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A lot of surveys use the medium of a questionnaire to collect data.  One aspect that is common to most questionnaires is that information is collected about the respondents (whether they are individuals or organisations) and information is collected about the topic in question.

The purpose of collecting personal characteristics or profile information is that samples are usually made up of a variety of respondents covering a range of characteristics.
· Characteristics associated with people are: gender, age (or more likely, age group), economic status (income, employment, house and car ownership etc.), disability etc.

· Characteristics associated with organisations are: number of employees, turnover, industrial/service sector and product range etc.

These characteristics are important because it is generally acknowledged that people or organisations will have different views, opinions, feelings and attitudes dependent on their characteristics.  In many cases these associations can fall into ‘stereotypes’: we expect a particular view to be expressed because of theses characteristics.
Although stereotyping does exist there are many occasions when men and women for example, are likely to express different views.  It is also apparent that people of different ages, different educational and employment experience will be likely to express different views.

Similar connections or associations will also be found when examining organisations whether they are charities, hospitals, manufacturers, retailers or educational establishments.
The ability to identify such associations is a way of explaining how things work in the social world and is crucial in market research exercises.
For example, there are currently new developments in the use of mobile phones for personal banking.  Do you think the young or elderly are more likely to be attracted to this service?
The chi-square test is one of the most important statistical tests for the analysis of this type of information.  The data from questionnaires is commonly categorical in nature and researchers are always interested in whether associations exist between the characteristics of the sample and the responses to the subject specific questions.  Because of this it is also very important in the area of market research, especially in the identification of niche markets.

CHI-SQUARE TEST (2
Contingency tables or cross tabulations
The Chi-square test can be used with tables of categorical data.  The analysis of data is often concerned with whether different categories of people or companies etc behave in or express different views.  For example, do men prefer to watch sport, or news on television and women drama and news?  Imagine you undertook a survey with the results as shown below in Table 1.  This is known as the observed data.

Table 1: Number of people by gender and TV preference
	Gender
	Sport
	News
	Drama

	Male
	36
	20
	14

	Female
	14
	17
	19


How can we analyse this data to answer our question of whether men or women are associated with particular TV programming?  One way would be to express the results as percentages, within gender, as shown in Table 2.  Notice that we have different sub-sample sizes for men and women, which is quite likely when undertaking a survey.  The conversion to percentages deals with different sample sizes and also allows us an initial analysis.

From Table 2 we can see that 51 per cent of men prefer ‘sport’ compared with 28 per cent of women.  For ‘news’ there are fairly similar percentages for men and women and drama seems to be favoured by women.

Table 2: Gender and TV preference

	
	Male
	Female
	All

	TV
	No.
	%
	No.
	%
	No.
	%

	Sport
	36
	51
	14
	28
	50
	42

	News
	20
	29
	17
	34
	37
	31

	Drama
	14
	20
	19
	38
	33
	28

	Total
	70
	100
	50
	100
	120
	100


So does this mean that men prefer sport more than women and that women prefer drama more than men?  On the face of it this appears to be the case, but it is important to remember that this is a sample of 120 people and therefore, all of the counts in each of the six cells are subject to a margin of error.  For example, let us say that the margin of error is ±10 per cent.  Now the extreme case for ‘sport’ is that men could be 41 per cent (-10%) and women could be 38 per cent (+10%).  If these were the figures we would have no hesitation in saying there is no difference between men and women and watching sport on the television.

So how do we deal with this issue of margin of error?  Statistics provides us with a technique from its tool-kit which is known as the chi-square test.  The Greek letter Chi is pronounced ‘Ki’.
Before we undertake the test we need to specific about what it is we are testing.  This means we have to establish two hypotheses.  One of these is called the ‘Null hypothesis’ (HO) which always states ‘there is no difference’.  In this instance the null hypothesis is that ‘there is no association between gender and television preference’.  The second hypothesis is called the Alternative hypothesis (HA) which in this instance will be the opposite of the first one and is ‘there is an association between gender and television preference’.

Sometimes these will be stated formally as shown below.

	HO:
	there is no association between gender and TV preference

	HA:
	there is an association between gender and TV preference


The chi-square test is based on comparing the original data (called the observed data) with a set of expected data whereby the counts in the cells are based on distributing the values as evenly as possible (which supports ‘there is no difference’).
When there is no expected data available it is necessary to calculate the expected data yourself using the row and column totals shown in Table 3.  For contingency tables the expected frequencies (the numbers in the table) are calculated using the following formula:

Eij
=
(Ri ( Cj) / N

Where

Eij
= expected frequency in row i column j

Ri
= total in row i (female, male)
Cj
= total in column j (drama, sport)
N
= total in sample (n=120)
Table 3: Row, column and sample totals from observed data

	Gender
	Sport
	News
	Drama
	Totals

	Male
	36
	20
	14
	70

	Female
	14
	17
	19
	50

	Totals
	50
	37
	33
	120


To calculate the expected number of men who prefer sport (cell: row 1, column 1) multiply the row and column totals (70 * 50 = 3,500), then divide this figure by ‘n’ the total sample size (3,500/120 = 29.17).  Repeat this procedure for the other cells, eg women who prefer drama (50 * 33 = 1,650, 1,650/120 = 13.75).  Calculate values to two decimal places.
When all the six expected values have been calculated we get the expected data as shown in Table 4.
Table 4: Number of people by gender and TV preference (expected data)

	Gender
	Sport
	News
	Drama
	Totals

	Male
	29.17
	21.58
	19.25
	70

	Female
	20.83
	15.42
	13.75
	50

	Totals
	50
	37
	33
	120


The data in Table 4 shows us what we would expect if there was no difference between men and women and the three types of TV programme.  What we have done here is distribute the 70 men and 50 women as evenly as possible between the three types of programmes.  Also the number of viewers for each type of programme has been distributed as evenly as possible.  This data will now be used in a comparison with the original observed data, taking into account any margin of error.
Calculating the values which make up Chi-square
Having calculated the expected data you can now use the Chi-square formula (shown below) to find out the Chi-square values for each of the six cells.  Note that the expected data has been calculated to two decimal places; you can reduce this to one decimal place, but do not round up to whole figures.  For the individual cell Chi-square values two decimal places is preferred.

The Chi-square formula

(2 = ( (O - E)2

E
where:

	(2
	=
	Chi-square

	(
	=
	The sum of

	O
	=
	The observed data

	E
	=
	The expected data


To calculate the first Chi-square cell value (men and sport):

36 - 29.17 = 6.83

6.832 = 46.65

46.65 / 29.17 = 1.59920

The first Chi-square cell value = 1.60

Repeat this process for all of the six cells until you get the data as shown in Table 5.

Table 5: Chi-square cell values

	Gender
	Sport
	News
	Drama

	Male
	1.60
	0.12
	1.43

	Female
	2.24
	0.16
	2.00


The sum (() of these values gives the Chi-square statistic: (2 = 7.56
What does (2 = 7.56 mean?!
Without going into a lot of statistical theory (2 can be seen as an ‘abstract value’ known as a ‘test statistic‘ and it is one that will enable us to answer our initial question.  This value of chi-square can either be used with a table of chi-square values or computer software will tell us what this result means.
Is the Chi-square statistic significant?
Does it support the null hypothesis (there is no difference between men and women and their preference for TV drama, news or sport), or the alternative hypothesis (there is an association between men and women and their preference for TV drama, news or sport)?

Before referring to the table of Chi-square values we need to calculate the number of degrees of freedom.  In this example of the contingency table we have two rows and three columns.  Degrees of freedom are (r-1) ( (c-1), where r = the number of rows and c = the number of columns.  Hence we have (2-1) ( (3-1), which equals two degrees of freedom.  Essentially the degrees of freedom relate to the size of the cross tabulation.
To use the table, first read the number of degrees of freedom and then locate the level of significance you are interested in.  Remember that there is no set level of significance: it is up to you to decide the level you are prepared to accept, although it is most likely to be at least 0.05 (95% confidence).  The table value of Chi-square (with two degrees of freedom and ( = 0.05) is 5.991.  The table value of Chi-square (with two degrees of freedom and ( = 0.01) is 9.210.

TABLE OF CHI-SQUARE VALUES
( = level of probability

	degrees of

freedom
	( = .05

(95% confidence)
	( = .01

(99% confidence)

	1
	3.841
	6.635

	2
	5.991
	9.210

	3
	7.815
	11.345

	4
	9.488
	13.277



	5
	11.070
	15.086

	6
	12.592
	16.812

	7
	14.067
	18.475

	8
	15.507
	20.090

	9
	16.919
	21.666



	10
	18.307
	23.209

	11
	19.675
	24.725

	12
	21.026
	26.217

	13
	22.362
	27.688

	14
	23.685
	29.141


In order to accept the alternative hypothesis (there is a difference) the calculated value of chi-square must be greater than the value in the table of chi-square values.

The calculated value was 7.56.  Since the calculated value is greater than that in the table we can accept the alternative hypothesis (and reject the null hypothesis) which says that there is an association between men and women and their TV preference.

Books on statistics usually contain the full table of Chi-square values which give a greater range of significance levels.  Normally we do not use levels of significance below 0.05 (95% confidence).  The table you have been given contains only the significance levels of ( = 0.05 and ( = 0.01, 95% and 99% confidence, respectively.

Note that our value of 7.56 is not greater than 9.21, which is the Chi-square value in the table if we use ( = 0.01, which represents 99 per cent confidence.  Hence at this higher level of significance we are unable to accept the alternative hypothesis.

This means we are 95 per cent confident that there is an association between men and women and their TV preference, but we cannot be 99 per cent confident about this result.

The default for rejecting the null hypothesis in the social sciences is significance at the 95 per cent confidence level.

Writing up the result

The data were examined to find out if there was any association between gender and TV preference.  The Chi-square test was used to test the following hypotheses:

	Ho:
	there is no association between gender and TV preference

	Ha:
	there is an association between gender and TV preference


The result of the chi-square test was, (2 = 7.56, df = 2, p = 0.05.

This result means that there is a statistically significant association between gender and TV preference.  Table 6 shows that 51 per cent of men preferred to watch ‘sport’ whereas 28 per cent of women preferred ‘sport’.  Similar proportions of men and women watched ‘news’, whilst 38 per cent of women preferred ‘drama’ compared with 20 per cent of men.
Table 6: Gender and TV preference

	
	Male
	Female
	All

	TV
	No.
	%
	No.
	%
	No.
	%

	Sport
	36
	51
	14
	28
	50
	42

	News
	20
	29
	17
	34
	37
	31

	Drama
	14
	20
	19
	38
	33
	28

	Total
	70
	100
	50
	100
	120
	100


Terminology
If the null hypothesis is rejected at the 95 per cent confidence level then we use the phrase 'statistically significant'.  If we had a chi-square value of 9.98, this would be greater than 9.21 and we would have been 99 per cent confident in rejecting the null hypothesis.  In this case we use the phrase 'highly statistically significant'.

Sample size
The chi-square test is generally invalid if the observed data cell values are less than five and any observed data cell should definitely not be zero.  This situation can arise when the sample size is small and/or there are too many categories.  Remember the more categories there are (more rows and columns) the more sub-samples are created and if the counts in these cells are small the margin of error increases.
In addition the Chi-square test is not normally applicable if more than 10 per cent of the expected cells have values of less than five.  If 10 per cent or more of the expected cells have values of less than five it is possible to combine categories in order to eliminate this problem.  This particular problem can occur if the sample size is not large and/or if the data is split into many different categories.  For example, age is often split into a number of categories such as: less than 20, 21 - 30, 31 - 40, 41 - 50, 51 - 60, over 60.  (This gives six categories.)  To reduce the number of categories we can combine some of the categories to give: less than 20, 21 - 40, 41 - 60, over 60.  (This gives four categories.)

Yates' correction for discontinuity
For 2 by 2 tables (df=1) the chi-square value needs adjusting by what is known as Yates' correction for discontinuity.  Effectively this reduces the value of the chi-square statistic.  This is done by the following formula:

(2 = ((|O - E| - 0.5)^2)/E

Basically each individual chi-square value should be reduced by 0.5, before it is squared.

The vertical lines |O – E| mean the absolute value – which avoids negative values.

For example 4 – 9 = -5, |4 – 9| = 5.

Output from computer software
Computer software such as SPSS and MS Excel will do the chi-square test for us without any need to do the above calculations.  These programmes rely on the user inputting the data correctly and the output will be the value of chi-square, the degrees of freedom and the probability (p or significance) of getting that value of chi-square.
When using software there is no need for the user to check the chi-square value against the table of chi-square values.  The example below is from MS Excel using the data of gender and TV preference.  Notice that the two variables ‘gender’ and ‘TV preference’ and the categories ‘men, women, sport, news and drama’ are not specified on this spreadsheet.  Instead we have ‘variable 1 and variable 2’ and ‘c1, c2 and c3’.  This allows the user to input a range of cell values for a range of variables and categories.  The spreadsheet can, of course, be edited to show the variable and category names.
	3 by 2 cross tabulation df=2

Observed data

variable 1

c1

c2

c3

variable 2

c1

36

20

14

70

c2

14

17

19

50

50

37

33

120

Expected data

29.17

21.58

19.25

20.83

15.42

13.75

Chi-square cell values

1.60

0.12

1.43

2.24

0.16

2.00

chi-square =

7.56

p =

 

0.022852




The output of MS Excel is the chi-square value of 7.56 (the same as was calculated above) and a ‘p’ value of 0.022852.

What is the p value?
The p value is the probability of getting a chi-square value of 7.56 with two degrees of freedom.  We saw above that we could reject the null hypothesis because the chi-square value of 7.56 was greater than the value of 5.991 in the table under the column marked 0.05.  Hence we were 95 per cent confident in accepting the alternative hypothesis.

If you look at the table of chi-square values you will see that 7.56 is somewhere between the values of 5.991 and 9.210.  In other words we are probably more than 95 per cent confident, but we know we can not be 99 per cent confident.
The p value gives us the value of confidence exactly.  If we take 0.022852 away from 1.0 and multiply by 100 we get (1-0.022852)*100 = 97.71.  This means that we are 97.7 per cent confident that there is an association between gender and TV preference.

The basic rule is that the p value must be 0.05 or less in order to reject the null hypothesis and accept the alternative hypothesis.

The p value is normally written to three decimal places so the above result would be written as follows: (2 = 7.56, df = 2, p = 0.023.

The output below is based on changing the data and shows a situation where the p value is greater than 0.05, so the null hypothesis is accepted which says there is no association between gender and TV preference.  In this instance 46% of men prefer sport compared to 32% of women, 34% of women prefer drama compared to 23% of men and news is 31% men and 34% women.  The percentage differences are not enough when the margin of error in sample statistics is taken into account.  With a larger sample size, these differences would become significant.
	3 by 2 cross tabulation df=2

Observed data

variable 1

c1

c2

c3

variable 2

c1

32

22

16

70

c2

16

17

17

50

48

39

33

120

Expected data

28.00

22.75

19.25

20.00

16.25

13.75

Chi-square cell values

0.57

0.02

0.55

0.80

0.03

0.77

chi-square =

2.75

p =

 

0.253137




Summary
Remember that accepting the null hypothesis is just as important as accepting the alternative hypothesis, although researchers usually find it more ‘exciting’ to discover the latter.  Clearly if an association is found there is more to discuss and the findings can lead to further investigation.
The issue of combining categories (see p.7 above) can lead to the accusation of massaging the data.  Indeed by changing the number of categories and the class widths of categories, results can be forced into a certain direction.  When categories are merged or changed the researcher has to make this clear to the reader and ‘uneven’ class widths, for example, may well draw justified criticism.
PROBLEMS
1. A survey of passengers at an airport revealed the following figures regarding misplaced and damaged luggage.  Is there any significant difference in baggage handling between the three airlines?

	
	Airline 1
	Airline 2
	Airline 3

	Baggage OK
	60
	140
	90

	Misplaced/damaged
	11
	26
	5


2. A tour operator surveyed the age of customers on three different types of trip.  Is there any significant difference in the age of customers between the three trips?

	
	Under 20
	21 to 30
	31 to 40
	over 40

	Trip A
	70
	116
	65
	195

	Trip B
	27
	50
	30
	90

	Trip C
	17
	12
	17
	20


3. A survey of 80 local companies showed levels of monthly advertising expenditure.  Does the data suggest that company size effects spending on advertising?

	
	<£200
	£201-500
	>£500

	Small company
	26
	15
	12

	Large company
	15
	10
	2


TABLE OF CHI SQUARED VALUES
( = level of probability

	degrees of

freedom
	( = .05
	( = .01



	1
	3.841
	6.635

	2
	5.991
	9.210

	3
	7.815
	11.345

	4
	9.488
	13.277



	5
	11.070
	15.086

	6
	12.592
	16.812

	7
	14.067
	18.475

	8
	15.507
	20.090

	9
	16.919
	21.666



	10
	18.307
	23.209

	11
	19.675
	24.725

	12
	21.026
	26.217

	13
	22.362
	27.688

	14
	23.685
	29.141
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