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Definition and Structure

A Decision Tree is a transparent, non-parametric supervised model that hierarchically splits data for classification or regression tasks.[1].

A Random Forest enhances this by combining multiple decision trees trained on random data subsets to produce more accurate and stable predictions.[23].

Methodological and Performance Differences

A decision tree is a single model prone to overfitting, while a random forest is an ensemble of trees that improves generalization on complex data.[16]. Random forests mitigate this by averaging the predictions of multiple uncorrelated trees, reducing variance and improving generalization[34].

Empirical studies consistently show that random forests outperform single decision trees in terms of classification accuracy, precision, recall, and F1 score, especially on complex or high-variance datasets[45]. However, random forests require greater computational resources and are less interpretable compared to decision trees7.

Strengths and Limitations

	Model
	Advantages
	Disadvantages

	
	            Decision Tree



	1. Simple to understand
2. Fast to train and predict on training on a small dataset[16].
	1. High variance and prone to overfitting
2. Sensitive to small data changes [6]

	Random Forest
	1. Higher accuracy and robustness through ensemble averaging
2. Provides feature importance for interpretability[37]
	1. Computationally intensive for large datasets
2.  Less interpretable ("black box")
3. Requires parameter tuning [7]
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