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1.분산 추정

2.결정계수

6주차 3차시 : 다중회귀분석(분산 추정 및 결정계수)
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1.분산 추정

(1)교란항의 분산

(2)회귀계수의 분산

𝑌 = 𝑋  𝐵 (정규방정식에서)

 𝜎𝑢
2 =

𝑒′𝑒

𝑛 − 𝑘

𝑒′𝑒 = 𝑌′𝑌 − 2 Β′𝑋′𝑌 +  Β′𝑋′𝑋 Β

= 𝑌′𝑌 − 2 Β′𝑋′𝑋  𝐵 +  Β′𝑋′𝑋 Β

= 𝑌′𝑌 −  Β′𝑋′𝑋  𝐵 𝑌′𝑌 −  Β′𝑋′𝑌또는

 𝐵 = (𝑋′𝑋)−1𝑋′𝑌

= (𝑋′𝑋)−1𝑋′ 𝑋𝐵 + 𝑈

= 𝐵 + (𝑋′𝑋)−1𝑋′𝑈

= (𝑋′𝑋)−1𝑋′𝑋𝐵 + (𝑋′𝑋)−1𝑋′𝑈

(최소자승법의 목적함수에서)
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회귀계수의 분산-공분산행렬(variance-covariance matrix)

 𝐵 − 𝐵 = (𝑋′𝑋)−1𝑋′𝑈

𝑉𝑎𝑟  𝐵 = 𝐸[  𝐵 − 𝐸(  𝐵)  𝐵 − 𝐸(  𝐵)
′
]

= 𝐸[(𝑋′𝑋)−1𝑋′𝑈𝑈′𝑋(𝑋′𝑋)−1]

= 𝜎𝑢
2(𝑋′𝑋)−1

= 𝑋′𝑋 −1 𝑋′𝐸 𝑈𝑈′ 𝑋(𝑋′𝑋)−1

= 𝐸[  𝐵 − 𝐵  𝐵 − 𝐵
′
]

∵ (𝐴−1)′ = (𝐴′)−1

= 𝜎𝑢
2(𝑋′𝑋)−1

𝑉𝑎𝑟  𝐵 =

𝑉𝑎𝑟(  𝛽1)

𝐶𝑜𝑣(  𝛽2
 𝛽1)

𝐶𝑜𝑣  𝛽1
 𝛽2 𝐶𝑜𝑣(  𝛽1

 𝛽3) ⋯

𝑉𝑎𝑟  𝛽2 𝐶𝑜𝑣(  𝛽2
 𝛽3) ⋯

𝐶𝑜𝑣(  𝛽1
 𝛽𝑘)

𝐶𝑜𝑣(  𝛽2
 𝛽𝑘)

⋮ ⋱ ⋮
𝐶𝑜𝑣(  𝛽𝑘

 𝛽1) 𝐶𝑜𝑣  𝛽𝑘
 𝛽2 𝐶𝑜𝑣(  𝛽𝑘

 𝛽3) ⋯ 𝑉𝑎𝑟(  𝛽𝑘)
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2.결정계수(coefficient of determination)

단,  𝑌=0 일 때

단,  𝑌 ≠0 일 때

𝑌′𝑌 = (  𝑌 + 𝑒)′(  𝑌 + 𝑒)

= (𝑋  𝐵 + 𝑒)′(𝑋  𝐵 + 𝑒)

= (  𝐵′𝑋′ + 𝑒′)(𝑋  𝐵 + 𝑒)

=  𝐵′𝑋′𝑋  𝐵 + 2  𝐵′𝑋′𝑒 + 𝑒′𝑒

=  𝐵′𝑋′𝑋  𝐵 + 𝑒′𝑒 ∵  𝐵′𝑋′𝑒 =  𝐵′𝑋′ 𝑌 − 𝑋  𝐵 =  𝐵′(𝑋′𝑌 − 𝑋′𝑋  𝐵) = 0

𝑅2 =
 𝐵′𝑋′𝑋  𝐵

𝑌′𝑌

𝑅2 =
 𝐵′𝑋′𝑋  𝐵 − 𝑛  𝑌2

𝑌′𝑌 − 𝑛  𝑌2

=  𝐵′𝑋′𝑋  𝐵 +  𝐵′𝑋′𝑒 + 𝑒′𝑋  𝐵 + 𝑒′𝑒 ∵ 𝑋′ 𝑋  𝐵 = 𝑋′𝑌 (정규방정식)
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(예제-계속)

𝑒′𝑒 = 𝑌′𝑌 −  Β′𝑋′𝑋  𝐵

= 1 1 2 3

1
1
2
3

− −4.25 1.5 2
4 8 6

8 18 11
6 11 10

−4.25
1.5
2

= 15 − 14.75

= 0.25

∴  𝜎𝑢
2 =

0.25

4 − 3
= 0.25
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∴ 𝑅2=
 𝐵′𝑋′𝑋  𝐵 − 𝑛  𝑌2

𝑌′𝑌 − 𝑛  𝑌2
=

14.75 − 4(1.75)2

15 − 4(1.75)2
=

2.5

2.75
= 0.909

∴ 𝑉𝑎𝑟(  𝐵) = 𝜎𝑢
2(𝑋′𝑋)−1

= (0.25)
14.75 −3.5 −5

−3.5 1 1
−5 1 2

=
3.6875 −0.875 −1.25

−0.875 0.25 0.25
−1.25 0.25 0.5

se(  𝐵) =
3.6875

0.25

0.5


