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Linear Regression 
 

Equation of the 
regression line of 𝑦𝑦 on 𝑥𝑥: 𝑦𝑦 = 𝑎𝑎 + 𝑏𝑏𝑥𝑥 𝑏𝑏 = 𝑆𝑆𝑥𝑥𝑥𝑥 

𝑆𝑆𝑥𝑥𝑥𝑥
 , 𝑎𝑎 = 𝑦𝑦� − 𝑏𝑏�̅�𝑥 

 
Summary Statistics 

 

For a set of 𝑛𝑛 pairs of values (𝑥𝑥𝑖𝑖, 𝑦𝑦𝑖𝑖): 𝑆𝑆𝑥𝑥𝑥𝑥 = Σ(𝑥𝑥𝑖𝑖 − �̅�𝑥)2 =  Σ𝑥𝑥𝑖𝑖2 −
(Σ𝑥𝑥𝑖𝑖)2

𝑛𝑛
 

 
𝑆𝑆𝑦𝑦𝑦𝑦 = Σ(𝑦𝑦𝑖𝑖 − 𝑦𝑦�)2 =  Σ𝑦𝑦𝑖𝑖2 −

(Σ𝑦𝑦𝑖𝑖)2

𝑛𝑛
 

𝑆𝑆𝑥𝑥𝑥𝑥 = Σ(𝑥𝑥𝑖𝑖 − �̅�𝑥)(𝑦𝑦𝑖𝑖 − 𝑦𝑦�) = Σ𝑥𝑥𝑖𝑖𝑦𝑦𝑖𝑖 −
(Σ𝑥𝑥𝑖𝑖)(Σ𝑦𝑦𝑖𝑖)

𝑛𝑛
 

 
Product Moment Correlation Coefficient 

 

𝑟𝑟 =
𝑆𝑆𝑥𝑥𝑦𝑦

�𝑆𝑆𝑥𝑥𝑥𝑥𝑆𝑆𝑦𝑦𝑦𝑦
=

Σ(𝑥𝑥𝑖𝑖 − �̅�𝑥)(𝑦𝑦𝑖𝑖 − 𝑦𝑦�)
�{Σ(𝑥𝑥𝑖𝑖 − �̅�𝑥)2}{Σ(𝑦𝑦𝑖𝑖 − 𝑦𝑦�)2}

=
Σ𝑥𝑥𝑖𝑖𝑦𝑦𝑖𝑖 −

(Σ𝑥𝑥𝑖𝑖)(Σ𝑦𝑦𝑖𝑖)
𝑛𝑛

��Σ𝑥𝑥𝑖𝑖2 −
(Σ𝑥𝑥𝑖𝑖)2
𝑛𝑛 � �Σ𝑦𝑦𝑖𝑖2 −

(Σ𝑦𝑦𝑖𝑖)2
𝑛𝑛 �

 

 
Residual Sum of Squares (RSS) 

 

𝑅𝑅𝑆𝑆𝑆𝑆 = 𝑆𝑆𝑦𝑦𝑦𝑦 −
�𝑆𝑆𝑥𝑥𝑦𝑦�

2

𝑆𝑆𝑥𝑥𝑥𝑥
= 𝑆𝑆𝑦𝑦𝑦𝑦(1 − 𝑟𝑟2) 

 
 

Spearman’s Rank Correlation Coefficient 
 

𝑟𝑟𝑠𝑠 = 1 −
6∑𝑑𝑑2

𝑛𝑛(𝑛𝑛2 − 1)
 𝑛𝑛 =  𝑛𝑛𝑛𝑛𝑛𝑛𝑏𝑏𝑛𝑛𝑟𝑟 𝑜𝑜𝑜𝑜 𝑝𝑝𝑎𝑎𝑝𝑝𝑟𝑟𝑝𝑝 𝑜𝑜𝑜𝑜 𝑜𝑜𝑏𝑏𝑝𝑝𝑛𝑛𝑟𝑟𝑜𝑜𝑎𝑎𝑜𝑜𝑝𝑝𝑜𝑜𝑛𝑛𝑝𝑝 

𝑑𝑑 = 𝑑𝑑𝑝𝑝𝑜𝑜𝑜𝑜𝑛𝑛𝑟𝑟𝑛𝑛𝑛𝑛𝑑𝑑𝑛𝑛 𝑏𝑏𝑛𝑛𝑜𝑜𝑏𝑏𝑛𝑛𝑛𝑛𝑛𝑛 𝑟𝑟𝑎𝑎𝑛𝑛𝑟𝑟𝑝𝑝 𝑜𝑜𝑜𝑜 𝑛𝑛𝑎𝑎𝑑𝑑ℎ 𝑜𝑜𝑏𝑏𝑝𝑝𝑛𝑛𝑟𝑟𝑜𝑜𝑎𝑎𝑜𝑜𝑝𝑝𝑜𝑜𝑛𝑛 

 
𝑟𝑟 = −1 𝑟𝑟 = 0 𝑟𝑟 = +1 

Rankings are in exact 
reverse order 

No correlation 
between rankings 

Rankings in perfect 
agreement 
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Continuous Probability Distributions 

 
 

For a continuous random 
variable 𝑋𝑋 with probability 

density function 𝑜𝑜(𝑥𝑥): 

𝑜𝑜(𝑥𝑥) ≥ 0 for all 𝑥𝑥 ∈ ℝ 

𝑃𝑃(𝑎𝑎 < 𝑋𝑋 < 𝑏𝑏) = � 𝑜𝑜(𝑥𝑥) 𝑑𝑑𝑥𝑥
𝑏𝑏

𝑎𝑎
 

 
� 𝑜𝑜(𝑥𝑥) 𝑑𝑑𝑥𝑥
+∞

−∞ 

= 1 

 
 

Probability density function 𝑜𝑜(𝑥𝑥) =
𝑑𝑑𝑑𝑑(𝑥𝑥)
𝑑𝑑𝑥𝑥

 

Cumulative distribution function 𝑑𝑑(𝑥𝑥𝑜𝑜) = 𝑃𝑃(𝑋𝑋 ≤ 𝑥𝑥𝑜𝑜) = � 𝑜𝑜(𝑥𝑥) 𝑑𝑑𝑥𝑥
𝑥𝑥𝑜𝑜

−∞
 

 
 

Expectation (mean) 𝐸𝐸(𝑋𝑋) = 𝜇𝜇 = �𝑥𝑥𝑜𝑜(𝑥𝑥) 𝑑𝑑𝑥𝑥 

Variance 𝑉𝑉𝑎𝑎𝑟𝑟(𝑋𝑋) = 𝜎𝜎2 = �(𝑥𝑥 − 𝜇𝜇)2𝑜𝑜(𝑥𝑥) 𝑑𝑑𝑥𝑥 = �𝑥𝑥2𝑜𝑜(𝑥𝑥) 𝑑𝑑𝑥𝑥 − 𝜇𝜇2 

For a function 𝑔𝑔(𝑋𝑋): 𝐸𝐸�𝑔𝑔(𝑋𝑋)� = �𝑔𝑔(𝑥𝑥)𝑜𝑜(𝑥𝑥) 𝑑𝑑𝑥𝑥 

Median, 𝑛𝑛 � 𝑜𝑜(𝑥𝑥) 𝑑𝑑𝑥𝑥
𝑚𝑚

−∞
= 0.5 

Lower quartile, 𝑄𝑄1 � 𝑜𝑜(𝑥𝑥) 𝑑𝑑𝑥𝑥
𝑄𝑄1

−∞
= 0.25 

Upper quartile, 𝑄𝑄3 � 𝑜𝑜(𝑥𝑥) 𝑑𝑑𝑥𝑥
𝑄𝑄3

−∞
= 0.75 

𝑛𝑛𝑡𝑡ℎ percentile, 𝑃𝑃𝑛𝑛 � 𝑜𝑜(𝑥𝑥) 𝑑𝑑𝑥𝑥
𝑃𝑃𝑛𝑛

−∞
=

𝑛𝑛
100

 

Mode Solutions of 𝑑𝑑𝑑𝑑(𝑥𝑥)
𝑑𝑑𝑥𝑥

= 0 (value at which the p.d.f is a maximum) 

 
E(𝑎𝑎𝑋𝑋 + 𝑏𝑏) = 𝑎𝑎E(𝑋𝑋) + 𝑏𝑏 Var(𝑎𝑎𝑋𝑋 + 𝑏𝑏) = 𝑎𝑎2Var(𝑋𝑋) 

 
 

Skewness 
 

Positive skew 𝑛𝑛𝑜𝑜𝑑𝑑𝑛𝑛 < 𝑛𝑛𝑛𝑛𝑑𝑑𝑝𝑝𝑎𝑎𝑛𝑛 < 𝑛𝑛𝑛𝑛𝑎𝑎𝑛𝑛 

Negative skew 𝑛𝑛𝑛𝑛𝑎𝑎𝑛𝑛 < 𝑛𝑛𝑛𝑛𝑑𝑑𝑝𝑝𝑎𝑎𝑛𝑛 < 𝑛𝑛𝑜𝑜𝑑𝑑𝑛𝑛 
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Continuous Uniform Distribution 
 

Probability 
density function: 𝑜𝑜(𝑥𝑥) = �

1
𝑏𝑏 − 𝑎𝑎

, 𝑎𝑎 ≤ 𝑥𝑥 ≤ 𝑏𝑏,
 

0, 𝑜𝑜𝑜𝑜ℎ𝑛𝑛𝑟𝑟𝑏𝑏𝑝𝑝𝑝𝑝𝑛𝑛
 

 

Mean 
𝑎𝑎 + 𝑏𝑏

2
 

Variance (𝑏𝑏 − 𝑎𝑎)2

12
 

Probability 
distribution 

function 
𝑑𝑑(𝑥𝑥) = �

0, 𝑥𝑥 < 𝑎𝑎
𝑥𝑥 − 𝑎𝑎
𝑏𝑏 − 𝑎𝑎

, 𝑎𝑎 ≤ 𝑥𝑥 ≤ 𝑏𝑏

1, 𝑥𝑥 > 𝑏𝑏
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