
Deriving the Shortcut Formula for the Sample Variance

	

 Steps	

 Result

	

 Given.	

 s2 = Σ(X − X)2

n −1

	

 Square the binomial in the numerator.	

 s2 = Σ(X 2 − 2X ⋅ X + X 2 )
n −1

	

 Split up the sum.	

 s2 = (ΣX
2 ) − Σ(2X ⋅ X) + Σ(X 2 )

n −1

	

 Factor out the constants 2 and X .	

 s2 = (ΣX
2 ) − 2X ⋅ (ΣX) + X 2 ⋅ (Σ1)

n −1

	

 Substitute using the facts that ΣX = nX  and Σ1 = n .	

 s2 = (ΣX
2 ) − 2X ⋅ (nX) + X 2 ⋅n

n −1

	

 Simplify the last two terms in the numerator.	

 s2 = (ΣX
2 ) − 2nX 2 + nX 2

n −1

	

 Combine the last two terms in the numerator.	

 s2 = (ΣX
2 ) − nX 2

n −1

	

 Multiply numerator and denominator by n.	

 s2 = n(ΣX 2 ) − n2X 2

n(n −1)

	

 Modify the second term in the numerator.	

 s2 = n(ΣX 2 ) − (nX)2

n(n −1)

	

 Substitute using the fact that nX = ΣX .	

 s2 = n(ΣX 2 ) − (ΣX)2

n(n −1)

	

 Thus s2 = Σ(X − X)2

n −1
=
n(ΣX 2 ) − (ΣX)2

n(n −1)
. 

by Patrick Quigley



Deriving the Shortcut Formula for the Population Variance

	

 Steps	

 Result

	

 Given.	

 σ 2 =
Σ(X − µ)2

N

	

 Square the binomial in the numerator.	

 σ 2 =
Σ(X 2 − 2µ ⋅ X + µ2 )

N

	

 Split up the sum.	

 σ 2 =
(ΣX 2 ) − Σ(2µ ⋅ X) + Σ(µ2 )

N

	

 Factor out the constants 2 and µ .	

 σ 2 =
(ΣX 2 ) − 2µ ⋅ (ΣX) + µ2 ⋅ (Σ1)

N

	

 Substitute using the facts that ΣX = Nµ  and Σ1 = N .	

 σ 2 =
(ΣX 2 ) − 2µ ⋅ (Nµ) + µ2 ⋅N

N

	

 Simplify the last two terms in the numerator.	

 σ 2 =
(ΣX 2 ) − 2Nµ2 + Nµ2

N

	

 Combine the last two terms in the numerator.	

 σ 2 =
(ΣX 2 ) − Nµ2

N

	

 Multiply numerator and denominator by N.	

 σ 2 =
N(ΣX 2 ) − N 2µ2

N 2

	

 Modify the second term in the numerator.	

 σ 2 =
N(ΣX 2 ) − (Nµ)2

N 2

	

 Substitute using the fact that Nµ = ΣX .	

 σ 2 =
N(ΣX 2 ) − (ΣX)2

N 2

	

 Thus σ 2 =
Σ(X − µ)2

N
=
N(ΣX 2 ) − (ΣX)2

N 2 .

by Patrick Quigley


