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Abstract

This tutorial describes the creation and manipulation of frequency and contingency tables
from categorical variables, along with tests of independence, measures of association, and meth-
ods for graphically displaying results. The framework is provided by the R package vcd, but
other packages are used to help with various tasks. The vcdExtra package extends the graphical
and statistical methods provided by vcd.

This package is now the main support package for the book Discrete Data Analysis with

R: Visualizing and Modeling Techniques for Categorical and Count Data (Friendly and Meyer
2016). The web page for the book, ddar.datavis.ca, gives further details.
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1 Introduction

This tutorial, part of the vcdExtra package, describes how to work with categorical data in the
context of fitting statistical models in R and visualizing the results using the vcd and vcdExtra

packages. It focuses first on methods and tools for creating and manipulating R data objects which
represent frequency and contingency tables involving categorical variables.
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Further sections describe some simple methods for calculating tests of independence and mea-
sures of association amomg categorial variables, and also methods for graphically displaying results.

There is much more to the analysis of categorical data than is described here, where the em-
phasis is on cross-tabulated tables of frequencies (“contingency tables”), statistical tests, associated
loglinear models, and visualization of how variables are related.

A more general treatment of graphical methods for categorical data is contained in the book,
Discrete Data Analysis with R: Visualizing and Modeling Techniques for Categorical and Count Data

(Friendly and Meyer 2016). An earlier book using SAS is Visualizing Categorical Data (Friendly
2000), for which vcd is a partial R companion, covering topics not otherwise available in R. On the
other hand, the implementation of graphical methods in vcd is more general in many respects than
what I provided in SAS. Statistical models for categorical data in R have been extended considerably
with the gnm package for generalized nonlinear models. The vcdExtra package extends vcd methods
to models fit using glm() and gnm().

A more complete theoretical description of these statistical methods is provided in Agresti’s
(2002; 2013) Categorical Data Analysis. For this, see the Splus/R companion by Laura Thomp-
son, http://www.stat.ufl.edu/~aa/cda/Thompson_manual.pdf and Agresti’s support web page,
http://www.stat.ufl.edu/~aa/cda/cda.html.

2 Creating and manipulating frequency tables

R provides many methods for creating frequency and contingency tables. Several are described
below. In the examples below, we use some real examples and some anonymous ones, where the
variables A, B, and C represent categorical variables, and X represents an arbitrary R data object.

The first thing you need to know is that categorical data can be represented in three different
forms in R, and it is sometimes necessary to convert from one form to another, for carrying out
statistical tests, fitting models or visualizing the results. Once a data object exists in R, you can
examine its complete structure with the str() function, or view the names of its components with
the names() function.

case form a data frame containing individual observations, with one or more factors, used as the
classifying variables. In case form, there may also be numeric covariates. The total number
of observations is nrow(X), and the number of variables is ncol(X).

Example : The Arthritis data is available in case form in the vcd package. There are two

explanatory factors: Treatment and Sex. Age is a numeric covariate, and Improved is the
response— an ordered factor, with levels None < Some < Marked. Excluding Age, we would
have a 2 × 2 × 3 contingency table for Treatment, Sex and Improved.

> names(Arthritis) # show the variables

[1] "ID" "Treatment" "Sex" "Age" "Improved"

> str(Arthritis) # show the structure

'data.frame': 84 obs. of 5 variables:

$ ID : int 57 46 77 17 36 23 75 39 33 55 ...

$ Treatment: Factor w/ 2 levels "Placebo","Treated": 2 2 2 2 2 2 2 2 2 2 ...

$ Sex : Factor w/ 2 levels "Female","Male": 2 2 2 2 2 2 2 2 2 2 ...

$ Age : int 27 29 30 32 46 58 59 59 63 63 ...

$ Improved : Ord.factor w/ 3 levels "None"<"Some"<..: 2 1 1 3 3 3 1 3 1 1 ...

> head(Arthritis,5) # first 5 observations, same as Arthritis[1:5,]
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