Chi-Squared test of association
Sometimes, we are in situations where we want to know if there is an association between two non- numerical variables. For example, we want to know:

     People’s views on the congestion charge in relation to their likelihood to shop in central London.

     Workers’ views about career progression within their company in relation to their gender or ethnicity.

     Lateness of Christmas shopping in relation to gender.

In all of these examples, the variables are non-numerical – either nominal or ordinal. Let us start with the first example. We survey  car owners on two separate questions: Q1. What’s your view on the congestion charge?       1. For                  2. Against

Q2. How likely are you to shop in London now the congestion is operation?
1.   Not very likely          2. Not likely       3. Same/No change        4. Likely              5. Very likely

The results are presented in a two-way table or a contingency table, obtained using SPSS Crosstabs feature.
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We can read in this table that we have surveyed 354 people (from the grand total in the lower right-hand side of the table), of which 138 were for the congestion charge (CC) and 216 against (marginal totals in the last column). Of these same 354 people, 58 were nor very likely to shop in central London, 84 nor likely, 59 would not change their habit, 79 likely to shop and 74 very likely to shop (marginal totals in the bottom row).

Can we determine from the above table whether there is some king of link between the fact that people are for or against and their likelihood to shop in central London. To answer this question, it may helpful to present the numbers in the table above in terms of percentages. We have seen how we obtain these earlier in the module. Let us calculate the percentages by row totals – i.e. the percentages within the attitude towards the congestion charge (For or Against):
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We notice that among those who are for the CC, 23.9% are very likely to shop. Among those against the CC,

19% are very likely to shop. There is a difference between those for and against the CC in relation to their

“very likelihood” to shop.

People who are for the CC are very likely to shop compare to those against the CC.
This sentence illustrates the fundamental aspect of statistical association between two non-numerical variables.

We need to state at this stage that the table does not say that the attitude towards the CC is the cause of the likelihood of shopping. Also, we want to know if this link in the sample can be generalised to the whole population

There is another way of looking at the results. Instead of looking at the percentages within the attitude towards the CC, we look at percentages within likelihood of shopping instead.
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Among the people who are “not very likely” to shop, 29.3% of them are against the CC. This percentage increases to 44.6% if they are “very likely” to shop. Thus, we can say that the individuals in this sample who are likely to shop in central London tend to be more in favour of the CC than those who are not likely to shop. This can be said slightly differently:

For a given case, the probability of falling in one of the categories of the “likelihood of shopping in central London” (Dependent variable) depends on whether you fall into the For or Against categories of the independent variable.

If the likelihood of shopping was not related to the attitude towards the CC, then the probabilities of the likelihood of shopping in central London would be the same for those for and those against the CC. In other words, given the marginal totals of the table, instead of obtaining the following samples results (by overall totals),

Observed
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we would obtain the following table instead.
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Expected
The last table shows the expected count if the there is no link between the two variables. In terms of hypotheses, our null hypothesis and alternative hypotheses are as follows:

Null ( H 0 ):         No statistical association exists between “likelihood of shopping” and “attitude to CC”.

Alternative ( H1 ): There is statistical association between “likelihood of shopping” and “attitude to CC”.

If the overall relative difference between the observed and expected counts is big, then we say there is a statistical association (of dependence) between the two variables and reject the null hypothesis. If this difference is small, then we do not reject the null hypothesis.
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The detailed calculations with approximate results (correct to one decimal place) are as follows:
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Just as in the case of all hypothesis testing, what is small depends on the level of significance. If the counts from our observed sample are rare (5% or 1% rare), then we reject the null hypothesis.

However, in the case of the Chi-squared test, the result also depends on the degree of freedom. In this case, it means how many middle cells do we need before we can work out the rest.

This degree of freedom can be computed by multiplying the number of columns (save one) to the number of rows (save one). For this example, the contingency table is said to be 2  5 , because it has 2 rows and 5

columns, hence the degree freedom is:

(2  1)  (5  1)  4
The chi-squared critical value, at the 5% level of significance, is obtained from the Chi-squared table (at the end of the lecture notes) as:

	
	0.100
	0.050
	0.025
	0.010
	0.005
	0.001

	df
	
	
	
	
	
	

	1
	2.7055
	3.8415
	5.0239
	6.6349
	7.8794
	10.8276

	2
	4.6052
	5.9915
	7.3778
	9.2103
	10.5966
	13.8155

	3
	6.2514
	7.8147
	9.3484
	11.3449
	12.8382
	16.2662

	4
	7.7794
	9.4877
	11.1433
	13.2767
	14.8603
	18.4668

	5
	9.2364
	11.0705
	12.8325
	15.0863
	16.7496
	20.5150


Chi-square critical is 9.4877, which is the probability of a sample extreme enough not to reject the null hypothesis, resulting in an association between the two variables. Since our observed sample gives a chi- squared value of 12.2, (greater than 9.4877), then we have to reject the null hypothesis and conclude that there is a significant statistical association between the likelihood of shopping in central London and the attitude towards the congestion charge.

Chi-square test on SPSS
Once again, SPSS will produce a p-value which could be compared to the chosen level of confidence in order to reject (or not reject) the null hypothesis.

First of all, you need to have the data for the two variables on separate columns as follows:
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We go, Analyze, Descriptive Statistics, Crosstabs…
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Transfer the variables in rows and columns. The order is not important here. Click on Statistics button and

tick the “Chi-square” box.
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The SPSS output for this test is:

The Pearson Chi-square is the same as our Chi-square test value. The most important value to look at, in order to make a conclusion, is the p-value (give under the title “Asymp. Sig.”, which in this case is 0.016 which is lower than our chosen level of significance of 0.05. Hence, the rejection of the null hypothesis.

We would have not rejected the null hypothesis if our chosen level of significance was 0.01 instead.

A special example of the above case is if we were interested in two possible categories of the second question i.e.                     1. Will shop in central London                  2. Will not shop in central London

In this case, the contingency table will be a 2  2 table.

Test differences in proportions for two samples
In the previous example, we had the dependent variable “The likelihood of shopping in central London” consisting with 5 categories. Say we are only interested in whether the people surveyed will shop or not shop, given their attitude to the congestion charge. For simplicity reason, we will accept the following:

Responses of 1 and 2 are taken to be “Not shop in central London” Responses of 4 and 5 are taken to be “Will shop in central London”

Response 3 is the neutral response and will assume it as a missing value as they did not indicate if they will shop or not.

We can re-code the variable into a different variable (Called Shopping2) as follows:
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We will obtained a new variable consisting of 2 possible categories (2 and 4 only). The “3” category should be indicated as “Missing” value.
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The two-way table for the observed sample data will look like:
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There are 295 responses. The values for the neutral “3” code have been removed.

In percentage terms, the table will look as follows:
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One of the questions we may be interested in is whether the proportion (or percentage) of all those who will shop in central London depends on their attitude towards the congestion charge. This is the same as asking whether the proportion of those “for” the CC and “will shop” in central London is different to the proportion of those “against” the CC and “will shop” in central London.

The hypotheses will be:

Null ( H 0 ):

Alternative ( H1 ):

PWill shop For  PWill shop Against
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PWill shop For PWill shop Against
Where, for example, PWill shop For is the probability that a person “will shop” in central London given that he/she is “for” the congestion charge. Typically, we are asking ourselves if the difference between

64.3% and 44.3%, in the above table, is statistically significant or is it due to sampling errors.
We can run the chi-squared test to solve this problem precisely because the degree of freedom is equal to 1 or because it is a 2  2 table. Given the marginal percentages, once we know one of the proportions, we

can work out the other three. The SPSS output for this test will be as below:

[image: image13.png]Chi-Square Tests

Asymp.
Sig. (- |Exact Sig. |Exact Sig.
Value | df | sided) | (2-sided) | (1-sided)
Pearson Chi-Square 11158 | 1 20008
Continuity Correction’ 10370 | 1 .0013
Likelihood Ratio 11276 | 1 .0008
Fisher's Exact Test 0011 | .0006
Linear-by-Linear Association 11120 | 1 .0009
N of Valid Cases 295





The p-value for the Pearson chi-square test is 0.0008, which is very small compared to 5% (or to 1% for that matter) and therefore we reject the null hypothesis H 0 . We conclude that the proportions are significantly different.

If we are dealing with 2  2 tables and the sample size is small and less than 20% of cells have expected less
than 5, then the Fisher’s Exact Test will give a better p-value. The Continuity correction p-value is more
appropriate if the dependent variable is measured on an ordinal scale.

Some limitations of the chi-square test
There are some limitations of the chi-square test for independent variables.

    the test identifies only the presence of associations between variables, not focus or direction;

    the statistical properties of the test require that the expected values must be at least 5.

    If this is not the case, appropriate rows or columns must be pooled together;

    For cases when the degree of freedom is greater than 1, then the acceptable accuracy is obtained if

80% of expected cells are greater than 5.
Exercises
1.
The following SPSS output is obtained using data about customer satisfaction we have already used in week 1 and 2. (Please refer to page 1 of your lecture notes).

Required:
a)   Write down the hypotheses for this test.

b)   What conclusion can you make from this chi-square test at the 5% level of significance?
c)    What might be the reason for pooling the rating for departure location (1 to 4)?

d)   What does the comment “a 1 cells (12.5%) have expected count less than 5” refer to?

2.
A research paper on festival motivation was produced by C-K Lee et al. by conducting an on-site survey among visitors attending the 2000 Kyongju World Culture Expo (KWCE), using convenience sampling method. The authors grouped the visitors into four clusters related to their motivation for attending the KWCE. The clusters are defined as follows:

   Cluster I: Culture and family seekers

   Cluster II: Multi-purpose seekers

   Cluster III: Escape seekers

   Cluster IV: Event seekers

One of the authors’ objectives is to examine any potential dependency of motivation clusters on some population profile for domestic and foreign visitors separately.

They produced their findings on a table (see next page).

Required:
a)  In relation to the first result (top left of the table), for domestic visitors only, I.
write down the two hypotheses of the test.

II.     What does the result of the chi-square test suggest? III.     Explain how the degree of freedom is equal to 3.

b)  Across all results for domestic visitors, which variables are significantly dependent?

c)  Across all results for foreign visitors, which variables are significantly dependent?

	Characteristics
	Domestic visitors
	Foreign visitors

	
	Cluster I
	Cluster II
	Cluster III
	Cluster IV
	Cluster I
	Cluster II
	Cluster III
	Cluster IV

	Visit experience
	
	

	First visit
	88
	126
	76
	92
	16
	76
	44
	44

	Repeat visit
	29
	49
	24
	37
	3
	6
	8
	8

	
	Chi-square=1.002, d.f.=3, p=0.801
	Chi-square=3.039, d.f.=3, p=0.386

	Accompanied by
	
	

	Family
	75
	56
	32
	65
	5
	9
	7
	7

	Friends
	28
	82
	40
	40
	3
	25
	18
	14

	Alone
	–
	6
	7
	3
	2
	7
	5
	6

	Tour group
	12
	15
	13
	13
	6
	15
	17
	16

	Other
	2
	16
	7
	8
	3
	26
	5
	9

	
	Chi-square=49.019, d.f.=12, p=0.000
	Chi-square=16.474, d.f.=12, p=0.170

	Information sources
	
	

	Travel agency
	–
	–
	–
	–
	–
	–
	–
	–

	Friends
	16
	46
	29
	27
	1
	29
	6
	17

	TV/Radio
	69
	91
	36
	69
	2
	5
	8
	2

	Newspaper
	6
	6
	7
	4
	2
	5
	2
	3

	Brochures
	6
	6
	8
	7
	2
	5
	1
	6

	Internet
	5
	12
	9
	13
	3
	10
	9
	1

	Other
	16
	14
	9
	8
	5
	13
	5
	8

	
	Chi-square=30.514, d.f.=18, p=0.033
	Chi-square=37.344, d.f.=18, p=0.005

	Gender
	
	

	Male
	71
	80
	50
	70
	7
	52
	36
	32

	Female
	46
	95
	49
	59
	12
	29
	16
	20

	
	Chi-square=6.657, d.f.=3, p=0.084
	Chi-square=6.440, d.f.=3, p=0.092

	Age
	
	

	Under 20
	6
	11
	7
	9
	2
	3
	2
	4

	20 – 29
	27
	89
	45
	50
	8
	41
	22
	27

	30 – 39
	39
	50
	31
	40
	5
	14
	14
	8

	40 – 49
	32
	14
	11
	18
	3
	12
	10
	8

	50 and over
	13
	11
	6
	12
	1
	12
	4
	4

	
	Chi-square=37.193, d.f.=12, p=0.000
	Chi-square=8.475, d.f.=12, p=0.747
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3.
Concerned at the number of drivers not wearing seat belts, the local police in the greater London authority undertook a survey on two separate busy high streets, one in East London and another in South London. They would like to know if the proportions of drivers wearing seat belts in the East of London and the South of London are significantly different.

The results of the survey are recorded in the following table:
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The results of the chi-squared test is produced below.

Required:
a)   State the hypotheses for this test.

b)   Explain why the degree of freedom is 1 for this case.

c)    If the level of significance is set at 5%, what would you conclude from this hypothesis test.
d)   If however, the level of significance was at 1%, would your conclusion be different?

Computing session: Activity one:
Download the data file “Seat belt.sav” from Moodle.

Conduct a chi-square test to produce the same output as the one above in the previous seminar question.

Activity two:
Download the data file “Complete consumer satisfaction.sav” from Moodle.

Conduct a chi-square test of:

a)   The rating of each of our consumer satisfaction items against gender. b)   Explain why most of the results are not reliable.

c)    Pool the ratings of the departure location as shown on page 51 and conduct the test again.
Model answers to questions
	1.
	a)  Hypotheses:
	Null:
	Views on departure location are independent on gender

	
	
	Alternative:
	Views on departure location are dependent on gender


b)  The p-value is greater than 0.05, we do not reject the null hypothesis and conclude that views on departure location are independent on gender.

c)  Reason: Too many expected values are less than 5.

d)  Even after pooling the ratings (1, 2, 3 and 4) together, there remains one cell (out of 8) less than 5.

This is fine as long as the percentage is less than 20%.

2.     a)  Hypotheses:



i.   Null:                    Motivational clustering of domestic visitors is independent on visit

experience (i.e. whether it’s their first visit or not)

Alternative:       Motivational clustering of domestic visitors is dependent on visit experience

ii.   The p-value is 0.801, which is greater than 0.05, so we do not reject the null hypothesis

iii.   The degree of freedom is obtained from the number of columns and rows using the formula (4  1)  (2  1)  31  3
b)  Motivational clustering against “Accompanied by” Motivational clustering against “Information sources” Motivational clustering against “Age”

c)  Motivational clustering against “Information sources” only

	3.
	a)
	Hypotheses:
	Null:
	The proportion of seat belt wearing among drivers in East London is not significantly different to the proportion of seat belt wearing among drivers in South London.

	
	
	
	Alternative:
	The proportion of seat belt wearing among drivers in East London is significantly different to the proportion of seat belt wearing among drivers in South London.


b)  The degree of freedom is obtained by using the formula (2  1)  (2  1)  1  1  1
c)  At the 5% level of significance, the p-value is 0.013, which is less than 0.05 and therefore we reject the null hypothesis.

d)  At the 1% level of significance, the p-value of 0.013, is greater than 0.01 and therefore we do not reject the null hypothesis.
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