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Logistic Regression
LECTURE 14

Objectives

 At the end of this series of lectures you should be able to: 
 Define terms.

 Describe logistic regression.

 Describe the uses and limitation of logistic regression.

 Explain the assumptions of logistic regression. 

 Describe the different procedures for conducting a logistic regression. 

 Interpret the results of logistic regression. 

 Perform a logistic regression using R.
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Review

 Linear regression has a ratio interval independent variable and a 
ratio/interval dependent variable. 

 Multiple regression has two or more interval independent variables 
and a ratio/interval dependent variable. 

 Both of these techniques are least squares techniques.  
 Both of these techniques are predictive.  

Review

 Logistic regression uses two or more nominal, interval, or ratio 
independent variables (combinations allowed) and has a nominal 
dependent variable. 
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Overview

 Intent -- Statistical
 The primary goal of logistic regression is to estimate the probability of a 

certain event or state (dependent variable) given a set of other 
conditions (independent variable).

 Really very similar to least squares regression in that least squares 
regression attempts to predict the value of the dependent variable 
given the values of an associated independent variables. 

Overview

 Intent -- Uses
 Prediction

 Classification 
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Overview

 Data requirements
 Independent variable – Two or more preferably nominal, interval, ratio

 Dependent variable – One nominal

 Data requirement:  Needs many cases (>50 cases). 

Rationale
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Rationale

 Example
 Suppose you are interested in whether or not individuals survive or die 

after a particular medical procedure. 

 You might believe that survival or death of a particular patient depends 
on the condition or qualities of the patient. 

 The factors that are likely to influence survival are probably a variety of 
variable types (interval, ratio, or nominal) and these variables are 
probably not normally distributed.  

 We are just going to examine a trivial single independent example. 

Rationale

Smoker (0) Non-Smoker (1) Row Total

Died (0) 60 25 85

Survived (1) 40 75 115

Column Total 100 100 200

9

10



22‐Feb‐20

6

Rationale

 Discuss coding of data.  Link to graphic. 
 Previous slide

Rationale

 After examining the data of 115 individuals that survived, you note 
that 75 of the survivors were non-smokers. 
 The probability of surviving is 115/200 = 0.575.

 The odds of surviving are 115/85 = 1.353. This is the marginal or 
unconditional odds of dieing. 

 The conditional odds of surviving, given the category "Smoker," is 40:60, 
or 0.666. 

 The conditional odds of surviving, given "Non-smoker" is 75:25, or 3.0.
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Rationale

 The odds ratio of Smoker (the denominator, where you are coming 
from) to Non-Smoker (the numerator, where you are going to for 
purposes of comparison) for Surviving (the condition), is 3.0/0.666 = 
4.50. 

Rationale

 The odds ratio is a summary measure of the relationship (effect size) 
between two variables.
 An odds ratio below 1 indicates a decrease (that is, a unit change in 

the independent variable is associated with a decrease in the odds of 
the dependent). 

 An odds ratio above 1 indicates an increase (that is, a unit change in 
the independent variable is associated with an increase in the odds of 
the dependent). 

 An odds ratio of 1.0 indicates the two variables (independent and 
dependent) are statistically independent.
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Rationale

 Logits are the natural logs of odds ratios.  The logits are numbers on 
which the actual regression is performed. 
 The logits for each of the independent variables is calculated. 

Rationale

 Logistic regression uses maximum likelihood estimation.  Other forms 
of regression (simple and multiple) minimize the sum of squares
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Rationale

 Maximum likelihood estimation calculates the logit coefficients 
(slopes). 

Rationale

 Maximum likelihood estimation is an iterative algorithm. 
 It starts with an arbitrary “guesstimate” of the logit coefficients. 

 The guessed coefficients are used to generate predicted states of the 
dependent variable. 

 Residuals are calculated. 

 Residuals are used to refine the coefficients and steps 2-4 are repeated 
until convergence is obtained (the predictive ability of the equation 
does not improve). 
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Assumptions

 Random sampling
 Independent observations

 Violations of this assumption can have serious effects. 

 Inclusion of all relevant variables and exclusion of all irrelevant 
variables

 Independent variables are linearly independent of one another. Are 
not linear functions of one another. 

 All effects are additive (no interaction effects).  
 Linearity of logits (coefficients) and dependent variable

Assumptions

 Compared to assumptions of linear regression. 
 No assumption of linear relationship between dependent and 

independent variables.

 No assumption of homoscedasticity.

 No normality assumption for the dependent variable. 

 Overall logistic regression is less stringent. 
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Issues

 Data requirements and applications of logistic regression are similar 
to those for discriminant function analysis (DFA).  Many people 
confuse the two techniques and utilize the less appropriate 
technique. 

 Logistic regression is a predictive technique.  DFA is a classification 
technique.  (Subtle difference)

Issues

 Advantages of logistic regression. 
 Logistic regression assumptions are less strenuous. 

 DFA requires equality of variance and covariance matrices. 

 DFA requires multivariate normality. 

 Logistic regression can handle nominal independents without 
converting them to dummy variables.

 Logistic regression interpretation is similar to that of multiple regression.  
DFA interpretation is a unlike any other method. 

 Advantages of DFA.  
 Older  -- better known. 

 Requires fewer samples to get meaningful results. 
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Follow-up Analyses

 The data that is used to develop the logistic regression equation 
can profoundly affect the results. 

 To keep the regression equation from “training” on the initial data 
cross validation is sometimes performed. 

Follow-up Analyses

 Cross-Validation
 Prior to the regression, the data is divided randomly into two groups: the 

analysis sample and the validation sample. 
 The analysis sample is used to develop the logistic regression equation. 
 The logistic regression equation is then used to predict the value of the 

dependent variable for the validation sample. The predicted values are 
the expected values.   

 The Expected values are then compared to the known values of the 
validation samples know dependent values (observed) with a X2 
goodness of fit test. 

 If the null of the X2 goodness of fit test is retained, then the regression 
equation is retained.  If the null of the X2 goodness of fit test is rejected, 
then the regression equation is rejected. 
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