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In the previous chapter, we introduced the idea of relationships between two variables by testing the 

goodness of fit. Well, to be totally accurate, we actually explored this idea by testing the independence of 

two variables by using the chi-square test applied to contingency tables. Of course, if two variables are 

not independent, they are somehow related.

In this chapter, we will extend this idea by directly exploring the association between two variables. 

An association can also be called a relationship between two variables, and the terms are often used inter-

changeably in various books and so forth. This is not a big issue, but, to my mind, if you really want to 

be strict with yourself, and keep your thinking disciplined, association is the correct word to use when 

talking about correlation in statistical terms. To me, the word relationship seems to imply some extra 

meaning (like one variable causes the other), which is impossible to prove using correlations alone. I will 

address these key concepts in the following section.

COVARIANCE, CORRELATION AND CAUSATION

The simplest way to begin to understand the association between two variables is to explore the idea of 

covariation. Consider the following situation. I might be interested in whether lecture attendance has any 

association with exam performance for my statistics class. So, I could easily measure how many lectures 

my students attend, and then record their exam performance. It could be that those who attended more 

lectures also tended to score higher on their exams, in which case we would say there might be a positive 

association between lecture attendance and exam performance. This makes me look good. Alternatively, 

those who attended more lectures might tend to score lower on the exam. In this case, we have a negative 

association between the lectures. Which makes me look bad. Suppose I take a random sample of five students 

and record how many lectures they attended, and also their exam scores. This data is shown in Table 10.1.

Understanding covariance starts with understanding variance. Remember that Chapter 4 introduced 

variance and the standard deviation. To recap, the formula for variance (which is the squared standard 

deviation) is:
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where the mean of the sample data is denoted x−, xi represents any given data point, and of course n is 

the sample size.

If you are interested in the association between two variables then any change in one variable should 

appear at the same time as a change in the other. To look at it another way, if one variable deviates from 

the mean then you would expect the other to deviate from the mean as well. The manner of this deviation 

depends on whether you expect a positive or negative association. Specifically, for a positive association, if 

for any given individual one variable is greater than the mean, you would expect for the same individual 

the other variable also to be greater than the mean, and vice versa. For a negative association, you would 

expect deviations above the mean in one variable to be associated with deviations below the mean for the 

other, and again vice versa.

Table 10.1  Exam result data

Student 1 2 3 4 5 Mean s

Lectures attended   4   6   8   7   9 6.8 1.92

Exam score (%) 42 64 70 67 82 65 14.56
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