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Classification Trees – Procedure

• Can be used with classification problems with 2 or more 
categories

• The tree is grown (and the splits are chosen) the same 
way as with a regression tree

• For a regression tree the performance measure is SSE
• For a classification tree the performance measure is the 

accuracy rate (AR)
• There are other performance measures
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Classification Trees – Procedure

.

Accuracy rate 
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for all the 
dataset

AR



Cesar Acosta Ph.D.

Analytics

Classification Trees – Procedure
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Classification Trees – Procedure

• Split the predictors space into regions
• A region is pure if all observations belong to 

the same category
• For each region, the prediction is equal to 

the most common category in the region



Cesar Acosta Ph.D.

Analytics

Classification Trees – Example

• Response with K = 3 categories (classes)
• pmi  proportion of observations from category i in region m
• For region 4

• if a new observation falls in region 4,  prediction is
• error rate for region 4 is e4 = 0.3
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• Overall error rate on all T regions is

• Other measures of performance are 

• Gini index

• Cross entropy

• They are called measures of impurity

• If the region is pure, all are equal to zero
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Classification Trees – Measures of Impurity

 where pim  is the proportion of observations from category i in region m
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Classification Trees – Store sales Example

.
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Classification Trees – Store sales Example

. n = 200 stores
categories (high sales, low sales)
overall gini index = 0.484

gini index
tend to
decrease
as depth
increases

pure node, all 26 
stores are high sales
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Classification Trees – Store sales Example

.

Predicted
categories →
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Classification Trees – Decision Tree with entropy

.
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Gini Index                left leaf node

• gini index is
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Entropy                 left leaf node

• entropy is
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Example – Carseats data
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• The Carseats dataset contains the sales of child car 
seats from 400 stores in different locations in the US

• It includes 10 features 

• The response is Sales
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Carseats variables

.
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Carseats data - categorical variables

.
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Classification Trees – Procedure

• It is of interest to predict if the Sales of a store are high 
(more than 8000 seats)  or low

• Transform Sales into a new categorical response High 

• Which variables are most useful to predict High sales?
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Classification Trees – Example

.
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Classification Trees – Example

.

Y
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Classification Trees – Example

.

categorical variable
with 3 categories

categorical variables
with 2 categories
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Classification Trees –  Convert categorical features into binary columns

.
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Classification Trees –  Create categorical response High

.
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Classification Trees –  Create categorical response High

.
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Classification Trees – Example

.

• keep categorical response in y
• drop both responses
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Classification Trees – Example

.
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Classification Trees – Example

.

test accuracy rate 
(104 + 36) / 200 = 0.7
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Classification Trees – Decision Tree with entropy

.

depth 1

depth 2
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Classification Trees – Decision Tree with gini index

.

• 200 stores in the train set
• 118 are low sales, 82 high sales
• most common category is category 0
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Classification Trees – Predict Sales (High 1, or Low 0) of a new store

.

Use gini index 
model to predict 
if this new store 
is low or high 
sales
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Classification Trees – Predict Sales (High 1, or Low 0) of a new store

.
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Classification Trees – Predict Sales (High 1, or Low 0) of a new store

.

False
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Classification Trees – Predict Sales (High 1, or Low 0) of a new store

.

False

This store is 
predicted as 
“low sales” →
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Test accuracy rate

.
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Classification Trees (max_depth = 4)

.
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Classification Trees (max_depth = 4)

.

max_depth = 2
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Classification Trees – Pure nodes

.

There are 7 pure nodes (all stores belong to same category) ↑ All 8 are low sales stores
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Holdout Cross Validation
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Test accuracy rate

.
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Classification Trees – Select best value for max_depth

.
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Holdout CV to find best value for max_depth
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Holdout CV to find best value for max_depth
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Holdout CV to find best value for max_depth

.
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Holdout CV – Test Accuracy rate

.
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EXAMPLE

Feature importance



Cesar Acosta Ph.D.

Analytics

Classification Trees – Feature Importance

.
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Classification Trees – Feature Importance

.
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k-Fold Cross Validation
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K-Fold Cross validation – no parameter tuning

.

← loop over 5 folds
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Kfold CV - Search best value for hyperparameter max_depth

• loop over max_depth range
• loop over 5 folds←
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Kfold CV – Test Accuracy rate

.
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EXAMPLE

Feature importance
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Classification Trees – Feature Importance

.
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Classification Trees – Feature Importance

.
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Classification Trees – Feature Importance Comparison

.

Holdout CV        k-Fold CV


