
Chapter 10

cqùÏ

Á3Ωı

„ SÇôÃcq?

„ Ã∂á"ôÃcqÌ<2�

„ }<⇡ I ∏⇡ II òœ�

„ ?DjÑùÏÌ!ã�

=ƒg�: ¯_*Ñ"òÌAuƒ—F.{˛th⇠9”�

Anyone who has never made a mistake has never tried anything new.

10.1 cqùÏÌ!Öñ1

$lcqùÏ (hypothesis testing) u˚⌦6¯ÇÒ°b↵»ï}AsÈ, 1œHFw—ˆ£Ì°

bu⇧k•sÈw2¯, d|cq4ÌœH; Ç‡”úÇöj�Y’Öím™WÑwœHu¥—

ˆÌ¯_¨⌃, ƒ—wáÏu!köÖím, ]�§¨⌃—$lùÏ� «10.1ñI∑H•ö¯_¨

⌃, •≥#|•u¯_�=¨⌃ (cq Y’íe ái)�

¯OA✓✓Tcq4ÌœH,…u%%•<œHˇ�™X]⌦Ìím, J�Ñwu¥—ˆ� OJ

b⁄ ¯Ö, ZæÒá’îÜ€b$l⇤ÁãJÑı� €D⇤xÍÆ, ¯∂}Ìı.VAk$lÁ

ÌÍ⌅, Bbıı¯<W‰:

¯<fiflƒ÷™?”v»R⌅7Zâ, W‡, ü”eπî, ú¬4ì⇣� π◆A∫V-/¯´

ú¬, C/¯ëfifl(Ìfifl’î™?}X7Ífi.†ÏÌ8$, FJ, ÏÇùøflπÌπî

‘4âb (quality characteristic variable) Ja≠ (monitor) `⌃Ì†Ï4�(°b↵»—

†Ï∏.†Ï, Cπî‘4âbÌ∏�)
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$lÁ104v 10.1.1 s_cq

« 10.1: $lcqùÏu¯_�=Ì¨⌃�

—7¸\X@ºÌjKπî, π◆∂∆øÏÇölÂ‡JáÏX@ºFX@ÌjKuæu¥

™JoY�(°b↵»—Øè∏.Øè, 0 p 1)

ì⇢«ÍhÌ±¶9ìπ, FbÛ]•hÌì™Hìy—�^,  v^,D±ŸÓu‡§, Õ

7•€b¯<@ÊbWXM, n?�áª✏«�hì¶HHì, ZæËAÌfi∫πî�

¸Áfi2, 4✏�Zw—„Áfi™úflç,  {–,Ã∂˘-=É, uJ�Aw—„ÁfiÌÁ

3A^úfiÁfi—Q� O9ıu¥‡§, ãˆ„Áfi™úflç, DÁ3A^u¥�…·? •

1.Òq)É¯_�Z4Ì!��

rÇ¸Q°U�, t≠∫ u¥ßÉ„Ç[cÌ ‡, U)flæQkwÖv»·? •™J}

&fiflbW)É¯<1Ñ�

/t≠—7”ãø¿, ˙’é�w ⇢fiflÌAπG0™Æ 95%, Úk¯O∞ìÆƒ�

10.1.1 s_cq

J,•<W‰, œH7™?Ì9ı2Ì/"j≤� t≠G0�™?u.É 95%, ÁÕ6�™?u�

FÇÿîfisi, Ÿ-Ö—„$, ¯_cq4ÌœH÷cÉH¯fi ⇧™úfl⌃, «¯fi∫∞vÊ �

cqùÏ.‚ s6≤¯� si—µπ˘-, cq6�s_, }Å—ôÃcq (null hypothesis,

H0)∏˙�cq (alternative hypothesis, H1)� S6—ôÃ, S6—˙�, 1›rÕ¸Ï, •…↵˚

⌦6Ì�“DÒÌ�4‰≠,% ⇧�ÃÛfi,ÿqÛA,≈sÛ$, Ú-Ûb, ;flÛ∏, á(Û”⌃�

••@¯⌥hıÌœH, .�Û•Ìfi≤Ê Ì™?, $lcqu˙ÇÒ°bÌ¯⌥cz, Õ7w

˙@ÌczÜu«¯⌥™?—ˆÌ9ı�

!Ö,, Bb;bÑı—ˆÌµ_fi≤, µ_cq�—˙�cq, Bb;b¥ÏÌ, �—ôÃc

q�FJ,i⇡.∞, �“.∞, hı.∞, ˙∞öÌΩÊ ôÃD˙�cqÌqÏ,ˇ�™?.∞�

W 10.1.

cq/Gúì6é�wGú5◆Ã&úv»— 96 ¸v, ~Ωæë6kùÏ§Gúì65é�u¥

—ˆ, ~Ωv‡Scq? I µ —§ì6GúÌ◆Ã&úv», •s_cq™Ju

a
ôÃcq H0 µ 96

˙�cq H1 µ 96
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$lÁ104v 10.1.1 s_cq

« 10.2: ¯_œH[€|s⌥cq�

6™Ju

b
ôÃcq H0 µ 96

˙�cq H1 µ 96

Oˇæë6Ìi⇡, .›;bÑıì6Ìé�, ¶✓uV-Cw—ì6Œ◊GúÌ&úv», ƒ§,

J (a) Ìcq™úØ_�

;W�“⇥ i⇡, J£ΩÊœHÖô, •≥˙kcqq�ÌüÜ, T|J-�ı :

1. <k¥ÏÌcq—ôÃcq�

2. <kÑı—ˆÌcq—˙�cq�¯O7k,Bb,u�ÅÍ€œÊÌÊ ,CÑı%¨¯<

õâ(8î∏¨†.∞�

3. JΩÊœHÌ•fi3"—ôÃcq� •fiN\Mü’≥�Zâ5<, ÃœÅ∏≥�œÊ, £

fi[u™•TØ, �FZâ5<� W‡, hìDHìÌW^≥�œÅ, € Ì`⌃’G∏¨†

¯ö�

4. òœá"/¯cq(ãú—√Ω, §¯cq—ôÃcq�

5. FAÌ3"—ôÃcq�

ásıu!ÖüÜ, (˙ıufi� …k✏˙ı, W‡˚⌦6w—fiÁfiÌÁ3A^™úfl, •

œHÌ ⇧•fi3"⌃ ˇu≥�™úfl� FJ,  •_ΩÊ,, ˚⌦6;bÑı ⇧fiÁfiÌÁ3A^

™úfl⌃, ⇣∞k;b¥Ï ⇧≥�™úfl⌃, •_•fi3"ˇuF;b¥ÏÌ� ]ôÃcq— ⇧≥�

™úfl⌃�

…k✏˚ı,  ¯_¨3∂µ≈, #|Ã⇥RÏ� ¯_xO" \áÏ�⇥5á, ∑\w—u

Ã⇥Ì, �⇥u€bÑıÌ� ∂Îfi˙xO", -2q;F ê2ÌiH�s_™? (cq), ¯—

�⇥•u˙�cq, «¯—Ã⇥•uôÃcq�  ÉAûÌ≈⇡≥, ¯Ã⇥ÌAáA�⇥u›✓√

ΩÌòœ (5;b\œ}˝? œáÍfi LSô,, ∑'ÿ\QßÌ)� Ou,  îû÷]≈, F

Çû™ò}¯Ï6.?[¨¯AÌ2&-, ôÃcqˇu�⇥, ˙�cqnuÃ⇥�
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$lÁ104v 10.1.2 s⌥òœ≤µ

…k✏¸ı, FAˇu�Åk–� ˚⌦6iÃÇ‡A–íƒ†ÑıÅAœH—ˆÌ≠‹� ˙k

FA, Bb…�;b†¥ÏF� <k¥Ï6, ˇuôÃcq� W‡, \⇠†ù ⇢ß[ÚÆu¥Ø

↵ôƒ?  ⇢ÁÕ3"wÚÆØ↵ôƒ, \⇠iÃ—w*zÌ≠‹, \⇠ùÌÒÌˇu||.Ø

è6� æ!}Ç�ªflπ6ubv|⇢ºÌ∫ju¥Ø↵dÏ,  Ñùá, ⇢ºÁÕé�wfl

πuØØ\⇠dÏÌ�

10.1.2 s⌥òœ≤µ

$lcqùÏ, |�.‚˙kcq�F≤µái, ¥Ücu¯⌥↵;∏ì;, Ã∂$A¯Ö⁄ � c

q�s_, 7≤µ?�s⌥:

.á" H0 : «zÃ∂Ñı H1 —ˆ, ü�ÌôÃcq€b^£� ˇíeÌÈ˝, Ãk}ÌÑWD

]-w—ôÃcqu.˙Ì (do not reject H0)� $lùÏu$«‡öÖ$læá" H0 Ì

cq, Õ7ÁÑWÃ∂Ñı H0 —cv, Bb¶✓zÃ∂á" H0� Õ7, Ã∂á" H0 1.

uH[ H0 —ˆ, …uˇÒáíe7k, Bb≥�k}ÌÑWFA�… H0 ÌœH�

á" H0 : «zÑı H1 —ˆ, 6ˇu˚⌦6ÑıA–;bÌ!ã� ˇíeÈ˝, ↵%�k}ÌÑ

WD]-w—ôÃcqu.˙Ì (reject H0)�

Ou,  Õ�<öÖT—1Ñ, Oˆı¢‡S·? '÷8î•…�,’C4Ÿ�™¯, 7�<êK

C≤µÜk¯®v»5(Ñıu£¸CòœÌ� ‡S$lùÏ¢‡S™W,H≤µái·?

Ï2 10.1.

ùÏ$læu¯_d—áÏu¥á" H0 Ì$læ� $læ—öÖ X1, ,Xn ÌÉb, §ÉbM

d—ùÏ5YW]�—ùÏ$læ�

Ï2 10.2.

á"�u¯_’Ø (∏�) C, JùÏ$lær  C Üá"ôÃcq, •5, ÜÃ∂á" (Qß) ô

Ãcq�

$lùÏÌ≤µj�, Ìl;WcqùÏÌ$�≤ÏØ_ÌùÏ$læÉ�, 1ùÏ$læq

Ïá"�, y6¯íe X1 x1, ,Xn xn Hp$læÉ�l✓wbM, JwMu¥r á"q

T—áÏÌYW�

W 10.2.

’¯_Ìç$ 4 ü, ~Ω‡SáÏ•_⇣‰u¥t◆? •_ΩÊuá˙ç$I’(|€£fiÌ8

$, ]Iç$ıÌ°b—|€£fiÌú0, JØU p [˝, w°b↵»— 0 p 1, Á p 0.5

v, wÏ•u¯_t◆Ìç$�
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$lÁ104v 10.1.2 s⌥òœ≤µ

j . 1. s_cq

ôÃcq H0 ç$ut◆Ì

˙�cq H1 ç$.ut◆Ì

?™üA

ôÃcq H0 p 0.5

˙�cq H1 p 0.5

2. I Xi H[✏ i üI’Ì!ã, £fi— 1, •fi— 0� §¯ıÌöÖ↵»

⌦ 0000,1000,0100,0010,0001,1100,1010,1001,

0110,0101,0011,1110,1101,1011,0111,1111

3. I£fi|€Ìüb

X X1 X2 X3 X4

—ùÏ$læ�

4. á"�

C1 0,1,3,4

C

C2 0,4

�SœÊ?

W 10.3. (Q/W 10.1)

BbIá"� C1 X̄ 95 , πÁöÖ◆ÃM (ùÏ$læ) ¸k 95 ˇá" H0� D X̄

94.7 6ˇ¥Ï7ì6Ìé�, [˝FÌGú◆Ã&úv»1≥�ÆÉ 96� OJá"�Z— C2

X̄ 94 , ÜÃ∂á" H0�

W 10.2 ∏W 10.3 zp‡S≤Ïá"� ‡cqùÏÌ!�, 7Bb¢v‡S¶ü, }®AB

Û!ã·? .◆u≤œ C1 C C2 ∑�™?ÍfiòœÌ, ©/I¯_t◆Ìç$|€˚ü∞fiÌú

0— 0.125, Ou¯_.ut◆Ìç$6�™?|€£fiD•fiübÛ∞Ì8$� FJ, s⌥cq

∏s⌥≤µ,  Ø˚⌥™?Ì!ã (sifi˚Ô)�
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$lÁ104v 10.1.2 s⌥òœ≤µ

[ 10.1: $l≤µÌ!ã

≤ ˆı8î

µ H0 H1

á" H0 ⇡ I òœ £¸

.á" H0 £¸ ⇡ II òœ

,[2�s_£¸áÏ, .‡‘Åzp; O6�s⌥òœ, }H‡-:

⇡ I òœ: Á H0 —ˆv, Bbá" H0 5é�, §vÍfiÌòœ, �5—⇡ I òœ� ¶✓‡�C

ÂÇ ↵ [˝⇡ I òœÌú0, �5—ÈOÆƒ� π◆ù�—⇡ I òœÌú0—fifl6Í

‘� W‡, X@ºÌåπı“,uØèÌ, Oùvƒ—ÇÉ™ú÷Ì.Gπ®Aœá, w—

•uå.Øè7¢å, ®AX@ºÌ∏‹, ]�—fifl6Í‘� Ï2‡-:

↵ P á" H0 H0 —ˆ (10.1)

⇡ II òœ: Á H1 —ˆv, Bbá" H1 5é�, §vÍfiÌòœ, �—⇡ II òœ� ¶✓‡�C

ÂÇ � [˝⇡ II òœÌú0� π◆ù�—⇡ II òœÌú0—æë6Í‘� W‡, X@º

Ìåπı“,u.ØèÌ, Oùvƒ—ÇÉ™ú˝Ì.Gπ®Aœá, w—•uåØè7

™å, ®Aæë6Ì∏‹, ]�—æë6Í‘� Ï2‡-:

� P .á" H0 H1 —ˆ (10.2)

W 10.4.

↵¯✓GÇÒ5âÊb— 16, D˙§ÇÒ◆ÃbTJ-5cq

H0 µ 5 vs. H1 µ 5

1≤Ïwá"�—

C X̄ 5.8 C X̄ 4.2

~ΩJ¯öÖ_b— 25 5öÖ◆ÃbVùÏÇÒ◆Ãb, ∞⇡ I òœ5ú0 ↵ —S?

j .

öÖ◆ÃbÌÇö}∫—

X̄ N 5,
42

25

↵ P X̄ 5.8 C X̄ 4.2 H0

1 P 4.8 X̄ 5.8 H0

1 P 1 Z 1

1 � 1 � 1 2 1 � 1

2 1 0.8417 2 0.1587 0.3174
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$lÁ104v 10.1.2 s⌥òœ≤µ

ôƒ}bÌt�:

z
n x µ

�

⌦V 4.2 Ìôƒ}b

zL
25 4.2 5

4
1

¨V 5.8 Ìôƒ}b

zU
25 5.8 5

4
1

W 10.5. Q/W 10.7

J µ 6.6 v, ∞⇡ II òœ5ú0 � —S?

j .

öÖ◆ÃbÌÇö}∫—

X̄ N 6.6,
42

25

� P 4.2 X̄ 5.8 µ 6.6

P 3 Z 1

� 1 � 3 � 3 � 1

0.9985 0.8417 0.1568

⌦V 4.2 Ìôƒ}b

zL
25 4.2 6.6

4
3

¨V 5.8 Ìôƒ}b

zU
25 5.8 6.6

4
1

W 10.6. Q/W10.7

Já"�Z—

C X̄ 6.6 C X̄ 3.4

∞⇡ I òœ5ú0 ↵ —S?
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$lÁ104v 10.1.2 s⌥òœ≤µ

j .

öÖ◆ÃbÌÇö}∫—

X̄ N 5,
42

25

↵ P X̄ 6.6 C X̄ 3.4 H0

1 P 3.4 X̄ 6.6 H0

1 P 2 Z 2

1 � 2 � 2 2 1 � 2

2 1 0.9772 2 0.0228 0.0456

⌦V 3.4 Ìôƒ}b

zL
25 3.4 5

4
2

¨V 6.6 Ìôƒ}b

zU
25 6.6 5

4
2

7⇡ II òœ5ú0 � —S?

j .

öÖ◆ÃbÌÇö}∫—

X̄ N 6.6,
42

25

� P 3.4 X̄ 6.6 µ 6.6

P 4 Z 0

� 0 � 4 � 4 � 0

1 0.5 0.5

⌦V 3.4 Ìôƒ}b

zL
25 3.4 6.6

4
4

¨V 6.6 Ìôƒ}b

zU
25 6.6 6.6

4
0

 öÖ◊¸ Ï-, J,˙_W‰Bbı|Ã∂∞v±Q⇡ I ∏⇡ II òœÌú0,  Û∞Ìù

Ï$læ (X̄), Zâá"�}¡˝C[◊⇡ I òœÌú0, Õ7 II òœÌú06}[◊CÚ¸� J

-u…k⇡ I òœÌú0D⇡ II òœÌú0Ì¯<!��

1. ≤µ"òÌÃ™fnÌ, �£¸áiÌ™?, O6�"òÌú}� ÁÕ, ≤µ6kÁv∑Û]

FÌ≤µu£¸Ì�
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$lÁ104v 10.1.2 s⌥òœ≤µ

2. Bb�Å"òÌú0B¸Bfl, π ↵ D � BQ°0Bfl, O•€bAÖ, $l,ÌAÖˇu

öÖ◊¸, öÖB◊AÖBÚ, R�y—⌫¸7U ↵ D � â¸�

3. Õ7 öÖ◊¸ (n) #ÏÌ8î-, ↵ B¸Ü � B◊, •5?Õ, s6.™u)�

4.  cqq�üÜ, òœá"ôÃcqÌ(ãú—√Ω, uJœW$lùÏ.‚≠Ñ⇡ I òœ

Ìú0� ¶✓Ìd∂—qÏ ↵ (, Õ(y≤Ïá"�� � ↵ —¯_$lùÏÈOÆƒ�

¯_flÌùÏ$læ?  H0 —òœv, á" H0, ÆA˚⌦6ÌÒÌ� ¯_ùÏ$læÌùÏ

â—£¸á" H0 Ì?â,   H1 —ˆÌëK-, ùÏ$læÑıw—ˆÌ?â�   Ï ↵ -, ù

Ïâ—áÏùÏ$læG8ÌNô�

Ï2 10.3. $læÌùÏâÌÏ2:

1 � 1 P .á" H0 H1 —ˆ

P á" H0 H1 —ˆ
(10.3)

cqs_ùÏj∂ C1 ∏ C2 �Û∞Ì⇡ I òœÌú0, J C1 ÌùÏâ �1 ◊k C2 ÌùÏâ

�2, ÜùÏj∂ C1 úi�

W 10.7.

Q/W 10.2, BbJtß�8$Ï2J-s_á"�

C1 0000,1000,0100,0010,0001,1111

∏

C2 0000,1000,0001,1110,0111,1111

Öb⇡ I òœÌú0Ó— 3 8, cq p 0.6, ~Ωs_ùÏj∂ÌùÏâ�

zp:({–Éj)

J-Bb«·Á3‡S�¯_dÂxk[Æ, û≤A¯_$lùÏ∑Ê� wı.ÿ,cb¯≠‡

S J-˙⌥ùÏÈ⇡≤œw¯� cqùÏÌÈ⇡}A¿Æ∏¬ÆùÏ, á6¢}A⌦ÆD¨Æ,

•u;W˙�cqC˙@Ìá"�Ì⇡GV∑±Ì, Cu;W˚⌦6Ì�“V∑±Ì, W‡:
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$lÁ104v 10.2 ÇÒ◆ÃbÌcqùÏ

1. ¨Æ H1 µ 60

2. ⌦Æ H1 µ 60

3. ¬ÆùÏ H1 µ 50

ásO�—¿ÆùÏ (one-sided test), J⌦ÆùÏ—W, Á˚⌦6kÑıÇº„4◆Ã?∑k 60,

ôÃcq H0 µ 60� öÖ◆ÃMu‡VáÏS6—ˆÌΩbYW, ÁöÖ◆ÃMB¸, Bb≤˚

⌦6Ì;∂™?—ˆ, Û•Ì, ÁöÖ◆ÃMB◊,È˝BÃ∂XMb≤˚⌦6Ìcq�Bb¯_c

qDá"�Ì…[�k[ 10.2, ˙�cqDá"��∞≤, W‡á"�ÌqÏ— C X̄ c —

⌦ÆD˙�cqÌ¸k.⇣�“ ”∞≤�

∑<: á"�Ì.⇣�q�j≤D˙�cqÛ∞�

[ 10.2: s_cq, á"�, ÈOÆƒÌ…[[

¬ÆùÏ ⌦ÆùÏ ¨ÆùÏ

ôÃcq H0 ÌØU

˙�cq H1 ÌØU

á"�  ⌦¨sÆ  ⌦Æ  ¨Æ

↵ ↵ 2 ↵ ↵

$lcqùÏÌ⌃ÂD✏ 9 �]⌦ñ»ÈN, ∑u!kı,lÌj∂DwÇö}∫, }AJ-˚_

• :

1. ≤ÏØ_ı,l$læ

2. R˚ùÏ$læ  H0 —ˆ-ÌÌÇö}∫

3. ≤Ïá"�⇡G: J⌦ÆùÏ—W, ∫Ø˙�cqá"�Ì⇡G—

C X̄ c

4. l✓ c M�

10.2 ÇÒ◆ÃbÌcqùÏ

Ìl, Bbl⌧‹ÇÒ◆ÃbùÏÌ˙⌥È⇡: #Ï µ0 —°5ı

1. ¿ÆùÏ (one-sided test)

¨Æ (right-tailed)
H0 µ µ0

H1 µ µ0
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$lÁ104v 10.2.1 ✓GÇÒ, âÊb↵¯

⌦Æ (left-tailed)
H0 µ µ0

H1 µ µ0

2. ¬ÆùÏ (two-sided test)
H0 µ µ0

H1 µ µ0

,H∑J˙�cqT—ùÏÈ⇡Ì∑±, ⌦ÆùÏuN˙�cqÌÇÒ◆ÃM °5ı µ0 Ì⌦V,

¨ÆùÏuN˙�cqÌÇÒ◆ÃM °5ı µ0 Ì¨V, ¬ÆùÏuN˙�cqÌÇÒ◆ÃM 

°5ı µ0 ÌsV�

10.2.1 ✓GÇÒ, âÊb↵¯

1. ≤ÏØ_ı,l$læ: X̄

2. R˚ùÏ$læ X̄   H0 —ˆ-ÌÌÇö}∫: X̄ N µ0,
�2

n

3. ≤Ïá"�⇡G: J⌦ÆùÏ—W, ∫Ø˙�cqá"�Ì⇡G—

C X̄ c

x̄ B¸Bb≤á" H0�

4. l✓ c M�

ƒ—

↵ P C H0 P X̄ c H0

FJ,

↵ P
X̄ µ0

� n

c µ0

� n

;W z↵ ÌÏ2, ™)
c µ0

� n
z↵

ƒ§,

c µ0 z↵
�

n
(10.4)

ÇÒ◆Ãb⌦ÆùÏÌá"�—

C X̄ µ0 z↵
�

n
(10.5)

w<$lùÏb¥Ï H0 µ µ0 Ìcq, .uöÖ◆Ãb¸k°5ıπ™, ¥byQ,¯<� $

lùÏ¢—ÈO4ùÏ, wzpBb;WöÖáÏôÃcq—¥, .‚u�ÈO4ÌÑW, ™.?
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$lÁ104v 10.2.1 ✓GÇÒ, âÊb↵¯

”Zzz� ∞‹, Bb™JR˚|¨ÆùÏ∏¬ÆùÏÌ!ã, c‹ [ 10.3�

[ 10.3: @‰M∂ (˙⌥ùÏÈ⇡Ìá"�)

¬ÆùÏ ⌦ÆùÏ ¨ÆùÏ

ôÃcq H0 H0 µ µ0 H0 µ µ0 H0 µ µ0

˙�cq H1

á"�
X̄ µ0 z↵ 2

�
n
C

X̄ µ0 z↵ 2
�
n

X̄ µ0 z↵
�
n

X̄ µ0 z↵
�
n

↵ ↵ 2 ↵ ↵

W 10.8.

cq/t≠fifl5ÕsâΩæÌôƒœ— 4 ts� vt≠é�wÕsâ¥Ω◆ÃΩæ¨ 100 t

s, Dk˘ì“”úÇ¶vflπ 25 K, )w◆Ãb— 98.4 ts, ~JÈOÆƒ ↵ 0.05 ùÏ§

⇢ºé�u¥—ˆ? (cqÇÒx✓G}∫)

j .

1. q�s_cq�
H0 µ 100

H1 µ 100

2. ≤œùÏ$læ�

X̄ 98.4

3. ≤Ïá"��
c µ0 z↵

�
n

100 1.645 4
25

98.684

C X̄ 98.684

4. !��

ƒ— X̄ 98.4 r  C q, ]á" H0, πÑWóJ¥Ï⇢ºÌé��

,H�Zá"�Ìj∂�—@‰M∂, 6ˇuzöÖ◆ÃMÌ@‰ıl✓|V� ÁBb¯öÖ

◆ÃMôƒì, w}∫— N 0,1 , π

Z
X̄ µ0

� n
N 0,1 (10.6)
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$lÁ104v 10.2.1 ✓GÇÒ, âÊb↵¯

�10.5Ìôƒì—

C
X̄ µ0

� n
z↵ Z z↵ (10.7)

cb™úöÖ◆ÃbÌôƒMDôƒ✓GÌ@‰Mˇ™J™W$lùÏ7�

[ 10.4: Z M∂ (˙⌥ùÏÈ⇡Ìá"�)

¬ÆùÏ ⌦ÆùÏ ¨ÆùÏ

ôÃcq H0 H0 µ µ0 H0 µ µ0 H0 µ µ0

˙�cq H1

á"� Z z↵ 2 CZ z↵ 2 Z z↵ Z z↵
↵ ↵ 2 ↵ ↵

W 10.9. Q/W10.8

Z‡ Z M∂�

j .

1. q�s_cq�
H0 µ 100

H1 µ 100

2. ≤œùÏ$læ�(l✓ X̄ Ìôƒ}b)

Z
X̄ µ0

� n

98.4 100

4 25
2

3. ≤Ïá"��

↵ 0.05, z0.05 1.645

C Z 1.645

4. !��

ƒ— Z 2 r  C q, ]á" H0, πÑWóJ¥Ï⇢ºÌé��

Ï2 10.4.

IùÏ$læ Z M— z0 w Pvalue ÌÏ2‡-

¨Æ: Pvalue P Z z0
⌦Æ: Pvalue P Z z0
¬Æ: Pvalue 2P Z z0

(10.8)
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$lÁ104v 10.2.2 ✓GÇÒ, âÊbÑ¯

J¨ÆùÏ—W, ↵¯ P Z z↵ ↵, J z0 z↵ á" H0, ÜJ/ÒJ Pvalue P Z z0 ↵�

wFs⌥È⇡ÌùÏ, ?™JÛ∞Ì!��

Ï‹ 10.1.

JùÏ$læÌ Pvalue ↵ ÜJ/ÒJá" H0� Bb�§∂— P M∂�

W 10.10. Q/W10.9

Z‡ P M∂�

j .

•u¯_⌦ÆùÏ, ƒ— z0 2, FJ,

Pvalue P Z 2 0.0228

ƒ— Pvalue 0.05, ]á" H0, πÑWóJ¥Ï⇢ºÌé��

LS¯⌥ùÏ®÷%(⌧‹Ìj∂∑�˙@Ì P M∂, áiƒÜ∑J$læÌ Pvalue u¥¸kÈ

OÆƒ ↵� FJ, ⁄7$l,Ò∑}ù|¯_ùÏÌ Pvalue, …b Pvalue ↵ Bbˇ™Já" H0�

10.2.2 ✓GÇÒ, âÊbÑ¯

ƒ—
n X̄ µ0

S
t n 1 (10.9)

;W✏ 9�Ìn�,Bbcb¯,Há"�t�2,F�ôƒ✓G@‰M z↵ C z↵ 2,ZA t↵ n 1

C t↵ 2 n 1 π™� c‹ [ 10.5�

[ 10.5: ÇÒâÊbÑ¯Ì@‰M∂ (t↵ t↵ n 1 )

¬ÆùÏ ⌦ÆùÏ ¨ÆùÏ

ôÃcq H0 H0 µ µ0 H0 µ µ0 H0 µ µ0

˙�cq H1

á"�
X̄ µ0 t↵ 2

S
n
C

X̄ µ0 t↵ 2
S
n

X̄ µ0 t↵
S
n

X̄ µ0 t↵
S
n

↵ ↵ 2 ↵ ↵
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$lÁ104v 10.2.2 ✓GÇÒ, âÊbÑ¯

ÈNk Z, Bb¯öÖ◆Ãbôƒì)

T
X̄ µ0

S n
t n 1 (10.10)

¯[10.4ûA[10.6�

[ 10.6: T M∂ t↵ t↵ n 1

¬ÆùÏ ⌦ÆùÏ ¨ÆùÏ

ôÃcq H0 H0 µ µ0 H0 µ µ0 H0 µ µ0

˙�cq H1

á"�
T t↵ 2 C

T t↵ 2
T t↵ T t↵

↵ ↵ 2 ↵ ↵

W 10.11. (/W9.10)

 ö˚Ò`®Ì Si-Nitride �◆ÿ‡`⌃, í æ⇡—πî‘4âb—✓G”úâb⇢ºé�

`⌃◆ÃM— 1650� DÇöæø 5 “⇤“Ì Si-Nitride í æ⇡—

1623, 1670,1625, 1633,1649

~ΩÑWu¥XM⇢ºÌé�? ↵ 0.05

j .

1. qq�s_cq�
H0 µ 1650

H1 µ 1650

2. ≤œùÏ$læ�

ll✓!Ö$læ

X̄
1623 1670 1625 1633 1649

5
1640

S2 17 2 302 15 2 7 2 92

4

1544

4
386

s 386 19.65

FJ, ùÏ$læ—

T
X̄ µ0

S n

X̄ 1650

19.65 5
1.14
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$lÁ104v 10.2.2 ✓GÇÒ, âÊbÑ¯

3. ≤Ïá"��

↵ 0.05, t0.025 4 2.776

C T 2.776 C T 2.776

4. !��

ƒ— T 1.14 .r  C q, ]Ã∂á" H0, πÑW.óJ¥Ï⇢ºÌé��

ùÏ$læÌ P M—

Pvalue 2P T 1.14 2P T 1.14 0.31

ƒ— Pvalue 0.05, ]Ã∂á" H0�

R ⌃� .

R x∂‡-:

1. “x, y = NULL”, íeùp, ¿∞ y ™JÙI�

2. “alternative = c(”two.sided”, ”less”, ”greater”)” ˙�cqÌ⇡G, ˙≤¯�

3. “mu = 0” ◆ÃMqÏ�

4. “paired = FALSE” u¥A˙íe?

5. “var.equal = FALSE” u¥âÊbÛ⇣?

6. “conf.level = 0.95” ]-Æƒ�
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$lÁ104v 10.2.3 ◊öÖ

10.2.3 ◊öÖ

ÁÇÒ}∫Ñ¯, OöÖ◊¸ n 30, ;W2€îÃÏ‹, öÖ◆ÃbÌÇö}∫°N✓G� πÁ

µ µ0 v,

X̄ N µ0,�
2 n (10.11)

ÁâÊb↵¯v,
X̄ µ0

� n
N 0,1 (10.12)

ÁâÊbÑ¯v, ?�
X̄ µ0

S n
N 0,1 (10.13)

]Bb¯[ 10.3 ∏[ 10.4 d_Á^Z™)@‰M∂Ì[ 10.7∏ Z M∂Ì[10.8�

[ 10.7: ◊öÖ5@‰M∂ (˙⌥ùÏÈ⇡Ìá"�)

¬ÆùÏ ⌦ÆùÏ ¨ÆùÏ

ôÃcq H0 H0 µ µ0 H0 µ µ0 H0 µ µ0

˙�cq H1

á"�
X̄ µ0 z↵ 2

S
n
C

X̄ µ0 z↵ 2
S
n

X̄ µ0 z↵
S
n

X̄ µ0 z↵
S
n

↵ ↵ 2 ↵ ↵

[ 10.8: ◊öÖ Z M∂ (˙⌥ùÏÈ⇡Ìá"�)

¬ÆùÏ ⌦ÆùÏ ¨ÆùÏ

ôÃcq H0 H0 µ µ0 H0 µ µ0 H0 µ µ0

˙�cq H1

á"� Z z↵ 2 CZ z↵ 2 Z z↵ Z z↵
↵ ↵ 2 ↵ ↵

W 10.12. Q/W 10.11

DÇöæø 36 “⇤“, )ÉÛ∞öÖ◆ÃMDôƒœ, π X̄ 1640, s 19.65� ~ΩÑWu¥X

M⇢ºÌé�? ↵ 0.05

j .

1. qq�s_cq�
H0 µ 1650

H1 µ 1650
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$lÁ104v 10.3 ÇÒ™W5cqùÏ

2. ùÏ$læ—

Z
X̄ µ0

S n

X̄ 1650

19.65 36
3.05

3. ≤Ïá"��

↵ 0.05, z0.025 1.96

C Z 1.96 C Z 1.96

4. !��

ƒ— Z 3.05 r  C q, ]á" H0, πÑWóJ¥Ï⇢ºÌé��

≈: ˝böÖ•@Ì9ı.DÈO, ∞öÌ$læJuVA◊æöÖ, Ü�#ì§¯9ıÌ<2, ]

Òqflfiá" H0 Ì!ã�

10.3 ÇÒ™W5cqùÏ

�…ÇÒ™W5cqùÏÌ‹�R˚D✏ 9 �ÇÒ™W]⌦ñ»Ì�ZÈN� BbcqíeuV

AÎõÇ”úı, È X H[ n üıÌ,∏, Ü X Ä* bin n, p �  ◊öÖ- n 30, ;W

2€îÃÏ‹öÖ™W p̂ x�°N✓G}∫, O°N^ãD p M�…� Á n, p ≈ó

np 5/n 1 p 5 (10.14)

v, p̂ °N✓G}∫j™A�� öÖ™WÌ°N}∫—

p̂ N p,
�2
p

n
(10.15)

w2 �2
p p 1 p � J⌦ÆùÏ

H0 p p0
H1 p p0

(10.16)

—W,   H0 —ˆv (p p0), öÖ™WÌÇö}∫—

p̂ N p0,
p0 1 p0

n
(10.17)

¯� (10.4) 2Ì � ‡ �p p0 1 p0 Hp, )

c p0 z↵
p0 1 p0

n
(10.18)

ÇÒ™W5⌦ÆùÏÌá"�—

C p̂ p0 z↵
p0 1 p0

n
(10.19)
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$lÁ104v 10.3 ÇÒ™W5cqùÏ

‘¯•˙™)wFùÏÈ⇡Ìá"�, �k[10.952�

[ 10.9: ÇÒ™W5@‰M∂á"�

¬ÆùÏ ⌦ÆùÏ ¨ÆùÏ

H0 H0 p p0 H0 p p0 H0 p p0
H1

á"�

p̂ p0 z↵ 2
p0 1 p0

n
C

p̂ p0 z↵ 2
p0 1 p0

n

p̂ p0 z↵
p0 1 p0

n p̂ p0 z↵
p0 1 p0

n

↵ ↵ 2 ↵ ↵

Bb¯öÖ™Wôƒì)

Z
p̂ p0

p0 1 p0
n

N 0,1 (10.20)

¯� (10.19) ⌦ÆùÏÌá"�Z—‡- Z M∂Ìá"�

C Z z↵ (10.21)

ƒ§, ‡[ 10.4 ™WÇÒ™WÌcqùÏ, c¯ôÃcqÌ µ ∏ µ0 }Å‡ p ∏ p0 ¶Hπ™, )

[ 10.10�

[ 10.10: ÇÒ™W5 Z M∂á"�

¬ÆùÏ ⌦ÆùÏ ¨ÆùÏ

ôÃcq H0 H0 p p0 H0 p p0 H0 p p0
˙�cq H1

á"� Z z↵ 2 CZ z↵ 2 Z z↵ Z z↵
↵ ↵ 2 ↵ ↵

J-•<W‰D✏ 9 �Û∞, œÅu‡ùÏj∂™WR��

W 10.13.

/¨<|åúZknj/ü2„��≈≤‘Æ`≤A5XM⇡, ku”úÇ¶ 300 P≤¨T|å,

Í€XM€L�≈6� 75 P, ~JÈOÆƒ ↵ 0.05 ùÏ€L�≈ÌXM⇡u¥Qk 30% ?

j .

1. q�s_cq�
H0 p 0.3

H1 p 0.3
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$lÁ104v 10.3 ÇÒ™W5cqùÏ

2. ≤œùÏ$læ�

p̂ X
n

75
300 0.25,

�p

n
p0 1 p0

n
0.3 0.7

300 0.0265

Z
p̂ p0
�p

n

0.25 0.3

0.0265
1.87

3. ≤Ïá"��

↵ 0.05, z0.05 1.645

C Z 1.645

4. !��

ƒ— Z 1.87 r  C q, ]á" H0, πÑı€L�≈ÌXM⇡uQk30%�

W 10.14.

 ¯ü>�+\⇠5≈<⇡|å2, �^öÖ— 1068 P, u� 522 +¨.≈<+\, ~JÈOÆ

ƒ ↵ 0.05 ùÏ+¨˙>�+\⇠Ì.≈<⇡u¥⇣k 50%?

j .

1. q�s_cq�
H0 p 0.5

H1 p 0.5

2. ≤œùÏ$læ�

p̂ X
n

522
1068 0.489,

�p

n
p0 1 p0

n
0.5 0.5
1068 0.0153

Z
p̂ p0
�p

n

0.489 0.5

0.0153
0.72

3. ≤Ïá"��

↵ 0.05, z0.025 1.96

C Z 1.96 C Z 1.96

4. !��

ƒ— Z 0.72 .r  C q, ]Ã∂á" H0, ™z+¨˙>�+\⇠Ì.≈<⇡ÆÉ50%�
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$lÁ104v 10.4 ÇÒâÊb5cqùÏ

W 10.15.

◊Út≠kÑıwÚºflπG0u¥↵%ÆÉæflº®Ì 75%, Çø 200 _flπ, � 160 _Gπ,

~Ωvt≠ÚºflπG0u¥ÆÉ 75%?

j .

1. q�s_cq�
H0 p 0.75

H1 p 0.75

2. ≤œùÏ$læ�

p̂ X
n

160
200 0.8,

�p

n
p0 1 p0

n
0.75 0.25

200 0.0306

Z
p̂ p0
�p

n

0.8 0.75

0.0306
1.634

3. ≤Ïá"��

↵ 0.05, z0.05 1.645

C Z 1.645

«’,

pvalue P Z 1.634 0.051

4. !��

ƒ— Z 1.636 .r  C q (C6 pvalue 0.051 0.05), ]Ã∂á" H0, ™zù!ã

.óJÑıvt≠ÚºflπG0↵%ÆÉ 75%�

10.4 ÇÒâÊb5cqùÏ

R�Ìj�D✏ 9 �Û∞, cq X1, ,Xn
iid

N µ,�2 , Ü

n 1 S2

�2 �2 n 1 (10.22)

âÊb (ôƒœ) cqùÏÌÈ⇡�J-˙⌥�

1. ⌦ÆùÏ
H0 � �0

H1 � �0

H0 �2 �2
0

H1 �2 �2
0
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$lÁ104v 10.4 ÇÒâÊb5cqùÏ

2. ¨ÆùÏ
H0 � �0

H1 � �0

H0 �2 �2
0

H1 �2 �2
0

3. ¬ÆùÏ
H0 � �0

H1 � �0

H0 �2 �2
0

H1 �2 �2
0

BbJ¨ÆùÏ—W, R˚ùÏÌá"�:

1. ≤ÏØ_ı,l$læ:

S2

n

i 1

Xi X̄ 2

n 1 — �2 Ì.R,l��

2. R˚ùÏ$læ: ‚� (10.22),   H0 —ˆÌcq-, BbIùÏ$læ—

�2
0

n 1 S2

�2
0

(10.23)

3. á"�⇡G� ∫Ø˙�cqá"�Ì⇡G—

C �2
0 c (10.24)

4. l✓≤Ï c M� ƒ— c M ≈ó

P �2
0 c H0 ↵ (10.25)

;Wµj}∫@‰MÌÏ2, ‡« 10.3�Hfi — ↵, �Hfi ⌦VdW´ı— c �2
↵ n

« 10.3: µj}∫Ì@‰M

1 á"�—

C �2
0 �2

↵ n 1 (10.26)
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$lÁ104v 10.4 ÇÒâÊb5cqùÏ

∞‹™)|wFs⌥È⇡Ìá"�, �k[10.11�

[ 10.11: ÇÒâÊbùÏ5á"�

¬ÆùÏ ⌦ÆùÏ ¨ÆùÏ

ôÃcq H0 H0 � �0 H0 � �0 H0 � �0

˙�cq H1

á"� �0 �2
1 ↵ 2 C�2

0 �2
↵ 2 �2

0 �2
1 ↵ �2

0 �2
↵

↵ ↵ 2 ↵ ↵

Ï2 10.5.

cq �2
0 —ùÏ$læ, âÊbcqùÏÌ Pvalue Ï2‡-:

⌦ÆùÏ

Pvalue P X �2
0

¨ÆùÏ

Pvalue P X �2
0

¬ÆùÏ

Pvalue 2min P X �2
0 , P X �2

0

W 10.16.

cq/¯`⌃ †Ï’î-wFfiflflπôƒœ— 0.34 t}, D”úÇ| 5 _flπø)öÖô

ƒœ— 0.8 t}� cqvflππî‘4—✓G}”, ~Ω`⌃u¥R◊†Ï’î? (↵ 0.05)

j .

1. q�s_cq
H0 � 0.34

H1 � 0.34

2. ùÏ$læ

�2
0

n 1 S2

�2
0

4 0.82

0.342
22.14

3. ≤Ïá"�

↵ 0.05,�2
0.025 4 11.14,�2

0.975 4 0.4844

C �2
0 11.14 C �2

0 0.4844

4. !�: ƒ— �2
0 22.14 r  C q, ]á" H0, [˝`⌃↵%R◊†Ï’î�
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$lÁ104v 10.4 ÇÒâÊb5cqùÏ

W 10.17.

/ ⇢™£ÿ¯u, X@ºé�§uåÌôƒœ¸k 0.05� Ç 10 _, øæ©¯_£ÿÌÚ⇣,

‡-:

1.20, 1.25, 1.27, 1.17, 1.30, 1.18, 1.23, 1.22, 1.33, 1.32

cq£ÿÚ⇣—✓G}”, ~Ωu¥¥ÏX@ºé�? (↵ 0.05)

j .

1. q�s_cq
H0 � 0.05

H1 � 0.05

2. ùÏ$læ

S2 0.00325 3.25 10 3

�2
0

n 1 S2

�2
0

9 3.25 10 3

0.052
11.7

3. ≤Ïá"�

↵ 0.05,�2
0.05 9 16.92

C �2
0 16.92

4. !�: ƒ— �2
0 11.7 .r  C q, ]Ã∂á" H0, ÑW.ó¥ÏX@ºé��

C6, Ç‡ P M∂

Pvalue P X 11.7 0.264

ƒ— Pvalue 0.05, ]Ã∂á" H0�

W 10.18.

« 10.4 —ÖÕπî◆‹ıç~í¬Z®«, ™J‡V~í∆ë’”π, ‡⁄(⇥ ‹◆⇣�€ q

Ïú¬≈⇡— 20 t⇤, U‡©/]~‹◆ 20 ®, U‡« 10.5 ¡ôµ�ø)‹◆≈⇡⇡ì‡-,

cq]~≈⇡}”—✓G, ~Ω]~≈⇡u¥R◊ÒôM (20t⇤)�

20.16, 20.01, 19.68, 19.70, 19.88, 20.00, 20.12, 19.86, 19.60, 19.84

20.07, 20.03, 19.99, 19.73, 19.96, 19.83, 19.71, 19.85, 20.10, 20.15
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$lÁ104v 10.4 ÇÒâÊb5cqùÏ

« 10.4: ~íúÌ£fiD•fi«

j .

1. qq�s_cq�
H0 µ 20

H1 µ 20

2. ≤œùÏ$læ�

ll✓!Ö$læ

X̄
20.16 20.01 20.10 20.15

20

398.27

20
19.9135

S2 20.162 20.012 20.102 20.152 20 19.91352
19

0.02899

s 0.02899 0.17

FJ, ùÏ$læ—

T
X̄ µ0

S n

19.9135 20

0.17 20
2.27

3. ≤Ïá"��

↵ 0.05, t0.025 19 2.09

C T 2.09 C T 2.09

4. !��

ƒ— T 2.27 r  C q, ]á" H0, [˝]~≈⇡↵%R◊ÒôM�

W 10.19. Q/W10.18

cqb∞~íú]~‹◆Ìôƒœ.)¨ 0.15 t⇤, ~Ω• íeu¥óJÑıôƒœ¨

0.15 t⇤�
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$lÁ104v 10.4 ÇÒâÊb5cqùÏ

« 10.5: bP¡ôµ�

j .

1. q�s_cq
H0 � 0.15

H1 � 0.15

2. ùÏ$læ

S2 0.0289

�2
0

n 1 S2

�2
0

19 0.0289

0.152
24.4

3. ≤Ïá"�

↵ 0.05,�2
0.05 19 30.142

C �2
0 30.14

4. !�: ƒ— �2
0 24.4 .r  C q, ]Ã∂á" H0, ÑW.óJÑıôƒœ¨ 0.15 t

⇤�
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10.5 3Ê

1. ◆Ãb5cqùÏÌá"�— Z z↵ , w˙�cq—

(a) H1 µ µ0

(b) H1 µ µ0

(c) H1 µ µ0

(d) H1 µ µ0

2. J˙�cq— H1 µ µ0, S‡ Z $lùÏæj∂™WùÏ,  ÈOÆƒ— ↵ Ì8$-Ì

á"�—

(a) Z z↵ 2 C Z z↵ 2

(b) Z z↵

(c) Z z↵

(d) Z z↵ C Z z↵

3. cq/ ⇢fiflÌÔeΩæ—¯✓G}”, DÇ 10 @ÔeÌΩæ (ts) ‡-:

345, 353, 355, 353, 348, 352, 351, 349, 346, 348

(a) vÔe@�,ô˝flπΩæ— 355 ts, Õæë6îOwflπΩæ.ó, ;W,ÊÇù

bW, tΩÑWu¥XMæë6ÌîO? (↵ 0.05)

(b) ~ùÏÔeΩæâÊbu¥◊k5� (↵ 0.05)

4. cqX1, ,X9
iid

N µ,32 ,ôÃcq—H0 µ 55,á"�— C X̄ 56.5, C X̄ 53.5 ,

~l✓⇡ I òœÌú0�

5. Q/,Ê, �Å,l◆Ãb µ ÌÇöœœ.¨ 0.75, ]-ÆƒÆ 95%, ~ΩöÖ◊¸B˝

—S?

6. %¨^Ô«,, fifl/h⇡Ú⇤x⁄‰flπG0€Æ 60% n}%»^@� DÇ 100 Â

flπ, w2� 63 _Gπ, ~Ω;WÇ!ã, fiflv⇡flπG0u¥↵%ÆÉ%»^@?

(↵ 0.05)

(a) öÖ™W: �

(b) ˙�cq: �

(c) ùÏ$læ: �

(d) á"�: �

(e) !�: �

7. /ˆÔ©ûÁ—ÿ◊æëÌ�, R|¯Õ�á˙hËÓÌ�µ∫ç, ÇUÌüÉÁæëÌË

Ó™WTØB 15%� ”ú¬Ω200_æë6, w2� 40 —ÌüæëËÓ, ~ΩwR|Ì�µ

∫çu¥ÆÉ„ÇÌÒÌ? (↵ 0.05)
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(a) öÖ™W: �

(b) ˙�cq: �

(c) ùÏ$læ: �

(d) á"�: �

(e) !�: �
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