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Classification: Decision Trees & Bayesian Classification  

Classification is a supervised learning technique used to build models that can predict the class 

label of new data based on previously labeled training data. Two of the most widely used 

classification methods are Decision Trees and Bayesian Classification. 

 

1. Decision Trees 

A Decision Tree is a tree-like predictive model used to classify data by recursively splitting it 

based on the most informative attributes. 

How Decision Trees Work 

 Each internal node represents a test on an attribute. 

 Each branch represents the outcome of that test. 

 Each leaf node represents a class label. 

 The goal is to partition the dataset into smaller, purer subsets. 

Attribute Selection Measures 

To choose the best attribute for splitting, different metrics are used: 

 Entropy – measures disorder or impurity in the dataset. 

 Information Gain – the reduction in entropy after a split. 

 Gain Ratio – adjusts information gain to reduce bias. 

 Gini Index – used in CART to measure node purity. 

Common Algorithms 

 ID3 – uses Information Gain. 

 C4.5 – uses Gain Ratio and handles continuous attributes. 

 CART – uses the Gini Index and produces binary trees. 

Advantages 

 Easy to understand and interpret. 

 Can handle both numerical and categorical data. 

 Requires little data preparation. 
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Disadvantages 

 Prone to overfitting. 

 Sensitive to noisy data. 

 Choosing the optimal tree size can be difficult 

. Bayesian Classification 

Bayesian Classification is based on Bayes’ Theorem, which calculates the probability of a class 

given a set of features. 

Bayes’ Theorem 

P(C∣X)=P(X∣C)⋅P(C)P(X)P(C|X) = \frac{P(X|C) \cdot P(C)}{P(X)}P(C∣X)=P(X)P(X∣C)⋅P(C)  

Where: 

 P(C|X): Posterior probability of class C given data X 

 P(X|C): Likelihood of data X within class C 

 P(C): Prior probability of class C 

 P(X): Probability of the data 

Naïve Bayes Classifier 

The most common Bayesian method. 

It assumes feature independence, which simplifies probability calculations but still produces 

strong performance in many applications, especially text classification. 

Steps in Naïve Bayes 

1. Calculate prior probabilities for each class. 

2. Compute likelihoods for each feature value given each class. 

3. Apply Bayes’ theorem to obtain posterior probabilities. 

4. Assign the class with the highest posterior probability. 

Advantages 

 Very fast and efficient. 

 Performs well with large datasets. 

 Excellent performance in text classification and spam filtering. 
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Disadvantages 

 Assumes independence between features, which is often unrealistic. 

 Sensitive to zero-frequency problems without smoothing. 

 

3. Comparison 

Feature Decision Trees Bayesian Classifier 

Speed Fast Very fast 

Interpretability Highly interpretable Less interpretable 

Handling noise More sensitive More robust 

Text classification Moderate Excellent 

Risk of overfitting High Low 

 

 

- Decision Trees and Bayesian Classification are two fundamental techniques in data mining. 
Decision Trees are ideal when interpretability is important, while Bayesian methods—especially 
Naïve Bayes—are highly efficient and perform exceptionally well with large or text-based datasets. 
Both methods provide powerful tools for building accurate and reliable classification models 
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EBook: Data Mining: Concepts and Techniques, Second Edition”Jiawei Han and 

Micheline Kamber” 
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