
Midterm Exam formulas 

Formulas for basic calculations 

𝑥‾ =
∑𝑥𝑖

𝑛
=

𝑥1 + 𝑥2 + ⋯ + 𝑥𝑛

𝑛
 

𝑠2 =
∑(𝑥𝑖 − 𝑥‾)2

𝑛 − 1
=

(𝑥1 − 𝑥‾)2 + (𝑥2 − 𝑥‾)2 + ⋯ + (𝑥𝑛 − 𝑥‾)2

𝑛 − 1
 

𝑠 = √
∑(𝑥𝑖 − 𝑥‾)2

𝑛 − 1
= √𝑠2 

Empirical rule: 68%: 𝑥‾ ± 1𝑠,  95%: 𝑥‾ ± 2𝑠,  99.7%: 𝑥‾ ± 3𝑠 

Probability rules 

(1) Validity: 0 ≤ 𝑃(𝐴) ≤ 1 
(2) Total: ∑𝑃(𝐴𝑖) = 1 
(3) Complement: 𝑃(𝐴′) = 1 − 𝑃(𝐴) 
(4) Addition: 𝑃(𝐴 ∪ 𝐵) = 𝑃(𝐴) + 𝑃(𝐵) − 𝑃(𝐴 ∩ 𝐵) 
(5) Multiplication: 𝑃(𝐴 ∩ 𝐵) = 𝑃(𝐴)𝑃(𝐵) only if 𝐴 and 𝐵 are independent 

Generic probabilities 
𝐸(𝑋) = 𝜇 = ∑𝑥 ⋅ 𝑝(𝑥) = 𝑥1𝑝(𝑥1) + ⋯ + 𝑥𝑛𝑝(𝑥𝑛) 

𝑉(𝑋) = 𝜎2 = ∑(𝑥 − 𝐸𝑋)2 ⋅ 𝑝(𝑥) = (𝑥1 − 𝐸𝑋)2𝑝(𝑥1) + ⋯ + (𝑥𝑛 − 𝐸𝑋)2𝑝(𝑥𝑛) 

𝑆𝐷(𝑋) = 𝜎 = √𝑉(𝑋) 

Binomial distribution: 𝑋 ∼ 𝑏𝑖𝑛(𝑛, 𝑝) 

𝑃(𝑋 = 𝑥) = (
𝑛

𝑥
) 𝑝𝑥𝑞𝑛−𝑥 𝑤𝑖𝑡ℎ 𝑞 = 1 − 𝑝, (

𝑛

𝑥
) =

𝑛!

𝑥! (𝑛 − 𝑥)!
 , 𝐸𝑋 = 𝑛𝑝  𝑉𝑋 = 𝑛𝑝𝑞  𝑆𝐷𝑋 = √𝑛𝑝𝑞 

Poisson distribution: 𝑋 ∼ 𝑝𝑜𝑖𝑠(𝜇) 

𝑃(𝑋 = 𝑥) =
𝜇𝑥𝑒−𝜇

𝑥!
 𝐸𝑋 = 𝜇   𝑉𝑋 = 𝜇   𝑆𝐷𝑋 = √𝜇 

Normal distribution: 𝑋 ∼ 𝑁(𝜇, 𝜎) 

𝑧 =
𝑥 − 𝜇

𝜎
 

Central Limit Theorem for distributions of sample statistics 
Distribution of sample mean 

𝑋 ∼ 𝑁(𝜇, 𝑠𝑒) 𝑤𝑖𝑡ℎ 𝑠𝑒 =
𝜎

√𝑛
 ,  𝑧 =

𝑋 − 𝜇

𝑠𝑒
 

Distribution of sample proportion 

𝑝̂ ∼ 𝑁(𝑝, 𝑠𝑒) 𝑤𝑖𝑡ℎ 𝑠𝑒 = √
𝑝𝑞

𝑛
 ,  𝑞 = 1 − 𝑝 ,  𝑧 =

𝑝̂ − 𝑝

𝑠𝑒
 

Distribution of sample total 

𝜏̂ ∼ 𝑁(𝜏, 𝑠𝑒) 𝑤𝑖𝑡ℎ 𝑠𝑒 = 𝜎√𝑛 ,  𝜏 = 𝑛𝜇 ,  𝑧 =
𝜏̂ − 𝜏

𝑠𝑒
 


