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Numerical Summaries of Data 

 
Elementary Probability 

  Discrete Random Variables

Binomial Distribution 

𝑃𝑃(𝑥𝑥) =  𝑛𝑛𝐶𝐶𝑥𝑥 ∙ 𝑝𝑝𝑥𝑥 ∙ 𝑞𝑞𝑛𝑛−𝑥𝑥,    where     n𝐶𝐶𝑥𝑥  = 𝑛𝑛!
𝑥𝑥!(𝑛𝑛−𝑥𝑥)!

 

Sample Mean Weighted Mean Population Mean 

𝑥̅𝑥 =
∑𝑥𝑥𝑖𝑖
𝑛𝑛

 𝑥̅𝑥𝑤𝑤 =
∑(𝑥𝑥𝑖𝑖 ∙ 𝑤𝑤𝑖𝑖)
∑𝑤𝑤𝑖𝑖

 𝜇𝜇 =
∑𝑥𝑥𝑖𝑖
𝑁𝑁

 

Sample Variance Population Variance 

𝑠𝑠2 =
∑(𝑥𝑥𝑖𝑖 − 𝑥̅𝑥)2

𝑛𝑛 − 1
=
∑𝑥𝑥2 − (∑𝑥𝑥)2

𝑛𝑛
𝑛𝑛 − 1

 𝜎𝜎2 =
∑(𝑥𝑥𝑖𝑖 − 𝜇𝜇)2

𝑁𝑁
=
∑𝑥𝑥2 − (∑𝑥𝑥)2

𝑁𝑁
𝑁𝑁

 

Sample Standard Deviation Population Standard Deviation 

𝑠𝑠 = �𝑠𝑠2 

= �∑(𝑥𝑥𝑖𝑖 − 𝑥̅𝑥)2

𝑛𝑛 − 1
= �∑𝑥𝑥

2 − (∑𝑥𝑥)2
𝑛𝑛

𝑛𝑛 − 1
 

𝜎𝜎 = �𝜎𝜎2 

= �∑(𝑥𝑥𝑖𝑖 − 𝜇𝜇)2

𝑁𝑁
= �∑𝑥𝑥

2 − (∑𝑥𝑥)2
𝑁𝑁

𝑁𝑁
 

Range Interquartile Range Lower Fence 
𝑚𝑚𝑚𝑚𝑚𝑚 −𝑚𝑚𝑚𝑚𝑚𝑚 𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑄𝑄3 − 𝑄𝑄1 𝑄𝑄1 − 1.5𝐼𝐼𝐼𝐼𝐼𝐼 

Five Number Summary Upper Fence 
𝑚𝑚𝑚𝑚𝑚𝑚,𝑄𝑄1,𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚,𝑄𝑄3,𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝑄𝑄3 + 1.5𝐼𝐼𝐼𝐼𝐼𝐼 

Probability of the Complement General Multiplication Rule 

𝑃𝑃(𝐴𝐴𝑐𝑐) = 1 − 𝑃𝑃(𝐴𝐴) 𝑃𝑃(𝐴𝐴 𝑎𝑎𝑎𝑎𝑎𝑎 𝐵𝐵) = 𝑃𝑃(𝐴𝐴) ∙ 𝑃𝑃(𝐵𝐵|𝐴𝐴) 

General Addition Rule Conditional Probability 

𝑃𝑃(𝐴𝐴 𝑜𝑜𝑜𝑜 𝐵𝐵) = 𝑃𝑃(𝐴𝐴) + 𝑃𝑃(𝐵𝐵) − 𝑃𝑃(𝐴𝐴 𝑎𝑎𝑎𝑎𝑎𝑎 𝐵𝐵) 𝑃𝑃(𝐵𝐵|𝐴𝐴) =
𝑃𝑃(𝐵𝐵 𝑎𝑎𝑎𝑎𝑎𝑎 𝐴𝐴)

𝑃𝑃(𝐴𝐴)
 

Expected Value (mean) Standard Deviation 

𝜇𝜇𝑥𝑥 = 𝐸𝐸(𝑥𝑥) = �𝑥𝑥𝑖𝑖𝑃𝑃(𝑥𝑥𝑖𝑖) 𝜎𝜎𝑥𝑥 = ��𝑥𝑥𝑖𝑖2𝑃𝑃(𝑥𝑥𝑖𝑖) − 𝜇𝜇2 
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The Normal Distribution 

 
Estimation (Confidence Intervals) 

 
ONE SAMPLE

Confidence Intervals for 𝝁𝝁 Confidence Intervals for p 

𝑥̅𝑥 ± 𝑡𝑡𝑐𝑐 ∙
𝑠𝑠
√𝑛𝑛

 

where 𝑑𝑑𝑑𝑑 = 𝑛𝑛 − 1 

𝑝̂𝑝  ± 𝑧𝑧𝑐𝑐�
𝑝̂𝑝(1− 𝑝̂𝑝)

𝑛𝑛
 

𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒  𝑝̂𝑝 =
𝑥𝑥
𝑛𝑛

 

 
TWO SAMPLES 

Confidence Intervals  
for 𝝁𝝁𝟏𝟏 − 𝝁𝝁𝟐𝟐 

Confidence Intervals  
for 𝒑𝒑𝟏𝟏 − 𝒑𝒑𝟐𝟐 

(𝑥̅𝑥1 − 𝑥̅𝑥2) ± 𝑡𝑡𝑐𝑐�
𝑠𝑠12

𝑛𝑛1
+
𝑠𝑠22

𝑛𝑛2
 

 
𝑑𝑑𝑑𝑑 = smaller of 
𝑛𝑛1 − 1 or 𝑛𝑛2 − 1 

(𝑝̂𝑝1 − 𝑝̂𝑝2)  ± 𝑧𝑧𝑐𝑐�
𝑝̂𝑝1(1 − 𝑝̂𝑝1)

𝑛𝑛1
+
𝑝̂𝑝2(1− 𝑝̂𝑝2)

𝑛𝑛2
 

 

where  𝑝̂𝑝 =
𝑥𝑥
𝑛𝑛

 

MINIMUM SAMPLE SIZE 

To estimate 𝝁𝝁  To estimate 𝝆𝝆  

𝑛𝑛 = �
𝑧𝑧𝑐𝑐 ∙ 𝜎𝜎
𝐸𝐸

�
2
 𝑛𝑛 = 𝑝̂𝑝(1 − 𝑝̂𝑝) �

𝑧𝑧𝑐𝑐
𝐸𝐸
�
2
 

Without an estimate for 𝑝𝑝, use 𝑝𝑝 =  0.5. 
 

 

 

Z – score Raw Score Z – score for Sample Mean 

𝑧𝑧 =
𝑥𝑥 − 𝜇𝜇
𝜎𝜎

 𝑥𝑥 = 𝑧𝑧𝑧𝑧 + 𝜇𝜇 𝑧𝑧 =
𝑥̅𝑥 − 𝜇𝜇
𝜎𝜎
√𝑛𝑛
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Hypothesis Testing 

 
ONE SAMPLE

Hypothesis Tests for 𝝁𝝁 Hypothesis Tests for p 

𝑡𝑡 =
𝑥̅𝑥 − 𝜇𝜇
𝑠𝑠
√𝑛𝑛

 

 
where 𝑑𝑑𝑑𝑑 = 𝑛𝑛 − 1 

𝑧𝑧 =
𝑝̂𝑝 − 𝑝𝑝

�𝑝𝑝(1 − 𝑝𝑝)
𝑛𝑛

 

 

𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒  𝑝̂𝑝 =
𝑥𝑥
𝑛𝑛

 
 
TWO SAMPLES 

Hypothesis Tests  
for 𝝁𝝁𝟏𝟏,𝝁𝝁𝟐𝟐 

Hypothesis Tests   
for 𝒑𝒑𝟏𝟏,𝒑𝒑𝟐𝟐 

𝑡𝑡 =
𝑥̅𝑥1 − 𝑥̅𝑥2

�𝑠𝑠1
2

𝑛𝑛1
+ 𝑠𝑠22
𝑛𝑛2

 

 
𝑑𝑑𝑑𝑑 = smaller of 
𝑛𝑛1 − 1 or 𝑛𝑛2 − 1 

𝑧𝑧 =
𝑝̂𝑝1 − 𝑝̂𝑝2

�𝑝̅𝑝(1 − 𝑝̅𝑝)� 1
𝑛𝑛1

+ 1
𝑛𝑛2

 

where 𝑝̅𝑝 =
𝑥𝑥1 + 𝑥𝑥2
𝑛𝑛1 + 𝑛𝑛2

,    𝑝̂𝑝 =
𝑥𝑥
𝑛𝑛

 

Regression 
 

 
 

Correlation coefficient Least-Squares Regression 

𝑟𝑟 =
∑�𝑥𝑥𝑖𝑖 − 𝑥̅𝑥

𝑠𝑠𝑥𝑥
� �𝑦𝑦𝑖𝑖 − 𝑦𝑦�

𝑠𝑠𝑦𝑦
�

𝑛𝑛 − 1
 

 
OR 

𝑟𝑟 =
𝑛𝑛∑𝑥𝑥𝑥𝑥 − (∑𝑥𝑥)(∑𝑦𝑦)

�𝑛𝑛∑𝑥𝑥2 − (∑𝑥𝑥)2�𝑛𝑛∑𝑦𝑦2 − (∑𝑦𝑦)2
 

 

𝑦𝑦� = 𝑎𝑎𝑎𝑎 + 𝑏𝑏 
 
where 

𝑎𝑎 = 𝑟𝑟 ∙
𝑠𝑠𝑦𝑦
𝑠𝑠𝑥𝑥

=
𝑛𝑛∑𝑥𝑥𝑥𝑥 − (∑𝑥𝑥)(∑𝑦𝑦)
𝑛𝑛∑𝑥𝑥2 − (∑𝑥𝑥)2  

 
𝑏𝑏 =  𝑦𝑦� − 𝑎𝑎𝑥̅𝑥 
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