
Activity Resources


Activity Resource 1

Computer modelling: case studies

The lessons of three teachers, Albert, Ivan and Stewart are presented in these case studies. They are all using a spreadsheet to teach about capacitor discharge, but they each use the software in different ways. They are not intended as representative case studies. Indeed, the use of computer modelling in science classrooms is rather rare, so they are best seen as examples of possibilities.

Albert

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.”

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. For Albert pupils’ competence with the software is one of the main factors that determine success.
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.” 

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:

“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.” 

The first 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. Then Albert said 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. 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 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.” 

 “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.” 

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.

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.” 

Ivan

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. 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, though Ivan has often made suggestions to his colleagues about how they could incorporate a modelling activity in their lessons.

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 main 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.” 

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.

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.” 

Stewart

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 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 students 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 – 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.” 

The school is extremely well equipped with resources, and this no doubt made a positive contribution. However, there is reason to think that this is not a dominant factor.  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.” 
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