
𝑿 Discrete random variable 𝒀 Continuous random variable 𝒏 Sample size 

𝒑; 𝒑̂ Probability; Sample probability 𝒒; 𝒒̂ Complementary probability: 1 − 𝑝; 1 − 𝑝̂ 𝑽𝒑 𝑝th percentile 

𝑬[𝑿]/𝝁 Population mean/ Expected value 𝒙̅ Sample mean/ Arithmetic mean 𝝀 
𝑑

𝑑𝑡
(expected number of events)  

𝑺𝑫/𝝈 Population standard deviation 𝒔 Sample standard deviation 𝑪𝒐𝒗 Covariance of dependent variables 𝑋, 𝑌 

𝑽𝒂𝒓/𝝈𝟐 Population variance (
1

𝑛
) 𝒔𝟐 Sample variance (

1

𝑛−1
) 𝑪𝒐𝒓𝒓/𝝆 Correlation between 𝑋, 𝑌: 𝜌 ∈ [−1,1] 

𝑷𝑴𝑭 Probability mass function: 𝑃(𝑋 = 𝑘) 𝑪𝑫𝑭/𝑭 Cumulative distribution function: 𝑃(𝑋 ≤ 𝑥) 𝑷𝑫𝑭 Probability density function: 𝑓(𝑦) 

𝑯𝟎 Null hypothesis: hypothesis to be tested 𝜶 Significance level: 𝑃(reject 𝐻0 | 𝐻0 is true) Type I error 𝑃(reject 𝐻0|𝐻0 is true) 

𝑯𝟏 Alternative hypothesis: contradicts 𝐻0 𝟏 − 𝜷 Power: 𝑃(reject 𝐻0 | 𝐻0 is false) Type II error 𝑃(accept 𝐻0|𝐻0 is false) = 𝛽 
 

Standard probability stuff 

𝑃(𝐵|𝐴) =
𝑃(𝐴|𝐵) × 𝑃(𝐵)

𝑃(𝐴|𝐵) × 𝑃(𝐵) + 𝑃(𝐴|𝐵̅) × 𝑃(𝐵̅)
 

𝜎2 = 𝐸[𝑋2] − 𝜇2 𝐵𝑖𝑛(𝑛, 𝑝); 𝑛 ≥ 100; 𝑝 ≤ 0.01 → 𝑃𝑜(𝑛𝑝) 

𝑃𝑜(𝜆); 𝜆 ≥ 10 → 𝑁(𝜆, 𝜆) 𝐵𝑖𝑛(𝑛, 𝑝); 𝑛𝑝𝑞 ≥ 5 → 𝑁(𝑛𝑝, 𝑛𝑝𝑞) 

Outlying values: 𝑥 < 𝑉25 − 1.5(𝑉75 − 𝑉25) |  𝑉75 + 1.5(𝑉75 − 𝑉25) < 𝑥 

𝑛 =
𝜎2

(𝜇0−𝜇)
2 (𝑧1−𝛼

2
+ 𝑧1−𝛽)

2

* power = 1 − 𝛽 = 𝛷 (
|𝜇−𝜇0|√𝑛

𝜎
− 𝑧1−𝛼) = Φ(

(𝜇0−𝜇)√𝑛

𝜎
− 𝑧

1−
𝛼

2
) + Φ(

(𝜇−𝜇0)√𝑛

𝜎
− 𝑧

1−
𝛼

2
)* 

 

Binomial distribution stuff - 𝑩𝒊𝒏(𝒏, 𝒑) 

𝑃𝑀𝐹 = 𝑃(𝑋 = 𝑘) = 𝐶𝑘
𝑛𝑝𝑘𝑞𝑛−𝑘 𝑃(𝑎 ≤ 𝑋 ≤ 𝑏) = 𝑃(𝑎 − 0.5 ≤ 𝑍 ≤ 𝑏 + 0.5) 𝜇 = 𝑛𝑝 𝑉𝑎𝑟[𝑋] = 𝑛𝑝𝑞 

 

Continuous distribution stuff 

𝑃(𝑎 < 𝑏) = 𝑃(𝑎 ≤ 𝑏) 𝑃(𝑎 ≤ 𝑌 < 𝑏) = ∫ 𝑓(𝑦) 𝑑𝑦
𝑏

𝑎
  𝜇 = ∫ 𝑦𝑓(𝑦) 𝑑𝑦

∞

−∞
  𝑉𝑎𝑟[𝑌] = ∫ (𝑦 − 𝜇)2𝑓(𝑦) 𝑑𝑦

∞

−∞
  

𝐶𝑜𝑣(𝑋, 𝑌) = 𝐸[(𝑋 − 𝜇𝑥)(𝑌 − 𝜇𝑦)] = 𝐸[𝑋𝑌] − 𝜇𝑥𝜇𝑦 𝜌 =
1

𝜎𝑥𝜎𝑦
𝐶𝑜𝑣(𝑋, 𝑌)  

Gaussian/Normal distribution stuff - 𝑵(𝝁, 𝝈𝟐) 

𝑓(𝑦) =
1

√2𝜋𝜎
𝑒
−
1
2𝜎2

(𝑦−𝜇)2
; 𝐸[𝑌] = 𝜇; 𝑉𝑎𝑟[𝑌] = 𝜎2 

Standard normal distribution stuff - 𝑵(𝟎, 𝟏): 𝝁 = 𝟎;𝝈𝟐 = 𝟏 

𝑧𝑢 = 𝑉100𝑢; 𝑢 ∈ [0,1] 𝑃(−𝑧𝑢 < 𝑍 < 𝑧𝑢) = 𝑢 

𝐶𝐷𝐹𝑁(0,1)(𝑥) = 𝑃(𝑍 ≤ 𝑧𝑢) =
1+𝑃(−𝑧𝑢≤𝑍≤𝑧𝑢)

2
=

1+𝑢

2
= Φ(𝑧𝑢) = 1 − Φ(−𝑧𝑢) * 

Standardisation: 𝑁(0,1) =
𝑁(𝜇,𝜎2)−𝜇

𝜎
 𝑃(𝑎 < 𝑌 < 𝑏) = Φ(

𝑏−𝜇

𝜎
) − Φ(

𝑎−𝜇

𝜎
) * 

 

 

 

Confidence interval stuff 

𝜎   100(1−𝛼)% CI
2 = (

(𝑛−1)𝑠2

𝜒
𝑛−1,

𝛼
2

2 ∗
,
(𝑛−1)𝑠2

𝜒
𝑛−1,1−

𝛼
2

2 ∗
)  

○1  Check 𝑛𝑝̂𝑞̂ ≥ 5 

○2  𝑝100(1−𝛼)% CI = 𝑝̂ ± √
𝑝𝑞̂

𝑛
𝑧1−𝛼

2
 

𝝁𝟏𝟎𝟎(𝟏−𝜶)% 𝐂𝐈 ∈ CI𝑡𝑧 ;  𝒎 = 𝑥̅ ;  𝒅 = 𝑛 − 1 

𝚫̅𝟏𝟎𝟎(𝟏−𝜶)% 𝐂𝐈 ∈ CI𝑡𝑧  ;  𝒎 = 𝑥̅ ;  𝒅 = 𝑛 − 1 

𝐂𝐈𝒕𝒛 = {
𝒎±

𝑠

√𝑛
𝑡
𝒅,1−

𝛼

2
∗, 𝑛 ≤ 200

𝒎±
𝑠

√𝑛
𝑧1−𝛼

2
∗,   𝑛 > 200

  𝝆𝟏𝟎𝟎(𝟏−𝜶)% 𝐂𝐈 ∈ (
𝑒2𝑧1−1

𝑒2𝑧1+1
,
𝑒2𝑧2−1

𝑒2𝑧2+1
) ; 𝑧1,2 =

1

2
ln (

1+𝑟

1−𝑟
) ∓

𝑧
1−
𝛼
2

√𝑛−3
 ; 𝑟 =

𝐿𝑥𝑦

√𝐿𝑥𝑥𝐿𝑦𝑦
  

|𝝁𝟏 − 𝝁𝟐|𝟏𝟎𝟎(𝟏−𝜶)% 𝐂𝐈 ∈ CI𝑡  ;  𝒎 = |𝑥1̅̅̅ − 𝑥2̅̅ ̅| ;  𝒅 = 𝑛1 + 𝑛2 − 2 ; 
𝟏

𝒏′
=

1

𝑛1
+

1

𝑛2
 ;  𝒔′ = √

(𝑛1−1)𝑠1
2+(𝑛2−1)𝑠2

2

𝑛1+𝑛2−2
  

 

Hypothesis stuff 

𝝁 hypothesis (𝑯𝟎: 𝝁 = 𝝁𝟎; 𝑯𝟏: 𝝁 <≠> 𝝁𝟎) 

○1  Unknown 𝜎 

○2  Find 𝛼𝑝
′  from 𝑡𝑜𝑏𝑠 =

√𝑛

𝑠
(𝑥̅ − 𝜇0) = 𝑡𝑛−1,𝛼𝑝′ * 

𝝁 hypothesis (𝑯𝟎: 𝝁 = 𝝁𝟎; 𝑯𝟏: 𝝁 <≠> 𝝁𝟎) 

○1  Known 𝜎 

○2  Find 𝛼𝑝
′  from 𝑧𝑜𝑏𝑠 =

√𝑛

𝜎
(𝑥̅ − 𝜇0) = 𝑧𝛼𝑝′ * 

𝝈 hypothesis (𝑯𝟎: 𝝈 = 𝝈𝟎; 𝑯𝟏: 𝝈 <≠> 𝝈𝟎) 

○1  𝜒 𝑜𝑏𝑠
2 =

𝑠2

𝜎0
2 (𝑛 − 1) 

○2  Find 𝛼𝑝
′  from 𝜒 𝑜𝑏𝑠

2 = 𝜒 𝑛−1,𝛼𝑝′
2 * 

○3  Accept 𝐻0 if 𝜒 𝑜𝑏𝑠
2 ∈ [𝜒

 𝑛−1,𝛼𝑐|
𝛼𝑐
2

2 , 𝜒
 𝑛−1,1−𝛼𝑐|1−

𝛼𝑐 

2

2 ] 

𝒑 hypothesis (𝑯𝟎: 𝒑 = 𝒑𝟎; 𝑯𝟏: 𝒑 <≠> 𝒑𝟎) 

○1  Check normal approximation: 𝑛𝑝0𝑞0 ≥ 5 

○2  𝑧𝑜𝑏𝑠 = √
𝑛

𝑝0𝑞0
(𝑝̂ − 𝑝0) 

○3  Find 𝛼𝑝
′  from 𝑧𝑜𝑏𝑠 = 𝑧𝛼𝑝′ * 

𝚫 hypothesis (𝑯𝟎: 𝚫 = 𝚫𝟎; 𝑯𝟏: 𝚫 <≠> 𝚫𝟎) 

○1  Set Δ0 = 0 (usually) 

○2  𝑡𝑜𝑏𝑠 =
√𝑛

𝑠𝑑
(𝑑̅ − Δ0) 

○3  Find 𝛼𝑝
′  from 𝑡𝑜𝑏𝑠 = 𝑡𝑛−1,𝛼𝑝′ * 

𝜶𝒑
′  interpretation (𝛼cutoff = 0.05) 

○1  𝛼𝑝 = {
1 − 𝛼𝑝

′ ,       one tailed

2(1 − 𝛼𝑝
′ ), two tailed

 

○2  {
Accept 𝐻0,   𝛼𝑝 > 0.05, (not significant)

Reject 𝐻0,    𝛼𝑝 < 0.05,        (significant)
 



𝝈𝟏 𝝈𝟐 hypothesis (𝑯𝟎: 𝝈𝟏 = 𝝈𝟐; 𝑯𝟏: 𝝈𝟏 ≠ 𝝈𝟐) 

○1  Assume normal distribution & independent 

○2  𝐹𝑜𝑏𝑠 =
𝑠1
2

𝑠2
2 

○3  Find 𝛼𝑝 from 𝐹𝑜𝑏𝑠 = 𝐹𝑛1−1,𝑛2−1,𝛼𝑝* 

○4  Accept 𝐻0 if 𝐹𝑜𝑏𝑠 ∈ [𝐹𝑛1−1,𝑛2−1,
𝛼𝑐 

2
,

1

𝐹
𝑛2−1,𝑛1−1,

𝛼𝑐
2

] 

𝝁𝟏 𝝁𝟐 hypothesis (𝑯𝟎: 𝝁𝟏 = 𝝁𝟐; 𝑯𝟏: 𝝁𝟏 <≠> 𝝁𝟐) 

○1  Test/Assume 𝜎1 = 𝜎2 

○2  
1

𝑛′
=

1

𝑛1
+

1

𝑛2
; 𝑠′ = √

(𝑛1−1)𝑠1
2+(𝑛2−1)𝑠2

2

𝑛1+𝑛2−2
 

○3  𝑡𝑜𝑏𝑠 =
√𝑛′

𝑠′
(𝑥1̅̅̅ − 𝑥2̅̅ ̅) 

○4  Find 𝛼𝑝
′  from 𝑡𝑜𝑏𝑠 = 𝑡𝑛1+𝑛2−2,𝛼𝑝′ * 

𝝁𝟏 𝝁𝟐 hypothesis (𝑯𝟎: 𝝁𝟏 = 𝝁𝟐; 𝑯𝟏: 𝝁𝟏 <≠> 𝝁𝟐) 

○1  Test/Assume 𝜎1 ≠ 𝜎2 

○2  

{
 
 

 
 𝑧𝑜𝑏𝑠 =

1

√
𝜎1
2

𝑛1
+
𝜎2
2

𝑛2

(𝑥1̅̅̅ − 𝑥2̅̅ ̅),      𝜎 known

𝑡𝑜𝑏𝑠 =
1

√
𝑠1
2

𝑛1
+
𝑠2
2

𝑛2

(𝑥1̅̅̅ − 𝑥2̅̅ ̅), 𝜎 unknown
 

○3  Find 𝛼𝑝
′  from {

𝑧𝑜𝑏𝑠 = 𝑧𝛼𝑝′ ∗,           𝜎 known

𝑡𝑜𝑏𝑠 = 𝑡𝑑′′,𝛼𝑝′ ∗, 𝜎 unknown
; 

𝑑′′ =

⌊
 
 
 
 (

𝑠1
 2

𝑛1
+
𝑠2
 2

𝑛2
)
2

(
𝑠1
 4

𝑛1
 2(𝑛1 − 1)

+
𝑠2
 4

𝑛2
 2(𝑛2 − 1)

)
⌋
 
 
 
 

 

Regression hypothesis (𝑯𝟎: 𝜷 = 𝟎;𝑯𝟏: 𝜷 ≠ 𝟎) 

○1  Reject 𝐻0 if 𝐹𝑜𝑏𝑠 =
𝑅𝑒𝑔

𝑅𝑒𝑠𝑀𝑆
> 𝐹1,𝑛−2,1−𝛼* 

Regression hypothesis (𝑯𝟎: 𝜷 = 𝟎;𝑯𝟏: 𝜷 ≠ 𝟎) 

○1  Find 𝛼𝑝
′  from 𝑡𝑜𝑏𝑠 = 𝑏√

𝐿𝑥𝑥

𝑅𝑒𝑠𝑀𝑆
= 𝑡𝑛−2,𝛼𝑝′ * 

Correlation hypothesis (𝑯𝟎: 𝝆 = 𝟎;𝑯𝟏: 𝝆 ≠ 𝟎) 

○1  Find 𝛼𝑝
′  from 𝑡𝑜𝑏𝑠 = 𝑟√

𝑛−2

1−𝑟2
= 𝑡𝑛−2,𝛼𝑝′ ∗; 𝑟 =

𝐿𝑥𝑦

√𝐿𝑥𝑥𝐿𝑦𝑦
 

Correlation hypothesis (𝑯𝟎: 𝝆 = 𝝆𝟎; 𝑯𝟏: 𝝆 ≠ 𝝆𝟎) 

○1  Find 𝛼𝑝
′  from 𝜆 =

√𝑛−3

2
(ln

1+𝑟

1−𝑟
− ln

1+𝜌0

1−𝜌0
) = 𝑎𝛼𝑝′ * 

 

Non-parametric stuff 

Sign test (𝑯𝟎: 𝚫 = 𝟎;𝑯𝟏: 𝚫 ≠ 𝟎) 

○1  Let 𝐶 = number of data points with 𝑑𝑖 > 0 

○2  𝑧𝑜𝑏𝑠 =
√𝑛

2
(𝐶 −

𝑛

2
) 

○3  Find 𝛼𝑝
′  from 𝑧𝑜𝑏𝑠 = 𝑧𝛼𝑝′ * 

Signed-rank test (𝑯𝟎: 𝚫 = 𝟎;𝑯𝟏: 𝚫 ≠ 𝟎) 

○1  Rank 𝑑𝑖 by ascending |𝑑𝑖| from 1 to 𝑛; ignore 𝑑𝑖 = 0 

○2  Let 𝑅 = sum of ranks for data points 𝑑𝑖 > 0 

○3  Find 𝛼𝑝
′  from 𝑇 =

2|𝑅−
1

4
𝑛(𝑛+1)|

√∑ 𝑟𝑎𝑛𝑘𝑖
2𝑛

𝑖=1

≈
2√6|𝑅−

1

4
𝑛(𝑛+1)|

√𝑛(𝑛+1)(2𝑛+1)
= 𝑧𝛼𝑝′ * 

Rank-sum test (𝑯𝟎: 𝑭𝟏(𝒙) = 𝑭𝟐(𝒙);𝑯𝟏: 𝑭𝟏(𝒙) = 𝑭𝟐(𝒙 − 𝚫)) 
○1  Rank 𝑑𝑖 by ascending |𝑑𝑖| of both samples from 1 to 𝑛1 + 𝑛2; ignore 𝑑𝑖 = 0 

○2  Let 𝑅1 = sum of ranks for data points 𝑑𝑖 > 0 for one sample 

○3  Find 𝛼𝑝
′  from 𝑇 = √

(𝑛1+𝑛2)(𝑛1+𝑛2+1)

𝑛1𝑛2

|𝑅1−
𝑛1(𝑛1+𝑛2+1)

2
|

√∑ (𝑟𝑎𝑛𝑘𝑖−
𝑛1+𝑛2+1

2
)
2𝑛1+𝑛2

𝑖=1

≈
2√3|𝑅1−

𝑛1(𝑛1+𝑛2+1)

2
|

√𝑛1𝑛2(𝑛1+𝑛2+1)
= 𝑧𝛼𝑝′ * 

 

Contingency table stuff 

Contingency table test (𝑯𝟎: 𝐟𝐚𝐜𝐭𝐨𝐫𝐬 𝐚𝐫𝐞 𝐢𝐧𝐝𝐞𝐩𝐞𝐧𝐝𝐞𝐧𝐭;𝑯𝟏: 𝐟𝐚𝐜𝐭𝐨𝐫𝐬 𝐚𝐫𝐞 𝐚𝐬𝐬𝐨𝐜𝐢𝐚𝐭𝐞𝐝) 

○1   𝑛𝑖,𝑗 𝒇𝟐,𝟏  𝒇𝟐,𝒋  𝚺𝐢+ 

𝒇𝟏,𝟏 𝑛1,1 ⋯ 𝑛1,𝑗 → 𝑛1+ 

⋮ ⋮ ⋱ ⋮ → ⋮ 
𝒇𝟏,𝒊 𝑛𝑖,1 ⋯ 𝑛𝑖,𝑗 → 𝑛𝑖+ 

 ↓ ↓ ↓ ↘  

𝚺+𝐣 𝑛+1 ⋯ 𝑛+𝑗  𝒏 

○2  Compute 𝐸𝑖,𝑗 =
1

𝑛
(𝑛𝑖+ 𝑛+𝑗) table 

○3  Compute 𝜒𝑖,𝑗
2 =

1

𝐸𝑖,𝑗
(𝐸𝑖,𝑗 − 𝑛𝑖,𝑗)

2
 table 

○4  Reject 𝐻0 if ∑𝜒2 > 𝜒(𝑅−1)(𝐶−1),1−𝛼
2 * 

Fisher’s exact test (𝑯𝟎: 𝐟𝐚𝐜𝐭𝐨𝐫𝐬 𝐚𝐫𝐞 𝐢𝐧𝐝𝐞𝐩𝐞𝐧𝐝𝐞𝐧𝐭;𝑯𝟏: 𝐟𝐚𝐜𝐭𝐨𝐫𝐬 𝐚𝐫𝐞 𝐚𝐬𝐬𝐨𝐜𝐢𝐚𝐭𝐞𝐝) 

○1  Follow contingency table test, check that ≥ 20% of 𝐸𝑖,𝑗 < 5 or any 𝐸𝑖,𝑗 < 1 

○2  Rearrange table such that Σ1+ < Σ2+ and Σ+1 < Σ+2 

○3  Enumerate tables [
0 𝑏 + 𝑎

𝑐 + 𝑎 𝑑 − 𝑎
]⋯ [

𝑎 − 1 𝑏 + 1
𝑐 + 1 𝑑 − 1

] , [
𝑎 𝑏
𝑐 𝑑

] , [
𝑎 + 1 𝑏 − 1
𝑐 − 1 𝑑 + 1

]⋯ [
𝑎 + 𝑐 𝑏 − 𝑐
0 𝑑 + 𝑐

] 

○4  Find 𝑃(Table 𝑛) =
(𝑎+𝑏)!(𝑐+𝑑)!(𝑎+𝑐)!(𝑏+𝑑)!

𝑛!𝑎!𝑏!𝑐!𝑑!
, compare 𝑝𝑛 with hypothesis 

 

Linear regression stuff 

𝐸[𝑌|𝑋 = 𝑥] = 𝑓(𝑥) = 𝛼 + 𝛽𝑥 𝑎 = 𝑦̅ − 𝑏𝑥̅ 𝑏 =
𝐿𝑥𝑦

𝐿𝑥𝑥
  𝐿𝑥𝑥 = −𝑛𝑥̅2 + ∑ 𝑥𝑖

2𝑛
𝑖=1   𝐿𝑦𝑦 = −𝑛𝑦̅2 +∑ 𝑦𝑖

2𝑛
𝑖=1   

𝑅𝑒𝑔 =
𝐿𝑥𝑦
2

𝐿𝑥𝑥
  𝑅𝑒𝑠𝑀𝑆 =

1

𝑛−2
(𝐿𝑦𝑦 − 𝑅𝑒𝑔)  𝜎2 = 𝑠𝑦.𝑥

2 = 𝑅𝑒𝑠𝑀𝑆 𝐿𝑥𝑦 = −𝑛𝑥̅𝑦̅ + ∑ 𝑥𝑖𝑦𝑖
𝑛
𝑖=1  

𝑅2 =
𝑅𝑒𝑔𝑀𝑆

𝐿𝑦𝑦
=

𝐿𝑥𝑦
2

𝐿𝑥𝑥𝐿𝑦𝑦
  𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑅2 = 1 −

𝑠𝑦.𝑥
2

𝑠𝑦
2   𝑠𝑥

2 =
1

𝑛−1
𝐿𝑥𝑥  𝑠𝑦

2 =
1

𝑛−1
𝐿𝑦𝑦  

 


