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Generalized Linear Models

Introduction

Generalized Linear Models (GLMs) were proposed by Nelder and Wedderburn (1972) and 
represent a family of statistical techniques that can be used to analyse a wide variety of 
research problems. They are sufficiently general to be applicable to much social science data 
and provide a comprehensive set of analytical tools. Of particular importance is the unified 
theoretical framework that enables certain `economies of scale' to be realised (for example, 
the interpretation of the parameter estimates and model-fit statistics are similar for all 
techniques under the GLM umbrella, as are model-building techniques and model 
diagnostics) and enable a full set of analyses to be taught within the confines of a typical 
postgraduate statistics course.

Key Features

GLMs are uni-variate models as they predict (or model) the behaviour of one particular 
variable. At a very basic level it is possible to predict one variable, to a greater or lesser 
degree, given information about other variables. For example,

‘Share Price’ may be predicted by ‘Output’ and ‘Market Confidence’

From this relationship, one can deduce that share price may be determined by the company's 
output and the confidence shown in the market the company operates in. This is not likely to 
be a perfect relationship as a number of other variables not represented in the model are also 
likely to influence share price (such as government policy and exchange rates). The model 
can be said to consist of three components, the response variable, Y (‘share price’), the 
explanatory variables, X1 and X2 (‘output’ and ‘market confidence’) and a function that links 
the two. These three components form the basis of the Generalized Linear Model where they 
are commonly referred to as the random component, the systematic component and the link 
function.  The GLM can be summarised as:

Random  Component Systematic Component
Link Function

with a concrete example being:

‘Share Price’ ‘Output’ and ‘Market Confidence’
Link Function

The appropriate link function and analysis technique is dependent upon the level of 
measurement of the response variable (see the chapter on measurement scales in this book). 
For example, if the response variable is continuous, the link between the random and 
systematic components of the model is direct (=) and an OLS regression model may be used. 
If, on the other hand, the response variable is categorical, the link between the random and 



systematic components of the model is not direct and requires a technique to be used that does 
not assume a direct link. The appropriate analysis technique for a number of different types of 
response variable are shown in Table 1 below (see Hutcheson and Moutinho, 2008).

Table 1
Techniques under the GLM umbrella*

Response Variable Link Function Statistical Technique

Continuous Identity (=) OLS regression
Ordered Categorical Logit (log odds) Proportional odds model
Unordered Categorical Logit (log odds) Multinomial logistic regression
Count log Poisson regression

*The analysis techniques shown here only provides a minimal set of GLM techniques.

With the use of appropriate dummy variable coding, categorical explanatory variables may 
also be included in the models which allows the effect of grouped data on a response variable 
to be analysed. A simple OLS regression model predicting a continuous response variable 
using a categorical explanatory variable is, in fact, directly comparable to an ANOVA model 
(see Rutherford, 2001).  GLMs are ideal tools to analyse data obtained experimentally as they 
can deal with grouped and longitudinal data and also clustered, multi-level relationships (see, 
for example, Pinheiro and Bates, 2000, and Raudenbush and Bryk, 2001).

Example
There are many examples of analyses using GLMs and interested readers are referred to the 
chapters on the individual techniques that make up the GLM model in this book.  See, for 
example, the chapters on OLS regression, logistic and multi-nomial logistic regression, the 
proportional odds model and multi-level (mixed-effects) models.

Conclusion
GLMs provide a consistent theoretical framework for a large number of techniques.  For this 
reason alone, they are perhaps the most important set of statistical techniques used today and 
form an essential component of courses on data analysis.
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