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Contingency Tables
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Contingency Tables

• We are often interested in determining 
whether there is an association between 
two categorical variables.
– Note that association does not necessarily 

imply causality.
• In these cases, data may be represented 

in a two-dimensional table.
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Contingency Tables

• The categorical variables can have more 
than two levels.

• The variables may also be ordinal, 
however this requires more advanced 
methods.  For now, we consider the case 
in which both variables are nominal.
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Chi-Square Test
• A hypothesis test:

– H0:  no association
– HA:  association

• Strategy:  compare what is observed to what is 
expected if H0 is true (i.e., no association).
– If difference is large, then there is evidence of 

association
– If difference is not large, then insufficient evidence to 

conclude an association
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Chi-Square Test

• Some limitations:
– Does not describe the magnitude or the 

direction of the association
– Relies on “large sample theory” (an 

assumption), which means that the test may 
be invalid if expected cell sizes are too small 
(<5).  Thus avoid use under these conditions.
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Exact Tests

• A hypothesis test:
– H0:  no association
– HA:  association

• Does not rely on the assumption of large 
samples.

• Computes “exact” probability of observing 
the data in the given study, if no 
association was present.
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Exact Tests

• Computationally intensive (particularly for 
large datasets)
– For this reason, it is historically been used as 

a back-up for the chi-square test when 
samples were small.

– However, given the power of today’s 
computers, I suggest using this as a primary 
analysis strategy (instead of a chi-square test) 
whenever possible.
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Exact Tests

• Definitely use with small expected cell 
sizes.

• Does not describe the magnitude or the 
direction of the association

• Often called “Fishers exact test” for 2X2 
tables.  For more general dimensions, it is 
simply called an “exact test”.
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Exact Tests

• Insert exact.pdf
• Insert Tables_892.pdf
• Insert racial_profiling.pdf
• Insert contingency_tables.doc
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Odds Ratio

• A measure of association indicating magnitude 
and direction

• Commonly used in epidemiology
• Ranges from 0 to 
• Approximates how much more likely (or unlikely) 

it is for the outcome to be present among those 
with “exposure” than those without exposure.
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Odds Ratio (OR)

• OR estimate has a skewed distribution 
(although it is normal for large samples in 
theory).  However, ln(OR estimate) is 
normal (note that this is the natural 
logarithm).  Thus we base testing and CIs 
using this.
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OR:  Interpretation Example

• If y denotes the presence (1) or absence 
(0) of lung cancer and x denotes whether 
the person is a smoker (1=smoker, 0=non-
smoker), then an estimated odds ratio of 2 
implies that lung cancer is twice as likely 
to occur among smokers than among 
nonsmokers in the study population.
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OR:  Interpretation Example

• If y denotes the presence (1) or absence (0) of 
heart disease and x denotes whether the person 
engages in regular strenuous physical exercise 
(1= exercise, 0= no exercise), then an estimated 
odds ratio of 0.5 implies that heart disease is 
half as likely to occur among those who exercise 
than those who do not exercise.
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OR

• Insert OR_examples.pdf
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OR

• Useful regardless of how data were 
collected.

• OR~RR when disease is rare
– RR: Relative Risk or Risk Ratio

• Ratio of the risk of developing a disease if exposed 
relative to the risk of developing a disease if 
unexposed 
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Sets of Contingency Tables

• We may have a scenario, whereby we have a 
contingency table for each level (stratum) of a 
third (potentially confounding) factor.
– Example: we develop a contingency table to examine 

the association between coffee consumption and 
myocardial infarction (MI).  We gather these data for 
both smokers and non-smokers as smoking status 
may confound our results.
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Heterogeneous ORs?

• We must first determine if the OR is 
homogeneous across stratum.  This can 
be done with a hypothesis test
– H0:  OR is homogeneous across strata
– HA:  OR is heterogeneous across strata
– This is equivalent to testing for a statistical 

“interaction”
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Heterogeneous ORs?

• If OR are heterogeneous across strata 
then:
– There is an interaction between the third 

variable and the association
– We need to perform a separate analyses by 

subgroup.
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Interaction and Confounding

• Interaction (effect-modification): there is an 
interaction between x and y when the 
effect of y on z depend upon the level of x.
– Example:  if the risk of smoking on developing 

lung cancer differs between males and 
females, then there is an interaction between 
smoking and gender.
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Interaction and Confounding

• Confounding occurs when the effect of 
variable x on z is distorted when we fail to 
control for variable y.
– We say that y is a confounder for the effect of 

x on z.
– This is different from interaction
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Mantel-Haenszel (MH) Methods

• If OR are not heterogeneous (i.e., 
homogeneous) across strata then we may 
use MH methods.

• MH OR:  measure of association 
– Controls for the potentially confounding effect 

of a third variable.
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Mantel-Haenszel (MH) Methods

• MH OR
– Adjusted OR (for confounders)
– A weighted average of the individual ORs
– Considered a “stratified” analyses.
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Mantel-Haenszel (MH) Methods

• MH methods control for confounding
• MH methods are only appropriate when 

there is no interaction.
• We can perform hypothesis tests for the 

MH OR.
• We may also obtain a respective CI for the 

MH OR.  


