THE CHI SQUARED TEST

The Chi Squared (X2)  test  is a statistical method for comparing COUNTED  data, in which individual observations are assigned to categories and the number in each category counted.

It is a simple technique which works by testing the distribution actually observed in the field (ie, your transport survey results) against the number expected, if all things were equal and the groups the same.  So we can set a hypothesis.  

1. The null hypothesis is “There is no relationship between distance from school and the type of transport used”

2. The alternative hypothesis is “There is a relationship between distance from school and the type of transport used”

3. First of all we look at the distance from school column of data and the transport mode used column and count the numbers in each of these categories.  This is the result (you can check the raw data in the spreadsheet to see how this was done)

	Mode of transport/ Distance
	BUS
	CAR
	CYCLE
	WALK
	TOTAL

	0-1 miles
	4
	3
	1
	16
	24

	1-2 miles
	7
	8
	3
	6
	24

	2-3 miles
	28
	17
	3
	0
	48

	Over 3 miles
	74
	16
	0
	4
	94

	TOTAL
	113
	44
	7
	26
	190


Displayed as percentages, in a graph, this is what the data looked like (the taxi category was ignored in the Chi Squared test)
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4. the number of actual observed frequencies was used in the table as percentages cannot be used.  The total numbers must exceed 20 in each group, which they do.

5. The next Chi Squared calculation task is to work out the EXPECTED (E)frequencies for each group, if all things were equal and the groups were all the same.  With multiple categories can be a bit long winded, but essentially all you do is:

a. Multiply the SUM OF THE ROW by the SUM OF THE COLUMN and divide by N (the grand total number of the whole sample)

b. So, to work out the expected frequency of students who lived 0-1 miles from the school and came by bus  = 24 x 113 / 190 = 14 

c. Thus we work out all the other expected frequencies in the same way

	Mode of transport/ Distance
	BUS

Observed
O
	BUS

Expected
E
	CAR

Observed
O
	CAR

Expected
E
	CYCLE

Observed
O
	CYCLE

Expected
E
	WALK

Observed
O
	WALK

Expected
E
	TOTAL

	0-1 miles
	4
	14
	3
	6
	1
	1
	16
	3
	24

	1-2 miles
	7
	14
	8
	6
	3
	1
	6
	3
	24

	2-3 miles
	28
	29
	17
	11
	3
	2
	0
	7
	48

	Over 3 miles
	74
	56
	16
	22
	0
	3
	4
	13


	94

	TOTAL
	113
	
	44
	
	7
	
	26
	
	190


6. Now we are ready to calculate the Chi Squared statistic.
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Which = (4-14)2/14  + (3-6)2/6 + (1-1)2/1 + (16-3)2/3  …and so on until you have got to the final (4-13)2 /13
7. Calculate all those and you should end up with a number – your Chi Squared number.  But what does this mean?  So what?!  Well we have to look up this critical value of Chi Squared in Chi Squared critical values in order to determine whether our value is SIGNIFICANT  or not, so that we can either accept or reject the null hypothesis (Ho)  

Critical values for the Chi Squared test
	Degrees of freedom (df)
	0.10
	0.05
	0.01
	0.001

	8
	13.36
	15.51
	20.09
	26.12

	9
	14.68
	16.92
	21.67
	27.88

	10
	15.99
	18.31
	23.21
	29.59


8. Look up your calculated X2 value in the tables.  This shows the probability that your calculated value is the result of chance variation (and not a relationship between the categories).  The LARGER  the value of Chi Squared, the SMALLER is the probability that the Null hypothesis is correct.

9. So… work out your degrees of freedom (df)  by multiplying the number of rows minus one, by the number of columns minus 1.  then look across the column on your critical values table.  If your value is larger than the value you find at 0.05, then you can reject the null hypothesis and accept your alternative hypothesis.  This means that you are 95% sure your data was not by chance, but shows a real relationship.
10. PHEW!  After you have worked this out…check up with Mrs Stott to see if you were correct, because she thinks she’s worked it out….but isn’t going to tell you until you’ve had a go first!
