Deriving the Shortcut Formula for the Sample Variance

Steps Result

oo TX- X)

n—1

Given.

SZZZ(XZ—Z}_(-X+}_(2)

n—1

Square the binomial in the numerator.

oo (ZXH- T2X - X)+X(X7)

Split up the sum.
n—1

e (ZX*)-2X - (ZX)+ X - (Z1)

n—1

Factor out the constants 2 and X .

, EXH-2X-nX)+ X n
s =

n—1

Substitute using the facts that XX =nX and Z1=n.

, (ZX*)-2nX? +nX*
S =

n—1

Simplify the last two terms in the numerator.

2 (ZXZ)_H)_(2
S =——

n—1

Combine the last two terms in the numerator.

, n(EXH)-n’X?
—

Multiply numerator and denominator by n.
nn—1)

2 _ NEXY)— (nX)’

Modify the second term in the numerator.
nn—1)

o nEX) - (5X)’

Substitute using the fact that nX = XX .
n(n—1)

2(X-X)Y  n(EXY)-(EX)
n-1 n(n—1) '

Thus s° =
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Deriving the Shortcut Formula for the Population Variance

Steps Result

o ZX -
N

Given.

o = S(XT-2u-X+u’)
N

Square the binomial in the numerator.

o (X)) -TQu-X)+ 3(0)
N

Split up the sum.

o (EXD) =20 (5X)+ - (2)

Factor out the constants 2 and [ . N

o2 EXD)-2u-(Nw+p* N
N

Substitute using the facts that 2X = Ny and 21=N.

o = (EX*)—-2Nu’ + Ny
N

Simplify the last two terms in the numerator.

5o EX)- N
N

Combine the last two terms in the numerator.

57 = NCEX")-N’p’
= =

Multiply numerator and denominator by N.

o = NEX) - (Vuy
N

Modify the second term in the numerator.

o NEX)-(2X)

Substitute using the fact that Ny = %X . >
N

E(X - _ N(EX') = (2X)"

Thus o° = -
N N
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