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VCþ�.�©Ùb½

Y = β0 + β1X + U

Õá­E*ÿ(Y,X),��*ÿêâ

(Y1, X1), (Y2, X2), · · · , (Yn, Xn).

Z6�Ã{��*ÿ,b�©Ù�:
Ui ∼ N(0, σ), {Ui}S�ÕáÓ©Ù.
æ^���¦{,lþãêâ���.ëê�:�O�:

β̂0 = Y − β̂1X

β̂1 =

∑n
i=1

(
Xi −X

) (
Yi − Y

)∑n
i=1

(
Xi −X

)2
=

∑n
i=1 xiyi∑n
i=1 x

2
i

PÒxi = Xi −X
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ëê�©Ù

Y = β0 + β1X + U

β̂0 ∼ N

(
β0, σ

2

(
1

n
+

X∑(
Xi −X

)2
))

β̂1 ∼ N

(
β1,

σ2∑(
Xi −X

)2
)

Z1 = β̂0−β0

σ
β̂0

∼ N(0, 1), Z2 = β̂1−β1

σ
β̂1

∼ N(0, 1)

σ̂2 =
1

n− 2

n∑
i=1

û2i ∼ χ
2(n− 2).
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β1��&«m�O: tÚOþ

β̂1 ∼ N(β1, σ
2
β̂1
)

Z =
β̂1 − β1
σ
β̂1

=
(β̂1 − β1)

√∑
x2i

σ
∼ N(0, 1)

Z3 = (n− 2)
σ̂2

σ2
∼ χ(n− 2)

t =
Z√

Z3/(n− 2)
=
β̂1 − β1
se(β̂1)

∼ t(n− 2)
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t =
β̂1 − β1
se(β̂1)

∼ t(n− 2)

P

{
−t1−α

2
(n− 2) ≤ β̂1 − β1

se(β̂1)
≤ t1−α

2
(n− 2)

}
= 1− α

P
{
β̂1 − se(β̂1)t1−α

2
(n− 2) ≤ β1 ≤ β̂1 + se(β̂1)t1−α

2
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}
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β1��&«m�:(
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ûi
2

0 5 10 15
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

�1� (­�ÚO�°��ÆX) VCþ�5£8µÚOíä 12 / 27



Z6���σ2�«m�O

χ2 = (n− 2)
σ̂2

σ2
∼ χ2(n− 2)

σ̂2 =
1

n− 2

n∑
i=1

ûi
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y = β0 + β1x+ u
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β1, σ̂

2
β̂1

)
, t = β̂1−β1
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∼ t(n− 2)

P
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−t1−α
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}
= P
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−t1−α

2
≤ β̂1−β1
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}
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2
se
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2
se
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= 1− α
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°(�wÍ5Y²µp-value

�
�ä��b�´ÄwÍ§ÀJÚOþT (X1, X2, · · · , Xn)"
*ÿ��§��êâx1, x2, · · · , xn,�\ÚOþ§��*ÿ�
t(x1, x2, · · · , xn).

UìT�©Ù§O�ÑVÇ
P {T > t} = p

pÒ¡�ÚOþT�p�§§L«3�b�¤á�§TÚOþ�L¢S*ÿ��
VÇ"
p��§�Lt�¯�N´u)§¤±�b�¤á¶
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SN�¢
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ÚOÆý��£
£8ëê�«m�O
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£8�.�l�

^�éu¥:�l��xêâ�CÉµ
ÏCþ�ol�

TSS =

n∑
i=1

(yi − y)2

£8���l�

ESS =

n∑
i=1

(ŷi − y)2

í��l�

RSS =

n∑
i=1

(yi − ŷi)2

l�²�Ú©)úªµ
TSS = ESS +RSS
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£8�.[Ü`Ý�½µ�½Xê

o�l�²�Ú = £8���l�²�Ú+ í��l�²�Ú

1 =
ESS

TSS
+
RSS

TSS

r2 =
ESS

TSS

¡�£8�.��½Xê"
���'Xêµ

r = ±
√
r2
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£8�.wÍ5�½µ��©Û

y = β0 + β1x+ u

¯KµCþxÚy�m(¢�3�5'Xo?

H0 : β1 = 0; H1 : β1 6= 0.

�b�¤á�k

F =
ESS

RSS/(n− 2)
=

β̂1
2∑

x̂i
2∑

ûi
2/(n− 2)

∼ F (1, n− 2)
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 SS∗ df£gdÝ¤ MSS∗(þ�Ú)

u£8£ESS¤

∑
ŷ2i 1

∑
ŷ2


u�{£RSS¤
∑
û2i n-2 1

n−2

∑
û2i

TSS
∑
yi n-1 F

���5£8¥§Fu�ÚTu���^��¶
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ŷ2i 1

∑
ŷ2
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£8©Û�A^µþ�ýÿ

Y = β0 + β1X + U

b½U ∼ N(0, σ2),@oY ∼ N(β0 + β1x, σ
2)

Y0 = β0 + β1X0 = E [Y |X = X0] .

Ŷ0 = β̂0 + β̂1X0´Y0 = β0 + β1X0��`�5Ã �O.
�±y²,ÚOþ
Ŷ0 ∼ N(β0 + β1x0, σ

2
[
1
n + (x0−x)2∑

x2
i

]
)

·�k

t =
Ŷ0 − (β0 + β1x0)

se(Ŷ0)
∼ t(n− 2)

dd�±��Y0��&«m.
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Ŷ0 − (β0 + β1x0)

se(Ŷ0)
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£8(J�µdÚ©Û
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�ä�OK:

1 ¤�Oëê�ÎÒ´Ä�ýÏ���;

2 ÚOu��wÍ5´Ä�¦<ïÄ�(J��;
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²w.

Ø
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�1� (­�ÚO�°��ÆX) VCþ�5£8µÚOíä 25 / 27



£8(J�µdÚ©Û

^�5�.[Üêâ,(J´Ð,�´ØÐ?
�ä�OK:

1 ¤�Oëê�ÎÒ´Ä�ýÏ���;

2 ÚOu��wÍ5´Ä�¦<ïÄ�(J��;

3 l�½Xê5w,éCÉ�)º´Äv
²w.

Ø
þã�ä��â	,·��I�u�í�S�´Ä÷v��5b½.

�1� (­�ÚO�°��ÆX) VCþ�5£8µÚOíä 25 / 27



£8(J�µdÚ©Û

^�5�.[Üêâ,(J´Ð,�´ØÐ?
�ä�OK:

1 ¤�Oëê�ÎÒ´Ä�ýÏ���;

2 ÚOu��wÍ5´Ä�¦<ïÄ�(J��;

3 l�½Xê5w,éCÉ�)º´Äv
²w.

Ø
þã�ä��â	,·��I�u�í�S�´Ä÷v��5b½.

�1� (­�ÚO�°��ÆX) VCþ�5£8µÚOíä 25 / 27



£8(J�µdÚ©Û

^�5�.[Üêâ,(J´Ð,�´ØÐ?
�ä�OK:

1 ¤�Oëê�ÎÒ´Ä�ýÏ���;

2 ÚOu��wÍ5´Ä�¦<ïÄ�(J��;

3 l�½Xê5w,éCÉ�)º´Äv
²w.

Ø
þã�ä��â	,·��I�u�í�S�´Ä÷v��5b½.

�1� (­�ÚO�°��ÆX) VCþ�5£8µÚOíä 25 / 27



£8(J�µdÚ©Û

^�5�.[Üêâ,(J´Ð,�´ØÐ?
�ä�OK:

1 ¤�Oëê�ÎÒ´Ä�ýÏ���;

2 ÚOu��wÍ5´Ä�¦<ïÄ�(J��;

3 l�½Xê5w,éCÉ�)º´Äv
²w.

Ø
þã�ä��â	,·��I�u�í�S�´Ä÷v��5b½.

�1� (­�ÚO�°��ÆX) VCþ�5£8µÚOíä 25 / 27



í�S���5u�

u���{k:

1 í���ã©Û;

2 í���VÇã©Û;

3 ä�-�.u�(Jarque-Bera Test)(JB);

4 S�Ü-��u�(Anderson-Darling Normality Test)(A2).

JBu�^��õ,ÚOþ�:

JB = n

[
S2

6
+

(K − 3)
2

24

]

S: �ëê;
K:¸�ëê.
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 �Ú¸��½Â

 ��½Â:

S =
E
[
(X − µ)3

]
σ3

¸��½Â:

K =
E
[
(X − µ)4

]
[
E (X − µ)2

]2
1 K = 3,~�,~X��©Ù.

2 K < 3,A¸,�Ü�
á.

3 K > 3,k¸,�Ü[
�.

��©Ù�~�.

H0 : ui ∼ N(0, σ2)

JB
P−→ χ2(2)
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