Having said this, his attitude was rather consistent with how he had said he would deal with the problem he had identified as possible to arise of pupils not reading the information on the screen and thus not learning anything.

“They [the pupils] got this other agenda, one we get the work finished, and so they want to produce this poster and then they’ve gone to the first few pages of the computer model and they are not really reading them, and the lesson is not teaching, ‘cause there is no-one reading them through it - they are working in their own pace - they are missing out the important information.  So I’ll have to stop them, bring them back and say when you get to this page you need to read it, otherwise you’re not going to get your certificate, because you won’t understand what you’re doing.”

A number of pupils struggled with the simulation, having to repeat it again and again in order to get the certificate.  Some of them even seemed to get frustrated and at times gave up and digressed into surfing the web.

Lack of careful planning of the lesson, which Chris himself acknowledged in discussion afterwards, meant that only two groups had time to present their posters.  From both presentations it became clear that although the pupils had on the whole prepared quite elaborate posters they had not understood a lot of the concepts which were introduced and used in the simulation, such as the Richter magnitude.

The apparent outcomes of this day’s event are well expressed by what two girls said when asked to summarise for us what they did and learnt during the lesson:

“We went onto the internet; we learned how to use the net effectively; we learned to browse and how to export the images to our own files and print them out, so that we could make up our project; [...] we learned to act together as a team.”

And more particularly concerning the simulation activity, they described what they did as follows:

“Trying to find out the epicentre of the volcano and like trial and error and... like trying it and then it said ‘Oh no, it’s almost close, but not really right’, so we had to go back and find out what was wrong about it.”

Chris after the end of the lesson admitted that although he felt happy about how the lesson had gone there were some things he would change if he did it again.

“If I were to do it again, I would have done it differently.  A little bit more structure at the start.  I would have given them the language to talk about it.  Talk a bit more about the model.”

Summary

Chris is substituting the external goal of the web-based simulation ‘Virtual Earthquake’, which is to learn to be a seismologist by getting to know the relevant concepts and ideas for how an earthquake epicentre is located and how the Richter Magnitude of an earthquake is determined, with the goal of learning the skill to use Internet software.

The goals Chris identified as objectives for the lesson were only partly pursued in the lesson itself.  They were not certainly actively pursued.  The software was rather given the responsibility to accomplish them.  Reasons for this are that Chris had not planned the lesson thoroughly, integrating the resources with the aim to achieve these objectives.  He had rather put together activities in an ad hoc way and expected things to happen.

The fact that he had his classroom next to the computer room facilitated the moving of the pupils from one to the other, as in one they could work on the computers and in the other they could prepare their posters.  The actual nature of the simulation that is being accessed through the Internet, meant that not all pupils could do the simulation at the same time for fear that the server at the other end might not cope, which further meant that Chris could not, even if he wanted, do any teaching at the classroom level, since different groups of pupils were occupied doing different tasks.

Finally, once again, the justification for choosing this simulation lay ultimately with the fact that it covered part of the National Curriculum recommendations for the teaching of Earth Science.  The motivation for finding the simulation came partly from Chris’s anticipation to become the school’s IT co-ordinator which meant that he would do the IT tasks for the science teachers as well as for the other departments.

3.4
Modelling using a spreadsheet:

Ivan - ‘Computer as a work-a-day routine’

This is the story of an experienced science teacher, Ivan, who treats the use of IT as a run-of-the-mill job.

Ivan has been using modelling in teaching physics for some thirteen years.  In general, he has been a keen user of IT for teaching purposes.  However, he admits that since he reduced his teaching contract to a part-time one he has not been using it as much as before; he used to use it at least every week at some level.  Also since the school, which is a private one with a selective admission policy, introduced discrete IT lesson for the 11-year-olds he has found it very hard to find a computer room available despite the fact that the school has three.  More and more he has resorted to using the palmtops that are for the exclusive use of the Physics department; he finds easy to inject these in a lesson, and also easy to transfer data from them onto the network.  Ivan’s commitment to the use of IT is not shared widely in his school.  IT has not yet been built into the school’s science curriculum.  It also appears that Ivan has often made suggestions to his colleagues about how they could incorporate a modelling activity in their lessons, but they have not taken his advice.

In modelling Ivan has used a variety of software made for different platforms.  Moreover, he has some new ones in mind to try to use.  He gathers that he needs some time to feel confident with the use of one of them, ‘Modellus’, before he can use it in the classroom.

The observed lesson was about the discharge of a capacitor with a class of twelve 16-17 year-old boys.  The pupils had looked at capacitors and had got a feel for how they behave and what they might be like as a circuit element.  They had looked at RC discharge experimentally as a demonstration carried out by Ivan using a data logger.  More specifically, they had looked at the resulting graph and had talked about the mathematical model behind it.  Ivan had even mentioned the relevant differential equations to the more mathematically able ones without of course expecting that they would be able to solve them.

Ivan’s plan for the lesson had been that the pupils would enter and run the model on a spreadsheet.  The model would then generate a graph which the pupils would compare with the graph they got experimentally.  Ivan would move them onto thinking about how they could tell whether the two graphs have the same shape.  Ivan had hoped that by the end of the lesson the pupils would get onto constant ratios as a property of the curves, which can come out via the algebra or via the numbers.

The big objective of Ivan’s lesson was that pupils learn how to use different representations for different purposes.  The same way he wanted them to learn that there were two ways to determine whether one curve is exponential or not - each with its own merits -, he wanted them to see that there was more than one way to represent the same change.  In this case Ivan wanted the pupils to see that the discharge of the capacitor could be represented by the exponential curve they got experimentally; by an iterative mathematical model; or by solving a differential equation.  But the key point for him was that they eventually became able to choose the most appropriate description for the situation.

“I want them [...] to begin to be flexible enough [...] to see that sometimes it’s useful one way, sometimes another way and sometimes a third way.  So, the idea of picking the appropriate description to the operation.”

There were also other more immediately realisable objectives that Ivan wanted to attend to:

“I want them to appreciate that a set of mathematical statements can in some sense, reproduce what’s happening physically[...]; that there is some process of mapping to be carried out between what they observe and what they hypothesise and those meet, in the sense that those produce the same curve.  So, a very low level thing everyone will get without a problem.”

The difficulties he had anticipated that the pupils might face involved using spreadsheets and executing the modelling activity, some of the latter stemming from pupils’ belief that physics holds absolute answers and descriptions for physical phenomena.

In the actual lesson Ivan seemed to concentrate on achieving the short-term goals, putting aside the bigger objective, perhaps responding to the fact that a smaller fraction of the pupils was competent with spreadsheets than he had expected.  He spent more time giving instructions about setting up the model than about thinking about it when he introduced the task at the start of the lesson.  Interestingly his input to the lesson was minimised when the class moved to the computer room; it seemed as if he wanted to make space for the pupils to think and discuss between themselves.  Throughout the lesson he monitored the pupils’ progress but did not overtly intervene to ‘push it’; he rather modified his teaching strategies to facilitate it.  Afterwards, for example, he confessed that 20 minutes into the lesson, he had changed his original plan and had decided to leave the pupils in the computer room for the rest of the lesson instead of moving them back to their classroom for a debriefing.  

Most pupils produced the graph of the capacitor discharge and investigated how its shape changes when the resistance and capacitance were altered.  Some had a first attempt at comparing the experimental and theoretical curve.  Only a third of them appeared to give any thought to what the rule might be from point to point on the two curves, as Ivan had wanted them to.  This development did not seem to worry Ivan very much.  He casually deferred this goal and re-examined how he would proceed in the following lesson:

“Because some struggled today with the mathematical model, I want them to leave it for the minute.  [Next lesson] I will gather them around one computer in the Physics Department and we’ll look for the pattern that connects one number to the other.  I want them to talk about the physical model and arrive at the notion of constant ratios.  Then we’ll change resistance and capacitance and look at constant ratios of experimental data.  Then we’ll go back onto the non-experimental data.”

What is interesting in the above quote is not only that Ivan decided to change the plan of his lesson, but that he also decided to change his teaching approach, from having the pupils work in pairs in front of a computer with him remaining in the background, to having the pupils gather around one computer with him handling the discussion.  He appeared to do all these in a very low key way, as ‘the next thing one needs to do’, not creating a problem out of them.

Summary

Ivan is an experienced science teacher who uses IT as a work-a-day routine in a teaching programme where everyone is supposed to think about things and relate these things to other things.  For him the use of computer is not a special teaching strategy, and therefore he gives it a very casual treatment.

Ivan is also a keen user of computer modelling; he has used it for teaching physics for some thirteen years and he keeps looking for new software packages to use.  He is very aware and clear about the advantages the use of modelling may bring to pupils’ learning of physics.  These he seems to see as being accomplished over the longer term and he is not anxious to make them happen overnight.  So, in the actual lesson he did not push the big picture very much.  Within the span of an individual lesson his practice seemed not to conform with his rationale.  However, looking realistically at his rationale, it could only be consistent with his practice in the space of many lessons and not only one, and over this longer time scale his practice is consistent with his rationale.

His teaching style changed with the change of physical circumstances, that is when the pupils moved from the classroom to the computer room, and this is important to note.

The actual modelling task - modelling the discharge of a capacitor - is a popular one among science teachers.  The calculations involved are easy enough and the step-wise approach of the model gets the pupils to think about the nature of the change.  The teaching of this change used to be difficult and the use of computers has made it much easier.  Moreover, its knowledge is required by the standard examination syllabus.  Ivan is aware of all this but he does not make a big deal of it.  He is very confident about his practice and without being arrogant, he knows that he can meet any external requirements.  

Ivan also knows that he is not a typical case in his school.  Most of the other science teachers do not use computers as much in their teaching.  He knows this and also that there are plenty of opportunities in the physics curriculum where the use of IT could be beneficial to the pupils.  He has, however, not pushed a lot the use of IT very much in his department; he has suggested uses for it, but has not overstressed it.

3.5
Using a simulation and a modelling programme:

Norton - ‘Driven by high expectations’

This is the story of an ambitious science teacher, Norton, who is a top class mathematician and a committed user of computer modelling.  He has written quite a few models himself, using mostly spreadsheets, which he uses in his lessons, either as class demonstrations or as simulations for pupils to interact with and explore.

Norton teaches in an 11-16 state school which is equipped with one 50-station network and one 12-station network of PCs located in dedicated computer rooms.  IT in this school is taught in discrete lessons to the youngest pupils (11-12 years old) once a fortnight.  Moreover, the use of IT appears in the school’s science schemes of work on about a dozen occasions every year.  However, according to Norton it varies a lot in practice, and crucially depends on the availability of the network rooms and/or the inclination of the teacher on the day.  Norton himself often makes use of his personal laptop in the classroom for demonstrations.

Two of Norton’s lessons were observed.  One was with a Year 7 class (11-12 year-old pupils) and the other with a Year 10 class (14-15 year-old pupils).  The youngest pupils had no familiarity with modelling or simulations in any way apart from having seen Norton using on his laptop models created with the programme ‘Modellus’ to show them things.  

Norton’s use of ‘Modellus’ tells us a lot about the ease with which he handles modelling applications.  Quoting from the programme’s user’s manual ‘Modellus’ is a programme for interactive modelling with mathematics.

“You can use Modellus to build mathematical models and explore them as animations, graphs, and tables.  Instead of just looking at algebraic, differential and iterative equations, Modellus users can experiment visually and interactively with models to better understand the underlying mathematics.”
‘Modellus’ promotes an equation-based modelling and it seems that this feature especially appealed to Norton since it agrees with his excellent mathematical abilities.  No wonder that the first criterion he gives for having chosen this software is that “it’s easy to use”.  Since however, the mathematical knowledge required by the programme is far beyond the knowledge the pupils of the age-range he teaches possess, he also praises the fact that the programme allows one to have animations next to the graphs on the screen.

“So, it’s a little bit more immediate than just being presented with a bold graph.”

Norton had acquired ‘Modellus’ only few months before he was observed using it with both classes.  It is impressive how in these few months he had worked it into his thinking and he had invented uses for it in his teaching.

The Year 7 lesson was about sound waves.  The pupils had already done some work on sound with a student teacher.  They had looked at the notes produced by string instruments and had experimented changing the length and tension of the strings.  They had also made instruments out of straws and had tried changing the length of the straws, listening to the effect this had to the sound produced.  In the observed lesson, Norton wanted the pupils to connect the shape of a wave with the sound it produced.  More specifically, he wanted them to learn about the relationship (in semi-quantitative terms) between amplitude and loudness for a sound wave, and between frequency and pitch.

“I hope, by the end of the lesson, they will know that a higher pitched note has a higher frequency and a louder note has a greater amplitude.”

For this reason, Norton had created a simple simulation for the BBC computer, which allowed the pupils to change the frequency and the amplitude of a simple sin wave (by just typing in different numbers for them), and then simultaneously see it on the screen and hear its sound.  Norton had also prepared a worksheet which outlined the steps the pupils had to follow in this investigation.  The plan was that the pupils would work in groups with the simulation for 10-15 minutes out of the total 70 minutes of the duration of the lesson.  Norton values the talk that ensues among pupils during group work.  Then, Norton had planned to show the pupils using ‘Modellus’ how one can make complicated wave forms by adding simple sound waves.  Norton hoped that this demonstration would further help pupils understand how the sound wave produced by human voice, seen on an oscilloscope screen, is not a pure note but is made up of a mixture of pure notes.  He would have preferred it if there was enough equipment for pupils to try capturing their own voice patterns, but since there was not he would demonstrate this as well.

Norton’s goals for this lesson were not very ambitious.  He defined success for his lesson if pupils at the end of it could recognise the shape of a high and low pitched note and of a loud and quiet note respectively.  He specially valued the role of the simulation in it to the point of saying that “the rest is decoration”.  The only possible problems he had anticipated had to do with pupils being unfamiliar with the hardware, i.e. the BBC computers.  However, as it turned out he had grossly underestimated the difficulties the ideas involved held for the pupils.

The pupils clearly did not have the language to talk about the changes in the shape and sound of the waves.  Pupils’ experiences with sounds worked against the attainment of the learning goals.  Their experiences had to do with sounds conveying meanings, not pitch and loudness.  The simulation presented them with arbitrary waves giving out arbitrary sounds in relation to arbitrary numbers.  The only meaningful reason for the pupils to do the task, was in order to answer Norton’s questions.  And they found this very difficult.  The majority of the pupils ignored the instructions on the worksheet and tried changing the amplitude and frequency of the wave at the same time, failing thus to make any sense of their respective impact.  Moreover, the sound given off by the computer did not register with most of the pupils, who therefore found very difficult to identify its changes.  Norton dealt with this situation by going round the groups repeating pointedly the questions he wanted the pupils to focus on and drawing their attention to the fact that they needed to investigate for each factor separately.  He then assembled the class round him and tried repeatedly to draw out the ideas he wanted them to learn with a series of pertinent questions.  The pupils consistently demonstrated a lack of language to talk about both the visual and sound changes of the waves; they almost persistently failed to differentiate between higher frequency and bigger amplitude.  The simulation had a representation problem that Norton failed to appreciate.  The representations of frequency in space rather than in time seemed to create confusion.  

Norton had not really thought through the issues involved in the learning of these ideas.  However, neither did he seem to be able or to want to respond to the difficulties the pupils faced.  On the one hand he seemed surprised and somehow bemused that one of his brightest pupils “kept getting it wrong”, on the other he avowed that he would not have changed anything if he had to repeat the activity, because there was no way to avert pupils from getting it wrong.

“It’s something they’ve seen before, it’s something they’ll see again.  And they’ll see it in year 9 and they’ll see it in year 10, they’ll see it in year 11 and they’ll get asked questions on the GCSE paper and they’ll still get it wrong.  I’ve never yet succeeded you know to get everybody to get that idea right.  They all understand it at the time, but they don’t remember it for more than 10 minutes as far as I can tell.”

Norton seems not to appreciate how abstract and irrelevant the concepts of amplitude and frequency may be for pupils at this age.  These concepts may only become relevant and interesting for them many years later in the study of Fourier’s theorem and applications.  This lack of appreciation of the difficulties abstractions may pose for pupils may have helped Norton dare to attempt the second lesson observed.

This lesson was about heat transfer.  The class had looked at energy resources and had talked about alternative energy sources and about generating electricity from fuels.  The lesson was out of sequence though obviously it fitted with the work they were doing on energy.  The pupils in the class were 14-15 years old and belonged to the second set in terms of ability.  They had had some experience with spreadsheet modelling and had discussed ideas about modelling in previous lessons.  Norton aimed to take them step by step through the process of creating a mathematical model for the process of cooling, which would lead to a shape of graph they could then compare with reality.  

Norton knew that this attempt was very ambitious and far beyond any National Curriculum expectations or what most teachers would dare do with pupils of this age.  He is committed to mathematical modelling and to teaching about it.  This lesson would serve as a kind of initiation for the pupils to it; Norton hoped that it would make them aware that it is possible to develop mathematical descriptions about physical situations.  He was however realistic about what could be the best outcome he could hope for:

“Now to ask them to take that description any further is too difficult.  If they can actually produce a mathematical description all together, then that’s a good step forward.  [...]  I don’t want them to be able to write their own mathematical models, cos they won’t manage that, but I do want them to be aware that this is something that you can do.”

And moreover, he did not make the task seem difficult.  He chose the process of cooling; he anticipated that pupils would have enough relevant experiences to be able to draw on.  Norton was daring but also careful.

The lesson evolved very smoothly.  With a series of very adept questions and counting on pupils’ experienced-based guessing Norton got the pupils to identify the variables that affect the rate of cooling and then to talk about these effects qualitatively.  Norton skilfully turned the pupils’ answers into relationships expressed in semi-quantitative terms, such as ‘the bigger the temperature difference, the faster it cools’ or ‘the thicker the insulation, the slower it cools’.  These expressions he then combined and converted, through a constant interaction with the pupils, into a mathematical equation which he called ‘mathematical model’.  It is interesting to note that during all this discussion Norton held a hot cup of coffee in his hand and repeatedly referred to it.

The pupils were then asked to predict how the graph of a coffee cooling would look like; they attempted different graphs on the board until they came up with the correct one without Norton’s help.  Norton, then, showed them Modellus running and plotting the mathematical model in order to ascertain that the mathematical model and they agreed.  The pupils went on in groups to test the model experimentally - some used data loggers, others used normal thermometers.  Finally, the experimental curves were compared with the theoretical ones and a brief discussion was ensued about their similarities and differences, and the reasons for these.

This second lesson had clearly been successful and Norton was very pleased with it.  In retrospect he identified a couple more ideas he had wanted the pupils to acquire in relation to modelling, which however he did not seem to pursue during the lesson.  The idea that a mathematical model is an idealisation of real data Norton acknowledged not having time to develop.

Summary

Norton is certainly a committed user of computer modelling.  The fact that he is very mathematically able results in him daring quite sophisticated applications of it.  In doing so occasionally he may show lack of appreciation of the difficulties abstractions may pose for pupils.  This near disregard of the issues involved in mathematical abstractions may interestingly have been the cause for why the first lesson observed only partially realised its objectives, but also for why the second lesson was so successful.

Norton’s rationale for the use of computer modelling in teaching is basically consistent with his practice.  He has some advanced objectives in relation to modelling he wants his pupils to acquire, but time constrains him from pursuing them.

The availability of the computer network rooms seems to be an issue in his school.  This has as a consequence that Norton either has to settle for the older BBC computers that are available in the science lab or that he has to lead a whole-classroom lesson from the front with the help of his laptop.

The National Curriculum recommendations are certainly in his mind, and his mention of exam questions at one point confirms this, but do not seem to stop him try things which are far beyond them.  

3.6
Using a simulation:

Paul - ‘We are cleverer than the computer’

This is the story of a very self-confident and competent teacher, Paul, who sees the use of IT as one amongst other occasions for his pupils to practice thinking.

The school is a highly competitive private school for boys, with a selective admission policy.  In a school of this type the pupils are considered to be highly motivated and very able academically, and the teacher’s role is seen as one of challenging the pupils and assuring their academic success.  It is in this context that Paul’s actions need to be thought about.  Besides, Paul himself referred to this school ethos when asked to comment on students’ competence with IT:

“With pupils in this school it tends to be the case that minimal direction is required to investigate what happens.  They have some degree of intuitive sense.  It’s more a matter of channelling that later on.  [...] they are quite confident to press and prod the software to see what it does.  So, we should be on to a winner there, from the point of view of confidence, perhaps not competence, in dealing with the software.”

Paul’s use of IT in teaching physics is very frequent.  The most common use (“almost daily now”) is for plotting graphs for experimental data, but he also claims to be using “some programme for some purpose” almost every week.  Paul is also a keen user of exploratory modelling programmes, specially when these refer to experiments that cannot be reproduced in the lab, such as the alpha scattering experiment.  These programmes are kinds of simulations where the user is expected to change the values of the variables, observe the outcomes of the change(s) and infer the behaviour of the model.  According to Paul, their principal merit is that they encourage ‘what-if’ questions. Paul is a supporter of anything that promotes interpretative and thinking skills in his pupils.  In this respect, the use of IT does not differ very much from the use of any practical activity in Paul’s frame of mind.  This was evidenced by the several parallelisms he drew between the two kinds of activities when he talked about how his lesson was going to unfold; some of these will be discussed later.

The lesson observed was about electromagnetism and was with a class of seven boys in their pre-final year of schooling.  The pupils had seen experimentally that there are forces on moving charges in fields and they had gained some feel for the sizes and directions of these forces.  They had also learnt about the formula that accounts for these forces.  The idea was that with the aid of a computer programme called Albert they could get a better feel for how this formula works.  Albert is an exploratory modelling software (or a simulation) which shows the trajectory of a particle in a constant electric field, or in the combination of constant electric and magnetic fields (the two fields being orthogonal).  The user can define and alter the charge and mass of the particle, as well as the magnitude of the electric and magnetic fields.  S/he can also choose to have drawn or not the vector of velocity and the vectors of the forces that are exerted on the particle.  Finally, the graphs available to the user by the programme are of the displacement vector (X-Y graph) and of the velocity vector.

Paul had never used this simulation before, but he had used other simulations from the Albert ‘family’ and was satisfied with them; in addition, he had felt that this was the right opportunity in the scheme of work.  His concrete learning objective had been that the pupils, with the help of this simulation, would get a sort of semi-quantitative feel for how charged particles in electric and magnetic fields move and how the size of the field and the charge of the particle determine the size of the force, and therefore the path of the particle.  He also had hoped that the pupils saw the link between the experiment they had done and this modelling activity and realised the difference; that whereas in the first case they had looked at a real physical situation and hypothesised about the formula that could describe what happened, in the latter case they were looking at pictures of what happens assuming this formula is true.

Paul was also very clear about what he considered as an undesirable outcome of the lesson:

“I think what is especially unimportant is that they feel they’re dealing with a computer program for the sake of dealing with a computer program.  I think that is..., that this ought to be trivial, but I suspect it might not be because they don’t deal with software in the same way they deal with apparatus.”

How would Paul go about the lesson?  Not differently apparently from any lesson involving pupils carrying out practical work.

“Just as if you were describing a piece of experimental work, on the bench as a demonstration, and then said right do it yourself.”

This quote seems to say a lot about how Paul sees the work with computers.  For him it does not require a special teaching strategy; it is just one of the many activities one can use with a physics class.  This attitude appears to also betray the confidence Paul has in himself as a teacher and in his abilities to deal with everything that may come up in a lesson.

While demonstrating the software, Paul had intended to tease out a few questions, which according to him ought to be asked, and also suggest how the pupils should go about altering the values of the variables in the simulation.  His plan had been that the pupils would return to their classroom at the end of the lesson, so that they could collect their thoughts together.

Having said that Paul treated computer work very casually does not imply that he was not aware of the difficulties it could present to the pupils and to the teacher.  On the contrary, he seemed very aware of these difficulties as well as of their importance and of how he felt about them.

“There is a tedious set of problems and issues that every time you go near such a machine, they may or may not function, but they are very real teaching problems.  There is the next level up from that, that some of the students will be more or less confident in dealing with the computer interface and that will get in their way, and then there is a level of problems that you hope to be dealing with, the pupils asking pertinent questions about the physics.  And we hope we get on to the third set of those sooner rather than later.  But you never know, you can often spend an hour dealing with the first.  Been there, done that.”

What Paul did not say in the above lines is that he could manage the classroom situation so  that the second level problems gave rise to the desirable third level ones.  And this is exactly what he did in the actual lesson.  First of all, the task was presented to the pupils as one where they were to test the simulation to see whether it behaved ‘sensibly’, according to what they knew or had predicted about the behaviour of a charged particle in electric and/or magnetic fields.  He clearly put it to them

“What I wish you to do is this: We have lurking in the background a couple of formulae that we are not pretending to invent, because they are in all the textbooks and we’ve read them anyway.  [...]  At the end of the lesson, what I’d rather like you to be able to tell me is whether you are convinced how field sizes affect causes.”

The key word here is ‘convinced’; Paul was asking the pupils to use their knowledge and rational thinking when working with the simulation; as its role was to simply convince them, it was up to the pupils to say whether it fulfilled this role or not.  Having introduced the task with such a premise, when the computer started producing unexpected behaviours, such as showing the charged particle bouncing off the charged plate, it was no surprise that Paul remained in control and kept saying to the students:

“So, the question there is:  Is that what would actually happen, or is that what this machine thinks is happening because it’s thick [= stupid].  [...]  Is that reasonable?”

It was clear that he had not anticipated these behaviours and that he was not aware of several of the functions of the simulation, but that also neither of the two mattered.

The interaction with the simulation lasted much longer than Paul had anticipated.  Paul himself did not stop going around pushing the pupils to think and make pertinent questions and predictions.  His line of questioning was:  Does the software do this?  Should it do it?  As a consequence of the computer work lasting longer there was no time for the pupils to go back to their original classroom and discuss what they had found.  Paul wrapped up the lesson by re-stating the questions they had sought answers to and acknowledging that they had provided no answers to them whatsoever.  Having said this, he made sure to stress that it is always worth asking questions.

The questions had not been answered but Paul had remained satisfied that the questions had been posed and discussed in a desirable way.  Moreover, he admitted to have been pleasantly surprised by the fact that the pupils had worked as long on the task as they had done, thinking about what had been going on in the screen and asking the right questions.  The specific learning goals he had set may not have been met, but as it is often the case with experimental work, Paul believed that the activity in itself had benefited the pupils.

“So I suspect that at the moment that we speak they [the pupils] have advanced only a little from yesterday, but given another run through, or coming back to that and teasing out the detail tomorrow,[...] I suspect that it will turn out to have been some good, we will be able to allude to what happened [...] just like one does with an experiment.  Fairly successful I suppose.  And I haven’t used it before with a class, and I will probably use it again.”

Summary

Paul regards computer work as one among other opportunities for pupils to practice intelligent thinking.  He is explicit that one of his criteria for choosing a computer programme is whether it can do what he wants, and feels the Albert simulation on electromagnetism fulfilled this criterion.  

This simulation undoubtedly was intended to be used as a ‘see and learn’ simulation.  The pupil is expected to experiment with changing the values of the variables, see what happens and learn the relevant relationships.  Paul clearly subverted this use.  He was not interested in pupils pretending to invent these relationships.  The perceived behaviours on the screen are results of these, and thus serve a different function from experimental results; they can be more easily altered and tightly controlled and can help to answer questions such as ‘why did that happen under those circumstances’ or ‘what set of possible rules can create the behaviour I want’.  This is how Paul wanted the pupils to use the simulation, and his rationale was consistent with his practice; he continually prompted them to think and question what they see.

The specific learning objectives he had for his students were not thoroughly met and he had to defer them for the following lesson.  Problems arising from the behaviour of the simulation contributed to this.  He however treated them as opportunities for pupils to ask pertinent questions about the physics.

The computer task lasted longer than Paul had anticipated; it ended taking up the whole  lesson.  Having to move the boys to the IT lab so that they can work individually on the task, meant that if Paul wanted to start a discussion at the end of the lesson about what they had found out, he would need to move them back to their classroom and there was no time for this.  The computer room was big and in it there were boys from other classes doing other activities.  One supposes that this was another reason why Paul let the task run over time and deferred the discussion until the following lesson.

The need ultimately to prepare the pupils to answer exam questions was never out of Paul’s mind.  He needs to make absolutely sure that they can do this - as he said.  However, he found the merits of this computer task considerable enough to give it the space of a lesson.  This was the first time he used it and he said he would use it again.  He knows that he is able to deal with everything that may come up in the lesson.  He dared and succeeded!

3.7
Modelling with a spreadsheet

Simon - ‘‘Getting it all together’ - realism’

This is the story of a very experienced teacher, Simon, who believes in and exercises integration in his teaching.  He believes in integrating alternative representations of knowledge, and uses different resources in an integrated way to achieve this.  The use of IT for him is not an extra feature in his lessons, it belongs to the lesson, in the sense that its place has been well planned and blended with other modes of teaching.  This is another story of success in favourable circumstances, just like Stewart’s in a way, only that Simon comes out as more pragmatist and flexible than Stewart.

The school is a prestigious private school, mainly for boys.  Having said this, the intake of the school is quite mixed in terms of ability as there is no means of filtering the applicants.  The school has recently doubled the number of computers which are dedicated to science work from 12 to 24, so that all pupils of a class can have individual access to a computer.  The computers are all in a specially dedicated room and are linked to a network, designated for the science department and maintained by one of the teachers of chemistry.

Three different lessons were observed.  In the first two lessons pupils in the final and pre-final year of schooling preparing for their university entrance exams made use of a spreadsheet to turn the information given by the lens maker’s formula into a graph and to model the output voltage of a potential divider with a load respectively.  Neither of the two classes had had a similar experience of using modelling before although they were quite experienced in using spreadsheets, mainly to get derived functions to plot in graphs.  In the third one, a class of 13-14 year-old pupils (Year 9) had to put in a spreadsheet the data they had collected and had estimated for the acceleration of an object moving down a ramp, and fit a trendline to them.  This last use of IT, i.e. to generate and analyse data collected through class experiments or demonstrations, is the most common one for Simon but also the one the other Physics teachers of the school make; the other one, modelling with a spreadsheet, is very rare and Simon thinks that it is probably only him that does it.  Moreover, he has been using this kind of modelling in teaching post-16 physics for some thirteen years.  Having said this, Simon also admitted that his knowledge of Excel is not thorough; he has used those functions of Excel he has found useful, but there are still lots of ‘tricks’ he has got to learn.

Right from the start of meeting Simon it was clear that he was not an occasional user of IT; he had thought a lot about it and had ideas about how it fits in science, in physics teaching and learning, even in pupils’ general education.  See his justification, for example, for the use of Excel as the spreadsheets software:

“The criteria are life skills.  The kids are going to be out in the big world; even if they don’t go on with Physics, knowing their way round Excel to any extent is going to be a great life skill for them.”

Also he was openly enthusiastic about it and conveyed this enthusiasm to his pupils.

His objectives as well as the computer activities Simon had planned were very much determined by the abilities and the age of the pupils of each class, as well of course as the demands of the curriculum.  So, it was very much the case that the use of IT would serve the needs of the classroom facilitating the acquisition by the pupils of a deeper understanding, of a more holistic picture, of alternative explanations.  But, Simon also acknowledged that computer modelling could prove challenging for the pupils and possibly a struggle.  This was a risk worth taking, however, for him.

“I would say that is modelling: you are in deep water where you haven’t been before.  You’ve got an idea of what is going on but not why; and you are struggling to make a mathematical explanation for what is happening.”

The first class, even though it consisted of the older pupils, he feared would face the bigger difficulties with the computer activity, and this because the class consisted of mostly ‘non-mathematicians’, and of pupils whose English is a second language.

“They usually find most of the number work and calculations quite hard and they find talking and writing about physics quite hard, when they have to do it on their own.”

For them the computer activity involved using the lens formula (1/v + 1/u = 1/f) in a spreadsheet in Excel to generate data to plot the real and virtual image limbs of the graph.  The main goal of the activity was for pupils to be able to relate what they had seen in the practicals to the lens formula and to the shape of the graph that is implicit in the formula.

“I think it will help them to tie up the maths, the physics and experiments that they’ve already done.”

The graph could also tie in the idea of magnification, which is on the syllabus.  

The task for the second class was much more demanding; they had to construct a model of the non-linearities that come into potential dividers through loading using the series and parallel resistor formulae and then plot the relevant graph.  The pupils had already studied the potential divider practically; they had seen practicals and demonstrations about the loading effect of resistors on potential dividers, especially in relation to measuring the potential difference.  In these experiments they always used a fixed potential divider.  The new element in the modelling task was that they would plot the output voltage as a function of the wiper’s position.  Again the general objective for Simon, consistent with his rationale of integration, was that the pupils see the whole picture

“We had done little bits of the graph with voltmeters loading potential dividers, but we had not seen the whole thing and we had not varied the wiper while we were doing that.  Now we’ve got a big prediction, we can predict any load resistor, any position of the wiper, we’ve got the whole pattern.”

and that in this process they establish links between different kinds of representations and their interpretation.

“I think visually they can make the link between nature and the graph and hopefully then they can see that the graphs come from the maths, and it puts the maths in a better relevance.”

Important for Simon was that the pupils would be learning while having fun.  He associated success not only with the successful completion of the tasks but also with pupils’ getting enjoyment out of them, not least because this meant that they would be more motivated to complete them.

“When I first saw the bow shape that you get in the loading graph, I found it very exciting, and I hope that they[the pupils] will be excited by that.  [...]  If we can get to that stage with half of them at the end of the lesson, I will be well pleased because the buzz will cross over to the others and hopefully they will want to do it later and finish it off.”

He also talked strongly about pupils working ultimately independently, even if at the start they needed some help from him or from a fellow pupil:

“I want them to get their own result at the end of the day on their own screen by their own efforts, and if they’ve had a bit of help from me or from their neighbour well that’s fine, hopefully that’s all part of their learning process, I’m perfectly happy for that.”

His view of his role as the teacher was consistent with the above idea.  He saw himself as being there to help the pupils get started, to give enough information to get the pupils going with the activity, to point them in the right direction if they got stuck, but not to give them the whole answer.  He believed in stretching intellectually the more able pupils and in facilitating the less able ones.  On the other hand, Simon knew he did not have to know everything; he considered it OK to learn from the pupils; he actually anticipated that the pupils might know Excel better than he did and he expected to learn from them.

Simon seemed to base his lesson plans on the above view of teaching.  In the first lesson for example where he had anticipated the class to be more in need of help, he planned to gently take them through the process of identifying the variables to be plotted, and through the process of putting the reciprocals of the lens formula in Excel.  In the second class, where he thought the pupils had the ability “to crack it without too much help”, he was happy to only give them some hints and then “dump them in it”.  He anticipated that the main difficulty for them would be to come up with the equation to predict the output voltage as it involved putting together the series and parallel resistor formulae and seeing the wiper’s position as a fractional variable.  He also feared that some of the pupils, though not many, will have difficulties translating the formulae into computing instructions.  Unlike the first class, Simon did not think that these pupils would have any significant problems having the computer generate data, despite the fact that they had not done it before either.

Both lessons evolved quite smoothly.  Despite the fact that Simon let his teaching develop in relation to what was happening - judging method ‘on the fly’ -, both lessons appeared very well planned and prepared.  He seemed both to have the detail worked out, but also to be able to adapt and adjust.  Years of experience and a good deal of self confidence meant that he was skilfully able to avoid, when he could, or smoothen, when he could not avoid, possible and unnecessary complications.  So, knowing for example that the pupils of the second class would not be working in the science IT lab, and thus could not access their work area, he had a disc ready for them to save their work onto, so that they could transfer it to their work area at a later time.  More importantly, Simon saw problems as a challenge out of which the pupils and he can learn.  Every difficulty the pupils communicated to him, he turned into a challenge they had to work out and act upon intelligently by themselves.  Having said this, he was there to guide them all the way, even to the point often of contradicting his ‘taking initiatives’ individualistic rationale.

Unquestionably he has tried a lot of things and he is very experienced.  Guiding the pupils of the first class through the process of translating the lens formula into a graph, step by step, seemed so fluent and effortless, although quite prescriptive, that made one almost forget how non-trivial it is.  Identifying the variables in the lens formula, thinking of a sensible range of values for the focal length, recognising which variable is to be given values and deciding on the range of these values, telling which variable will be calculated and finding out how this is done using the formula, deciding on the units to work in and finally translating all these into computing equations for Excel, were some of the first steps Simon took the pupils through with a series of skilful questions and assertions.  

Having said all this, Simon seemed to underestimate the difficulty one of the programme’s limitations would present to the pupils.  He repeatedly and emphatically stressed before the pupils moved to the IT lab that if the object distance equals the focal length, the computer “will get confused”, “won’t like handling it”, “will go bananas”, and nevertheless still a considerable number of the pupils came up with error messages or got their computers to crash.  The change of physical circumstances (change of rooms) must have contributed to this.  Nevertheless, Simon did not let the details clog up the whole.  Problems were there to be solved and overcome.  Talking to a pupil who had a computer crash and had not saved yet his work:

“Oh dear, that’s a crash, isn’t it?  Close it down then.  You haven’t saved it yet, have you?  Bad luck, very bad luck.  You’ll have to start again.  Now you know what to do, it shouldn’t take you long.”

Simon’s conduct with the more able class was exactly as he had described it.  He expected more from them and they more or less delivered.  He asked them first to model how a potential divider without a load works, a task which he said would be trivial for them, and then to model a potential divider with a load.  He helped them identify that the final graphs should be of the output voltage against the fractional position of the wiper, and told them that for the latter graph they would need to combine their knowledge of adding resistors in series and in parallel.  The class then moved to the computer room and the pupils got started on the task.  Characteristic of Simon’s looser attitude with this class, was his reaction to a pupil who had come up with a wrong calculation of the voltage output and had asked him where it had gone wrong.

“Well, I’ll leave you to struggle for a bit with it, see if you can spot your own mistake.  These things don’t always come out first time.”

Dealing with challenges is however not only for his students.  Simon likes setting up himself with some as well.  Thinking about the next lesson he set for himself the challenge to prepare an experiment which would come up with the same graph for a potential divider with a load as the one the spreadsheet had produced.  He saw this testing of the model against reality as imperative.  

Simon saw clearly a place for modelling in the teaching of physics.  He even regrets not using it as much as he would want to, being restricted by time considerations and the given syllabus.  However, his view of modelling is very much pragmatic: it serves to predict and to account for reality and is only interesting if it does so. 

“The beauty of it comes when they[the pupils] see how well the data fits the prediction, that’s the real beauty, isn’t it.  This[the model] is an idea of what it might be like, but to me it’s not terribly interesting unless it does match up pretty damn well to what the real world does, so that is the challenge now, to see if we can get some real data.  Effectively, we’ve made a prediction of what we think the world is like mathematically.  Now, we are going to test it out against reality and I think that’s the way physics progresses to me and that’s what I like to get over.”

Teaching pupils about how to model with a spreadsheet was not one of Simon’s objectives.  To be able to do it served in both lessons the goal of coming up with a visual representation of the information held by a mathematical formula in the one case and of the prediction of the behaviour of a complicated physical situation in the second case.  But there was an extra benefit for the children that came out of the process of putting the model in a spreadsheet, and Simon did not fail to appreciate it.  In order to tackle the big equation which gave the output voltage for the potential divider with a load, some pupils had to systematically build it up from its components parts.

“The way they[the pupils] did it was excellent, was to do it in steps and tackle it a bit at a time.  [...]  They taught themselves really that, didn’t they?  [...] The ones that tried to write on a big formula got into a mess.”

That teaching about modelling was not one of his intentions is also betrayed by the fact that he was originally negative to the idea of pupils keeping formal notes about how they constructed the model,

“They won’t need that level of complexity really in their exam.”

but ultimately, perhaps seeing the merits of having the pupils do so, he reconsidered:

“I suppose we might just write down what we did to get the theoretical prediction [...] I might ask them to do another model in the future and that might be a guide for them, mightn’t it?”

Summary

Simon is a very experienced and self confident teacher who believes and exercises integration - “getting it all together” - in his teaching.  He is committed in his use of IT.  Moreover, IT is integrated into his thinking; he has thought a lot about how it fits in science, in physics teaching and learning, even in pupils’ general education.  He is committed to using the computer to help pupils build bridges between alternative representations of knowledge.  In particular he feels very positively about computer modelling; he sees it as helping the pupils tie up the maths, the theoretical physics knowledge and their laboratory experiences.  However, he is very pragmatic; according to him modelling serves to predict and account for reality and is only interesting if it does so; moreover, the merits of the activity of constructing a model using a spreadsheet come on the whole from running the model, rather than from making it.

According to his teaching ideology pupils should learn how to work independently; the role of the teacher is to stretch intellectually the more able pupils and to facilitate the less able ones.  Simon sees problems as challenges out of which his pupils and he can learn.  

Having outlined his ideology, his conduct with the pupils in the classroom was more guiding than he had professed it to be.  However there was consistency between belief and action in the way Simon managed to turn difficulties the pupils faced into learning opportunities for the pupils to act upon intelligently.  This strategy was not universally successful.  He underestimated one of the difficulties posed by the spreadsheet’s limitations, which therefore created more confusion than he had anticipated.  This confusion was exacerbated by the fact that to complete the modelling task the pupils had to move between different rooms - from their classroom where the task was set to the computer room where it was executed.

Overall, the goals he set for both lessons observed were realised effectively.  Simon adapted and adjusted his strategies skilfully to what was happening in the classroom without at the same time loosing sight of his objectives.  This was undoubtedly helped by his belief in the stability of the computer network. 

In these lessons Simon started from but went beyond the demands of the set syllabus.  He said that he would have liked to engage in this sort of activity more often but was constrained by the (in his view) limited time available in relation to the amount of syllabus content required to be covered.  

3.8
Modelling with a spreadsheet:

Stewart - ‘Flexible autonomous variation’

Stewart: “…we are at the stage now where we can move on to develop the model further and work with it…  So I’m pleased with it, it’s much better than in previous years…  I think that’s probably down to the fact that I’ve tried it lots of times now and I’ve got the recipe correct.”

One would not guess from this teacher’s appraisal of his first lesson in a sequence on modelling that he was not in fact following a recipe: he was actually trying something new; at least a significant variation on what he had tried in previous years.

This is a story of success in favourable circumstances.  In our experience, it is often the case that successful teaching is difficult to analyse, because a fluent teaching performance, like a great piece of acting, hides the traces of the effort that went into it.  However, in this case, the teacher is very articulate, can explain what he is doing, and can recall many occasions on which similar lessons went less well.  Thus we do get some indications of factors which favour successful take-up and use of an informatic tool.

The school is a prestigious private school, mainly for boys.  The school is well enough equipped with computers for all 14 of this class of 16 year-old boys to have individual access to a computer and to a laboratory at the same time.  The teacher, Stewart, is head of science.  He has been using modelling in teaching physics for some thirteen years.

The two lessons observed were part of a sequence on electric circuits.  Before them had come work on potential difference, current and internal resistance of a source.  The next step was to study the discharge of a capacitor.  Stewart had decided to do something new: previously he had given students a lot of experimental work with capacitors and then tried to model the discharge; now he intended to reverse the order, and develop models before trying any experiments. 

“I just thought I would try it this way this year, just to see if we could just take the equations, build the picture, and implement it without any further experience of capacitors.  In the past I spent a long time, maybe a week or two, doing basic capacitor experiments and getting some data first.  I just did it the other way round this year, just to see how it would work.”

A key factor appears to be Stewart’s self confidence.  He is quite willing to take risks. 

“…today’s work will be mainly constructing the computer model…last lesson I gave them some ideas about the sorts of things that ought to go into the model.  But the critical thing is that they will have to create the model on the spreadsheet.  Not many people do that.  That’s very difficult.  I don’t know whether they’re going to do it or not.  I mean, I wouldn’t expect everyone in the group to be able to do that.  Some will.”

In the event, the risk was justified.

“I am pleased that all but two of the boys managed to get the model on their own without any further help…  What really worked nicely was that most of the boys got the model and started playing with it.  I liked that.  And then they were able to go away, make some measurements, bring the data back and start questioning, matching, comparing the data with the model.  And in that respect it was a far greater success than I expected.”

Stewart’s confidence is further evidenced by the fact that he is willing to let later teaching develop out of what happens – planning ‘on the fly’.  Thinking about the next lesson: 

“Tomorrow I think we need…to look carefully at what the model can tell us about the discharge process in theory…  We are going to have a look at time constant – what does that mean?…  Can the time constant lead us to choose a sensible value of dt?  Does the voltage affect the discharge time…etcetera.  There are a host of questions there…  There are a lot of ideas for a lesson there.  I would obviously, in the next 24 hours, think about how I might play that one with the group.”

This is what he did, but as it turned out the next lesson also took up something else that was also on Stewart’s mind when talking about the first lesson.  It was the question whether one should believe the model (or the computer) or the data (which may have been suggested to him as important by the interviewer):

“I try to stress that…the model is an attempt to account for the data, not the other way round…  I think generally children tend to…think that the computer is absolutely paramount…(that) it gives a more accurate or true a picture of nature.”

In the actual second lesson one student had done the experiment wrongly, leaving a source connected while the capacitor ‘discharged’.  He questions the possibility of testing whether the data curve shows a constant half life, as Stewart had just asked them to do.  Stewart (not yet knowing the problem) responds very directly and forcefully:

Stewart: “You’ve got your model and you’ve got your data.  Why do you think it’s wrong?  This is your theory graph.  You think this data is wrong.  Data can’t be wrong.  You measured it – unless you measured it incorrectly of course. Do you want to go and repeat it?  Why do you think you measured it incorrectly?”

Stud.
 “Because it’s not doing the same sort of results as the model.”

Even one of the cleverest boys in the class, who had built his model without difficulty and had demonstrated very good understanding of it in talking about it, had some trouble thinking about discrepancies between model and data.

An important factor in Stewart’s ability to improvise seems to be that he has thought about and internalised some clear, deep and general goals of teaching through modelling:

“Do they understand the physics that has gone into the model first and foremost; that’s the most important thing.  Secondly…do they understand what the mathematical model is allowing them to do?  Some of them will think that it just simply replaces doing an experiment, which is not what I’m trying to get across…  Really what I would like them to be thinking is: Ah, this is the theoretical way of understanding what is going on in the laboratory…”

This thinking of Stewart’s has a long history.  He can remember his first meeting with modelling:

“…the Dynamic Modelling System – the thing that was in Nuffield – Jon’s thing – I think that made a big impact on me.  I saw it when I first came to the school in 1985 and I thought, this really makes you understand physics – it really does…I remember … thinking ‘This is great, I wish I’d done this before I went to the University to do physics, this is really giving an insight’.”

He is very clear however that a teacher, including himself, has a lot to learn before being able to use modelling with confidence:

“…there is quite a steep learning curve to go up before you could actually do a lesson like that off the top of your head…  The first thing I would say to a new teacher is that you need to play with a modelling system, because it’s going to teach you a lot of physics, a hell of a lot.  And you’ve got to be totally honest: we all think we are incredible experts after having done our degrees.  I thought, well there is not much that I don’t know about physics (but) … I learned so much, so much…  I think you’ve got to give it time to develop gradually.”

Two further factors of importance are the school’s high quality computing system, which Stewart can rely on to be available and to work, and – as it transpires during these lessons – the benefits of efforts the school as a whole (not Stewart) has made towards getting students able to use generic software tools.  Stewart is clear both about the ultimate unimportance of the technicalities of using a spreadsheet, and of how they can dominate a lesson.  He has not forgotten difficulties in previous years, and notices a recent big improvement:

“When I first started doing this, we got totally bogged down in… just basic manipulation of the spreadsheet.  You know, getting a chart, doing the formula incorrectly – you’ve got to put the equals in…I mean little things like that.  In previous years that spoiled … the physics, because you couldn’t concentrate on the physics, you couldn’t concentrate on looking at the data and looking at the predictions of the model.  We were bogged down in Microsoft Excel, which is tedious.  But because of the IT teaching in the school now, I think that’s cracked…in that respect it’s worked, really worked, today.  Obviously the IT teaching is good now. OK, a few of them did not know how to superimpose graphs but it took me 2 seconds to show and then they could all do it.”

Prior to the lesson he anticipated such trouble, but expected to be able to deal with it:

“…Those are irritating problems, but I mean those are the ones you can move them through quickly, I think.”

In the past, he had worked out other rescue strategies:

“One little strategy I used a lot was I’d always have the model on a disk, so that I could pull them all around one machine as a last resort.  I don’t need to do that anymore because I know it’s going to work.”

Whilst it is clear that the good conditions in this school contributed positively, and had they not been present would quite probably have been blamed for not attempting this kind of work, there is reason to think that they do not dominate.  Stewart has done similar work in the past in much less good conditions, and – even more important – he notes that several of his colleagues would not attempt it even now under excellent conditions:

“Modelling is being used a lot by me, because I’m interested in it. Some of my colleagues take up ideas when I show them, ‘This is what I’ve done, have a go’.  So I think it will be a big factor in the future, but at the moment it is just a few keen people that are trying it.” 

“If you talked to some of my colleagues they would say, ‘Total waste of time’.  ‘Cause at the end of the day they’ve got to…do A-level questions; that’s what you’ve got to work on.  So we have two very extreme views in this department…luckily I’m head of science, so I can do what I like.”

Summary
In what sense is Stewart making ‘transformations’?  He has (over many years) kept to a settled idea – even ‘ideology’ – of modelling as laying bare physical ideas in a transparent way.  It taught him a lot, and he believes it will do the same for students.

A spreadsheet is not of itself a tool whose designers had these kinds of intentions. But Stewart has accepted – and made his own – the intentions of those who promoted the use of modelling programs in teaching physics (when spreadsheets barely existed and had little of their present power).  Stewart is not fixed on the spreadsheet as the only tool: in the interview he describes several other modelling systems he has used or is investigating with a view to using them as well. 

The main kind of transformation he is involved in is what we might call ‘flexible autonomous variation’.  Stewart knows what he wants to achieve, and his practice is consistent with his rationale.  Nevertheless, within that framework he is constantly experimenting with new ways of doing things.  Sometimes this is to deal with a problem he has found in the past.  Sometimes it is “just to see how it would work”.  It is in that sense that we want to call his transforming activity ‘autonomous’.  By ‘flexible’ we mean to indicate that Stewart is willing and able to modify his lessons as they develop, shifting the emphasis as the situation seems to him to demand, whilst keeping a clear goal in sight. 

Moreover, he seems to realise his goals; the students were engaged with modelling much as Stewart hoped and expected.  There is good such evidence, in how they confidently and correctly describe their models, in how they debate with one another about what the models mean and why a model may be wrong or how it could be improved, and in how they are led to ask and attempt to answer a number of interesting and important questions.

It is important to remember that Stewart (and his colleagues) are working in a curriculum framework which does not include modelling as a necessary feature.  So Stewart is also transforming the intentions of the curriculum and examination designers, which are largely concerned with conceptual understanding in physics, by assimilating them to the modelling ‘ideology’ he has accepted.  So he is involved in a transformation one might call ‘ideological re-direction’ of aims; of changing how to approach achieving an aim, in function of an ideology.

We have little doubt that the key to understanding Stewart’s autonomous flexibility is his long history of experience, based on an initial commitment.  No doubt good conditions have helped.  They may not even be necessary, though in most cases they probably are.  But they are not sufficient.

4.
DISCUSSION AND CONCLUSIONS

In this section we will attempt a more holistic overview of the above teacher case studies.  We will discuss the more important similarities and differences among them and will summarise the points raised by them concerning the factors that influence the take-up of an informatic tool and its successful use in the science classroom.

4.1
Similarities and differences among the teacher case studies

When thinking about the above case studies it is necessary for one to keep in mind that they all refer to teachers who belong in a system which expects experimentation, fluidity and independent action by them.  This has various consequences for our research.  On the one hand, it means that ‘our’ teachers did not have any specific guidelines or explicit intentions to conform to, and thus their conduct has to be considered only in relation to what would be the generally expected one in the circumstances.  On the other, however, this also means that these teachers were almost certainly likely to improvise and experiment in their lessons, which provided us with richer and more diverse data.

Another important fact to take into consideration is that the case studies were hard to find.  We had considerable difficulty finding science teachers who used modelling in their teaching of science and who were also willing to participate in our study.  In the end and in order to get good examples, we ended up with teachers from some of the better schools.  Putting it in other words, the teachers observed are not representative cases; our case studies should be seen as giving a picture of what is possible, but not of what happens on average.  Putting it more strongly, it seems that computer modelling is not something that you are likely to find happening in a typical science lesson in an English secondary school.  This observation agrees with the national survey we referenced and discussed in the STTIS report on the state of the art in the use and value of informatic tools (STTIS 1998b).

So, variation was expected in how the teachers incorporated the use of computers in their teaching and was indeed detected in our case studies.  This variation points us to some very obvious in a way assertions, which however are important to establish and re-affirm.  One of these is that there are differences between teachers and these differences cannot be either avoided or overlooked.  In other words, it mattered a great deal in our case studies what teachers believed of themselves, who they were, what they could do and how they related to other people, all of which differed from teacher to teacher.  Knowing about the school in which the case study took place also was important, not only because of the different provision of computers and informatic tools that schools have, but also because the ethos of the school determined in many cases the expectations both the teacher and the pupils had of each other, and thus of their interaction with the tool.

Concerning the provision of computers and informatic tools, it has not stopped being an issue for schools.  Even in the schools we visited, which on the whole had an acceptable level of provision, the lessons we observed were unquestionably adapted to it, though not heavily constrained by it.

The nature of the informatic tool the teachers used, whether this was a spreadsheet or a simulation, always seemed to shape the possibilities for what activities or interactions could take place.  Despite the fact that the teachers seemed to demand that the use of an informatic tool fitted their expectations, at the end of the day the computer is an autonomous complicated thing, which will do what it can do.

Technical difficulties, for example, made their presence felt in almost every case.  Both the computer and the informatic tool make lots of practical demands that will have to be dealt with.  Interestingly, the way and the extent to which this was done differed quite a lot from teacher to teacher.

The most significant difference however, among the case studies was in the way the teachers handled the tension between subject matter and computer experience.  Norton, Paul and Stewart were clearly interested in using the computer to deliver the science content; Simon and Ian balanced somewhere in the middle, the first because he believed in balancing and blending, the second because he was of the view that ‘we make what we can’.  Finally, Bernard, Albert and certainly Chris focused more on the experience the pupils would have with the informatic tool and centred their lessons around this.

Overall, we can say that the use of computers in the science classroom still stands out, that is, it is not fully naturalised or blended into the scenery.  It has not stopped being an option for the teacher, who consequently has to have reasons to justify it.  Still, however, it is not completely innovatory either, and there seems to be an increasing pressure for teachers to incorporate it in their teaching.

4.2
Issues concerning the take-up and successful use of an 

informatic tool 

In the above teacher case studies we also identified some factors which may influence the take-up of informatic tools in science lessons.  These can be seen as being related to the teacher’s knowledge, experience and styles of teaching; to the tool’s curriculum implications; and to the context and culture of its use (Table 1).

More precisely it seems clear from the case studies that teachers were more likely to use an informatic tool in the classroom if they had used it before, or had used the same kind or family of tool before.  They seemed also more likely to use it for uses they were more familiar with, such as the collection and analysis of experimental data.  Moreover, in more than one occasion a teacher mentioned that he needed to see a place for the use of the informatic tool in the teaching of the specific content, or that he had waited for the right opportunity to come in the scheme of work.  They also frequently stressed the necessity for the tool to behave exactly the way they wanted or expected it to and to execute the relevant tasks in a better and easier way than before, as pre-conditions for using it.  They repeatedly appealed to time and curriculum constraints, and to the pressures they had to comply with examination syllabi.  

The context and culture surrounding the use of the informatic tool, as was expected, seemed to play a big role in determining the likelihood of its use.  Access to computers was often an issue, despite the fact that most of the schools that we visited were very well equipped.  Quite a few teachers mentioned that they had problems accessing the school’s network rooms when they wanted it to; some had resorted to using laptops or palmtops with their students for this reason.  Naturally, quality and reliability of computer and tool, as well as suitability and appropriateness of tool for educational use and for use with particular age-groups respectively were deemed important.  Finally, how the teacher him/herself felt about using the tool in the classroom; his/her overall disposition; his/her confidence in him/herself (or lack of it); his/her esteem of his/her competence with the tool; even his/her professional aspirations seemed to be factors influencing the take-up of an informatic tool.

Furthermore, from the teacher case studies we got some indications about what may affect the successful use of an informatic tool.  These indications point to issues which are related to the users of the tool, that is the teacher and the pupils; to issues specific to the tool; to others specific to the subject matter to be taught with the aid of the tool; and finally to those related to the context of its use, that is the physical objective circumstances surrounding its use (Table 2).

Table 1: Factors influencing the take-up of informatic tools in science lessons

Teacher’s knowledge, experience and styles of teaching
•
Experience with specific tool, kind or family of tool.

•
Familiarity with tool’s use.  
Uses more familiar to science teachers, such as use of computer for generation and analysis of data collected through experiments are more likely taken-up.

Tool’s curriculum implications
•
A place for the use of the tool in the teaching of the subject matter.

•
The right opportunity in the scheme of work.

•
The computer and tool doing what teacher wants or expects them to.

•
The computer and tool facilitating and improving the teaching of the subject matter. 

•
The computer and tool contributing to success in exams.

•
Time considerations.

Context and culture

•
Access to computers, e.g. access to network rooms.

•
Access to software.

•
Quality and reliability of computer and tool.

•
Computer and software compatibility.

•
Suitability of software for educational purposes and appropriateness for particular age group.

•
Disposition of teacher.

•
Teacher feelings of competence and/or self-confidence.

•
Teacher’s professional aspirations.

•
IT as a motivational incentive for pupils to learn.

More particularly, we saw how important it is for the teacher to have the detail of the lesson worked out, but also to be able to adapt and adjust the lesson and even his/her teaching style as it may be required.  It also proved to be paramount for the teacher not only to have a firm grasp of the subject matter to be taught, but also to know the tool’s limitations and the consequences of these for the lesson.  Successful take-up of the tool meant almost always that the teacher was committed to the use of the tool; that s/he had thought about and internalised the goals of its use.  

How the pupils felt towards the computer and its employment for teaching and learning, as well as their competence with it and the informatic tool also contributed to the outcome of the lesson.  Difficulties for the pupils often stemmed from the subject matter itself and the ideas to be learned.  Other times the difficulties were specific and inherent to the informatic tool they were using.  Mathematical modelling for example, requires a high level of abstraction, which is a stumbling block for many pupils.  Spreadsheets on the other hand require that pupils learn to translate a set of mathematical formulae to computing instructions.  In general, the informatic tools often presented the pupils with interface problems.

Finally, we observed the effects of the external physical circumstances on how the lessons evolved.  We noted that it was not only the more obvious contextual issues, such as provision of and access to good and reliable computers, that played an important part in how a lesson unfolded; circumstances, which at first seemed less prominent, also had significant consequences.  For example, in order for the pupils to access the computers the lesson had either to take place in the computer room in its entirety, or the pupils had to move between their classroom and the computer room (often more than once); either option entailed different constraints and seemed to determine in some way how the lesson developed.

Table 2: Factors affecting the successful use of informatic tools

Issues related to the teacher

•
Careful adaptive planning of lesson.

•
Flexibility of teaching approaches.

•
Teacher’s commitment to the use of the informatic tool.

•
Teacher’s knowledge of tool’s limitations and consequences.

•
Teacher’s knowledge of subject matter.

•
Teacher has thought about and internalised the goals of teaching using the informatic tool.

Issues related to the pupils

•
Pupils’ motivation and attitude towards the use of computers for learning.

•
Pupils’ competence with computer and tool.

Issues specific to the tool

•
Abstraction involved in mathematical modelling.

•
Translation of mathematical formulae into computing instructions, in spreadsheets.

•
Interface problems.

Issues specific to the subject matter

•
Difficulties involved in learning the particular ideas.

Issues related to physical objective circumstances

•
Individual access to computers.

•
Change of physical circumstances: classroom versus computer room.

•
Quality and reliability of computer and tool.

The factors identified above are not by any means the only ones that may influence the take-up of an informatic tool and its successful use in the science classroom; they however give us some indication of the areas which are important to consider in this discussion.  In addition the teacher case studies provide us with a pool of factual instances, which serve as exemplifications of the effects of these factors, embedded in authentic contexts.
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APPENDIX 1: Teacher Interview Questionnaire

INFORMATION

About the school
Name:  .........................................................................................................................................

Address:  .....................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

Type of school: 

Non-Selective
o 
Partially Selective
o 
Selective
o 

Local Authority
o 
Grant Maintained
o 
Independent
o 

Age range of pupils:
....................
Number of pupils: .........
Gender mix: ...............

About the teacher

Name of teacher: .........................................................................................................................

Degree(s) (please also mention Subject(s)): ...............................................................................

Subjects taught: 
1. ..........................
Year group ......
Set ............
Gender mix ..........


2. ..........................
Year group ......
Set ............
Gender mix ..........


3. ..........................
Year group ......
Set ............
Gender mix ..........


4. ..........................
Year group ......
Set ............
Gender mix ..........


5. ..........................
Year group ......
Set ............
Gender mix ..........

About the class

Year group: ...........
No in class: ...........
Boys: ...........
Girls: ...........

Set: .............................................................
Level: ...........................................................

About the lesson

Subject: ..........................................................
Topic: ............................................................

About the setting

a)
How many computers are located in the science department?
_______

b)
Are they 
in a dedicated computer room
o ?

or / and
in the science laboratory

o ?

c)
How many computers are in fixed positions?     _______


How many computers can be easily moved?      _______


d)
How many computers are: 


Nimbus  ____
Apple Mac  ____
Archimedes  ____
Other (please specify): _______ ?

e)
How many computers are 
standalone
____

networked
____?
If networked:
f)
Is this part of the whole school network
o  


or
specifically for the department
o  ?

g)
Can teachers arrange for new software be loaded onto the network?


Yes  o

No  o
I don’t know  o

h)
Can the computers be accessed by the pupils after the lessons?


Yes  o

No  o
I don’t know  o
About the software

Name of software: ......................................................................................................................

Kind of application: ....................................................................................................................

QUESTIONNAIRE

Before Observation

1.
TEACHER’S USE OF IT

a)
How often do you use IT in your teaching of science?


Rarely  o
Sometimes  o 
Frequently  o 

Comments:  .................................................................................................................................

.....................................................................................................................................................

.....................................................................................................................................................

b)
How often do you use a modelling application in your teaching of science?


Rarely  o
Sometimes  o 
Frequently  o 

Comments:  .................................................................................................................................

.....................................................................................................................................................

.....................................................................................................................................................

c)
How often do you use this specific software in your teaching of science?


Rarely  o
Sometimes  o 
Frequently  o 

Comments (please mention what you consider its weaknesses and strengths):  ........................

.....................................................................................................................................................

.....................................................................................................................................................

.....................................................................................................................................................

2.
PUPILS’ PREVIOUS EXPERIENCE

a)
How familiar are the pupils with using IT?


Unfamiliar  o
A bit familiar  o 
Very familiar  o 

Comments:  .................................................................................................................................

.....................................................................................................................................................

.....................................................................................................................................................

b)
How familiar are the pupils with using a modelling application?


Unfamiliar  o
A bit familiar  o 
Very familiar  o 

Comments:  .................................................................................................................................

.....................................................................................................................................................

.....................................................................................................................................................

.....................................................................................................................................................

c)
How familiar are the pupils with using the specific software?


Unfamiliar  o
A bit familiar  o 
Very familiar  o 

Comments:  .................................................................................................................................

.....................................................................................................................................................

.....................................................................................................................................................

d)
What have they done before, that relates to today’s lesson?

.....................................................................................................................................................

.....................................................................................................................................................

.....................................................................................................................................................

.....................................................................................................................................................

3.
LESSON PLAN

a)
Could you briefly describe to me how the lesson is going to unfold? 

.....................................................................................................................................................

.....................................................................................................................................................

.....................................................................................................................................................

.....................................................................................................................................................

.....................................................................................................................................................

b)
 How does the lesson fit with what the class has previously done?

.....................................................................................................................................................

.....................................................................................................................................................

.....................................................................................................................................................

.....................................................................................................................................................

c)
Are the pupils going to be working 
individually  o     or / and     in groups  o ?

d)
How long will they be interacting with the computer?     ___________

e)
What were your criteria in choosing this software?

.....................................................................................................................................................

.....................................................................................................................................................

.....................................................................................................................................................

.....................................................................................................................................................

f)
Could you summarise what you hope that your students will achieve using this 

modelling software, in this particular case?

.....................................................................................................................................................

.....................................................................................................................................................

.....................................................................................................................................................

.....................................................................................................................................................

g)
Which of the things that will be taking place in the lesson you consider as especially 

important and why?

.....................................................................................................................................................

.....................................................................................................................................................

.....................................................................................................................................................

.....................................................................................................................................................

h)
What problems / issues do you think may arise?  How are you going to deal with them?

.....................................................................................................................................................

.....................................................................................................................................................

.....................................................................................................................................................

.....................................................................................................................................................




