University of Warwick, Department of Sociology, 2012/13
SO201: SSAASS Surveys and Statistics (Richard Lampard)

Measuring and testing for association in tables (cross-tabulations) (Week 1)
The following table (cross-tabulation), which is based on a random sample of 400 British adults, shows people’s views, according to their highest qualification, on whether (undergraduate) university students should (all) have (the whole of) their tuition fees paid for them (i.e. by the government/state).

[Data adapted from the 1999 British Social Attitudes Survey].

View on

  
 Highest qualification
tuition fees

Degree

A level#
Neither
TOTAL

Govt should pay

   for all students
    28

    42

    90

   160

Other answer

    22

    58

  160

   240





  (50)

 (100)

 (250)

  (400)

# : or equivalent

The corresponding percentage table (using column percentages, since the explanatory variable, highest qualification, is the column variable) is as follows:

View on

  
 Highest qualification
tuition fees

Degree

A level

Neither
TOTAL

Govt should pay

   for all students 
  56%

  42%

  36%

  40%

Other answer

  44%

  58%

  64%

  60%

An important question to ask about the above table is this: Is the observed pattern in the table a reflection of a genuine underlying relationship between view on tuition fees and highest qualification in the population from which the sample was drawn, or is it just a coincidence that in the sample a higher proportion of the more highly-qualified respondents favoured tuition fees being paid for by the state for all students?

The above question cannot be answered with certainty, since it is not impossible that the sample was drawn from a population in which view on tuition fees and highest qualification are unrelated. What one can do, however, is show whether it is unlikely that a relationship of the sort visible in the above table would have occurred if there were no relationship between view on tuition fees and highest qualification in the population (i.e. would have occurred simply as a consequence of sampling error).

If there were no relationship between view on tuition fees and highest qualification in the population, then one would have expected the sample to have given rise to a percentage table that was ‘close’ to the one that follows (with any differences from it being a consequence of sampling error):

View on

  
 Highest qualification
tuition fees

Degree

A level

Neither
TOTAL

Govt should pay

   for all students 
  40%

  40%

  40%

  40%

Other answer

  60%

  60%

  60%

  60%

An equivalent table showing expected frequencies rather than expected percentages is as follows:

View on

  
 Highest qualification
tuition fees

Degree

A level

Neither
TOTAL

Govt should pay

   for all students 
    20

    40

  100

  160

Other answer

    30

    60

  150

  240

Clearly, the greater the ‘difference’ between this last table and the first table in the handout, the less plausible it is that the sample was drawn from a population in which there is no relationship between view on tuition fees and highest qualification.

The differences [‘Residuals’] between the frequencies in the first [‘Observed’] and last [‘Expected’] tables are shown in the following table:

View on

  
 Highest qualification
tuition fees

Degree

A level

Neither


Govt should pay

   for all students 
    +8

    +2

   -10

  

Other answer

     -8

     -2

  +10

  

How, then, can one summarise the above table to produce a single measure of the magnitude of the difference between the ‘Observed’ and ‘Expected’ tables?

Adding the six figures in the preceding table gives a total of zero! Since it is the magnitudes of the six figures that really matter rather than whether their values are positive or negative, we need to get rid of the +/- signs. One way of achieving this is to square all the figures, giving the following table:

View on

  
 Highest qualification
tuition fees

Degree

A level

Neither


Govt should pay

   for all students 
    64

     4

   100



Other answer

    64

     4

   100

  

Note that the difference between 90 and 100 is in some sense ‘greater’ than the difference between 160 and 150. (The scope for variation in the ‘importance’ of a difference of 10 is even more obvious if we, for example, compare 10 and 20!) Thus it seems reasonable to divide the numbers in the above table by the numbers in the expected table (to take account of the magnitude of the numbers from which the differences [residuals] have been calculated), as follows:

View on

  
 Highest qualification
tuition fees

Degree

A level

Neither


Govt should pay

   for all students      64/20 = 3.2       4/40 = 0.1      100/100 = 1.0


Other answer
         64/30 = 2.13     4/60 = 0.07    100/150 = 0.67
  

The six figures calculated in this last table can be added together to give a summary measure of the difference between the observed and expected tables, i.e.


3.2 + 0.1 + 1.0 + 2.13 + 0.07 + 0.67  =  7.17 

This measure of the difference between the Observed and Expected tables is called a chi-square statistic (written as  (2 ).

The sequence of steps by which the chi-square statistic was obtained is equivalent to the following formula:
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[image: image2.wmf]where O is an observed value, E is an expected value and ( means “the sum of”.

The chi-square statistic calculated above is the sum of 3 x 2 = 6 figures. Since the magnitude of a chi-square statistic is therefore clearly in part dependent on the number of rows and columns in the relevant table, a chi-square statistic is invariably accompanied by a second number, referred to as the chi-square statistic’s (number of) degrees of freedom. The number of degrees of freedom of a chi-square statistic is given by the following formula:

(R-1)(C-1)

where R and C are respectively the number of rows and number of columns in the table being examined.

So, for the first table in this handout, the chi-square statistic is 7.17 with (3-1) x (2-1) = 2 degrees of freedom. A chi-square statistic with 2 degrees of freedom is written as (22 .

Now we need to assess whether a chi-square statistic whose value is 7.17 and which has 2 degrees of freedom is large enough for us to be confident that there is a relationship between view on tuition fees and highest qualification in the population from which the sample was drawn.

The way in which this is done is to consider the distribution of values of chi-square that we would get by taking a large (or, more precisely, an infinite) number of samples of 400 people from a population where there is no relationship between view on tuition fees and highest qualification. (This is the sampling distribution for the chi-square statistic). In fact, statistics texts typically contain tables of values corresponding to such distributions, one of which is attached to this handout. (Note that the tabulated distributions do not relate to/depend upon sample size).

The rows of the attached table of values correspond to different numbers of degrees of freedom. Looking at the row corresponding to 2 degrees of freedom we see from the third column that for 50% (0.50) of samples taken from a population in which there is no relationship between view on tuition fees and highest qualification the value of chi-square will be greater than 1.386. Moving further across the row we can see that in only 5% of such samples will the value of the chi-square statistic exceed 5.991.

So there would be less than a 5% chance (P < 0.05) of getting a chi-square statistic with a value as big as 7.17 if there were no relationship between view on tuition fees and highest qualification in the population from which the sample was drawn.

Therefore, we either assume that we just happen by chance (i.e. because of sampling error) to have got an unusually large value of chi-square, or we accept the hypothesis that there is a relationship between view on tuition fees and highest qualification.

(A bit of terminology: Since there is less than a 5% chance of having obtained a value of chi-square as big as 7.17 by chance, the relationship in the table is said to be significant at the 5% level.) 

[Note that an SPSS analysis of the above table would give (22 = 7.167, P = 0.028 < 0.05 ].
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