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Logistic Models



When?
 Dependent variable is dichotomous 

variable, e.g.,
 A person has a disease or is healthy
 A class can be faulty or fault free
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Reminder: Categorical scales
 Nominal - labels

 An apple: [green, red, yellow]
 Note: dichotomous is special case of 

nominal when two values are assumed
 Ordinal – there is an order

 Level of satisfaction: [Very satisfied, 
Satisfied, So so, Not satisfied]
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Reminder: Continuous scales
 Interval – the difference has a meaning

 Temperature in Celsius
 Ratio – the ratio between two measures 

make sense
 Length in meters
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Example
 Question: Is smoking associated with 

coronary heart disease? 
 Dependent variable (D): coronary heart 

disease (CHD) 
 1 for has CHD, 0 for doesn’t have CHD

 Exposure variable (E): smoking (SMK)
 1 for yes, 0 for no

5



Example
 Additional variables to account for, i.e., 

control variables (C)
 E.g., age, race, and sex

 Independent  ? Dependent

6

SMK, AGE, RACE, SEX CHD

E, C1, C2, C3 D



Logistic regression model
 Multivariate – when we want to relate 

multiple independent variables (X) to 
the dependent dichotomous variable 
(D)

 Univariate when 1 independent variable
 X’s can be E’s, C’s or combinations
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X1, X2, X3, X4, .. , Xk D

X1= E X2= C1 X3= E2  X4= E x C1 …



Mathematical function
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Values of f(z): [0 .. 1], 
as a probability, i.e., the 
risk



From mathematical to Logistic 
model
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€ 

α

βi

: intercept

: regression coefficients



Example
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CAT: catecholamine level
   1 if high, 0 if low 

CHD: coronary heart disease
    1 if present, 0 otherwise 

ECG: electrocardiogram 
   1 if abnormal, 0 if normal 

Fit the model: use the data 
to estimate:
 



 Assume the estimates of the coefficients 
as follows:

 Estimated P(X):
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Estimate the risk
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For a specific individual:
   - 40 years old
   - high catecholamine level
   - normal electrocardiogram 

Estimated risk: 11%



Odds ratio (OR)
 Measure the strength or independence 

of two variables:

  

 The odds of a person having the symptom to 
have the disease are 6 times higher than a 
person that doesn’t have the symptom.

13

Symptom=1

(Has)

Symptom=0

(Doesn’t have)
Disease=1 (Has) p11 = 30 P10 = 10 

Disease=0 (Doesn’t have) P01 = 20 p00 = 40 
€ 

OR =
p11p00
p01p10



Estimating the coefficients
 Previously we assumed the estimated 

coefficients:

 How to estimate them?
 Least squares (LS) for linear models
 Maximum likelihood (ML) for logistic
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When to use logistic 
regression?
 Dependent variable is dichotomous 
 At least one of the independent variable 

is continuous ..
 The idea is to be able to characterize each 

case in an unique way
 Ex.: Don’t use logistic regression to predict 

if a person has a disease based on his 
gender
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Example in R: Incidence
 Study the occupation of islands by birds
 Dependent variable: 

 Incidence: 1 when an island was occupied 
by the specific type of birds, 0 otherwise

 Independent variables:
 Area: the area of the island in km2

 Isolation: distance of the island from the 
mainland in km
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Example in R: Incidence (cont.)
 Partial look at the data

 Total of 50 observations
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In R: Read the data and build 
a logistic model
 glm:

 Formula: D ~ X1 + X2 + .. + Xk
 Family: binomial
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Results
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Where to look? 
  - p-value
  - coefficient (sign)

Conclusions:
  - isolated islands 
are much less 
likely to be 
occupied 
  - larger islands 
are more likely to 
be occupied 



Example 2: Infection 
 Study the parasite infection
 Dependent variable

 Infection: « absent » or « present »
 Independent variables

 Age: continuous
 Weight: continuous
 Sex: « female » or « male »
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 Load and inspect the data
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Any observations?
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Any observations?
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Infected:
   - lighter
   - narrower age interval
   - prevalent in females



Build a model
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Interactions between variables
 The previous model describes the 

dependent variable in terms of the 
three main effects

 What about the possible interaction 
between each one of them?
 Build a maximal model

24



Simplification process
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Maximal model
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Reduce the model using ‘step’
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Reduced model
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Continue to simplify
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Resulting in the initial model
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Can we do better?
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Check for 
non-linearity

significant



Generalized Additive Models
 Useful when no knowledge on the 

parametric form of the relation between 
the response variable and the 
continuous variables
 Use a smoothing function s
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 AgeA
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Age: non linearity 
=> keep the 
quadratic term

Weight: 
 - linearity from a 
certain point ~ 
Somewhere 
between 8 and 14
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12 gives best results.. How to know?

border

not sign.



Last effort to improve the 
model..
 Try to remove the non significant term

 Try the other term… You should 
conclude that you need to keep it.
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Final minimal model
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Fault prediction
 Dataset: 2 versions of ArgoUML – a 

modelling tool
 Goal: Learn from one version (training 

set) and predict the faulty classes in the 
next version (testing set)
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ArgoUML

Version

Lines of 
code

Total 
number of 
classes

Defective 
number of 
classes

0.12 171746 946 47 

0.14 182627 1227 93



Variables
 Dependent variable: HASB = « YES » 

when a class has at least one known 
bug, « NO » otherwise

 Independent variables: A set of 23 
structural and lexicon metrics
 Ex. of structural: Coupling between objects 
 Ex. of lexicon: extreme contraction of 

words in identifiers
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Training set
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Something to note?



Testing set
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Something to note?



Building the model
 Starting with the model containing all 

main effects
 Reduce it using ‘step’
 Continue reducing using ‘update’
 Predict bugs on the test set using the 

retained reduced model
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42
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Retained reduced model
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Prediction results
 Contingency table

 Accuracy: 92 %
 Correctness (P): 47% 
 Completeness (R): 8%
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Predicted NO Predicted YES

Actual NO 1126 8

Actual YES 86 7

€ 

R = TP (TP + FN)

€ 

P = TP (TP + FP)

€ 

A = (TP +TN) (TP +TN + FP + FN)



Questions to consider
 What should be the variables?
 What are their scales?
 Which model to use?
 How to evaluate the results?
 Are the results generalizable?
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