
RESEARCH METHODS FOR HUMAN INQUIRY – SUMMARY NOTES 
 

LECTURE 3 – CORRELATIONS FOR CONTINUOUS DATA AND 
CONTINGENCY TABLES FOR CATEGORICAL DATA 
 
1. INTRODUCTION – RESEARCH QUESTIONS FOR ASSOCIATIONS 

• Association implies a systematic co-occurrence of people’s scores on each 
construct measure. How we investigate an association depends on the kind of 
construct measures being used – continuous or categorical.  

• Types of data –  
o Continuous – no distinction between integers and real numbers. Values 

always imply some meaningful ordering.  
o Categorical – no distinction between nominal or ordinal scaling. 

Numbers assigned to categories are arbitrary in meaning.  
• Research process for investigating associations 

o Form an appropriately worded research question.  
o Identify the population relevant, and determine an appropriate 

sampling strategy for that population.  
o Decide on the kind(s) of methods of measurement used to obtain 

scores on all construct measures.  
o Undertake a statistical analysis according to whether construct scores 

are categorical or continuous.  
 
2. CORRELATIONS 
 
SCATTERPLOTS AND COVARIANCE 

• Scatterplots – display the joint values of individuals in our sample on two 
variables as a set of data points on a two-dimensional graph. Can observe 
apparent systematic co-occurrence of the variables through the scatterplot.  

• Covariance – the basic aim of quant methods is to identify and account for 
variability in construct scores. This explains the central interest in quantifying 
sample variance.  

o Covariance is a measure of the degree of concurrent variation in 
people’s scores on two variables. It is a measure of both the strength 
and direction of the association between two variables. It can be both a 
population parameter and a sample statistic.  

• Calculation of the covariance is an extension of the variance calculation to 
involve pairs of variables. Instead of using squared deviation scores as in the 
variance, the covariance calculation involves the cross-product of pairs of 
deviation scores.  

o Variance: 
 
 
 
 

o Covariance: 
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• The size of the covariance depends on the metric used to calculate it. This 
makes interpretation difficult, as there is no common metric. Therefore use a 
standardised covariance, referred to as the correlation coefficient.  

 
CORRELATION COEFFICIENT 

• Standardised covariance / correlation coefficient is calculated by replacing the 
deviation scores with Z scores in the covariance formula. The corresponding 
population parameter is notated as . 

  

  

 
• Direction of the correlation – indicated by a + or – attached to the value of the 

correlation coefficient. These values can be negative, as the Z scores are not 
squared in the calculation.  

o Positive correlation – higher scores on one variable are associated with 
higher scores on a second variable. Or equivalently, lower and lower.  

o Negative correlation – higher scores on one variable are associated 
with lower scores on a second variable.  

• The absolute size of the correlation indicates the strength of the association, as 
it is in a standardised metric.  

• Properties of the correlation coefficient –  
o Value will always range between -1 and +1, no matter the metric of the 

variables used in its calculation.  
o Values between -1 and 0 indicate a negative association; values 

between 0 and +1 indicate a positive association.  
o Values closer to -1 or +1 indicate stronger associations.  
o A correlation of 0 indicates that the variables are not LINEARLY 

associated.  
o The size of correlations from different pairs of variables can be directly 

compared.  
 
INFERENCES FROM SAMPLE r 

• Distribution of the correlation coefficient – sample correlation coefficient is a 
sample statistic. Its value therefore varies for samples drawn from a 
population for the same two construct measures. The sampling distribution of 
a population correlation correlation corresponds to a theoretical Student’s t 
probability distribution.  

o The t distribution is bell-shaped. The variability (and therefore p 
values) is defined by the degrees of freedom (df = n – 2).  

o Centre part of the t distribution is lower and tails are higher, relative to 
a normal distribution. As , the t distribution converges to a 
standard normal distribution. No difference between the two in 
practice, when .  

• Correlations and effect sizes – as the correlation coefficient indicates both 
strength and direction of association, it is a natural effect size measure. 
Inferences from sample r to population  is made using: 

o A null hypothesis test, or 
o Calculation of a confidence interval around a sample estimate r.  
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NULL HYPOTHESIS TESTS FOR CORRELATIONS 
• Typically interested in nullifying an assumed population parameter correlation 

of .  
• The direction of the correlation is not typically of interest.  
• For the correlation coefficient, we would state: 

o , and 
o .  
o The sampling distribution of the null hypothesised value of  

corresponds to a theoretical t distribution, with degrees of freedom df = 
n – 2.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Because the sign of the correlation coefficient is usually not specified in the 
null hypothesis, the critical rejection regions are located in either tail of the t 
distribution.  

• Test statistic equation for the sample correlation – the sample correlation value 
r minus the null hypothesised value (p = 0) divided by the standard error of 
the correlation coefficient. A smaller standard error arises from a larger 
correlation and / or a larger sample size.  

 ,   where    

• A larger Tobs value will therefore occur with either or both: 
o A larger value of r, because this makes the numerator of Tobs larger, 

and the standard error smaller. 
o A smaller standard error.  

• If the obtained , then we reject the null hypothesis of no association. 
Otherwise, do not reject it. The theoretical t distribution for obtaining the p 
value for a given Tobs will only work when the null hypothesised population 
correlation value is 0.  

 
CONFIDENCE INTERVALS ON CORRELATION COEFFICIENT 

• An effect size is a term applied to a sample statistic, or a transformation of an 
observed test statistic, or a population parameter that is interpreted as a direct 
measure of the strength of a relationship. Often accompanied by a confidence 
interval.  

• The pearson correlation is a natural effect size measure, because it is reported 
in a standardised metric. No transformation is required.  
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• Most common technique for placing a confidence interval around sample r is 
the large sample interval approach using Fisher’s r to Z transformation.  

• Upper and lower bounds of the confidence interval indicate the plausible 
strength of the population correlation at its strongest and weakest. Comment 
on the precision (this increases with larger n).  

• If the value of 0 is not captured by the confidence interval, this indicates that it 
is not a plausible population value. It would be rejected if used in a single 
NHT. If the interval captures 0, a non-significant association has been 
observed between the variables.  

 
ASSUMPTIONS OF CORRELATION COEFFICIENT 

• Use of inferential approaches to the pearson correlation coefficient rest on 
assumptions. Namely, that the scores on both variables are: 

o Linearly related – correlation measures the degree of LINEAR 
association.  

o Continuous.  
o Independently observed of one another.  
o Normally distributed.  
o Measured without any error.  
o Not restricted in the possible range of values.  

• The formula for the sample correlation coefficient is a biased, but consistent 
estimator of the population correlation value. Violation of the above 
assumptions may further the bias, and / or affect the accuracy of the 
hypothesis test and the coverage of the confidence interval.  

 
3. CONTINGENCY TABLES FOR CATEGORICAL VARIABLES 
 
CROSS-CLASSIFIED CONTINGENCY TABLES 

• It is possible to categorised people by two or more variables simultaneously. 
The frequency of people who have joint membership of two categories of 
interest is typically displayed in a cross-classified contingency table.  

• Each cell uniquely identifies the number of people with joint membership in 
two variables.  

• This analysis involves investigating whether the frequency of people in one 
category of the first variable are associated with a particular category in the 
second variable.  

• If the frequencies in each category of each variable display covariance, then 
the variables are associated, with a given degree of dependency. In order to 
delineate dependency from independency, a test is used.  

 
 TEST FOR CONTINGENCY TABLES 
• The  test involves comparing the observed frequencies with expected 

frequencies (calculated based on assumed independence), and the degree of 
deviation is an index of dependency.  

• For a two-way contingency table defined by I rows and J columns, we can 
specify a  null hypothesis test using the formula: 
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 , where o signifies observed frequencies and 

e signifies expected frequencies. The degree of deviation from the expected value, for 
each cell.  
 
DISPLAYING OBSERVED FREQUENCIES 

• The generic depiction of the contingency table is as follows: 
 
 
 
 
 
 
 
 
 
 
 
 

• Variable A has two categories (a1 and a2) and variable B has two categories 
(b1 and b2).  

• Numbers are always row, column. The cells of the table represent the 
observed frequencies for each category of A jointly paired with each category 
of B. Marginal frequencies are f1+ and f2+ for category A (row sum), and f+1 
and f+2 for category B (sum column).  

 
CALCULATING EXPECTED FREQUENCIES  

• The general formula for calculating the expected cell frequency of a cell is 
the product of the row marginal frequency and the column marginal frequency 
for that cell, which is divided by the total sample size.  

 

  

 
• Properties of expected frequencies: 

o The expected row marginal frequencies always equal the observed 
marginal frequencies, likewise for columns.  

o The total sum of all expected cell frequencies always equals the total 
sum of all observed cell frequencies (which each equal the total n).  

• Greater discrepancy between the observed and expected frequencies 
corresponds to a greater degree of dependency, which reflects a stronger 
association, which results in a larger observed  test statistic value, which 
results in a smaller p value.  
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