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1 ��

�������	
��
���	��, �

������
�(Computerized Adaptive Testing,

�� CAT)������	� !"!#$, %&

'()*+,
�“-./0”, 12“3.14”	

“�567”8
�9:;<=, >? CAT@A/B

CDEFG	HI9JK/BHI@AL/MNO

P , QRSHTUVW
�X	SYZ/[\H ,

]^_`>
abc\d\H	Pef�EghB

c\ij, klmnXopq�, _`rGstu

vw�dxqZnXop	\Hlmyz, {z|

}v~	\H�I9

����`������/�	��, ��o

�
�	c\�p&���, �j�A��v�9

Baker� Kim (2004) �v�.����, |}d�

opLogisticrG(2PLM)�q� =nXop�c

\�¡¢, £�A 30 BnX 500 .; 1d¤op

LogisticrG(3PLM)¥£�A 60BnX 1000.9

¦§, ¨AJ©/BFE�GHI, ;ªnX&«

�d'/[c\lm?
, 1@Ad&'[¬c\

­�&'®¯°lm?
, ±®}²³&'
�´

µ	op¶ª«�·, ¸¹�'/�º�, ¥��

lm»¢(Kolen & Brennan, 2004); 1Alm»¢,

�
\¼�½��Alm»¢K�9

¾¦«¿
ÀJ©/BFGHI2ÁjÂÃ

	/nOP9ªstÄÅ , ÆÇ/�ÈÉÊ(High

stake)�������
�	nX, ËTUSY\

HÌÍ^�I, ÎÏ/Ð\H@AÑÒFÓ 1000

ÆÔ(ÕÖÖ, ×._Ø)9ÙÇÚÛÜÝ\�Þ�

HIJK�ßàÀCánX	´â�ãÈ�JI

<äå	æ°9æç2HI�@A&èéê,¸&è

ëìí/�D�&îï	\H, ð/�³ ¬pñ

ò	\Hóô, ¿õ��/�ê	\H, ±öé�

÷È²HI	JKøùú�ã9(2d(�J­x

JHI	Ý\�ûüýþ�îÑñ�	®¯, ñ�

	Ò �JEùú����(nXf���(IRT)

	HI93}�ª�( IRT	HI�«�����
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��³&'	
�¼¯�lm�ñ, �«�} CAT

	
, 1�(��
����
�	HI�L&Ì

±/°(���, ���, ��á, 2002)9

WÙ�dHIJK	>�OP��
À, \H

�Y^ab>
pW2³JI�ã��	�A�

393}%� !"c\>?
�, #0ij»$

ò%&9c\	
�'�2()Lef�	�A3

*, Ë1ß2()HID�	/B�A+H9(2,

Ý,Ëab>
pW±/%&�-, ¿./JI�

ã, ÷Èc\Ý\'�, ±�}�� CAT0�	/

B1°(Wainer, 2000; Han, 2007; Chang & Lu, 2009;

Makransky, 2009)9

Wainer» 82TU�3(2000)4Z�>? CAT

®, dhBo� CAT 	c\«¿��456�p

�	�7H, ðc\d�7HlmPe, �7H&

8nXop, 9��7Hµj&:��;ß&oø

�¡q�9� CAT�<�(Seeding)�7H	X	2

ab�7H	Pef�pW, ]^=>�?F@]

q�(MMLE)AB­CDEAB´µnX =op

(Wainer et al., 2000)9Wainer».(2000)�±Fq�

AB}�GH�(Online calibration), ¾(q�nX

op®³ ²HI�x�H�`	nXIJ, K±

F�GH�&@A»¢(Wainer et al., 2000)9±F

AB_`� CAT ?
®´µc\d�7HPef

�	pW, LM²!"c\d�7HNO?
	®

¯�Ò , ß&L²»¢	Ò , '®Pe®c\

PB=ÐQ�2&���j	�7H, KRS²T

ªñÈ	Ý\'�, 3¦c|}2/F¢µU#	

ïVB9

W2d�7HX MMLE ABlmnXop

q�dc\.pª/�AY, ¸hB�7H��Z

[/��c\	Pe9\Ko�
�	.p n6�,

hBnX¨£�@AªmB.Pe, ]]m¢!F,

±^
�«¿<��7Hp½!�, 3¦HI	é

ê�ã½!È9_`/FdhB�7HPe	c\

.pm�dñ�	�÷a, ��RS�7HnXo

p	q�bc	q�AB, ±½2ãdA0�	+

H9ãdQRefd�7H�GlmnXopq�

	êABõT��, ]^kef�glmq�, ¿

õ Monte Carlo ruABÝ�q�h�	bc,

9X >
pWdinXopq�ABlm�S,

Í^�d¦+HPl/j0�9

2 ����

2.1 �������	
��
�

¨X 0-1ijA8, �>? CAT®<��7

H, Ý,ÌedinX	c\�¡¢/kÈ(in

X	lc¢, 1eminX	c\�¡¢/k/(

inX	lc¢, �c\	�¡¢ønX	lc¢

Fn�»	®o , VWNoppqErsrG

(1PLM)«¿=Ð, c\edinX	tu} 50%9

¾¦«¿=Ð�A�/nXPe.p�îò, �e

dinX�eminX	c\��2v��/�

c\	�¡¢øinX	lc¢wxZy91�_

`>�Ù�«¿µÌ�z 1;{	h�, ±/h�

ß|}Ù�	±/~B9

² 1 1PLM³ 100%�´8µ�¶E,-0.16661�_`���·¸²

¾¦�
Ù�X “��ÎÏB ”A8"

YânX	lc¢ bj, : correct( j) / wrong( j)

}ed /em� j BnX;ªc\�¡¢�b

v9¸�
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( ) { | 1}, ( )

( ) { | 0}, ( )

i i ij j

i i ij j

correct j i U correct j c

wrong j i U wrong j w

θ θ

θ θ

= =⎧⎪
⎨ = =⎪⎩

��� ����	 
 ��
�

��� ����	 
 ��
�

�bv correct( j)�c\�¡¢�Ë�ÌF��

µÌ csort(i, j),¸ csort(1, j)�csort(2, j)���

csort(cj, j), �bvwrong( j)�c\�¡¢�ËFÌ

���µÌ wsort(i, j), ¸ wsort(1, j)�wsort(2, j)

���csort(wj, j), �

2 2
( , ) ( , ) / 2

cnum wnum

j
i cnum i wnum

b csort i j wsort i j
= =

⎛ ⎞
= +⎜ ⎟
⎝ ⎠

∑ ∑ (1)

T� cnumEwnum��nXcPe	¬p&'

1ª;&', 9� cnum/2� wnum/2ü2â�, Q

R} cnumEwnum K�/B�7¢, ��ed� j

BnX;ªc\	.p cj�(K�	�7¢, ��

cnum¢¥»(ed� jBnX;ªc\.p cj; �

�em� j BnX;ªc\	.p jw �(K�	
�7¢, �� wnum ¥»(em� j BnX;ªc

\.p wj9_`F�	ru>�
À cnumEwnum

�¢	zâdnXlc b¢	q�ªñF(), ã

d;�õ>�	 cnumEwnum�7¢K�} 18, 2

Ù�VWF�ru>�1µÌ	/B��¢9

2.2 �������	
��

1PLM �7HnXopq�AB2J©�c\

�¡¢θx=	/k\K�
¼�, 1PLM}�
1

( 1| )
{1 exp[ ( )]}ij ij

ij j

P u
b

θ
θ

= =
+ − −

(2)

T�op bj}nX	lcop; æç¢µ��

	2�8(2)�T���ø)*NoppqErsr

G�{ª;&', �8(2)�θij}� j BnX� i ¬

cPe®d�c\�¡¢; uij �{� j BnX� i

¬cPe®	Pef�; P(uij=1|θij)�{�¡}θij

c\edlc} bj	nX	tu;

¾(;ªPe�7H	c\üo�²���


�, 3¦½«¿´µhBPe�7Hc\	�¡

¢θij, dnXlc«¿X ��?F@]q�9¾

�ÜO©·\K«¿UZ@]�p}�

1

1

j
ij ij

n
u u

j ij ij
i

L P Q
−

=
= ∏ (3)

T� nj�{nX jcPe	¬p, Qij=1−Pij9ø

8(3)��	dp@]�p}�

1
ln ( ln (1 ) ln )

jn

j ij ij ij ij
i

L u P u Q
=

= + −∑ (4)

(4)8dnXop bj YÅ^, k_` Newton-

Raphson(N-R)��Y� («o����» , 2002;

Baker & Kim, 2004)«¿´µi�7H	lcop

bj, T� bj	�¢¥¾(1)8gZ9

2.3 �������	
��

2PLM �7HnXopq�AB'öß2J©

�c\�¡¢�x=�
¼�, TrG}�

1
( 1 | )

{1 exp[ ( )]}ij ij
j ij j

P u
Da b

θ
θ

= =
+ − −

(5)

T�op aj}nX	�jcop; T�	��

ø(2)8��{�'9

'öß¾���
�«¿µÌhBPe�7

Hc\	�¡¢θij, k_`��ÎÏB´µ�7H

lc	q�¢ bj, ]^_`X ��?F@]�p

d�7H	�jclmq�9¾¦«¿µÌø(4)

8��(W Pij ¾(5)8gZ)dp@]�p, l/jk

dnXop ajYÅ^, _` Newton-Raphson ��Y

�«¿´µinX	�jcop aj9

�� aj	?F@]q�2 ��Y�, ¥�¢

	zâ½wx�A(«o����, 1984), 9��

¢	zâ2 ¡�¢Z()Ì aj 	q�bc��

�¬p9�ãd>�� aj�¢zâAB�a�

R�c\��7H�	_`u pj £�}¤�

¥¦jp zj, ß½2K����ε 	Ë¤�¥¦j
� N(0,1), A_` zj³µ��§�ε ≥ zj	tu»(

pj

( ) =j jp z pε �

>�� zj «¿¾¨8y@gZ , ¸¾
2

21

2 j

t

jz e dt p
π

−+∞ =∫ , «¿y@��Z zj;

¾( bj x=, 3¦«¿YÌ�N�©Mp rb,

T¨8}�

/
jb j jr z b= (6)

Í^Ù�«¿_`8(7)YÌ aj	�¢
(0)
ja , T

¨8}�

(0) 2/ 1
j jj b ba r r= − (7)

2.4 �������	
��


ò�����?F@]q�2}²q��7

H	nXop1�v�ª;�$òAB	/F�

�q�AB9±Fq�ABj}¤B«¬�

�/«¬�x=c\�¡¢, YnXlc bj	

��@]q�9

��«¬��x´µlcop bjP}x=, X
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 ��?F@]q�B´µnX�jcop aj9

�¤«¬��nX�jcop aj~Px=, �

�«¬´µlcop bj P}��?F@]q��

nXlc	���¢, k¬X ��?F@]q�

µÌê	 bj, �Â�E¤«¬, ¢Ì@]�p	¢

­�}®, Í^´µ	 aj� bj	¢P}�7HnX

op	q�¢9

2.5 ����

ã��X ¯�q�¢bc	4¤ªÎÏ°

d±² ABS�ÎÏ±³ÏAV RMSD´B4¤9

ÎÏ°d±² ABS	��¨8}�

1 1

ˆ( ) ( / ) /
R K

i ir
r i

ABS X x x K R
= =

= −∑ ∑ (8)

ÎÏ±³ÏAV RMSD	��¨8}�

2

1 1

ˆ( ) ( ) ( )
R K

i ir
r i

RMSD X x x K R
= =

= − ×∑∑ (9)

T�� ˆirx 2 xi	� r ¬\��	q�¢, xi2

ruµ¢, K}�7H	Bp, R�{�Â\�	¬

p9ABS4¤f¶²µ¢øq�¢°d±²	ÎÏ,

RMSD 4¤f¶²µ¢øq�¢±³ÏAV	Î

Ï9ABSERMSD¢!�, q��··!È9;¿,

ABSERMSD ¢2!�!ï9�ã���, @AÝ

,nXop aj� bj	q�bc9

3 ��

ãd;ª>�ü2ru� CAT `��<��

7H, ¸Wc\�
\`�����:¹	c\P

eIJ����
�q�µÌ	c\�¡¢^, k

d�7HnXoplm�GH�9dc\�¡µ¢

�nXopµ¢2X ºæ»¼ruABgZ, T

�c\�¡¢θ �nXlcop b�nX�jco

p aâdp^	Ë¤�¥¦j� N(0,1)9c\	P

ef��Pef�^	zHÏX ½Î»(2006)³

 	AB , ¸“¿�¡	q�¢zH , ¿�¡µ¢

LH”9é¾¿/°À, ¸Kc\	�¡µ¢}θi,

1��T�¡q�¢} îθ , ËHI�zâc\ i Á

 ³ `	�nXlcø îθ �Zy	nXðc\ i

"L9KnX j 	opÂ�}ζj , ¸Wg�	nXf

�rG(ãd2 2PLM), ��nXf��p P(θi, ζi)=

Pij, 9��[0,1]�	ÏÃj��Äâ��p r, �

� r�Pij¥� Xij=1,  ¥ Xij=091d(�7H	j

5ABÅo�ad9

�ã>�� CAT �¡q�AB2X CDE

^�äþq�AB, Ù�\K�¡R�j�}¤�

¥¦j�9�
�åc&F( 20®, Æjh°pK

} 13B; 
�åcF( 20®, Æjh°pK} 16

B9±ö\KÇA2}²AÈÉ�9ru��7Ê

��¡ËY�[−3,3]¼¯9

3.1 �������

��7Hø CAT HI�¥�³ 	HXÌ�

/ÍàÀgc\, ðc\�&=Î	ÎÏad�7

HlmPe , ±FAB�}<��7H (Wainer,

2000)9dc\�¡lmq�®, &³ c\d�7

H	Pef�, �2Ð TPef�ø�`H�	

nX(HI�xª	\H)	©Md�7H	nXo

plmq�9Ë���"À, ¿±FA8<��7

H&Ñdc\�¡q�Ò�()9WË>Ó	Ôc

"~, ()¸]�Ñv�93}<��7H	p�E

<�	2Õ¿õ�7H	Ö·ü«�Ñd�B


�ª;(), 3¦@Aæç�¿Ý,9�?
	`

��, QRARS<��7H	p�&�igc\

Ò�×Ø, 9��
\`��A��<�9W2<

��7H®\H	ÙÚj�Elcj��ÛlËY,

æç2A&ðc\ª;ÜÝ½él(ËY(Wainer,

2000)9hBc\ü2��	Ë�7HI�zân

XPe, '/c\&�Pe�'	�7H, 9��

�Ð�7HcPe¬pÞÌ²M*K�	¬p¿

^, iÐ�7H�^ª
\�½&Ñkcz�9

�ãd�;ª>�X 	2�å	 CAT, M*

K�hBc\��ß� 30 Ð\H(&�à�7H),

�K�hBc\AYPe�7Hp} 693¦<�

�7H;X 	AB2�d(hBc\, �
\á

7®üâÛ 6Bã&�'	��¥�p, � 6B¥

�p	â¢ü� 5£ 28¼¯, ]^�>? CAT `

���c\xß�	\Hp(&�à�7H)»( 6

B��p�ä/p¢® , ¥½dic\<��7

H9�7HzâABß2âÛ/B 1£�7H�p

	/B��¥�p, ]^zâd�	�7Hgc\

Pe, ��c\xLi�7H¥�êzâ9�;ª

c\üß�²���
�¿^, kd�7HnXo

plmq�9}²RShB�7Hü�ÞÌM*K

�	Pe¬p , ¥AY (c\	.p×6)��F(

(�7HBp×M*K��7HcPe¬p), å��

c\.p} 1000, �7HBp 100, M*K�hB

�7HcPe¬p} 1009100×100>1000×6½PB

LÌðh/B�7HPe¬pÞÌ 1009�d;ª

�7HcPe¬püÞÌM*K�	¬p¿^, ã
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M*K�^ª	c\&@AkPe�7H9ãd>

�j�´FÜj, Monte Carloru�à>�/E�E

¤, T�>�/} 1PLM, >��} 2PLM, >�¤

}� 2PLMaX >
pW	>�9

3.2 	
�

ã>�ruc\.p} 5000., CATHIÚ�

} 1000Ð, �7Hp} 100Ð, ±B>����2

}²æ��	AÈ , 1&2ãD�	ç�(Åo�

� 5 &�v0�)9� 1PLM rGa�7HnXo

plmq�, 9�d�7HcPe¬p(¸d�Ð

�7HoøPe	.p)	&'���7Hlco

p bzâAB	&'jçlm>�jè9

>�X 	AB�a�QRX ��ÎÏB´

µ	hB�7HnXop b, ]^�x�´µop

b 	¢P}��?F@]q�(CMLE)	�¢ , Í

^q�µÌ�7HnXop b9hB>�üO©�

Âru 30¬, h��� 19

� 1 �� CMLE ����	��
��


���� ���� ABS(b) RMSD(b)

100 50 0.2621 0.3333

100 60 0.2497 0.3148

100 70 0.2268 0.2852

100 80 0.2074 0.2638

100 90 0.1985 0.2507

100 100 0.1897 0.2397

100 110 0.1779 0.2260

100 120 0.1713 0.2168

100 130 0.1669 0.2111

100 140 0.1614 0.2033

100 150 0.1538 0.1941

Ëã>�	h�Ù�«¿~Z, �7H&'P

e¬pdnXopq�h�âÛ&'	(), � 1

	pW]{ ABSERMSDü���7HcPe¬p

é�1ê�, ±Àë�7HcPe¬p!òq�¢

½!Zyµ>¢9

3.3 	
�

ã>�ruc\.p} 5000., CATHIÚ�

} 1000Ð, �7Hp} 100Ð, � 2PLMrGaX

 ò���?F@]q�B´µ�7HnXlc

��jcop9T���/«¬X ��ÎÏBY

µ�7HnXop b	¢P}���¢, >�O©

�Âru 30¬, h��� 29

� 2 ������������
�	�


	
� a �� b��

��

��

�� ABS RMSD ABS RMSD

100 50 0.2786 0.3829 0.2931 0.4384

100 60 0.2419 0.3363 0.2557 0.3712

100 70 0.2403 0.3319 0.2349 0.3460

100 80 0.2191 0.3033 0.2201 0.3201

100 90 0.2108 0.2930 0.2178 0.3208

100 100 0.1996 0.2722 0.2064 0.3047

100 110 0.1850 0.2551 0.2046 0.3075

100 120 0.1834 0.2545 0.2012 0.3018

100 130 0.1749 0.2397 0.1849 0.2777

100 140 0.1678 0.2324 0.1805 0.2684

100 150 0.1665 0.2273 0.1798 0.2671

Ë>�pW«¿~Z, X ò���?F@]

q�B´µ�7HnXlcop��jcoph

�	q�bc���7HcPe	¬p	é�1

é�9æç2�Pe¬pÞÌ 100®, �jcop

q�h� ABS¢ü� 0.2¿a, 1nXlcopq

�h�ABS	¢ß� 0.2ìí9Baker�Kim (2004)

4ZA´µñ��	opq�¢öãÚ�AÞÌ

500, «�ãd	ABdöãÚ�AY½��îï9

3.4 	



¾(Ù�á
	 CAT M*ð®�ñª#$³

 , 3¦Aò�>�� �"�S�7H�GH�

nXop¥�ñól9ã>�VW�����
\

®<��7H��, Ë 2007 ô“���Û�õD�

jèEföø4ÅM*”(SAAE)÷ø���ÄZ²

6000BÝÛd 80ÐzùHµ>PepWlm>S

��, ¶5AB�a�

�/j�dÄ�	 6000 B�Û	PepWX

 EM �Bdc\	�¡�nXoplmq�, ´

µhBc\	�¡¢�hBnX	op¢9

��j���/jq�µÌ	hBc\�¡¢

~P}2c\�o����
�^q�µÌ	�

¡¢ , \HnXop~P}�7HnXop	

µ¢9

�¤j�ú 80Ð\H~P}�7H, ruc\

o����
�®<��7H	AB, ¸�dh/

Ð\H��Ë 6000 Bc\�zZ¨ûBc\�\

0�	µ>PeÎÏ}Tf�h�9¾¦«¿µÌ

dhB�7H	µ>Pef�üý91c\	�¡

¢¥â�/jq�µÌ	�¡¢9

�þj�_`É ��ÎÏBYµhÐ\H	
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lc¢9kX ò�����?F@]q�ABY

µ�7H	nXop9

d(��	hBnX&'Pe¬p	>�ü

O©�Âru 30¬, q�h��� 39

� 3 ����������
�	�


	
� a �� b��

��

��

�� ABS RMSD ABS RMSD

80 50 0.2694 0.4055 0.3685 0.5337

80 60 0.2278 0.3426 0.3328 0.4744

80 70 0.2132 0.3179 0.3060 0.4382

80 80 0.1999 0.3046 0.2961 0.4284

80 90 0.1967 0.2961 0.2783 0.4175

80 100 0.1801 0.2713 0.2701 0.4042

80 110 0.1806 0.2756 0.2635 0.3929

80 120 0.1729 0.2682 0.2582 0.3839

80 130 0.1610 0.2514 0.2463 0.3658
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Abstract

Along with the development of computer technology and increasing needs of individual learning,

Computerized Adaptive Testing (CAT) has received more and more attention. However, the problem of the test

security is becoming a new challenge to the CAT, for example, excessive exposure of the test items might

weaken the efficiency and equity of the CAT. Therefore, constructing a large-scale and high-quality CAT item

bank is highly demanded

The traditional method of constructing a CAT item bank involves four steps: first, the items are developed

by the experts according to the test specification and blueprint; second, a representative sample of examinees is

recruited to take the test; Then, the calibration of item parameters and testing of the model-data fit will be

conducted afterward. Finally, items of high-quality and its item parameters will be added into the item bank

based on the pre-analysis.

However, several problems exist in the above traditional method. First, a large number of test takers are

needed, which is time-consuming and expensive. Second, the security of the items cannot be guaranteed in the
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pilot test. Third, complicated techniques of equating may have to be used to construct a good item bank, which

may also affect the security of the items, especially when the anchor items are repeatedly used in the test

equating process.

Thus, if the raw items can be seeded in the CAT process and the item parameters combined with the

examinee abilities estimated at the same time, it will be significant for the construction of CAT item bank. The

research in this area has not been widely conducted and reported in the domestic journals, although this issue has

been a big topic for foreign researchers. Thus, This study aims to explore how to insert raw items and estimate

the item parameters in CAT and investigate the efficient strategies with high security for enlarging the item bank.

A new online calibration method is proposed based on the principle of adaption in CAT, provided there is a

small-scale item pool. And the formula of initial value during the stage of the iteration is determined. When the

ability parameter has been estimated, the conditional maximum likelihood estimation(CMLE) will be

implemented to estimate item parameters in the raw items. First, the difficulty parameter could be obtained

through CMLE. Second, the discrimination parameter could be estimated with the abilities and difficulty

parameter and the initial value of the discrimination parameter could be gained through CMLE. Third, the

difficulty parameter could be estimated when the discrimination parameter and abilities are known .Repeat the

second and the third steps until the stop condition is satisfied.

Simulation of Monte Carlo has been employed to estimate the parameters of raw items with the

one-parameter Logistic and two-parameter Logistic models in the study and good result has been gained.

Key words raw items; CAT; squeezing average method; multi-iterative maximum likelihood estimate method;

simulation of Monte Carlo


