
Distributions in R:
type distribution (𝐹) quantile (𝑄)
normal distribution pnorm qnorm
𝑡-distribution pt qt
𝜒2-distribution pchisq qchisq
𝐹-distribution pf qf

Poisson distribution: 𝑃𝜆(𝑋 = 𝑘) = 𝜆𝑘 ⋅ 𝑒−𝜆/𝑘!; 𝐸[𝑋] = 𝜆;
var(𝑋) = 𝜆

Exponential distribution: 𝑓𝜆(𝑋) = { 𝜆𝑒−𝜆𝑋 𝑋 ≥ 0
0 otherwise ;

𝐹𝜆(𝑋) = { 1 − 𝑒−𝜆𝑋 𝑋 ≥ 0
0 otherwise ;

𝐸[𝑋] = 1/𝜆; var(𝑋) = 1/𝜆2

Some integrals: ∫ 𝑥 𝑑𝑥 = 1
2 𝑥2 + 𝐶; ∫ 𝑥𝑛 𝑑𝑥 = 𝑥𝑛+1/(𝑛 + 1) + 𝐶;

∫ 1
𝑥 𝑑𝑥 = ln 𝑥 + 𝐶; ∫ 𝑎𝑥 𝑑𝑥 = 𝑎𝑥/ ln 𝑎 + 𝐶

Derivative of the Log-Likelihood function:
𝑑

𝑑𝜃 ln𝐿(𝑥1,…,𝑥𝑛|𝜃) = 𝑓 ′(𝑥1 |𝜃)
𝑓 (𝑥1 |𝜃) + ⋯ + 𝑓 ′(𝑥𝑛 |𝜃)

𝑓 (𝑥𝑛 |𝜃)

Expected value: 𝐸(𝑐 ⋅ 𝑋) = 𝑐 ⋅ 𝐸(𝑋);
𝐸(𝑋 + 𝑌) = 𝐸(𝑋) + 𝐸(𝑌)

Variance: var(𝑐 ⋅ 𝑋) = 𝑐2 ⋅ var(𝑋);
var(𝑋 + 𝑌) = var(𝑋) + var(𝑌) + 2 ⋅ cov(𝑋, 𝑌)

Variance of 𝑋̄: var(𝑋̄) = 𝜎2
𝑋/𝑛

Standard deviation of 𝑋̄: 𝜎𝑋̄ = 𝜎𝑋/√𝑛
Estimator for expected value: 𝜇̂𝑋 = 𝑋̄ = 1

𝑛 ∑𝑖 𝑋𝑖

Estimator for variance: 𝜎̂2
𝑋 = 1

𝑛−1 ∑𝑛
𝑖=1 (𝑋𝑖 − 𝑋̄)2

Estimator for standard deviation of 𝑋:
𝜎̂𝑋 = √ 1

𝑛−1 ∑𝑛
𝑖=1 (𝑋𝑖 − 𝑋̄)2

Estimator for 𝜎𝑋̄: 𝜎̂𝑋̄ = 𝜎̂𝑋/√𝑛
Bias: Bias( ̂𝜃, 𝜃) = 𝐸( ̂𝜃) − 𝜃
Confidence interval for the mean:

[𝑋̄ + 𝜎𝑋̄ ⋅ 𝑄( 𝛼
2 );𝑋̄ − 𝜎𝑋̄ ⋅ 𝑄( 𝛼

2 )]
Type I and II error:
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1 − 𝛼
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Comparing means (independent samples)
𝑋̄𝐴−𝑋̄𝐵

√ 𝜎̂2
𝐴

𝑛𝐴
+

𝜎̂2
𝐵

𝑛𝐵

∼ 𝑡𝑛𝐴+𝑛𝐵−2

Comparing means (paired samples)
𝑔 = ∆̄

𝜎̂∆̄
∼ 𝑡𝑛−1 mit ∆𝑖 = 𝑋𝑖 − 𝑌𝑖 und

𝜎̂∆̄ = 1
√𝑛

√ ∑𝑛
𝑖=1(∆𝑖−∆̄)2

𝑛−1

𝜒2-independence test 𝑒𝑖𝑗 = ∑𝑘
𝑗=1 𝑋𝑖𝑗⋅∑

𝑛
𝑖=1 𝑋𝑖𝑗

∑𝑛
𝑖=1 ∑𝑘

𝑗=1 𝑋𝑖𝑗

𝑔 = ∑𝑛
𝑖=1 ∑𝑘

𝑗=1
(𝑋𝑖𝑗−𝑒𝑖𝑗)

2

𝑒𝑖𝑗
∼ 𝜒2

(𝑛−1)⋅(𝑘−1)

𝜒2-goodness-of-fit test: 𝑔 = ∑𝑘
𝑖=1

(𝑋(𝑎𝑖)−𝑛⋅𝑃(𝑎𝑖))2

𝑛⋅𝑃(𝑎𝑖)
∼ 𝜒2

𝑘−1

Testing means: 𝑔 = 𝑋̄−𝜇0
𝜎̂𝑋̄

. If 𝑋 ∼ 𝑁 ∶ 𝑔 ∼ 𝑡𝑛−1 or 𝑔2 ∼ 𝐹1,𝑛−1.

If 𝑛 → ∞ ∶ 𝑔 ∼ 𝑁(0, 1) or 𝑔2 ∼ 𝐹1,∞.

AIC = −2 ⋅ 𝐿 + 2 ⋅ 𝑘 (𝐿 is the Likelihood of the model, 𝑘 is the
number of parameters).

Logistic function: ℒ(𝑥) = 1/(1 + 𝑒−𝑥)
odds(𝑥) = ℒ(𝑥)/(1 − ℒ(𝑥)) = 𝑒𝑥

Precision: 𝜏 = 1/𝜎2

Conjugate priors:
𝑋 ∼ 𝑁(𝜇, 𝜏), 𝜇 ∼ 𝑁(𝜇0, 𝜏0):

𝜇post = 𝜏0𝜇0 + 𝑛𝜏 ̄𝑥
𝜏0 + 𝑛𝜏

𝜏post = 𝜏0 + 𝑛𝜏

𝑋 ∼ 𝑁(𝜇, 𝜏), 𝜏 ∼ Γ(𝛼0, 𝛽0):

shape 𝛼post = 𝛼0 + 𝑛
2

rate 𝛽post = 𝛽0 +
∑𝑛

𝑖=1(𝑥𝑖 − 𝜇)2

2

𝑋 ∼ bern(𝑝), 𝑝 ∼ Beta(𝛼0, 𝛽0)

𝛼post = 𝛼0 + ∑ 𝑥𝑖

𝛽post = 𝛽0 + 𝑛 − ∑ 𝑥𝑖

Test of significance: test statistic: 𝑔 = 𝑋̄−𝜇0
𝜎/√𝑛

two sided (𝐻1 ∶ 𝜇 ≠ 𝜇0) one sided (𝐻1 ∶ 𝜇 > 𝜇0) one sided (𝐻1 ∶ 𝜇 < 𝜇0)

0𝑄( 𝛼
2 ) 𝑄(1 − 𝛼

2 )

𝛼
2

𝛼
2

no rejection
if 𝑔 in this range

0 𝑄(1 − 𝛼)
𝛼no rejection

if 𝑔 in this range
0𝑄(𝛼)

𝛼 no rejection
if 𝑔 in this range

𝐻0 is rejected if 𝑔 is outside the range.

Confidence interval:

𝑋̄𝑋̄ + 𝜎
√𝑛 ⋅ 𝑄( 𝛼

2 ) 𝑋̄ + 𝜎
√𝑛 ⋅ 𝑄(1 − 𝛼

2 )

𝛼
2

𝛼
2

confidence in-
terval for 𝜇

𝐻0 ∶ 𝜇 = 𝜇0 is rejected if 𝜇0 is outside the confidence interval for 𝜇.

𝑝-value: test statistic: 𝑔 = 𝑋̄−𝜇0
𝜎/√𝑛

two sided (𝐻1 ∶ 𝜇 ≠ 𝜇0) one sided (𝐻1 ∶ 𝜇 > 𝜇0) one sided (𝐻1 ∶ 𝜇 < 𝜇0)

0−|𝑔| |𝑔|
𝐹(−|𝑔|) 𝐹(−|𝑔|)

0 𝑔
𝐹(−𝑔)

0𝑔
𝐹(𝑔)

𝑝 = 2 ⋅ 𝐹(−|𝑔|) 𝑝 = 𝐹(−𝑔) 𝑝 = 𝐹(𝑔)
𝐻0 is rejected if 𝑝 < 𝛼.

0.9 0.95 0.975 0.99 0.995 0.9975 0.999
qnorm(x) 1.28 1.64 1.96 2.33 2.58 2.81 3.09

qt(x,1) 3.08 6.31 12.71 31.82 63.66 127.32 318.31
qt(x,2) 1.89 2.92 4.30 6.96 9.92 14.09 22.33
qt(x,3) 1.64 2.35 3.18 4.54 5.84 7.45 10.21
qt(x,4) 1.53 2.13 2.78 3.75 4.60 5.60 7.17
qt(x,5) 1.48 2.02 2.57 3.36 4.03 4.77 5.89
qt(x,6) 1.44 1.94 2.45 3.14 3.71 4.32 5.21
qt(x,7) 1.41 1.89 2.36 3.00 3.50 4.03 4.79
qt(x,8) 1.40 1.86 2.31 2.90 3.36 3.83 4.50
qt(x,9) 1.38 1.83 2.26 2.82 3.25 3.69 4.30
qt(x,10) 1.37 1.81 2.23 2.76 3.17 3.58 4.14


