
Null hypothesis 𝐻0: 𝑝 = 0.5

If 𝐻0 holds, the number of wins is binomial distributed with 𝑝 = 0.5

=> #𝑤𝑖𝑛𝑠 = 𝐵(1000, 0.5)

General: 𝑃 𝐵 𝑁, 𝑝 = 𝑖 = 𝑁
𝑖
∗ 𝑝𝑖 ∗ (1 − 𝑝)1000−𝑖

Here: 𝑃 𝐵 1000,0.5 = 𝑖 = 1000
𝑖

∗ 0.51000

Probability, that #wins ≤ 400 : 

P 𝐵 1000,0.5 ≤ 400 =  𝑖=0
400𝑃(𝐵 1000, 0.5 = 𝑖)

Problem: Computation is exponential

Solution: Approximation of the binomial distribution with the gaussian distribution



Binomial distribution 𝐵(𝑛, 𝑝)
Cumulative distribution function

Gaussian distribution 𝑁(𝜇, 𝜎2)
Cumulative distribution function

Gaussian distribution 𝑁(𝜇, 𝜎2)
Probability density function

Binomial distribution 𝐵(𝑛, 𝑝)
Probability mass function

Expected value 𝜇 = 𝑛 ∗ 𝑝
Variance 𝜎2 = 𝑛 ∗ 𝑝 ∗ (1 − 𝑝)

General overview



#𝑤𝑖𝑛𝑠 = 𝐵(1000, 0.5) Expected value 𝜇 = 𝑛 ∗ 𝑝
Variance 𝜎2 = 𝑛 ∗ 𝑝 ∗ (1 − 𝑝)

#𝑤𝑖𝑛𝑠 ≈ 𝑁(500,250)

Binomial Gaussian

P 𝐵 1000,0.5 ≤ 400 ≈ 𝑃(𝑁(500,250) ≤ 400)

Here



Standardization of 𝑁(500,250) to enable looking for its value in a 
quantile table, where values for 𝑁 1,0 are listed. 

𝑃 𝑁 500,250 ≤ 400 =

𝑃 500 + 𝑁 0,250 ≤ 400 =

𝑃 𝑁 0,250 ≤ −100 =

𝑃 𝑁 0,1 ∗ 250 ≤ −100 =

𝑃 𝑁 0,1 ≤
−100

250
=

𝑃 𝑁 0,1 ≤ −6.32

Quantile table => 
𝑃 𝑁 0,1 ≤ −6.32 = 8.5 ∗ 10−8

Approximate
probability for the
observed results
assuming a fair 
game


