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Central Tendency 

𝒎𝒆𝒂𝒏 =
∑ 𝑥

𝑛
=  

𝑆𝑢𝑚 𝑜𝑓 𝑎𝑙𝑙 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛𝑠

𝑇𝑜𝑡𝑎𝑡 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛𝑠
 

𝒔𝒂𝒎𝒑𝒍𝒆 𝒎𝒆𝒂𝒏 = 𝒙̅ =
∑ 𝑥

𝑛
=  

𝑆𝑢𝑚 𝑜𝑓 𝑎𝑙𝑙 𝑠𝑎𝑚𝑝𝑙𝑒𝑠 

𝑇𝑜𝑡𝑎𝑡 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒𝑠
 

𝒑𝒐𝒑𝒖𝒍𝒂𝒕𝒊𝒐𝒏 𝒎𝒆𝒂𝒏 =  𝝁 =
∑ 𝑋

𝑁
=  

𝑆𝑢𝑚 𝑜𝑓 𝑎𝑙𝑙 𝑣𝑎𝑙𝑢𝑒𝑠 𝑤𝑖𝑡ℎ𝑖𝑛 𝑡ℎ𝑒 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝑠

𝑇𝑜𝑡𝑎𝑡 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑣𝑎𝑙𝑢𝑒𝑠 𝑤𝑖𝑡ℎ𝑖𝑛 𝑡ℎ𝑒 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛
 

𝑴𝒆𝒅𝒊𝒂𝒏 = 𝑴𝒊𝒅𝒅𝒍𝒆 𝑽𝒂𝒍𝒖𝒆 =  𝟏𝟖𝟓𝑲, 𝟏𝟗𝟕𝑲, 𝟐𝟑𝟎𝑲, 𝟐𝟓𝟐𝑲, 𝟏. 𝟒𝑴 

𝑴𝒆𝒅𝒊𝒂𝒏 𝒐𝒇 𝑬𝒗𝒆𝒏 𝑵𝒖𝒎𝒃𝒆𝒓𝒔 =  𝟖𝟓𝑲, 𝟏𝟗𝟕𝑲, 𝟐𝟑𝟎𝑲, 𝟐𝟓𝟐𝑲 

𝑴𝒆𝒅𝒊𝒂𝒏 = 𝑴 = 𝑴𝒆𝒂𝒏 𝒐𝒇 𝟏𝟗𝟕𝑲 & 230𝑲 =
∑ 𝒙

𝒏
=  

𝟏𝟗𝟕𝑲 + 𝟐𝟑𝟎𝑲

𝟐
=

𝟒𝟐𝟕𝑲

𝟐
=   𝟐𝟏𝟑. 𝟓𝑲 

Mode  is defined as the most frequently occurring value in a data set. 

 

 

Variance 

𝑆𝑎𝑚𝑝𝑙𝑒 𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒 = 𝑠2 =  
∑(𝑥 − 𝑥̅)2

𝑛 − 1
=  

∑ 𝑥2 − 
(∑ 𝑥)

𝑛

2

𝑛 − 1
 

𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒 = 𝜎2 =  
∑(𝑥 − 𝜇̅)2

𝑁
 

𝑆𝑎𝑚𝑝𝑙𝑒 𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛:   𝑠 =  √
∑(𝑥𝑖 − 𝑥̅)2

𝑛 − 1
 

𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛:   𝑠 =  √
∑(𝑥 − 𝜇̅)2

𝑁
 

 

 

𝑅𝑎𝑛𝑔𝑒 = 𝑅 = 𝑀𝑎𝑥(𝑥) −  𝑀𝑖𝑛(𝑥) 
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Probability 
𝑇ℎ𝑒 𝑷𝒓𝒐𝒃𝒂𝒃𝒊𝒍𝒊𝒕𝒚 𝒐𝒇 𝑨 𝒐𝒓 𝑩 = 𝑃(𝐴 𝑈 𝐵) = 𝑃(𝐴) +  𝑃(𝐵) −  𝑃(𝐴 ∩ 𝐵) 

 

The Intersection of A & B  = A and  B = P(A ∩ B)  

 

𝑇ℎ𝑒 𝑷𝒓𝒐𝒃𝒂𝒃𝒊𝒍𝒊𝒕𝒚 𝒐𝒇 𝑨° = 𝑃(𝐴°) = 1 − 𝑃(𝐴)  

 

𝐹𝑜𝑟 𝑀𝑢𝑡𝑢𝑎𝑙𝑙𝑦 𝐸𝑥𝑐𝑙𝑢𝑠𝑖𝑣𝑒 𝐸𝑣𝑒𝑛𝑡𝑠:   𝑃(𝐴 ∩ 𝐵) = 0 

 

𝑷𝒓𝒐𝒃𝒂𝒃𝒊𝒍𝒊𝒚 𝒐𝒇 𝑨 𝒈𝒊𝒗𝒆𝒏 𝑩 = 𝑃(𝐴 |𝐵) =
𝑃(𝐴 ∩ 𝐵)

𝑃(𝐵)
=

𝑇ℎ𝑒 𝐼𝑛𝑡𝑒𝑟𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝐴 & 𝐵

𝑇ℎ𝑒 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝐵
 

 

𝑭𝒐𝒓 𝑰𝒏𝒅𝒆𝒑𝒆𝒏𝒅𝒆𝒏𝒕 𝑬𝒗𝒆𝒏𝒕𝒔:    𝑃(𝐴 𝑎𝑛𝑑 𝐵) =  𝑃((𝐴 ∩ 𝐵) = 𝑃(𝐴) ∗ 𝑃(𝐵) 

 

𝑇ℎ𝑒 𝑼𝒏𝒊𝒐𝒏 𝑜𝑓 𝐴 & 𝐵 =  𝐴 𝑜𝑟 𝐵 = (𝐴 𝑈 𝐵) 

 

𝑇ℎ𝑒 𝑰𝒏𝒕𝒆𝒓𝒔𝒆𝒄𝒕𝒊𝒐𝒏 𝑜𝑓 𝐴 𝑎𝑛𝑑 𝐵 =  𝐴 & 𝐵 = (𝐴 ∩ 𝐵) 

 

𝑇ℎ𝑒 𝑴𝒖𝒍𝒕𝒊𝒑𝒍𝒊𝒄𝒂𝒕𝒊𝒐𝒏 𝑅𝑢𝑙𝑒 𝑓𝑜𝑟 𝐷𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝐸𝑣𝑒𝑛𝑡𝑠:    𝑃(𝐴 𝑎𝑛𝑑 𝐵) =  𝑃(𝐴 ∩ 𝐵) = 𝑃(𝐴|𝐵) ∗ 𝑃(𝐵) 

 

𝑇ℎ𝑒 𝑨𝒅𝒅𝒊𝒕𝒊𝒐𝒏 𝑅𝑢𝑙𝑒 𝑓𝑜𝑟 𝑇𝑤𝑜 𝐸𝑣𝑒𝑛𝑡𝑠 = 𝑃(𝐴 𝑈 𝐵) = 𝑃(𝐴) +  𝑃(𝐵) −  𝑃(𝐴 ∩ 𝐵) 

 

𝐹𝑜𝑟 𝑀𝑢𝑡𝑢𝑎𝑙𝑙𝑦 𝐸𝑥𝑐𝑙𝑢𝑠𝑖𝑣𝑒 𝐸𝑣𝑒𝑛𝑡𝑠:   𝑃(𝐴 ∩ 𝐵) = 0 

 

𝑇ℎ𝑒 𝑨𝒅𝒅𝒊𝒕𝒊𝒐𝒏 𝑅𝑢𝑙𝑒 𝑓𝑜𝑟 𝑀𝑢𝑡𝑢𝑎𝑙𝑙𝑦 𝐸𝑥𝑐𝑙𝑢𝑖𝑣𝑒 𝐸𝑣𝑒𝑛𝑡𝑠 = 𝑃(𝐴 𝑈 𝐵) = 𝑃(𝐴) +  𝑃(𝐵) 
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Probability Distributions 

𝑵𝒐𝒓𝒎𝒂𝒍 𝐷𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑍 𝑇𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛: 𝑍 =
𝑋 −  𝜇

𝜎
 

𝑼𝒏𝒊𝒇𝒐𝒓𝒎 𝐷𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑀𝑒𝑎𝑛 𝑉𝑎𝑙𝑢𝑒: 𝜇 =  
𝑎 + 𝑏

2
 

𝑬𝒙𝒑𝒐𝒏𝒆𝒏𝒕𝒊𝒂𝒍 𝐷𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦: 𝑃(𝑋 = 𝑥):  𝑓(𝑥) = 𝑥𝑒−𝜆𝑥 

𝐸𝑥𝑝𝑜𝑛𝑒𝑛𝑡𝑖𝑎𝑙 𝐷𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝐶𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑣𝑒 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦: 𝑃(𝑋 > 𝑥):  𝑓(𝑥) = 𝑒−𝜆𝑥 

𝐸𝑥𝑝𝑜𝑛𝑒𝑛𝑡𝑖𝑎𝑙 𝐷𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝐶𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑣𝑒 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦: 𝑃(𝑋 < 𝑥):   𝐹(𝑥) = 1 − 𝑒−𝜆𝑥 

𝐸𝑥𝑝𝑜𝑛𝑒𝑛𝑡𝑖𝑎𝑙 𝐷𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑀𝑒𝑎𝑛 𝑉𝑎𝑙𝑢𝑒 =  𝜃 =  
1

𝜆
    𝑤ℎ𝑒𝑟𝑒      𝜆 = 𝑂𝑐𝑐𝑢𝑟𝑟𝑒𝑛𝑐𝑒 𝑅𝑎𝑡𝑒  

𝑾𝒆𝒊𝒃𝒖𝒍𝒍 𝐷𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑅𝑒𝑙𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦:     𝑅(𝑡)  = 𝑒
−(

𝑡
𝜃

)
𝛽

 

𝑺𝒕𝒖𝒅𝒆𝒏𝒕 𝑻 𝐷𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛: 𝑡 =
𝑥̅ −  𝜇
𝑠

√𝑛⁄
 

𝑭 𝑫𝒊𝒔𝒕𝒓𝒊𝒃𝒖𝒕𝒊𝒐𝒏: 𝐹 =  
(𝑆1)2

(𝑆2)2
 

Binomial Distribution: Mean (Expected Value):  μ = n*p 

Binomial Distribution: Standard Deviation: 𝜎 =  √𝑛 ∗ 𝑝(1 − 𝑝) 

𝐵𝑖𝑛𝑜𝑚𝑖𝑎𝑙 𝐷𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦: 𝑃(𝑋 = 𝑥) =  (
𝑛

𝑥
) 𝑝𝑥(1 − 𝑝)𝑛−𝑥 

𝑤ℎ𝑒𝑟𝑒 (
𝑛

𝑥
) =

𝑛!

𝑥! (𝑛 − 𝑥)!
 

 

Poisson Distribution: Mean (Expected Value):  μ = λ 

Poisson Distribution: Standard Deviation: 𝜎 =  √𝜆 

𝑃𝑜𝑖𝑠𝑠𝑜𝑛 𝐷𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦: 𝑓(𝑥) = 𝑃(𝑋 = 𝑥) =  
𝑒−𝜆 ∗ 𝜆𝑥

𝑥!
 

𝑯𝒚𝒑𝒆𝒓𝒈𝒆𝒐𝒎𝒆𝒕𝒓𝒊𝒄 𝐷𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑏𝑖𝑙𝑖𝑡𝑦: 𝑓(𝑥) =
(𝐴

𝑥
) ∗ (𝑁−𝐴

𝑛−𝑥
)

(𝑁
𝑛

)
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Point Estimates & Confidence Intervals 

𝐼𝑛𝑡𝑒𝑟𝑣𝑎𝑙 𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒 𝑜𝑓 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑀𝑒𝑎𝑛 (𝑘𝑛𝑜𝑤𝑛 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒)  ∶ 𝑥̅  ± 𝑍𝛼
2

∗
𝜎

√𝑛
 

𝐼𝑛𝑡𝑒𝑟𝑣𝑎𝑙 𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒 𝑜𝑓 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑀𝑒𝑎𝑛 (𝑢𝑛𝑘𝑛𝑜𝑤𝑛 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒) ∶  𝑥̅  ± 𝑡𝛼
2

∗
𝑠

√𝑛
 

 

 

𝐶𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒 𝐼𝑛𝑡𝑒𝑟𝑣𝑎𝑙 𝑓𝑜𝑟 𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒:      
(𝑛 − 1)𝑠2

𝛸1−𝛼
2⁄

2 <  𝜎2 <  
(𝑛 − 1)𝑠2

𝛸𝛼
2⁄

2  

𝐶𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒 𝐼𝑛𝑡𝑒𝑟𝑣𝑎𝑙 𝑓𝑜𝑟 𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛:      √
(𝑛 − 1)𝑠2

𝛸1−𝛼
2⁄

2 <  𝜎 <  √
(𝑛 − 1)𝑠2

𝛸𝛼
2⁄

2  

𝐶𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒 𝐼𝑛𝑡𝑒𝑟𝑣𝑎𝑙 (𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛): 𝑝 ± 𝑍𝛼
2

√
𝑝 ∗ (1 − 𝑝)

𝑛
 

 

 

𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑚𝑒𝑎𝑛: 𝑉(𝑥̅) =  
𝜎2

𝑛
 

𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐸𝑟𝑟𝑜𝑟 𝑜𝑓 𝑇ℎ𝑒 𝑆𝑎𝑚𝑝𝑙𝑒 𝑀𝑒𝑎𝑛: 𝑆. 𝐸. =  √
𝜎2

𝑛
=  

𝜎

√𝑛
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Hypothesis Testing 
 

𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑀𝑒𝑎𝑛:  𝑧 =  
𝑥̅ −  𝜇

𝜎

√𝑛

    

 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑀𝑒𝑎𝑛:  𝑡 − 𝑠𝑡𝑎𝑡𝑖𝑠𝑡𝑖𝑐 =  
𝑥̅ −  𝜇

𝑠

√𝑛

    

𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒 −  𝐶ℎ𝑖 𝑆𝑞𝑢𝑎𝑟𝑒𝑑 𝑇𝑒𝑠𝑡 𝑆𝑡𝑎𝑡𝑖𝑠𝑡𝑖𝑐: 𝛸2 =  
(𝑁 − 1)𝑠2

𝜎2
 

𝑇𝑤𝑜 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒𝑠 −  𝐹 − 𝑇𝑒𝑠𝑡 𝑆𝑡𝑎𝑡𝑖𝑠𝑡𝑖𝑐: 𝐹 =  
𝑠1

2

𝑠2
2 

𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛: 𝑍𝑂 =  
𝑝̂ − 𝑝𝑂

√𝑝𝑂(1 − 𝑝𝑂)
𝑛

 

Type I & II Error in Hypothesis Testing 

 

The Truth 

H0 is True H0 is False 

The 
Outcome 

of the 
Hypothesis 

Test 

Fail to Reject H0 Correct Decision 
INCORRECT DECISION 

(Type II Error) 
Beta (β) Risk 

Reject H0 
INCORRECT DECISION 

(Type I Error) 
Alpha (α) risk 

Correct Decision 
Power (1 - β) 

 

Goodness of Fit Testing 
H0: Sample Data Fits a Specific Distribution 

Ha: Sample Data Does Not Fit that Specific Distribution 

𝑋2 = ∑
(𝑂𝑖 − 𝐸𝑖)2

𝐸𝑖

𝑖=𝑘

𝑖

 

Oi = Observed Value from the Sample Data 

Ei = Expected Value from the Population Distribution 
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ANOVA 

 

𝑇𝑜𝑡𝑎𝑙 𝑆𝑢𝑚 𝑜𝑓 𝑆𝑞𝑢𝑎𝑟𝑒𝑠: 𝑆𝑆𝑡𝑜𝑡𝑎𝑙 =  ∑(𝑋𝑖 − 𝐺𝑀)2 

𝑆𝑢𝑚 𝑜𝑓 𝑆𝑞𝑢𝑎𝑟𝑒𝑠 𝑜𝑓 𝑡ℎ𝑒 𝐸𝑟𝑟𝑜𝑟: 𝑆𝑆𝑒 =  ∑(𝑋𝑖 − 𝑋̅)2 

𝑆𝑢𝑚 𝑜𝑓 𝑆𝑞𝑢𝑎𝑟𝑒𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 =  𝑆𝑆𝑡 =  ∑  𝑛(𝑋̅𝑖 − 𝐺𝑀)2 

𝑆𝑆𝑇𝑜𝑡𝑎𝑙 = 𝑆𝑆𝑒 + 𝑆𝑆𝑇 

 

Total Degrees of Freedom = DFtotal = DFerror + DFtreatment 

DFtotal = N - 1 

DFtreatment = a - 1 

DFerror = (N-1) - (a-1) = a(n-1) 

 

𝑀𝑒𝑎𝑛 𝑆𝑞𝑢𝑎𝑟𝑒 𝑜𝑓 𝑡ℎ𝑒 𝐸𝑟𝑟𝑜𝑟 =  
𝑆𝑢𝑚 𝑜𝑓 𝑆𝑞𝑢𝑎𝑟𝑒𝑠 𝑜𝑓 𝑡ℎ𝑒 𝐸𝑟𝑟𝑜𝑟 (𝑆𝑆𝑒)

𝐷𝑒𝑔𝑟𝑒𝑒𝑠 𝑜𝑓 𝐹𝑟𝑒𝑒𝑑𝑜𝑚 𝑜𝑓 𝑡ℎ𝑒 𝐸𝑟𝑟𝑜𝑟(𝐷𝐹𝑒𝑟𝑟𝑜𝑟)
 

𝑀𝑒𝑎𝑛 𝑆𝑞𝑢𝑎𝑟𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 =  
𝑆𝑢𝑚 𝑜𝑓 𝑆𝑞𝑢𝑎𝑟𝑒𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡(𝑆𝑆𝑡)

𝐷𝑒𝑔𝑟𝑒𝑒𝑠 𝑜𝑓 𝐹𝑟𝑒𝑒𝑑𝑜𝑚 𝑜𝑓 𝑡ℎ𝑒 𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡(𝐷𝐹𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡)
 

 

𝐹 − 𝑠𝑡𝑎𝑡𝑖𝑠𝑡𝑖𝑐 =  
𝑀𝑆𝑇

𝑀𝑆𝐸
=

𝑀𝑒𝑎𝑛 𝑆𝑞𝑢𝑎𝑟𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡

𝑀𝑒𝑎𝑛 𝑆𝑞𝑢𝑎𝑟𝑒 𝑜𝑓 𝑡ℎ𝑒 𝐸𝑟𝑟𝑜𝑟
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Contingency Tables 
A contingency table is used to determine if the two factors being studied are statistically independent 

of each other, or if they share some level of dependence.   

The contingency table uses the chi-squared distribution (X2) and statistic to accept/reject our null 

hypothesis. 

This chi-squared statistics is calculated as a comparison of the observed values of your data against their 

expected values. 

𝑿𝟐 = ∑
(𝑶𝒊 − 𝑬𝒊)𝟐

𝑬𝒊

𝒊=𝒌

𝒊

 

Where 

Oi = Observed Value from the sample data 

Ei = Expected Value based on the assumption that the two factors are independent 

The Observed values are the data you collect during your sampling. 

The expected values can be calculated by multiplying the Row total by the Column total, and dividing by 

the grand total. 

𝑬𝒊𝒋 =
𝑹𝒐𝒘𝒕𝒐𝒕𝒂𝒍 ∗ 𝑪𝒐𝒍𝒖𝒎𝒏𝒕𝒐𝒕𝒂𝒍

𝑮𝒓𝒂𝒏𝒅 𝑻𝒐𝒕𝒂𝒍
=

𝑹 ∗ 𝑪

𝑵
 

To complete the hypothesis test, we must combine our alpha risk with our degrees of freedom to 

determine the critical chi-squared value that will establish our rejection criteria for the hypothesis test. 

The degrees of freedom for a contingency table is calculated as such: 

𝒅𝒇𝒄𝒐𝒏𝒕𝒊𝒏𝒈𝒆𝒏𝒄𝒚 = (𝒓 − 𝟏)(𝒄 − 𝟏) 
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Relationship Between Variables 
𝑺𝒊𝒎𝒑𝒍𝒆 𝑳𝒊𝒏𝒆𝒂𝒓 𝑹𝒆𝒈𝒓𝒆𝒔𝒔𝒊𝒐𝒏 𝑴𝒐𝒅𝒆𝒍 ∶ 𝒚 =  𝜷𝟏𝒙 + 𝜷𝟎  

 

 

𝑺𝑺𝑬 = 𝑺𝒖𝒎 𝒐𝒇 𝑺𝒒𝒖𝒂𝒓𝒆𝒔 𝒐𝒇 𝒕𝒉𝒆 𝑬𝒓𝒓𝒐𝒓 = ∑ 𝜺𝒓𝒓𝒐𝒓𝟐 =  ∑(𝒚 − 𝒚̂)𝟐 = 𝑺𝒚𝒚 − 𝜷𝟏𝑺𝒙𝒚 

𝑺𝒚𝒚 =  ∑ 𝒀𝒊
𝟐 −  

(∑ 𝒀𝒊)
𝟐

𝒏
 

𝑺𝒂𝒎𝒑𝒍𝒆 𝑽𝒂𝒓𝒊𝒂𝒏𝒄𝒆 𝒐𝒇 𝒕𝒉𝒆 𝑬𝒓𝒓𝒐𝒓: 𝒔𝒆
𝟐 =  

𝑺𝑺𝑬

𝒏−𝟐
  

The null hypothesis associated with linear regression is that the β1 coefficient, for the slope of the line, 

is zero. The alternative hypothesis is that your slope is not equal to zero, thus proving a linear 

relationship between the two variables.  

H0: β1 = 0    & HA: β1 ≠ 0 

𝑡 =  
𝛽̂1 − 𝛽1

𝑆𝑒

√𝑆𝑥𝑥
⁄

                 𝑊ℎ𝑒𝑟𝑒  𝑡ℎ𝑒 𝑑𝑒𝑔𝑟𝑒𝑒𝑠 𝑜𝑓 𝐹𝑟𝑒𝑒𝑑𝑜𝑚 𝑑. 𝑓. = 𝑛 − 2 

The Pearson Correlation Coefficient, r, measures the strength of the linear relationship between two 

variables which means that a change in one variables (the independent variable) also implies a change in 

the other (dependent variable).   

𝑟𝑥𝑦 =  
𝑆𝑥𝑦

√𝑆𝑥𝑥 ∗ √𝑆𝑦𝑦

 

The coefficient of determination, R2, reflects the proportion of the total variability in the Y variable that 

can be explained by the regression line, and thus it also reflects your models adequacy for a particular 

sample of data. 

𝐂𝐨𝐞𝐟𝐟𝐢𝐜𝐢𝐞𝐧𝐭 𝐨𝐟 𝐃𝐞𝐭𝐞𝐫𝐦𝐢𝐧𝐚𝐭𝐢𝐨𝐧 (𝐑𝟐) = 𝐫𝟐 
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Process and Performance Capability 

𝑃𝑟𝑜𝑐𝑒𝑠𝑠 𝐶𝑎𝑝𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝐴𝑛𝑎𝑙𝑦𝑠𝑖𝑠 =  
𝑃𝑟𝑜𝑐𝑒𝑠𝑠 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛

𝑃𝑟𝑜𝑐𝑒𝑠𝑠 𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒
 

 

𝐶𝑝 =  
𝑈𝑆𝐿 − 𝐿𝑆𝐿

6𝜎
 

 

𝐶𝑝𝑘 = 𝑀𝑖𝑛(𝐶𝑝,𝐿𝑜𝑤𝑒𝑟, 𝐶𝑝,𝑈𝑝𝑝𝑒𝑟) = 𝑀𝑖𝑛 (
𝑈𝑆𝐿 − 𝑥̃

3𝑠
,
𝑥̃ − 𝐿𝑆𝐿

3𝑠
)  

 

𝐶𝑝𝑚 =  
𝐶𝑝

√1 +
(𝜇 − 𝑇)2

𝑠2

=  
𝑈𝑆𝐿 − 𝐿𝑆𝐿

6√𝑠2 + (𝑥̃ − 𝑇)2
 

 

𝐶𝑟 =  
1

𝐶𝑝
 

 

𝑃𝑝 =  
𝑈𝑆𝐿 − 𝐿𝑆𝐿

6𝒔𝒑𝒑

                                                     𝐶𝑝 =  
𝑈𝑆𝐿 − 𝐿𝑆𝐿

6𝒔𝒄𝒑

 

 

𝑃𝑝𝑘 = 𝑀𝑖𝑛 (
𝑈𝑆𝐿 − 𝑥̃

3𝒔𝒑𝒑

,
𝑥̃ − 𝐿𝑆𝐿

3𝒔𝒑𝒑

)                               𝐶𝑝𝑘 = 𝑀𝑖𝑛 (
𝑈𝑆𝐿 − 𝑥̃

3𝒔𝒄𝒑

,
𝑥̃ − 𝐿𝑆𝐿

3𝒔𝒄𝒑

)  
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Reliability 

Definitions 
Reliability is formally defined as the probability that a product will perform successfully under specified 

operating conditions for a given period of time. 

Maintainability is formally defined as the ability of an item to be retained or restored to specified 

conditions when maintenance action is performed by personnel having specified skill levels and using 

prescribed procedures and resources at each prescribed level of maintenance and repair.  

MTTF (Mean Time To Failure) - MTTF is the most common Reliability measurement for non-repairable 

units that represents exactly what it says it does, the mean time to product failure.  

MTBF (Mean Time Between Failure) - This Reliability Indices is similar to MTTF except it applies to 

repairable units and again represents the mean time between product failures. 

Failure Rate - This Reliability indices represents the rate at which your product fails. This can be thought 

of as the number of Failures per Unit of Time or number of Failures per Cycle.  

Availability - This important indices combines reliability & maintainability into one single indices to 

indicate the overall probability that your product or process equipment will be ready for use when 

you're ready to use it.  

Exponential Distribution Equations 

𝑷𝑫𝑭:  f(t) = λe−λt 

                𝑪𝑫𝑭:   𝐹(𝑡) = 1 − e−λt 

𝑹𝒆𝒍𝒊𝒂𝒃𝒊𝒍𝒊𝒕𝒚:    𝑅(𝑡) =  𝑒−𝜆𝑡 =  𝑒
−𝑡
𝜃  

𝑭𝒂𝒊𝒍𝒖𝒓𝒆 𝑹𝒂𝒕𝒆 =  𝜆 =
1

𝜃
 

𝝀 =  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐹𝑎𝑖𝑙𝑢𝑟𝑒𝑠

𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑇𝑖𝑚𝑒
 𝑜𝑟 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐹𝑎𝑖𝑙𝑢𝑟𝑒𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐶𝑦𝑐𝑙𝑒𝑠
 

 𝝀 =  
1

𝑀𝑇𝐵𝐹
    

𝑴𝑻𝑩𝑭 =  
1

𝐹𝑎𝑖𝑙𝑢𝑟𝑒 𝑅𝑎𝑡𝑒 (𝜆)
= 𝜃 

𝑴𝑻𝑻𝑹 =  
𝑇𝑜𝑡𝑎𝑙 𝑇𝑖𝑚𝑒 𝑆𝑝𝑒𝑛𝑡 𝑖𝑛 𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒

𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑖𝑒𝑠 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑒𝑑
= 𝑀𝑎𝑖𝑛𝑡𝑎𝑖𝑛𝑎𝑏𝑖𝑙𝑖𝑡𝑦 

𝑨𝒗𝒂𝒊𝒍𝒂𝒃𝒊𝒍𝒊𝒕𝒚 =  
𝑀𝑇𝐵𝐹

𝑀𝑇𝐵𝐹 + 𝑀𝑇𝑇𝑅
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Weibull Distribution Equations 

Weibull Distribution Equations 

𝑷𝑫𝑭:      𝒇(𝒕) =  
𝜷

𝜽
(

𝒕

𝜽
)

𝜷

𝒆−(
𝒕
𝜽

)
𝜷

 𝑹𝒆𝒍𝒊𝒂𝒃𝒊𝒍𝒊𝒕𝒚:     R(t)  = e−(
t
θ

)
β

 

𝑪𝑫𝑭:      𝐅(𝐭)  =  𝟏 −  𝐞−(
𝐭
𝛉

)
𝛃

 
𝑭𝒂𝒊𝒍𝒖𝒓𝒆 𝑹𝒂𝒕𝒆:      h(t)  =  

β

θ
(

t

θ
)

β−1

 

• β(Beta) - the Weibull Shape or Slope Parameter, and θ(Theta) - the Weibull Scale Parameter 

when β < 1, the weibull distribution represents a system with a decreasing failure rate like the early life 

failures on the bathtub curve. 

when β = 1, the weibull distribution is approximately equal to the exponential distribution and the 

failure rate is constant. 

when β > 1, the weibull distribution represents a system with an increasing failure rate like the end of 

life failures on the bathtub curve. 

when β = 3.5, this is another important beta value where the weibull distribution is approximately equal 

to the normal distribution and the failure rate is increasing. 

System Reliability (Series & Parallel) 
𝑺𝒆𝒓𝒊𝒆𝒔 𝑺𝒚𝒔𝒕𝒆𝒎 𝑹𝒆𝒍𝒊𝒂𝒃𝒊𝒍𝒊𝒕𝒚 = 𝑹𝒔𝒚𝒔𝒕𝒆𝒎 =  𝑹𝟏 × 𝑹𝟐 × 𝑹𝟑 × 𝑹𝟒 × … … 𝑹𝒏 

 

 

P𝒂𝒓𝒂𝒍𝒍𝒆𝒍 𝑺𝒚𝒔𝒕𝒆𝒎 𝑹𝒆𝒍𝒊𝒂𝒃𝒊𝒍𝒊𝒕𝒚 = 𝑹𝒔𝒚𝒔𝒕𝒆𝒎 =  𝟏 − (𝑼𝟏 × 𝑼𝟐 × 𝑼𝟑 × 𝑼𝟒 × … . . 𝑼𝒏) 

𝑾𝒉𝒆𝒓𝒆 𝑼𝟏 = 𝟏 − 𝑹𝟏 


