11.3 The Golem
The following is a fascinating extract from a book called The Golem – What everyone should know about science, by Harry Collins and Trevor Pinch.  The book itself has nothing to do with school science. It was concerned with how the scientific process is not nearly as objective as many of us might like to think.

I include it here because it illustrates the many things which can go wrong in a typical experiment. (The authors would probably point out that ‘wrong’ is an incorrect word to use; ‘at odds with the textbook’ would be more appropriate.) Either way it’s still a whole lot messier than what you or the students would expect from a reading of the textbooks. 
This in turn acts as a pointer to something every physics teacher should be wary of – those things which can go wrong in an experiment, but which the textbooks conveniently ignore. 
It’s how you respond to this that will determine your competence as a teacher. 

************************************************
Finally we come to science education in schools. 

It is nice to know the content of science - it helps one to do a lot of things such as repair the car, wire a plug, build a model aeroplane, use a personal computer to some effect, know where in the oven to put a soufflé, lower one's energy bills, disinfect a wound, repair the kettle, avoid blowing oneself up with the gas cooker, and much much more. For that tiny proportion of those we educate who will go on to be professional research scientists, knowledge of the content of science must continue to be just as rigorous and extended, and perhaps blinkered, as it is now. 

But for most of our children, the future citizens of a technological society, there is another, and easier, lesson to be learned. 

Every classroom in which children are conducting the same experiment in unison is a microcosm of frontier science. Each such multiple encounter with the natural world is a self-contained sociological experiment in its own right. 

Think about what happens: the teacher asks the class to discover the boiling point of water by inserting a thermometer into a beaker and taking a reading when the water is steadily boiling. One thing is certain: almost no-one will get 100 0C unless they already know the answer, and they are trying to please the teacher. 

Skip will get 102 0C, 

Tania will get 103 0C, 

Johnny will get 99.5 0C, 

Mary will get 100.2 0C, 

Zonker will get 54 0C, 

Brian will not quite manage to get a result,

Smudger will boil the beaker dry and burst the thermometer. 

Ten minutes before the end of the experiment the teacher will gather these scientific results and start the social engineering. Skip had his thermometer in a bubble of super-heated steam when he took his reading, Tania had some impurities in her water, Johnny did not allow the beaker to come fully to the boil, Mary's result showed the effect of slightly increased [sic] atmospheric pressure above sea-level, Zonker, Brian and Smudger have not yet achieved the status of fully competent research scientists.

 At the end of the lesson, each child will be under the impression that their experiment has proved that water boils at exactly 100 0C, or would have done were it not for a few local difficulties that do not affect the grown-up world of science and technology, with its fully trained personnel and perfected apparatus. 

That ten minutes renegotiation of what really happened is the important thing. 

If only, now and again, teachers and their classes would pause to reflect on that ten minutes they could learn most of what there is to know about the sociology of science. For that ten minutes illustrates better the tricks of professional frontier science than any university or commercial laboratory with its well-ordered predictable results. Eddington, Michelson, Morley, Weber, Davis, Fleischmann, Pons, Jones, McConnell, Ungar, Crews, Pasteur and Pouchet are Skips, Tanias, Johnnys, Marys, Zonkers, Brians, and Smudgers with clean white coats and 'PhD' after their names. They all come up with wildly varying results. There are theorists hovering around, like the schoolteacher, to explain and try to reconcile. In the end, however, it is the scientific community . . . who bring order to this chaos, transmuting the clumsy antics of the collective Golem Science into a neat and tidy scientific myth. There is nothing wrong with this; the only sin is not knowing that it is always thus. 

