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1. ‡k

J%×ç:5}Aûé , ®�Í¦�É?²øéKÞ, /®é Spó

°�ñ, 5üƒý�, ©�®�Í|Q“¦}b§W\‰�.×� Ñ7ûù5

ÞÊ×ç/è²/v?¯¯AÐí4², U®×çYWAÐíÔHÀÖC:

¯KY_nçÞ,¯k¬Åÿ�ÿ�ý~üìF‚í �5K}×, Öjpç� j

�, 1k¬Å��øç�íŸõl� �ø�õlí×çÖjpçj�Húûé

 Ì„, KÞ�Í}AB� ı� ˙ú�, B� ı�b°l¦¬ç¿�ì, KÞ�Í

yAâSlÉƒú�Nì5t (�˚N5) Aô, ˙�éNHí:5„�, .�

ìç¿, Spüƒý�N5Aô� ��úç�×çÖjpçj�u�ú�, d

ì¸‡s�ÏæÝ×, B� ı� ˙ú�9Aø�, òÎSlÉƒú�í ¯, É

?Slúƒý�, /¶}�Íb°5ÞÛ¡‹ç¿�ì� ��úç�KÞ�

ıul 270 Ü, w2�¬ú}5øí�ÍSl5t�ñ¸‹�j¶D‡ø�

�.°, ‹,:¯}ê} (�˚:}}) ct0|Q‹�“¦,}, .t0|Q

Ÿá“¦,}, 5ÞàSÊø—ýìÖ_�Í2, §|¯¯AÐí/è, ¢b

fnò}Qÿíßåá?

©�N5Aô•êJ(, ÑÈ}R|'ÖY‘írõ}&, Y‘Àçâø

ìü�jBùìü�j.�, Öbd¬}&ã¿í5Þ·g)^‹.éO� Ê

×çpç5t2- (�˚×52-) íæÜ (1) ,‡úrõ}&, TXxñzp

à-: rõ}& (C“¦Øq˙�}&) í¥	u;WD�¸ �s_��í

ÚlAb[,ílzD�®�}b²�A �®�}b, Í(z²�(í}b

OÎ®çÍ �íSl¸‹�j�l�|‹�,}, Jà¤)ƒí‹�,}

�|¸ �|Q“¦}b5Èí �Ï��, J �Ï�� > 0 /× 0 B±, H[D�

“¦œ}B×;J �Ï�� < 0 /× 0 B±, H[D�“¦œ}BQ;J �Ï�� Ê

0 ,-, H[“¦œ}˘kií� óÉ’m?ª¡52MÚ] Hinet ç3æ (2)

£×°×çÚœÍæÜ (3)� ×52-?ªø¥‡ú��ù¸��úç��s

 ’eªWÄü�}&, 1¦Ñ¨Aã¿.Äí3bŸÄÑ‡(s_��í

Sl�ñD‹�j�Z‰� 9õ,, ×52-uJ ��½Tã¿, �I7D

��½í	à� ç�ÍZ‰7SlíN5�ñD‹�j¶v,  �í}b™Ä

àSú@ƒD�Võ? ‹�l}.°, û_“¦,}b�\ò®íª?4, ©

_�Íh��í“¦}bàS?\£üã,?
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!…,, ÑÈR|írõ}&Ì�
Ê �‡(s�çÞú�Í!�Çg.

‰� í‡Tcq-, òQâÚœù“AºŠ�ªŸ˙�, Ou*„�LSd.

ð„‡H!…cqu´A
� íl, …díŸT|àSð„‡H!…cqA


í$lÜ�, 1;W��ù¸��úç��, ×52-t0í5tAôbW£

:}}t0í�Í|Q“¦‹�,}, @à$lj¶ð„‡H!…cqA
�

wŸ, ‡(s_��, ®�Í}�|5�‹�j¶, /®5�5æØq�6.

ó°, ‡ú®�Í, Bbì2û_N™, }�H[.°��5��½D.°�

�5æØq�íN™, 1«nwÈíÏæ4� |(, Ê!…cqA
-, àSã

¿5ÞD�ú/�Íu´�,\œ}? ¢Js_�ÍÌ�,\œ}v, S6

œ}×? d2‡úhpç„� (5ÞªF ²51²/.°˘45�ÍÑ/

è), 5¾.°�Í.°5��½5<2, ì2øP©¾“¦ª?4òQíN

™, TX5Þ²//èv¡5� õÒ@à,, Ñ7nÎ5ÞDðÅíŠV, Bb

;WFT|írõã¿j¶, ŸAøP�^íÚ7rõ}&,ñ, TX5Þ‚

àæÒæ˜n‘--Uà, Ì�ÍTzp?…-kæÜ,�

Ê-ø�2, Bblì2ø<¯U, ª7ÏHû˝½æD$lj¶� Ê� 3

�2, Bb@à��ù¸��úç��í’e, ªW’e}&1cÜ!‹� Ê

� 4 �2, BbT|©¾“¦ª?4òQíN™, �
ø_rõã¿íj¶,

W¤ŸAøP�^íÚ7rõ}&,ñ�

2. $l_�

:}}Ft0í�Í|Q“¦‹�,}uYW®�ÍSl�ñ¸�½l

�, Sl�ñBÖC‹��½B×, Ì}û_|Q“¦,}b�\ò®íª?

4, ].íòQ@àv}t0íbW, V«n‡(s�çÞú�Íí!�Çg

u´Z‰� Ñ7U®�ÍÇg!Äø_, …d�‡Uà‹��ÌTÑªœí!

�, ÿuø|Q“¦,}ÎJ�b,¸� à¤øV, ®�Íí|Q“¦‹��

Ì}bÿ}�k 0D 100 5È, BbÿªJ‚à¤°”4N™V[ýçÞú®

�Íí!�Çg� Ê…d2, Bb.Ü¦�4Ëcq®5�Aô}0Ñ�G}

0 (normal distribution)� âk.°��®5�æñØq�.°, /°��®5

�æñØq�6.`ó°, …dªø¥‚à×52-Ft0í, .°��®5

�AôíÝ™� ‡™� Ì™� (™¸�™ (}�[ý®5�� 88% � 75% � 50% �
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25% ¸ 12%5ÞíAô), V|cÄæñØq�¨AíÏæ, Óªã,®�Íç

��|Q“¦‹��Ì}bíÄü4� Ê�G}0cq-, Ì™¹H[v5�

F�5Þí�ÌAô, Ä¤Êd2BbSàÌ™V|cN5Aô; Aô˘k2

,í5Þ, ª5?cD‡ 50%5Þ¬�, ¤vªSà‡™AôV|c; Aô˘

k2-í5Þ, ª5?cD( 50%5Þ¬�, ¤vªSà(™AôV|c�

2.1 ¯Uì2

íl, I k = 1, · · · , 9 }�H[®5t�ñ (Åd� Ld� bB� bı� vÍ�

ËÜ� ÓÜ� “ç¸ÞÓ); ‡ú/��, I Yk H[5� k 5Aô, † E(Yk) =

µk H[5� k Aô5�Ìb (mean), V ar(Yk) = σ2

k H[5� k Aô5‰æb

(variance)� yI j = 1, 2 }�H[ �� (��ùç�) ¸D�� (��úç

�), µjk H[�� j 5� k 5�ÌAô, σ2

jk H[�� j 5� k Aô5‰æb�

âk×52-³�t0®5�Aôí‰æb, Ê‰æb.ªøíí8”-, Ñ

7�“rõ}&í¬˙, BbcqF�5�Aôx��G}0/.°��®

5�Aô5‰æb (σ2

jk) Ìó��

‡ú/	ì�Í, I Xjk H[v�Í�� j |Q“¦,}5Þ5� k 5A

ô, wjk H[v�Í�� j 5� k 5�½, †

9∑

k=1

wjkXjk, j = 1, 2

}�H[ �¸D�:}}t0ív�Í|Q‹�“¦,}� ‡úv|Q“

¦,}5Þ, wk5�Aô@vDYk, k = 1, · · · , 9x�ó°}0, FJ

E(

9∑

k=1

wjkXjk) =

9∑

k=1

wjkµjk,

[ý‹�l}.°}û_“¦,}�\ò®íª?4� Ä¤Bb�‡5¾.

°��v�Íí|Q“¦‹��Ì}b

Uj =

∑
9

k=1
wjkXjk∑

9

k=1
wjk

, j = 1, 2
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TÑªœíN™, †

E(Uj) =

∑
9

k=1
wjkµjk∑

9

k=1
wjk

.

ç.°��®5�Aô5�ÌbÌó�v (µjk ≡ µ ), E(U1) = E(U2) = µ, ¤v

.°��í U M¹ªòQTÑªœíN™�

9õ,, .°��®5�æñØq�.°, /°��.°5�æñØq�

6.`ó°, N¬™Ä“í¬˙, Bbªø¥‚à×52-Ft0íÌ™ (Ê

�G}0ícq-, Ì™¹�Ìb), V|c.°��N5íAô, ì2

Zj =

∑
9

k=1
wjk(Xjk − µjk)∑

9

k=1
wjk

, j = 1, 2

}�H[ �¸D�v�Í%|c5�æñØq�(í|Q“¦‹��Ì}

b, †Bb� E(Z1) = E(Z2) = 0 , Ä¤ Z My_¯TÑv�Í|c( (Ö5�

Øq�£�½) í“¦N™� JyI

Qjl =

∑
9

k=1
wjkXlk∑

9

k=1
wjk

, j, l = 1, 2

†

qjl =

∑
9

k=1
wjkµlk∑

9

k=1
wjk

, j, l = 1, 2

}�H[v�Íà�� j 5��½Vl��� l 5��ÌAôFl�|íN

™, °vBb� Zj D Uj íÉ[�à-:

Zj = Uj − qjj = Qjj − qjj, j = 1, 2.

2.2 ½æD$lj¶

2.2.1 !…cqíð„£@à

Ñ7T¯rõ}&íÄü4, Êrõ}&ã¿‡,âl�ðw‡Tcq �‡
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(s�çÞú�Í!�Çg.‰� u´A
� Ê©/s�[\(, ;W/øç

ˇCçé, 5¾/�Í i ©/s�í|Q“¦‹��Ì}b U1i £ U2i, i =

1, · · · , I, w2IÑvçˇCçé2�Í,b� N¬hô (U1i, U2i), i = 1, · · · , I í

à0Ç (scatter plot), BbªJ�¥jjv!…cqu´A
� ?ªªø¥@

à U1i D U2i íš…óÉ[b (coefficient of correlation)

r
U1,U2

=

∑I
i=1

(U1i − U1)(U2i − U2)√∑I
i=1

(U1i − U1)2
∑I

i=1
(U2i − U2)2

,

V«n U1i D U2i íóÉ4, w2 U j =
∑I

i=1
Uji/I� J°v65¾.°��®

5�æñØq�F¨Aí	à, †Bbªàó°j¶, «n 2.1�2%¬|c

íN™, Z1i D Z2i íóÉ4� J‡(s�íN™ (U1i, U2i) C (Z1i, Z2i) í(4ó

É˙�ò, ¹H[!…cq �‡(s�çÞú�Í!�Çg.‰� A
� ¤v,

BbªN¬�À(4c¦_� (simple linear regression)

E(U2i) = α + βU1i, i = 1, . . . , I

C

E(Z2i) = α + βZ1i, i = 1, . . . , I

N¬ú α ¸ β íû˝, ªJ�
ø_rõ}&íã¿_�; �É�À(4c¦

_�}&Ü�~¡5 [4]� Ê� 3.1 �2, Bb}‡ú��ù¸��úç��í

’e, ªW�À(4c¦}&, 1k� 4 �2Ì�zp�Érõã¿íj¶�

2.2.2 5��½D5æØq�í	à

‡(s_��, ®�Í}�|5�‹�j¶, /®5�5æØq�6.ó

°, Slí5��½D5æØq�u´}ú®�Í¨A	à? âk®�Íc

�.°��ís_“¦N™ Q11 £ Q22,¥<N™c?àV«n®�Í.°�

�ÈíÏæ4, Ñ7ªø¥«n�½C5æØq�ú®�Íí	à, ‡ú®�

Í, BbSà 2.1 �2˛ì2íû_N™ qjl, j, l = 1, 2 V«n5��½D5æ

Øq�u´}ú®�Í¨A	à� Ê©/s�[\(, ;W/øçˇCçé,

n�®�Í (q11,q12) C (q21, q22) íÉ[, ªjj.°��®5�æñØq�
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ú®�Í¨Aí	à; n�®�Í (q11, q21) C (q12, q22) íÉ[, ªjj.°�

�Slí5��½ú®�Í¨Aí	à; n�®�Í (q11, q22) C (q12, q21) í

É[, ªjj®5�æñØq�£Slí5��½ú®�Íí>�Tà^@�

N¬à0Çíhô£óÉ[bíl�, BbªJ�¥7j®�Ííû_bW

qjl, j, l = 1, 2 =u´¯˛$lÖ
ícq, Ju†ª@àùÄä‰æb}&¶

(Two-way ANOVA) dªø¥íû˝�

	ì/çˇCçé, ‡ú/�Í i, 5?ùÄä‰æb}&_�

qjli = µ + αj + βl + (αβ)jl + εjli, j, l = 1, 2, i = 1, . . . , I,

w2IÑvçˇCçé2�Í,b, αj [ý�� j �½íÄä^@, βl [ý�

� l5�Øq�íÄä^@, (αβ)jl[ý�� j �½D�� l5�Øq�í>�

Tà^@, εjli ÑÖ
í�GÏÏá� Bb@à�ì™Ìcq H01 : α1 = α2 = 0

u´A
, V«n.°��®5�æñØq�ú®�Í q MF¨Aí	à; �

ì™Ìcq H02 : β1 = β2 = 0 u´A
, V«n.°��Slí5��½ú®

�Í q MF¨Aí	à; �ì™Ìcq H03 : (αβ)jl = 0, j, l = 1, 2 u´A
, V

«n®5�æñØq�£Slí5��½ú®�Í q Mí>�Tà^@; �

ÉùÄä‰æb}&Ü�~¡5 [5]� Ê 3.2 �2, Bb‡ú��ù¸��úç

��í’e,ªWùÄä‰æb}&, JZjj.°���½D5�Øq�u

´}ú®�Íí q M¨A	à�

3. ’e}&

;W 2.1�¯Uì2,’e (U1, U2) ªâ:}}��ù¸��úç��t0

í’e,%‹��Ìl�)ƒ, y‚à×52-��ù¸��úç��t0í

®5�AôíÌ™, |c7)’e (Z1, Z2)� Ñ7’eêc4£ø_4, Bbl

xÎ��úç��hÓ�Í£‹5X�í�Í (àÅ
«”�¸çÍß—`

>çÍ) (, û˝’eÕ2ul� 1,332 _�Í� yYKÞ�ıø¥<�Í}A

19 _çˇ, w2/<�Í}½µ|ÛÊ.°çˇ2, WàAŠ×ç	“D’m

�ÜçÍÿ½µ|ÛÊ�Üçˇ¸	˙çˇ2� [ 1-1 �|F��Í2Y U2

×ü§å(, ‡ 20 _�Í5 U2 £ U1 M; [ 1-2 �|	˙çˇ2íú@’eX

¡5� Bbø‡úF��Í£®_çˇ}é, ªW’e}&1Ñµ!‹�
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[1-1. F��Í (I = 1, 332) 2Y U2 §å5‡20 _�Í±˚

ç�±˚ �Í U2 U1

Å
CÉ×ç »çÍ (A‘) 90.05 87.07

Å
CÉ×ç »çÍ (t‘) 89.82 86.75

Å
¹p×ç »çÍ (A‘) 88.55 85.84

Å
¹p×ç »çÍ (t‘) 87.36 84.80

Å
AŠ×ç »çÍ 86.88 83.93

Å9×ç »çÍ 86.23 83.15

C”»ç×ç »çÍ (t‘) 85.59 82.29

Å
²‰�¸çÍ Lx`>çÍ (t‘)-«‰+ 85.00 76.13

Å
CÉ×ç ‹�À¢çÍ 84.58 83.91

òÃ»ç×ç »çÍ (t‘) 84.33 81.23

C”»ç×ç »çÍ (A‘) 84.18 81.28

Å
CÉ×ç Úœ	˙çÍ 84.15 82.77

IÈ×ç »çÍ (t‘) 83.90 80.89

òÃ»ç×ç »çÍ (A‘) 83.29 80.46

IÈ×ç »çÍ (A‘) 83.03 79.85

Å
CÉ×ç �»çÍ 83.02 79.15

Å
CÉ×ç ÓÜçÍ 82.95 81.40

2Å»“×ç »çÍ (t‘) 82.62 79.97

.C×ç »çÍ 82.57 79.60

Å
>¦×ç Úœ’mçÍç=Ú 82.37 80.90

3.1 !…cqíð„£@à

Ñ7ð„ �‡(s�çÞú�Í!�Çg.‰� u´A
, Bb‡úF�

�Í£®_çˇ}é, Sà 2.2.1�F·Híj¶,`T (U1, U2) £ (Z1, Z2) íà

0Ç1l�wóÉ[b� Ç1 Ñ¶}}éˇí (U1, U2) £ (Z1, Z2) à0Ç, Ç2

zp’eà0×_Ì×Û(4É[; [2 Ì�®}é’eíóÉ[b, w!‹

ªø¥zp‡(s�í’e, péËò(4óÉ� W¤, BbíŸì2 2.1�2

í U C Z ÑH[çÞú�Í!�ÇgíN™, 1@à¤N™£õÒ’e, ð

„rõ}&í‡Tcq �‡(s�çÞú�Í!�Çg.‰� í¯Ü4�

â[ 2hôƒÊ®}é2, (Z1, Z2) íóÉ[bÌª (U1, U2) íò (wFçˇ
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[1-2. 	˙çˇ (I = 196) 2Y U2 §å5‡ 20 _�Í±˚

ç�±˚ �Í U2 U1

Å
CÉ×ç Úœ	˙çÍ 84.15 82.77

Å
CÉ×ç ‡e�çD	˙çÍ 81.42 78.30

Å
ÀM×ç Úœ	˙çÍ 79.30 76.79

Å
>¦×ç Úä	˙çÍ 77.72 75.92

Å
>¦×ç Ú]	˙çÍ 75.83 74.10

Å
CÉ×ç “ç	˙çÍ 74.98 70.94

Å
ÀM×ç ‡e�ç	˙çÍ 74.98 71.72

Å
>¦×ç ÚœD−„	˙çÍ 74.57 72.10

Å
CÉ×ç œH	˙çÍ 74.22 71.77

Å
>¦×ç ‡e�çD	˙çÍ 73.54 70.81

Å
ÀM×ç “ç	˙çÍ 72.66 69.41

Å
AŠ×ç Úœ	˙çÍ 72.59 70.63

Å
ÀM×ç �‰œH	˙çÍ 71.33 68.38

Å
CÉ×ç ÞÓß“œÚ	˙çÍ 71.19 68.26

Å
ÀM×ç 	˙DÍ$�çÍ 70.16 67.48

Å
CÉ×ç 	˙�ç£½¸	˙çÍ 69.95 65.29

Å
AŠ×ç ‡e�ç£	˙çÍ 69.78 67.38

Å
>¦×ç œH	˙çÍ 69.28 66.33

Å
2Û×ç Úœ	˙çÍ 69.09 66.85

Å
2˙×ç ‡eDmÚ	˙çÍ 68.85 63.14

ÎÕ), / (Z1, Z2) óÉ[bM×_Ìò® 0.95 J,, ¤Ûï¯¯Bb�‡ø U

MN¬|c5�æñØq�|c�²Ñ Z MíÜâ� Ä¤BbSà (Z1, Z2) í

�À(4c¦_�

E(Z2i) = α + βZ1i, i = 1, . . . , I, (1)

$Ç@à α, β ím7, �
ø_rõ}&íã¿_�� âkÊ²//èv, ç

��v�Íí|Q“¦‹��Ì}b U2 M„ø (þ„[\), ] Z2 M?„ø,

¤v α, β íM, Ì¶k²//èvãl,l|V.Œrõ}&� ²k5, α, β í

õ,lMúrõ}&ÌòQ6Œ, Ä¤Bbù·kD α, β �Éícq�ì�

;WÇ 1 éý, ™Ìcq H0 : β = 1 �ª?A
, /’e (Z1, Z2) éý α íM

N˛'ü7/ªJ�I.l� Ä¤Bb;W¬ s�’e, Ê_� (1) -, ‡ú
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Ç1. }éˇí (U1, U2) £ (Z1, Z2) à0Ç

F��Í U2 v.s. U1 Z2 v.s. Z1

10 20 30 40 50 60 70 80 90
U1

20

40

60

80

U
2

-20 -10 0 10 20 30 40 50
Z1

-20

0

20

40

Z
2

×VfÈçˇ

20 30 40 50 60 70
U1

20

30

40

50

60

70

U
2

-10 0 10 20 30
Z1

-20

-10

0

10

20

30
Z

2

	˙çˇ

20 30 40 50 60 70 80
U1

20

40

60

80

U
2

-20 -10 0 10 20 30 40
Z1

-20

0

20

40

Z
2

dÍïççˇ

40 50 60 70
U1

30

40

50

60

70

U
2

-10 0 10 20 30
Z1

-10

0

10
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[2. ®}é2 (U1, U2) £ (Z1, Z2) íóÉ[b

}é ,b r
U1,U2

r
Z1,Z2

F��Í 1332 0.9348 0.9663

×VfÈçˇ 59 0.9166 0.9579

	˙çˇ 196 0.9851 0.9880

dÍïççˇ 77 0.9566 0.9682

Õxçˇ 99 0.9415 0.9565

Þ·�ççˇ 49 0.9761 0.9803

Ë7D=1çˇ 36 0.9309 0.9815

¶\çˇ 75 0.9777 0.9842

þ}D-Üçˇ 69 0.9413 0.9663

�ºDqlçˇ 43 0.8646 0.9573

‹%çˇ 142 0.9830 0.9867

`>çˇ 109 0.7851 0.7885

’mçˇ 112 0.9811 0.9894

 ŠÓ�çˇ 41 0.9681 0.9730

�Üçˇ 206 0.9637 0.9824

bÜ“ççˇ 116 0.8566 0.8683

»“¨Þçˇ 142 0.9744 0.9875

‘Xçˇ 14 0.9460 0.9518

ñ>çˇ 15 0.7979 0.8739

wFçˇ 4 0.9961 0.9815

®}éªWcq β = 1 £ α = 0 í�ì, !‹�k[ 3, w2,lM β̂ ÌóçÔ

¡ 1, α̂ óçÔ¡ −3, t1−value [ý�ì H0 : α = 0 í$l¾M, t2−value [ý�

ì H0 : β = 1 í$l¾M, R2 Ñ²ì[b (coefficient of determination)� âk×

Öbçˇí�Í,b·×k 40, Ê 0.05 éO®Ä-, Jùà z0.025 = 1.96 d²

µ, †cq H0 : α = 0 î\‡"; Ê 9 _çˇ2, cq H0 : β = 1 \‡", ¤!�

D®çˇíš…bR×�É� ã¯k5, ��hô[ 3 2í t− $l¾M, Bb

êÛóúk Z1 D Z2 Mí×ü, α íMªJ�I.l, / β íMªJeÑ 1� Ä

¤BbSà_� Ẑ2 = Z1 , ?¹@à

Û2 = U1 − q11 + q22 (2)

V,lç���Íí|Q“¦‹��Ì}b�
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[3 c¦_�(1) -íóÉ$l¾

}é ,b α̂ t1−value β̂ t2−value R2

F��Í 1332 -3.9862 29.4372 1.0192 1.8462 0.9337

×VfÈçˇ 59 -3.9819 -7.0522 0.9729 0.7021 0.9174

	˙çˇ 196 -3.3632 -15.9112 1.1175 9.3253 0.9761

dÍïççˇ 77 -4.2451 -8.5058 0.9484 -1.8233 0.9375

Õxçˇ 99 -4.0186 -6.9287 0.9135 -3.0565 0.9148

Þ·�ççˇ 49 -3.7016 -6.0406 1.0637 2.0351 0.9609

Ë7D=1çˇ 36 -3.3448 -5.7890 1.0812 2.2431 0.9633

¶\çˇ 75 -4.7518 -11.0712 1.0234 1.0833 0.9686

þ}D-Üçˇ 69 -4.1021 -8.2361 0.9731 -0.8486 0.9337

�ºDqlçˇ 43 -2.9048 -6.1578 0.9081 -2.1472 0.9165

‹%çˇ 142 -3.7175 -14.9224 1.0057 0.4071 0.9735

`>çˇ 109 -5.1607 -3.7588 0.8995 -1.6468 0.6217

’mçˇ 112 -4.1867 -17.5067 1.0625 4.2230 0.9790

 ŠÓ�çˇ 41 -3.0235 -4.7402 1.1014 2.4200 0.9466

�Üçˇ 206 -3.9630 -20.2009 1.0020 0.1493 0.9651

bÜ“ççˇ 116 -4.4162 -4.1385 0.9934 0.1241 0.7538

»“¨Þçˇ 142 -2.8422 -8.6995 1.0653 4.5664 0.9752

‘Xçˇ 14 -7.2748 -2.9695 1.2209 1.9463 0.9060

ñ>çˇ 15 -3.0621 -1.6151 0.5432 -5.4510 0.7637

wFçˇ 4 -6.9568 -1.8283 1.1116 0.7275 0.9633

3.2 5��½D5æØq�í	à

QOn�.°��, Slí5��½D5æØq�u´}ú®�Í¨A	

à? [ 4 �| qjl, j, l = 1, 2 íóÉ[b, ’eéý qjl 5È.xpé(4É[�

Ä¤Bb@à 2.2.2 �2ùÄä‰æb_�

E(qjli) = µ + αj + βl + (αβ)jl, j, l = 1, 2, i = 1, . . . , I,

‡ú®}é, }��ìcq

H01 : α1 = α2 = 0
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H02 : β1 = β2 = 0

H03 : (αβ)jl = 0, j, l = 1, 2

u´A
, wú@5 p−value cÜk[ 5 2� Ê 0.05 éO®Ä-, É�	˙� Õ

x� ‹%¸�Ü�û_çˇ, ú.°��Slí5��½‰“×ÛéOÏæ

4; Î7	˙� Ë7D=1¸ñ>ú_çˇÕ, Ìú.°��Sl5�5æØ

q�‰“×ÛéOÏæ4; 5��½‰“D5æØq�‰“ÌÌéO>�^

@æÊ� ã¯k5, .°��Slí5��½‰“³�Ø×í	à, Ou.°

��5æØq�ú q M�	à�

[4. qij 5ÈíóÉ[b

}é ,b r
q11 ,q12

r
q11,q21

r
q11 ,q22

r
q12,q21

r
q12 ,q22

r
q21,q22

F��Í 1332 0.3566 0.8200 0.6428 0.1732 0.4962 0.7707

×VfÈçˇ 59 0.6949 0.6966 -0.0169 0.2157 0.3223 0.1301

	˙çˇ 196 0.6071 0.7410 0.4938 0.3511 0.7091 0.6168

dÍïççˇ 77 0.5610 0.7469 0.5332 0.3918 0.6933 0.6272

Õxçˇ 99 0.6781 0.2609 0.1820 0.1062 0.2171 0.6225

Þ·�ççˇ 49 0.6298 0.6710 0.6092 0.4193 0.7613 0.8131

Ë7D=1çˇ 36 0.3384 0.8892 0.2773 0.4340 0.8975 0.5173

¶\çˇ 75 0.5784 0.5939 0.0992 0.1418 0.3237 0.2620

þ}D-Üçˇ 69 0.1759 0.6778 -0.1887 -0.1316 0.5777 -0.0410

�ºDqlçˇ 43 0.6070 0.4129 -0.2255 -0.0486 -0.0683 0.2254

‹%çˇ 142 0.5573 0.5533 -0.0152 0.0957 0.3224 0.1177

`>çˇ 109 0.0498 0.9280 -0.0981 -0.0432 0.8116 -0.0348

’mçˇ 112 0.6296 0.8362 0.4468 0.4478 0.6028 0.5829

 ŠÓ�çˇ 41 0.5799 0.6022 0.2912 0.2206 0.5618 0.3368

�Üçˇ 206 0.3614 0.6813 0.1175 0.0765 0.6022 0.2150

bÜ“ççˇ 116 0.4788 0.7155 0.4062 0.4880 0.8727 0.6077

»“¨Þçˇ 142 0.6707 0.6216 0.3636 0.3257 0.6371 0.6041

‘Xçˇ 14 0.4333 0.8743 0.4174 0.2188 0.9472 0.2732

ñ>çˇ 15 0.2549 0.3650 0.0238 -0.0490 0.7275 0.2694

wFçˇ 4 0.9384 -0.1009 -0.0934 -0.3461 -0.2146 0.9046
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[5. �ì5��½D5æØq�í	à5 p−value

}é H01 H02 H03

F��Í 0.0995 0.0000 0.9018

×VfÈçˇ 0.7623 0.0000 0.8910

	˙çˇ 0.0056 0.0767 0.7909

dÍïççˇ 0.5416 0.0000 0.3595

Õxçˇ 0.0014 0.0000 0.4831

Þ·�ççˇ 0.3814 0.0000 0.6851

Ë7D=1çˇ 0.2973 0.7589 0.8443

¶\çˇ 0.9837 0.0000 0.5990

þ}D-Üçˇ 0.9904 0.0000 0.9910

�ºDqlçˇ 0.4483 0.0001 0.4157

‹%çˇ 0.0193 0.0000 0.2716

`>çˇ 0.8045 0.0000 0.8253

’mçˇ 0.2879 0.0000 0.6800

 ŠÓ�çˇ 0.5426 0.0000 0.9173

�Üçˇ 0.0198 0.0000 0.7079

bÜ“ççˇ 0.4438 0.0068 0.9346

»“¨Þçˇ 0.9843 0.0000 0.8894

‘Xçˇ 0.9693 0.0000 0.5481

ñ>çˇ 0.2393 0.3581 0.9885

wFçˇ 0.1981 0.8193 0.7918

4. Ú7rõ}&

;W 3.1 �’e}&!‹, Ê!…cqA
-, BbSà/�Í �í|

Q“¦‹��Ì}b U1, º¯vÍ �Slí5��½£5��ÌAôFl

�|íN™ q11 £vÍD�Slí5��½£5��ÌAôFl�|íN™

q22, %â (2) �

Û2 = U1 − q11 + q22

,lD���Íí|Q‹��Ì“¦}b, âk q11 D q22 í°”4, óúk

U1 Mí×ü, q11 − q22 íM.}	à Û2 ×k 0 í!…b°� ��k×52-

CøOÑÈÊrõ}&v, @àÏ�×üH[“¦œ}, Bbø�Üø_õà
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íN™, TX5Þ©¾ (ã¿) wAôóúk/ø�Í}\“¦íœ}�

‡ú/ø5Þ7k, I Yk [ýw5� k 5Aô, 	ì/�ÍD�55��

½ w2k, ì2

Y =

∑
9

k=1
w2kYk∑

9

k=1
w2k

H[¤5Þóúkv�Íí‹��Ì}b� !…,, Y MB×[ý¤5ÞAô

œß, \v�Í“¦íœ}B×; °v Û2 H[D���Íí|Q“¦‹��

Ì}b, ;W 3.1 �’e}&éý, Ê!…cqA
-, Û2 ªJH[çÞú�

Í!�ÇgíN™, wMBü[ý�Í!�ÇgœÏ, ¤5Þ\v�Í“¦í

œ}B×� Ä¤, Bbì2ø_õàíN™

T =
Y

Û2

=
Y

U1 − q11 + q22

TÑv5Þã¿wAôóúk/ø�Í}\“¦íœ}� M)·<íu9, Y

¸ Û2 íMÌ�k 0 ¸ 100 5È, FJ T Mí¸ˇÑ [0,∞); ç T Mük 1 v, [

ý5ÞAôQk,lí|Q“¦‹��Ì}b; ç T M×k 1 v, [ý5ÞA

ôòk,lí|Q“¦‹��Ì}b; T MB×[ý\v�Í“¦íœ}B

×� y6, Ê 3.1 �2, α̂ MÌÑŠb,[ý (2) 2 Û2 Mš�ò,, T Mš�Q,,

?¹ T M\èËã¿5Þ}\“¦íœ}� ‡úF��Íû˝�Í!�Çg

v, 3.1 �’e}&?éýóçßí!‹, Ä¤N™ T ?_àk.°çˇCç

éíªœ, ¥ˇú7f$,.°çˇCçé.øàSÇªí½æ�

N¬d2$lÜ�}&, .JõÒ’e}&Tð„, BbY¤�
øPÚ

7rõ}&,ñ, 0[k �$læ˜ç3ø� æÜ, (http://estat.ncku.edu.tw),

TXn‘--� v,ñPà’eéÍ$, 5ÞÉÛ�pN5®�Aô£ç¿

Aô, yYç�� çˇ� çé� t’
¸Ë–��˘4, ª×¾²¦�E�í�

Í (|ÖÑr¶�Í,b), 0§l�5ÞAôóú@k®�Íí T M, 1A

�ªW§å, jZ5Þk T M×k 1 /œÔ¡ 1 í 100 _ (��û��) �Í

2, yYAÐíE�²//è� à¤øV, øOò2¯ç.û��‡5Þ �S

à 1/3 Q}òÿ, 1/3 ¯Ürõ, 1/3 ér\¾í ç²//è¶� ÿ.M)y
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2¥7 �

5. !�

5K}×, Öjpçj�, …<uûù5ÞÊ×ç/è²/v?¯¯AÐ

í4², U®×çYWAÐíÔHÀÖC:¯KY_nçÞ� OuÊf$�

ÍÇg!�-, ×çNì5t}êpç‡,²//è¯AÑ©��N5Þ£w

ðAí˚×½æ� !kR�$l@àíÜ1£{Ñ5ÞðÅí˚×%ð, ¯ê

A¤û˝� …díŸJ$lÜ�ì2H[çÞú�Í!�ÇgíN™, 1@à

$lj¶£õÒ’eð„rõ}&í‡TcqA
� ªø¥@à×52-ê

0í®Àø5�5ÞAôÚl[, ®�Í5N5�ñD‹�j¶, £‡ø��

�Íí|Q“¦‹�,}, ŸAø_�^íÚ7rõ}&,ñ, TX5Þ£ð

Åø_n‘/^0òí²//è¡5� Ou/Ÿ/è|½bí´u, YAÐí

<è¸4², »ºAÐíAôi‘, fnò}r\¸ò}Q/, vAÐ¿ßí

�Í/p�

_áÈ: …û˝wPAŠ×ç’	F 94�î="&¡lÞ6�ªŸ¶MÚ7

rõ}&,ñ, Ô¤Ðá; >áÇöí£�<c�

¡5d.
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2MÚ] Hinet ç3æ� http://analyse.eleam.hinet.net
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Mei-Mei Zen1, Zue-Seng Chen2 and Chia-Hao Jhan1

1Department of Statistics, National Cheng-Kung University and

2Computer and Network Center, National Cheng-Kung University

ABSTRACT

After the important College Entrance Examination, a senior high school student

has to select at most 100 of 1600 departments for advance study. Since the weight of

counting the scores of nine individual examinations is determined by each department,

which varies year by year, the problem of selection and priority of certain departments

becomes a big trouble to students and parents yearly. In this paper, following statistical

concepts and analysis, we build up an index for each student to represent the possibility

of entering any interested department. A real data are applied to check the efficiency

of our index. Based on this index, a software is written and offered on website for free

download.

Key words and phrases: Weighted score, simple linear regression.
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