Statistics

When we have quantitative results from experiments with one variable, it is important to know whether these results have occurred due to the variable, or if they have just happened by chance.  

Statistical analysis allows us to work out which of these is more likely.

Variation in results can be due to:-

· Genetic variation of the organisms studied.

· Uncontrollable variations in the environment.

· Unavoidable inaccuracies in measuring the inputs into an experiment.

· Unavoidable inaccuracies in measuring the results.

· Sampling errors.

Probability is the chance of results occurring.

A probability of 1 means they are certain to occur.

A probability of 0 means that there is no chance of them occurring.

A probability of 0.5 means that they will occur half the time, on average, e.g. heads occurring when tossing a coin, a male or female child being conceived.

Sometimes probabilities are expressed as percentages.

Significance

In experiments a probability of 1 or 0 i.e. complete certainty can never be obtained, so it is generally accepted that if the probability of results occurring by chance is 0.05 or less then the results of the experiment are significant and show a real difference.  This means there is only a 1 in 20 i.e. 5% chance that the results occurred because of chance variation, and a 95% chance that there was a real difference.

Do remember that there is still this risk that results were obtained as a result of chance variation.

In order to increase the chances of obtaining significant results it is necessary to:

· Work with large samples

· Have several replications of an experiment

· Control as many variables as possible, as accurately as possible

Normal distribution

Draw a normal distribution curve below:

In a normal distribution:

· measurements greater than the mean and measurements less than the mean are equally common.

· small deviations from the mean are much more common than large ones.

· 68% of all the measurements fall within a range of + standard deviation from the mean.

Standard deviation

This is a measure of the extent to which the members of a sample vary (deviate) from the mean. 


S.D. =        ( x2- (( x)2 / n

         
n – 1

Where 

( = the sum of




n = number of samples




x = each measurement




n = the number of measurements

N.B. You do not need to remember this formula.

Earthworm data

	Quadrat
	Number of earthworms x
	x2

	1
	12
	

	2
	14
	

	3
	11
	

	4
	15
	

	5
	13
	

	6
	12
	

	7
	16
	

	8
	11
	

	9
	14
	

	10
	12
	

	(
	
	


Use these figures to calculate a standard deviation.  

Also work out the mean number of earthworms per quadrat.

The standard deviation result means that the number of earthworms in ………………… % of the quadrats would be between ……………………… and ………………………

The chi-squared test

This test is used to determine whether the results obtained in an experiment differ significantly from the expected results.  To use this test, precise numerical expected results must be available.  It is therefore a very useful test when analysing genetic experiments.


(2 =        
(O - E)2

 
     E

Where 
O = observed results



E = expected results



( = the sum of

N.B. You do not need to remember this formula either!

Degrees of freedom – the number of degrees of freedom in an experiment is one less than the number of classes of result available.  

E.g. if flowers in an experiment can be red, pink or white, there are two degrees of freedom, because if a flower is not red or pink it has to be white, there is no further choice.

Determining significance – once a value for (2  has been found it must be looked up in a table along the line for the appropriate number of degrees of freedom when the probability of the deviation from the expected results occurring by chance can be found.  The results are generally accepted as being significantly different if the probability of them occurring by chance is less than 0.05 i.e. there is only a 1 in 20 chance that they occurred by chance.

The Null hypothesis

Often no precise expected results can be predicted, but results could be predicted if the factor being investigated had no effect.  This is especially useful in ecological investigations when if the factor had no effect the distribution of the organism being studied would be random.  This is called a null hypothesis.

After doing a (2  test, if the probability of the results occurring by chance is less than 0.05 then the null hypothesis is unlikely to be true and the factor being investigated is shown to have a significant effect.

Plant species data

	
	total number in 20 quadrats

	species
	fertilised area
	unfertilised area

	A
	0
	182

	B
	2
	51

	C
	88
	124

	D
	91
	102


The null hypothesis in this case would be “fertiliser does not affect the distribution of the plant species”

So for species C the expected number would be ………………………………

Use these numbers to calculate (2
There are ………………………… degrees of freedom

Look up your value of (2 in a table.

The probability of this result occurring by chance is ……………………………………

So are the results statistically significant? ………………………………………

Now do the same for plant species D

Snail data

	collection site
	number of snails collected

	
	yellow banded
	brown unbanded
	total

	beech wood
	32
	88
	120

	hedges
	49
	27
	76


1. Suggest a null hypothesis for this data.

2. How many degrees of freedom are there?

3. What is the expected number for type of snail per location?

4. Calculate (2 for the data.

5. Look up the probability and make a conclusion.

