
https://bit.ly/pmt-edu-cc https://bit.ly/pmt-cc

Edexcel Further Maths A-level
Further Statistics 1 

 

Formula Sheet

Provided in formula book Not provided in formula book 

https://bit.ly/pmt-cc
https://bit.ly/pmt-cchttps://bit.ly/pmt-edu

This work by PMT Education is licensed under CC BY-NC-ND 4.0



 
Discrete Distributions 

 
Discrete Random Variables 

 

For a discrete random variable 𝑋𝑋 taking values 𝑥𝑥𝑖𝑖 with probabilities P(𝑋𝑋 = 𝑥𝑥𝑖𝑖): 

Expectation (mean) E(𝑋𝑋) = 𝜇𝜇 = Σ 𝑥𝑥i P(𝑋𝑋 = 𝑥𝑥𝑖𝑖) 

Variance Var(𝑋𝑋) = 𝜎𝜎2 = Σ (𝑥𝑥i − 𝜇𝜇)2P(𝑋𝑋 = 𝑥𝑥𝑖𝑖) = E(X2) − �E(𝑋𝑋)�2 

For a function g(X): E(g(𝑋𝑋)) = Σ g(𝑥𝑥i) P(𝑋𝑋 = 𝑥𝑥𝑖𝑖) 

 
E(𝑎𝑎𝑎𝑎 + 𝑏𝑏) = 𝑎𝑎E(𝑋𝑋) + 𝑏𝑏 

Var(𝑎𝑎𝑎𝑎 + 𝑏𝑏) = 𝑎𝑎2Var(𝑋𝑋) 
 

 
Standard Discrete Distributions 

 

Distribution Binomial 
𝑩𝑩(𝒏𝒏,𝒑𝒑) Poisson 𝑷𝑷𝑷𝑷(𝝀𝝀) Geometric 

𝑮𝑮𝑮𝑮𝑮𝑮(𝒑𝒑) on 𝟏𝟏,𝟐𝟐, … 
Negative binomial on 

𝒓𝒓, 𝒓𝒓 + 𝟏𝟏, … 

P(𝑋𝑋 = 𝑥𝑥) �
𝑛𝑛
𝑥𝑥
� 𝑝𝑝𝑥𝑥(1 − 𝑝𝑝)𝑥𝑥 𝑒𝑒−𝜆𝜆

𝜆𝜆𝑥𝑥

𝑥𝑥!
 𝑝𝑝(1 − 𝑝𝑝)𝑥𝑥−1 �

𝑥𝑥 − 1
𝑟𝑟 − 1

� 𝑝𝑝𝑟𝑟(1 − 𝑝𝑝)𝑥𝑥−𝑟𝑟 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑛𝑛𝑛𝑛 𝜆𝜆 
1
𝑝𝑝

 
𝑟𝑟
𝑝𝑝

 

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝑛𝑛𝑛𝑛(1 − 𝑝𝑝) 𝜆𝜆 
1 − 𝑝𝑝
𝑝𝑝2

 
𝑟𝑟(1 − 𝑝𝑝)

𝑝𝑝2
 

𝑃𝑃.𝐺𝐺.𝐹𝐹 (1 − 𝑝𝑝 + 𝑝𝑝𝑝𝑝)𝑛𝑛 𝑒𝑒𝜆𝜆(𝑡𝑡−1) 
𝑝𝑝𝑝𝑝

1 − (1 − 𝑝𝑝)𝑡𝑡
 �

𝑝𝑝𝑝𝑝
1 − (1 − 𝑝𝑝)𝑡𝑡

�
𝑟𝑟
 

 
 

Poisson Distribution 
 

If two Poisson distributions 𝑋𝑋, 𝑌𝑌 are independent: 𝑋𝑋 + 𝑌𝑌~𝑃𝑃𝑃𝑃(𝜆𝜆𝑥𝑥 +  𝜆𝜆𝑦𝑦) 

If each observation of 𝑋𝑋 is independent and 𝑋𝑋~𝑃𝑃𝑃𝑃(𝜆𝜆): 𝑎𝑎𝑎𝑎~𝑃𝑃𝑃𝑃(𝑎𝑎𝑎𝑎) 

                                                         

Binomial approximation If 𝑋𝑋~𝐵𝐵(𝑛𝑛,𝑝𝑝) and 𝑛𝑛 is large and 𝑝𝑝 close to 0 then 
𝑋𝑋 ≈ ~𝑃𝑃𝑃𝑃(𝑛𝑛𝑛𝑛) where 𝜆𝜆 = 𝑛𝑛𝑛𝑛. 

 
Geometric Distribution 

 

Cumulative Distribution 𝑃𝑃(𝑋𝑋 ≤ 𝑥𝑥) = 1 − (1 − 𝑝𝑝)𝑥𝑥 

 𝑃𝑃(𝑋𝑋 ≥ 𝑥𝑥) = (1 − 𝑝𝑝)𝑥𝑥−1 
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Probability Generating Functions 
 
 

For a discrete random variable 𝑋𝑋: G𝑋𝑋(𝑡𝑡) = E(𝑡𝑡𝑥𝑥) = ΣP(𝑋𝑋 = 𝑥𝑥)𝑡𝑡𝑥𝑥 

 
For 𝑍𝑍 = 𝑋𝑋 + 𝑌𝑌, where 𝑋𝑋 and 𝑌𝑌 are independent: G𝑍𝑍(t) = G𝑋𝑋(t) × G𝑌𝑌(t) 

 
 

E(𝑋𝑋) = G′𝑋𝑋(1) 

Var(𝑋𝑋) = G′′
𝑋𝑋(1) + G′

𝑋𝑋(1) − [G′𝑋𝑋(1)]2 

 
 

G𝑎𝑎𝑎𝑎+𝑏𝑏(𝑡𝑡) = 𝑡𝑡𝑏𝑏G𝑋𝑋(𝑡𝑡𝑎𝑎) 

 
 
 

Hypothesis Testing 
 

Null hypothesis 𝑯𝑯𝟎𝟎:𝜽𝜽 = 𝒎𝒎 

One tailed test 𝐻𝐻1:𝜃𝜃 > 𝑚𝑚 or 𝜃𝜃 < 𝑚𝑚 

Two-tailed test 𝐻𝐻1:𝜃𝜃 ≠ 𝑚𝑚 

 
 
 

Central Limit Theorem 
 

If 𝑋𝑋1,𝑋𝑋2, … ,𝑋𝑋𝑛𝑛 is a random sample of size 𝑛𝑛 from a 

population with mean μ and variance σ2, then 

 𝑋𝑋 ≈ ~𝑁𝑁(𝜇𝜇, 𝜎𝜎
2

𝑛𝑛
).  
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Chi Squared Tests 
 

Measure of Goodness of Fit 
 

𝑂𝑂𝑖𝑖 = 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 
𝐸𝐸𝑖𝑖 = 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 
𝑁𝑁 = 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 

𝑋𝑋2 = �
(𝑂𝑂𝑖𝑖 − 𝐸𝐸𝑖𝑖)2

𝐸𝐸𝑖𝑖

𝑛𝑛

𝑖𝑖=1

= �
𝑂𝑂𝑖𝑖2

𝐸𝐸𝑖𝑖
− 𝑁𝑁 

The greater the value of 𝑋𝑋2, the less good the fit. 

 
Degrees of Freedom 

 

𝑁𝑁𝑁𝑁. 𝑜𝑜𝑜𝑜 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = 𝑁𝑁𝑁𝑁. 𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐) − 𝑁𝑁𝑁𝑁. 𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 

 
Contingency Tables 

 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 =
𝑅𝑅𝑅𝑅𝑅𝑅 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 × 𝐶𝐶𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
 

Number of degrees of freedom 𝜈𝜈 = (ℎ − 1)(𝑘𝑘 − 1) for an ℎ × 𝑘𝑘 table 

 
 
 

Quality of Tests 
 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = 1 − P(𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐼𝐼𝐼𝐼 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒) = P(𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑤𝑤ℎ𝑒𝑒𝑒𝑒 𝐻𝐻0 𝑖𝑖𝑖𝑖 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓) 
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