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Investigations with two variables and fair testing

(Note: It is not really part of the investigation, but it is important that the voltage is measured with as little electric current being taken from the ‘cell’ – the voltmeter must have a very high resistance, ideally use an electronic digital multimeter. If a significant current flows – the voltage drops quite quickly and can take a long time to recover. For this reason the cells should not be used to supply power nor shorted out – even for a short time.)

Electricity from metals and a lemon.

In Y5 or Y6, but certainly in secondary school, pupils begin to undertake investigations with two variables. This can lead to poorly designed investigations where pupils actually do the same investigation twice, but with one other variable altered for the second run.

Take this example:
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The teacher shows that when a copper and zinc strip are pushed into a lemon, a voltage is generated – and if two or three are connected in series an LED can be lit 

The investigation that follows asks: “What factors influence the voltage produced when you put metals into a piece of fruit?”

Pupils will identify possible input (independent) variables that might affect the voltage:

Type of fruit, type of metal, distance apart (or size or depth) of the metal strips, …

A typical investigation may be to try ‘type of fruit’, and ‘different metals’. So pupils will try a range of fruit with the original metals, the same range of fruit with the second metal, and finally a third set of results for the third metal.

This leads to three sets of data relating to ‘type of fruit’ vs ‘voltage’ – essentially the same investigation done three times, but with different metals.

This error is very common, and often leads to a grid of results (in this case using three different metals opposite the original copper):


Lemon
orange
apple
pear

magnesium
1.25
1.32
1.20
1.25

zinc
.72
.75
.69
. 76

copper
.02
- 0.01
.00
.00

Pupils should replace the second and third experiments with 


‘Type of metal’ vs ‘voltage’

To do this they must fix the type of fruit (it will be kept the same, eg keep it at ‘lemon’) and they can then try the effect of changing one of the metals, and measure the voltage.

In order to make this into the two investigations – of the effect of changing the fruit and changing the metal, all we need is the highlighted data. In one case the metal is kept the same as we change the fruit, and in the other the fruit is kept the same as we vary the metal. We get two investigations (instead of one done three times) and need to collect only half the amount of data.

What we are doing, in effect, is to change the investigation into two separate investigations each with a single variable. For younger or less able pupils each group in a class can be allocated one variable to investigate, and the class’s results can be shared at the end, allowing multiple variables to be investigated, without making it difficult for the pupils.

Question 3

 “We did the investigation three times to make it fair?” Comment on this pupil’s view. also needs attention. 

We can use the data above to address this problem. It appears that changing the metal has a significant effect on the voltage (three widely different voltages), but changing the fruit is less clear (three voltages fairly close in value). We need to ensure that our trainee teachers understand why repeated runs are necessary – not for fairness, but for significance, or reliability. If the tests with each fruit are repeated, and the variation within one fruit is less than the variation between fruits, we might have confidence that there is a real effect of changing the fruit. In order to detect this we need to make several tests with each fruit, eliminating other possible variables like the freshness of the metals (how long have they been stuck in the fruit?). So repeated runs provide an indication of reliability of the results, which could be widely scattered, or closely clustered. The more closely they cluster the more confidence we can have that they are ‘real’.

�


� HYPERLINK "http://www.hilaroad.com/camp/projects/lemon/lemon_battery.html" ��http://www.hilaroad.com/camp/projects/lemon/lemon_battery.html� 
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