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Outline

• Decision Tree Representations
– ID3 learning algorithms (Quinlan 1986)

• Entropy, Information Gain
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Training Data Example: Goal is to Predict 
When This Player Will Play Tennis?
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Choosing the Best Attribute
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- Many different frameworks for choosing BEST have 
been proposed! 
- We will look at Entropy Gain.

Number +
and – examples
before and after 

a split.

A1 and A2 are “attributes” (i.e. features or inputs).



Entropy
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• Entropy is a concept used in decision tree algorithms to measure the 
impurity or randomness of a set of examples within a specific class.

 
• In the context of decision trees, entropy is commonly used to determine 

the best attribute to split the data on at each node.
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Information Gain

Decision Trees 10



Decision Trees 11
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Example
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Attribute: Outlook
Values (Outlook) = Sunny, Overcast, Rain

S = [+9, -5]                          Entropy(S) = −  914 푙��2
9
14    −  

5
14 푙��2

5
14 = 0.94

������ = [+2, -3]             Entropy(������) = −  25 푙��2
2
5    −  

3
5 푙��2

3
5 = 0.971

��������� = [+4, 0]        Entropy(���������) = − 44 푙��2
4
4    −  

0
4 푙��2

0
4 = 0

����� = [+3, -2]                Entropy(�����) = −  35 푙��2
3
5    −  

2
5 푙��2

2
5 = 0.971

Gain(S, Outlook)  = Entropy(S) −  �∈(푠푢��所,��푒��푎푠, �푎��)
|��|
|푠|  Entropy(푠�)

Gain(S, Outlook) = 

= Entropy(S) -  514퐸�푡��푝所(������) - 
4
14퐸�푡��푝所(���������)- 

5
14퐸�푡��푝所(�����)

Gain(S, Outlook) = 0.94 - 514*0.971 - 414   ∗ 0 - 
5
14 * 0.971 = 0.2464
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Attribute: Temperature
Values (Temperature) = Hot, Mild, Cool

S = [+9, -5]                          Entropy(S) = −  914 푙��2
9
14    −  

5
14 푙��2

5
14 = 0.94

���� = [+2, -2]                 Entropy(����) = −  24 푙��2
2
4    −  

2
4 푙��2

2
4 = 1.0

����� = [+4, -2]               Entropy(�����) = − 46 푙��2
4
6    −  

2
6 푙��2

2
6 = 0.9183

����� = [+3, -1]               Entropy(�����) = − 34 푙��2
3
4    −  

1
4 푙��2

1
4 = 0.8113

Gain(S, Temperature)  = Entropy(S) - �∈(퐻�푡,푀�푙�,퐶��푙)
|��|
|푠|  Entropy(푠�)

Gain(S, Temperature) = 

= Entropy(S) -  414퐸�푡��푝所(����) - 
6
14퐸�푡��푝所(�����)- 

4
14퐸�푡��푝所(�����)

Gain(S, Temperature) = 0.94 - 414*1.0 - 614   ∗ 0.9183 - 
4
14 * 0.8113 = 0.0289
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Attribute: Humidity
Values (Humidity) = High, Normal

Similarly ……

Gain(S, Humidity) = 0.94 - 714*0.9852 - 714   ∗ 0.5916  = 0.1516

Attribute: Wind
Values (Wind) = Strong, Weak

Similarly ……

Gain(S, Wind) = 0.94 - 614*1.0 - 814   ∗ 0.8113  = 0.0478
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Gain(S, Outlook) = 0.2464

Gain(S, Temperature) 0.0289

Gain(S, Humidity) = 0.1516

Gain(S, Wind) = 0.0478

Outlook has the maximum Gain. 
Thus, it should be the root node in the tree.  
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Selecting the Next Attribute
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Day Temperature Humidity Wind Play 
Tennis

D1 Hot High Weak No
D2 Hot High Strong No
D8 Mild High Weak No
D9 Cool Normal Weak Yes
D1
1

Mild Normal Strong Yes

Attribute: Temperature
Values (Temperature) = Hot, Mild, Cool

Ssunny = [+2, -3]                         Entropy(S) = − 25 푙��2
2
5    −  

3
5 푙��2

3
5 = 0.97

���� = [0, -2]                           Entropy(����) = −  02 푙��2
0
2    −  

2
2 푙��2

2
2 = 0

����� = [+1, -1]                      Entropy(�����) = − 12 푙��2
1
2    −  

1
2 푙��2

1
2 = 1

����� = [+1, 0]                        Entropy(�����) = 0

Gain(Ssunny , Temperature)  = Entropy(S) −  �∈(퐻�푡,푀�푙�,퐶��푙)
|��|
|푠|  Entropy(푠�)

Gain(Ssunny , Temperature) = 

= Entropy(S) -  25퐸�푡��푝所(����) - 
2
5퐸�푡��푝所(�����)- 

1
5퐸�푡��푝所(�����)

Gain(Ssunny , Temperature) = 0.97 - 25*0.0 - 25   ∗ 1 - 
1
5 * 0.0 = 0.570



22

Day Temperature Humidity Wind Play 
Tennis

D1 Hot High Weak No
D2 Hot High Strong No
D8 Mild High Weak No
D9 Cool Normal Weak Yes
D11 Mild Normal Strong Yes

Attribute: Humidity
Values (Humidity) = High, Normal

Ssunny = [+2, -3]                       Entropy(S) = − 25 푙��2
2
5    −  

3
5 푙��2

3
5 = 0.97

����ℎ = [0, -3]                        Entropy(����ℎ) = 0

������� = [+2, -0]                Entropy(�����) = 0

Gain(Ssunny , Humidity)  = Entropy(S) −  �∈(퐻��ℎ,  푁���푎푙)
|��|
|푠|  Entropy(푠�)

Gain(Ssunny , Humidity) = 

= Entropy(S) −  35퐸�푡��푝所(����ℎ) − 25퐸�푡��푝所(�������)

Gain(Ssunny , Humidity) = 0.97 − 35*0.0 −  25 * 0.0 = 0.97
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Day Temperature Humidity Wind Play 
Tennis

D1 Hot High Weak No
D2 Hot High Strong No
D8 Mild High Weak No
D9 Cool Normal Weak Yes
D11 Mild Normal Strong Yes

Attribute: Wind
Values (Wind) = Strong, Weak

Ssunny = [+2, -3]             Entropy(S) = - 25 푙��2
2
5    −  

3
5 푙��2

3
5 = 0.97

������� = [+1, -1]       Entropy(�������) = 1.0

����� = [+1, -2]          Entropy(�����) = −  13 푙��2
1
3    −  

2
3 푙��2

2
3 = 0.9183

Gain(Ssunny , Wind)  = Entropy(S) - �∈(�푡����, 푊푒푎�)
|��|
|푠|  Entropy(푠�)

Gain(Ssunny , Wind) = Entropy(S) -  25퐸�푡��푝所(�������) - 
3
5퐸�푡��푝所(�����)

Gain(Ssunny , Wind) = 0.97 - 25*1.0 - 35 * 0.918 = 0.0192
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Day Temperature Humidity Wind Play 
Tennis

D1 Hot High Weak No
D2 Hot High Strong No
D8 Mild High Weak No
D9 Cool Normal Weak Yes
D11 Mild Normal Strong Yes

Gain(Ssunny , Temperature) = 0.570

Gain(Ssunny , Humidity) = 0.97

Gain(Ssunny , Wind) = 0.0192
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Day Temperature Humidity Wind Play 
Tennis

D4 Mild High Weak Yes
D5 Cool Normal Weak Yes
D6 Cool Normal Strong No
D10 Mild Normal Weak Yes
D14 Mild High Strong No



26

Day Temperature Humidity Wind Play 
Tennis

D4 Mild High Weak Yes
D5 Cool Normal Weak Yes
D6 Cool Normal Strong No
D10 Mild Normal Weak Yes
D14 Mild High Strong No

Attribute: Temperature
Values (Temperature) = Hot, Mild, Cool

SRain = [+3, -2]                  Entropy(S) = − 35 푙��2
3
5    −  

2
5 푙��2

2
5 = 0.97

���� = [+0, -0]                Entropy(����) = 0

�����= [+2, -1]               Entropy(�����) =− 23 푙��2
2
3    −  

1
3 푙��2

1
3 = 0.9183

����� = [+1, -1]               Entropy(�����) = 1.0

Gain(SRain , Temperature)  = Entropy(S) - �∈(퐻�푡, 푀�푙�, 퐶��푙)
|��|
|푠|  Entropy(푠�)

Gain(SRain, Temperature) =

=  Entropy(S) -  05퐸�푡��푝所(����) - 
3
5퐸�푡��푝所(�����) - 

3
5퐸�푡��푝所(�����)

Gain(SRain , Temperature) = 0.97 - 05*0.0 - 35 * 0.918 - 35 * 1.0  = 0.0192
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Day Temperature Humidity Wind Play 
Tennis

D4 Mild High Weak Yes
D5 Cool Normal Weak Yes
D6 Cool Normal Strong No
D10 Mild Normal Weak Yes
D14 Mild High Strong No

Attribute: Humidity
Values (Humidity) = High, Normal

SRain = [+3, -2]             Entropy(S) = − 35 푙��2
3
5    −  

2
5 푙��2

2
5 = 0.97

����ℎ = [+1, -1]         Entropy(����ℎ) = 1.0

�������= [+2, -1]     Entropy(�����) =− 23 푙��2
2
3    −  

1
3 푙��2

1
3 = 0.9183

Gain(SRain , Humidity)  = Entropy(S) - �∈(퐻��ℎ,   푁���푎푙)
|��|
|푠|  Entropy(푠�)

Gain(SRain , Humidity) = Entropy(S) -  25퐸�푡��푝所(����ℎ) - 
2
5퐸�푡��푝所(�������) 

Gain(SRain , Humidity) = 0.97 - 25*1.0 - 25 * 0.918  = 0.0192
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Day Temperature Humidity Wind Play 
Tennis

D4 Mild High Weak Yes
D5 Cool Normal Weak Yes
D6 Cool Normal Strong No
D10 Mild Normal Weak Yes
D14 Mild High Strong No

Attribute: Wind
Values (Wind) = Weak, Strong

SRain = [+3, -2]                          Entropy(S) = − 35 푙��2
3
5    −  

2
5 푙��2

2
5 = 0.97

����� = [+3, -0]                     Entropy(�����) = 0.0

�������= [+0, -2]                   Entropy(�������) = 0.0

Gain(SRain , Wind)  = Entropy(S) - �∈(푊푒푎�,   �푡����)
|��|
|푠|  Entropy(푠�)

Gain(SRain , Wind) = Entropy(S) -  35퐸�푡��푝所(�����) - 
2
5퐸�푡��푝所(�������) 

Gain(SRain , Wind) = 0.97 - 35*0.0 - 25 * 0.0  = 0.97
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Day Temperature Humidity Wind Play 
Tennis

D4 Mild High Weak Yes
D5 Cool Normal Weak Yes
D6 Cool Normal Strong No
D10 Mild Normal Weak Yes
D14 Mild High Strong No

Gain(SRain , Temperature) = 0.0192

Gain(SRain , Humidity) = 0.0192

Gain(SRain , Wind) = 0.97
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Day Temperature Humidity Wind Play 
Tennis

D4 Mild High Weak Yes
D5 Cool Normal Weak Yes
D6 Cool Normal Strong No
D10 Mild Normal Weak Yes

D14 Mild High Strong No



Homework
• Which feature will be at the root node of the decision 

tree trained for the following data? In other words 
which attribute makes a person most attractive?
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Height Hair Eyes Attractive?
small blonde brown No
tall dark brown No
tall blonde blue Yes
tall dark Blue No
small dark Blue No
tall red Blue Yes
tall blonde brown No
small blonde blue Yes
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