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單元 13: µ 與 µ1 − µ2 的小樣本
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W 1. ø�hÊ藥Ê 8 êä彈í測t-, )槍¨§�Ñ

3005,2925,2935,2965

J£

2995,3005,2937,2905

t°Ê]˝[b 0.95 -, öõ�Ì槍¨§� µ í]˝

–È. 另cq槍§�¡Nk�態}布.

<j> ÄÑ (i) üš… (¢¡N�態}布) / (ii) „ø

‰æb, ]ªSà

T =
Y − µ

S/
√

n

TÑ µ í樞紐¾. †ø 95% ]˝–ÈÑ(
Y − tα/2

(
S
√

n

)
, Y + tα/2

(
S
√

n

))
w2 P (T (n− 1) > tα/2) = 0.025.

âcq£l�, )

y = 2959 / s = 39.1

â[ 5, ç n = 8 v,

P (T (7) > 2.365) = 0.025
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) tα/2 = 2.365. Ä¤, ø 95% ]˝–ÈÑ(
2959− 2.365

(
39.1√

8

)
,2959 + 2.365

(
39.1√

8

))
= (2926.3,2991.7)

C R:

y = scan() # �p’e

ybar = mean(y)

s = sd(y)

t = qt(0.975, df=7)

ybar-t*s/sqrt(8)

ybar+t*s/sqrt(8)

ù. Ê‘K (i) u°í‰æb σ2
1 = σ2

2 = σ2 „ø£

‘K (ii) üš…-, µ1 − µ2 í]˝–È. q

Y11, . . . , Y1n1

iid∼ N(µ1, σ2
1)

/

Y21, . . . , Y2n2

iid∼ N(µ2, σ2
2)

J£¤ù š…?ó互Ö. I
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1
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i=1
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1

n2
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i=1

Y2i
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J θ = µ1 − µ2, †ø.偏估l¾Ñ

θ̂ = Y 1 − Y 2 ∼ N

(
µ1 − µ2,

σ2
1

n1
+

σ2
2

n2

)
¤4ÄÑ
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σ2
1

n1
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2
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)
/ Y 1 D Y 2 ó互ÖF_.

Ä¤, Ê σ2
1 = σ2

2 = σ2 ícq-,

Z
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=

(Y 1 − Y 2)− (µ1 − µ2)√
σ2
1

n1
+

σ2
2

n2

=
(Y 1 − Y 2)− (µ1 − µ2)

σ
√

1
n1

+ 1
n2

∼ N(0,1)

O¤v Z „®樞紐¾í™Ä, ÄÑ σ „ø.

QO, Û°ø σ2 í.偏估l¾. ª5?uà估l¾

(pooled estimator)

S2
p

def
=

∑n1
i=1(Y1i − Y 1)

2 +
∑n2

i=1(Y2i − Y 2)
2

n1 + n2 − 2

=
(n1 − 1)S2

1 + (n2 − 1)S2
2

n1 + n2 − 2
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†, ÄÑ S2
1 D S2

2 }�u σ2
1 D σ2

2 í.偏估l¾/

Ê σ2
1 = σ2

2 = σ2 ícq-, )

E(S2
p ) =
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1) + (n2 − 1)E(S2

2)
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2
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] S2
p uø σ2 í.偏估l¾.

¤Õ,
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p
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=
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1
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+

(n2 − 1)S2
2

σ2

∼ χ2(n1 + n2 − 2)

¤4ÄÑ

(n1 − 1)S2
1

σ2
∼ χ2(n1 − 1)

/

(n2 − 1)S2
2

σ2
∼ χ2(n2 − 1)

J£ S2
1 D S2

2 ó互ÖF_. |(, â Y 1, Y 2 D

S2
1, S2

2 ó互Öªû| Z D S2
p ?ó互Ö.
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Ä¤, â t }布íì2,
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Z√
(n1+n2−2)S2

p
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(Y 1 − Y 2)− (µ1 − µ2)

σ
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1
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+ 1
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1
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+ 1
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ªTÑ µ1 − µ2 í樞紐¾.

|(, %âéNk�ø¶}íl�cÜ, )]˝[bÑ

−α í µ1 − µ2 í]˝–ÈÑ(
Y 1 − Y 2 − tα/2Sp

√
1

n1
+

1

n2
,

Y 1 − Y 2 + tα/2Sp

√
1
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+

1
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α

2
/

S2
p =

(n1 − 1)S2
1 + (n2 − 1)S2

2

n1 + n2 − 2

7 2×bç系:PM



bÜ$lø(100,) Àj 13: µ D µ1 − µ2 íüš…]˝–È

W 2. Ês� _˙序o*-,  _ÉKFÛívÈš…

}�Ñ,
™Ä˙序: 32 37 35 28 41 44

35 31 34
h˙序: 35 31 29 25 34 40

27 32 31

š…×ü}�Ñ n1 = 9 D n2 = 9. tJ]˝[b

0.95 估löõí‚�值差 µ1−µ2. ¢cq (i)  _v

È¡Nk�態}布D (ii) σ2
1 ≈ σ2

2 /s š…ó互Ö.

<j> âcq, ªSà

T =
(Y 1 − Y 2)− (µ1 − µ2)

Sp

√
1
n1

+ 1
n2

TÑ µ1 − µ2 í樞紐¾. Ä¤, ø 95% ]˝–ÈäÌ

Ñ

(Y 1 − Y 2)± tα/2Sp

√
1

n1
+

1

n2

¤T

y1 = 35.22, y2 = 31.56

J£

9∑
i=1

(y1i − y1)
2 = 195.56
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D

9∑
i=1

(y2i − y2)
2 = 160.22

/)

S2
p =

(n1 − 1)S2
1 + (n2 − 1)S2

2

n1 + n2 − 2

=
195.56 + 160.22

9 + 9− 2
= 22.24

¢â[ 5,

P (Y (16) > 2.120) = 0.025

] tα/2 = 2.120. Ä¤, 95% ]˝–ÈäÌÑ

(35.22− 31.56)± (2.120)
√

22.24

√
1

9
+

1

9
= 3.66± 4.71

)]˝–ÈÑ (−1.05,8.37). ÄÑ¤–È含�£Š值,

7Ì¶判i¤ù�o*˙序�差æ.

C R:

y1 = scan() # �p�ø ’e

y2 = scan() # �p�ù ’e

n1 = length(y1)
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n2 = length(y2)

y1bar = mean(y1)

y2bar = mean(y2)

s12 = var(y1)

s22 = var(y2)

sp2 = ((n1-1)*s12+(n2-1)*s22)/(n1+n2-2)

t = qt(0.975, n1+n2-2)

(y1bar-y2bar)-t*sqrt(sp2)*sqrt(1/n1+1/n2)

(y1bar-y2bar)+t*sqrt(sp2)*sqrt(1/n1+1/n2)
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