11.2 A critique of Practical Work in Physics

What we observe is not nature itself, but nature exposed to our nature of questioning.

Werner Heisenberg, Physics and Philosophy.

… practical work, as conducted in many schools is ill-conceived, confused and unproductive. It provides little of educational value. For many children, what goes on in the laboratory contributes little to their learning of science or to their learning about science. Nor does it engage them in doing science in any meaningful sense.

Hodson, D (1983): A critical look at practical work in science, School Science Review, 70, 33-40

A physics curriculum without some kind of experimental or practical work is impossible to imagine and you may find quotations like “I hear and I forget – I see and I remember – I do and I understand” as some kind of justification (often with a reference to China to make it sound like old wisdom!). …. Students do certainly learn from doing practical work – but rarely what they are supposed to learn!

Attainment in Physics at 16 +, page 21, see reading list. 

You see, but you do not observe. The distinction is clear.

Sherlock Holmes

A fool sees not the same tree that a wise man sees

William Blake, The marriage of Heaven and Hell.

Remember the first time you looked at an onion cell – did it look like the textbook picture?

Introduction
Everything you do as a teacher should be open to self-analysis and because practical work plays such an important role in physics teaching it should also be open to critique.

This piece is therefore deliberately provocative.

It goes without saying that experiments play a very large part of any physics syllabus. But perhaps we take this for granted. 

Are you sure you can justify spending a double-class every week on experiments? 
Would the class go as successfully if you just talked about the experiment, or showed them a video of it? 

If you decide the experiment should be ‘performed live’ then what are the arguments for and against you demonstrating it as opposed to the students doing it for themselves?

There is no doubt in my mind that getting students to carry out experiments as a class is not the most efficient use of time in terms of maximising Leaving Cert results.

If it was beneficial then the ‘grind schools’ of this country would be doing them as a matter of course.

So how can devoting time to experiments be justified if you’re only going to be judged on results?

One likely answer is that it ‘enhances understanding’, but this shouldn’t be taken at face value – what, for instance, was/is your experience of lab-work in your undergraduate degree?

How beneficial was it? 

How many of them ‘enhanced your understanding’ of the science involved?

Alternatively you may be told that science is about experimenting; that it gives students a feel for ‘real science’ – whatever that is.

But experiments at LC level have little if anything in common with experiments as carried out by practicing scientists. Invariably the leaving cert student is merely following a recipe where each step is laid out in front of him or her. 

The result to be obtained is known (usually) in advance. 

Therefore what we have is merely a process of verification. Now with that clarification, can we still say that this procedure still enhances understanding?

This is not to suggest that we should scrap experiments – far from it, merely that we should we able to justify not only carrying out an experiment, and also justify who carries out the experiment.

WARNING!!!
Never ever get the class to do an experiment that you yourself haven’t tried at least once.

There will invariably be necessary information not covered by the textbook, or there may not be a vital piece of equipment (or enough for a class set). 

I highlight this now, but I know that as sure as I’m here you will just go ahead and learn the hard way. 

Allow me to take this opportunity to tell you here and now; “I told you so”! 

And here’s the extraordinary bit; even after you’ve gone down in flames a number of times you will still be tempted to just read the textbook the very next time and again say to yourself ‘Ah yea, sure that looks grand – there’s nothing too complicated in that’, and once again you will deservedly die the death of a thousand cuts in one forty-minute period. 

The ability to look back objectively on a class that has gone wrong and be able to take the blame if it’s deserved – and perhaps even say so to the class – is an extremely important skill to have.

In fact if we learn nothing more from our early years as a new teacher we should at least have learnt how important it is to be critical of your own performance. 

If we can learn to do this then our development as competent teachers will follow as surely as night follows day. If on the other hand we never learn that skill (and it is a skill) then our development will be forever stunted.

After all, we don’t seem to have any problem taking the credit when things go right, so it seems only reasonable that we should at least consider our own performance when things go wrong.

There is a powerful concept in psychology (called the Fundamental Attribution Theory) which suggests that as humans we are incapable of looking at anything objectively; there is always an inherent bias in each of us to consider each experience we have had in such a way as to boost our own self-esteem. This can often be to the detriment of our students.

Practical work in physics includes any and all of the following:
· Teacher demonstration versus individual experiments.

· ‘Cook-book’ (following a pre-ordained list of instructions to verify a relationship) versus open-end enquiry.

· Data logging versus the traditional approach (advantage of automatic graphs).

· Advantages and disadvantages of the rota option, where different groups rotate experiments each week.

· The roll of error analysis.

Further reading
· A submission by Dr Philip Matthews, submitted to the ‘Task Force on the Physical Sciences’ - a Department of Education initiative to try to boost the number of students taking Physics and Chemistry at Leaving Cert level.

· An essay from physics teacher David Keenaghan, taken from the ISTA journal SCIENCE, entitled Datalogging in Physics with Data-Harvest. I include this for a number of reasons. Apart from his own experience of data logging he also makes reference to the Rota option.

But there is another aspect to this essay that I found fascinating; it is unusual for a teacher to hold his/her hand up in public and admit that a class was a failure. It is even more unusual for a teacher to admit that the reason the class was a failure was because of the teacher. In this particular instance the author is not himself to blame; rather it is the equipment, but nevertheless reading between the lines one can imagine the confusion and frustration that go hand-in-hand with experiment classes which go belly-up. I consider myself to be a competent teacher but I couldn’t count the number of classes I’ve had that were a disaster, and looking back on it afterward I could blame individual students but if I was to be honest I know that I personally would have to bear the brunt of the blame. The challenge for myself is therefore to learn from this. This will be a theme I will be returning to continually throughout this module.

· Reading taken from a colloquium entitled ‘Attainment in Physics at 16+’, an international meeting of experts held in Cork in 1998. The extracts at the beginning of this essay blow away many of the misconceptions that we as teachers hold so dear.
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