creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

TEGAA FIEE

&3t Ned B3 9@
AAATH7 Hg AT

20233 2¥

Aethsta et



T-

8} & x 8!

AX H‘;P -

]x] ‘

; = )=
,_3371—%
; 24:

Els
o
) IS

] T
Z| & 01
e with | Uy oy
__,)‘
-
S
T

o] S 7
=
=)
— v = J
22 TSHAA Y=o A
A
) AL S
loa_E’.
(o)
=
|
=%

A&
st o
IRt

- -
A9z ;ﬂ%ﬂ
N g X
A
| 20} 39
% 2313 e
7 , II—Q
< | Eo
%X 1#3
c} o] | g.
iy o
A}
o (O
) 1)
(2
)

¢
o,
=
re
_‘

@




N
g

AAXEHF7 48

ks

Med 3 o

_#o_l

&+

p—

0

ﬂrwo

il

of u

= A

ket 2 ol

o]}

o] HAlA 27] o] o] TAet

t}. Diagnostic Tree Model(DTM)-2

&

0 ﬂw_l
1w
ox ,ﬂl
A

o

2
oy A

-
R

o

&)
A2 el e

N&d B
=, SgAel

7
o

B gos A gstel o st

5
5)

)

0

o

obur] 3

HA DTM 7]

kls

2tk DTM 7]

e X ezl B

H o+

=l

T

AAHE

IR RIS

AAs

i

o

el

B

B



o W ANr
R R B
ﬂﬁﬂUﬁOaOLATﬂud ,DrL.
ﬂﬁa%fr%ﬁ.lﬂ% o T
s A - = ) Xogs R B A BB
- Hﬁoiar}ﬂms%_}q_zg
Eeﬂﬂ@g,g};mffﬁ%zﬂgﬂqg
% aE e e w R K L TR N B
ET;TMZM5;;;%2%13 = 2
gﬂ.g%ﬁ ar.,%AT%%émfosg&@wwﬂ% X
o W s Gl A AR oE.oLlﬂu_ ﬂan_AIJ T ol A_OIOL o
oQ»J;dLILUML]l ~ @ e ooy S A~ ok
poiagy%ﬂ%o}xig%ﬂéw,d S
= m o E%nﬂ%AﬂH o M _sﬂ%ﬂoqu o o=
woyaqo%aa, _ LEﬂrMmﬂzﬂﬁa G O
axxuummoﬁ;ﬂo t ® ol Tiwrx_qﬁ; T o %EH»
A oy - = 7 o= mf B W 5 0 of X0 | ofn o 0 X o
o I M e - oo kT 5= o = &P IS o o Ew <
Wﬂoduq_zTi]Nro}o,ﬁjmo %Mﬁ@ztﬂbh LfE 5 B o
fErzriEiiers ciiziafs GTZ
olo | o w I X T o =S =0 o & U = AE o o "
g]%%ﬁ.ﬁmEAT%%QQAHMELQ@Mo%w “ g
- . = o}
gmgg%a%W%qaﬂ%;@%%i@ug Ew 2
Ty 1.%aﬂoaﬁ\ﬂ LR N
%ﬂ&@g%Mﬂg%%gﬂﬂ%Wgw@@@ Py
,ﬁouﬂibﬁu_f@ﬂ@zma =% oo s -
A;ffm%%fff mﬂﬂﬂﬂa%ﬁfh o 2
ﬂﬂL%Pz_aoLQ,PEJ%H oF Qurﬂxu eI
1¢xmﬁo%@$x241% o 5 o Al
& X oo B ~ Qmeoyuw_oﬂﬁo%ﬁEo}L aﬂ%um
MOLWMﬂﬂ%ﬂEQﬂdﬂﬂﬂﬂﬂﬁ‘.EIEJELLWM_.OH_.,OOEUTQ,UW _o,A_v7
T = X e ) B ™ 5 ok N
B = ~ ol Mo o)) o oo o 5. PR - my M
ma77o#ﬂ_;ﬂr F T oﬂAToﬂo%ﬂﬂrﬂ_ﬁA]dlmMMidﬂ
B oo o A%@%?ﬂ} = o . Sz 42
frol . rrSiny m} =) T Moy = o B el { T =& = Y
= X B < E3 — W mo = Njio =y ADZ.
utD@u%Eo»ma maiM _ufﬂ,_o NJQﬁaET,ﬂFJ
o T T 50 [ o or Ay =y ™ O B T n X0
L REYR R ° oo g X w oo T
o o = % 5 T < N RN 2r o
G 7 F a oo
zrcwtl7ﬂnoqﬂ1rE P
DELE;%MHZ 53
J o MNWW

1



ﬂu.o

otz
o
il

1 2020-21008

H

3
5)

]
P

] &3

)
= |

i

SE

1



SEEL 2 Bl ociiiiiien ot onats s su sttt st st s st sa st ss b s sss s st s s i
ILZJ soverersusvsesescustsnsessinisissssinissssusissssustotsssstsisissssinissssstssesstsssssststsssssesnes s v
T T | e vi
TIF BLR] ettt st tss st s sasssansss s Vi
| /\-] B et et 1
1. S TE0] T QAL oottt 1

2. Aol BA W O LI e, 6

II o] %.Z;} HI 73 ceeeeeeeenmeeneeeeee e 8
1. Q1A FITET T} woevvereessrnssmessssissesissnssssssssssssssss s ]

2. 4] 7FA] OTA FIEEELE] e, 12

21 DINA, DINO mOdel ......................................................... 12

22 ACDM mOdel .................................................................... 13

2 3 GfDINA mOdel ................................................................. 14

3. Aed HITE YT QTR AT G v 16
31 SGfDINA mOdel ............................................................... 16

32 Diagnostic Tree MOdel .................................................. 18

. -ﬁ“—fs'_]- /\-]gﬁg .1.,‘3_6(;-9,] %o] j‘L]-Xé -'-?—}_il_ ................ 24
1. o :FLHOLHS .............................................................................. 24

0. O LT} e 24

21. 8 ANLd 3o Zo] A BAE i, 2%

2.1.1. C1R] R 2 (ttribute) « e eereeesermrsesessmsmsesinsisisssss 2%

21.2. l‘:_]—ﬁ] (Step) ....................................................................... 26

21.3. B& (response) ............................................................. 27

22. DTM 2g2o] ARt
V. O3 729 *1%63 Er

02 [ R IR = ) [P [ O SR 31

-1V - »



o

=0

o

31
36
-39

ARz A& 45

G
m.o
T
il

=
eyl

ol
=
o)
aj

-

3 DTM

T Med Bk o

V.

clbj?- /gﬁ]

o

=0

B’

45
45
46
47
ol

1.1.

QT 228 FR] oeeerresseessssss s

1.1.1.

fvzel

X

ol

37hE e QX e

b

1.1.2.

o2

o2

-93
o4

o4

o4

55

95
o6
57

o

A7

o7
99
69

oo
<N
o}
r

72

72

16
78
33

100



AN

5

AN

5

AN

5

VANIVAN

B M

AN

5

AN

5

AN

=SS

AN
WoB B

AA A AA
= =S S S =

5

Al A A AA
o OB OB

5

I-1> Qt'sgr?é oﬂ;\] .................................................................................. 10
M-2> 35— §3el F /44 2 (Ma, 2019, p. 62) - 20
1 5 .. _
o-3> 36—g 3o T QBY T e 21
O-4> DTM %23 ?JX] Z 537]_01]/\1 A]-B-Q Q3P E v, 2
M-1> A2 78x+1)—5(62+2) =95 Fi= F 7FA HZF o 27
m-2> %—% 3ol YT T Q¥ Y, AT e 28
M-3> 35—7 B3| Y% P2, QUH, BT B4 v 30
V-1> 73 f3d 3% 1%, Q3 E, BEAE 4 31
V-2> ROl AE H7} ZaF A E JEA] e, 36
IV-3> 37} A, B, C& PCA, PCV sttt 39
V-4> H7} A9 RMSE]- ......................................................................... 40
IV-5> 37} BY RMSE]- .......................................................................... 41
V-6> 7} C9 4 ] D 49
V-1> QA A G 7 o] AFLE O] A] Q2 o 47
V2> Agel AHgE Be) $RE Tx QALY BAE B4 49
V-3> A Fodx} F9F Shad i B L 53
V4> A Q1A% %ﬁg 7} 28 AEC] tF PCA, PCV oo 57
V-5> &3 Zo] IS o RMSE ........................................................ 58
V-6> &3 Zo] =71+Y uj RMSE]- .................................................... 58
V-7> %?‘50]— @_0] =g U,H RMSE] ........................................................ 59
V=8> F-3JH HES B I i 60

V-9> DINA, DINO, ACDM, G-DINA Usﬂoﬂ gk Ao A= 63

751'%1-1]:‘ ......................................................................................................... 63

V-11> ?Jx]_g_itg 4,’\1‘1:/_:‘1- lq;jxl_ ];]]% ................................................. 64
- Vi - .-':l-\._ﬂ-l -kl: -] ii {

| =2



4
i)

o}
B

i
£}

V-12> A 84 49

Ay A
it

<
<

65
66
67

V-13> 7_1]- L—_EQ guessQ} Shp

Ay A
Ea

V-15> 10

Ay A
it

<
<
<
<

68
68

V-16> 12

Ay A
it

V-17> 13

Ay A
3t

69
69
71

Ay A
3t

Ay A
3t

- Vil -



o-1]
o-2]
I-3]

m-1]

m-2]
V-1l
V-2]
V-3]
V4]
V5]

OV X ZITHI 7} ] QI E]  ceererremsmememiiii i 9
FHE TZ A (Ma, 2019, p. B5) swreerereereresmssesessssenisisinnn. 19
G-DINA %2 &, sG-DINA E3g, DTM R & ] Bl -eeeeeee 23
3%—% TF3lo] ST G QFE e 25
:":8311:‘ ;L}_ o;‘ﬂ/\] ........................................................................ 29
O T Bl B e 45
OV A ATk 7}ol] AFLE FBF A E e, 47
T3ho] S Q1A QA T QTR H G e 61
129 F3Fe] WA Q1A QA T ST H[ G e 70
8 F3lo] 3L FXE T8 FEMl 71

r L T : =
- Vil — -"x!'ll'_.l'



1 aTe ey

o1 % 1 &+ 3H 7HCognitive Diagnostic Assessment, CDA)E A} #3+-&
Aste ol 875 = AALLE AAsta, AAF & dig 9P
S HoHE &85t I dAaYE /s i E FA4
Wo g FA45tE HrF WHS o v gt (Jang, 2008). JIA XN EHILE

FA A st W8] 43 A

& 4% 9 2 8] =
= doted = A T, S A= wAbd A= St e FE 5
e WA gtefsto] A AL AuEms AT = UA sErHLee et
al., 2011; Leighton & Gierl, 2007).

ARG 7ol A H7F 3ol ik 9@ A ek

u)

3
QALY A 2% H/mED o) FHL 93
u [e]

)
(2
Sy
3 O:
o
o
O

A AAo| Y s 9E & b kAo ZhA 3 F A A

7| o] ALE-H T o]ef o] AX QA s of B FA o] o] wal T

st ngo] EAst=d, °ol& AAX R E(Cognitive Diagnostic Models,
o

CDM)olg}t &t} H ol AN RE 2 B2 A4S wopgton, tgdh

gate model; Haertel, 1989), DINO(Deterministic input, noisy “or’ gate
model;, Templin & Henson, 2006), ACDM(Additive CDM; Torre, 2011)
5°] Ut DINA 23 93A7F £33 ddd 2E AL ALE 59
dfjof Laks B ¢ vt 7Hg s 23 olm, DINO 232 3 EA7} &
3 A4 ok

=
A=
714 3]

o
ooy A8

dojtt. ACDM 232 &35 sf4ste H
of fof whe} 3-& .
o] 2]of = G-DINA(Generalized DINA; Torre, 2011), LCDM(Log-linear
CDM; Henson, Templin, & Willse, 2009) & t}%al 23 o] g)

a9d 71Ee] B XGRS A= AYd & (multiple choice

RalTI

5

i)

I~
2 %



5}

o] 1 tH(Kuo, Chen, Yang & Mok, 2016). o)== =&

il

B
_ZTI

3|
ZS|

=
-

3ol ol

744

3|
“

(constructed response item)©o] 7}#| &= #

5}

=
RN

¢}

oM A<=

o)
fro]

il

Al

=
=

g o g Hx

-
R

ge 48

PN
T

Eals

AR A

=
=
(polytomous response)= 7}4

4
o

Avtek A%

v
=

el A= Y
o 28R g ey £33k o

BK
el

vzl

£}

5

ki3

[e)
s

< PC-DINA(Partial credit DINA; Torre, 2010), pGDM(GDM for

Response

NRDM (Nominal

2008),
Diagnosis Model; Templin, Henson, Rupp, Jang, & Ahmed, 2008),

von Davier,

graded responses;

polytomous LCDM(Hansen, 2013), sG-DINA(Sequential G-DINA; Ma &

Torre, 2016) %°] At}

)

=i

2 g el

2]

o] A NER WA B AL

-
R

g A

o)

i
E

A7b AHEE TR, 71 o] F 2 Slo]x

S gl wheba 2

i3
=

=i

ol

R

1] (2004)

—~
.60

al 7

A Aol Abgd =39

L
R

aLof A

el
e
B

o



gbeE E4 7Ol o Ax A RYeletal & 4 vk

o] ¥ DINA, DINO 23 & Aoz A&y 3o g3ty At
sG-DINA E &l o]|=27]|7kA B2 F7¢ o] /HdE At A <
oM AANT RYPeS £FE Mdsts AAAAM e ddATE L A
ge A S AolFtal THA AT Aol AAl Med Brke] SHel A
ot d AdHolth FAEL TA AN e sfadee AHEst
W, M2 g& dddeEe e AL s der & 5 dd(Mislevy,

1996). MS-DINA (Multiple-Strategy Deterministic input, noisy “and”
gate; Torre & Douglas, 2008) =& S thoksl sj A eFs 714 61
gk N2 o dAddge] Y 5 R (guess parameter) 9t A
T (slip parameter)E 7 =% HAAZHrh= HolA Ago] Q)
DTM(Diagnostic Tree Model; Ma, 2019)> 271 ©]/d<] ‘jrﬁ] =
M Med w3 tigh 9@t wes 248 £ e AT
ojth, v gxte] FANA HAFolA Yethe oy A defd Fol
AE B st Jo7F w3l gk 9@ Abe] vkg-oll A L}E}‘é T 3
o] ek Agd Zo] dAl= 8% T E(tree structure) 2 F743} 5t
T Ak 7 LA A defol] sl A= sG-DINA 239 -39 FAFst7]
o]l DTM 232 sG-DINA 23S dnkstst Aojgta & 4 3lon,
AMzMe Med B &5t A4&3 HA 2ol
Ma(2019)= 2007 <3 - 338t AHAE |7 Fol =A BHlu AT
(Trends in International Mathematics and Science Study 2007, TIMSS
20070014 AbgE £ SF HolHE Abgste]l DTM ®¥, sG-DINA
2%, MS-DINA 2§ 2y Adrs 247 vstal vla gtk (Ma, 2019).

_4_4

33
=
Qe

N2 QANBRPS wEel 1 EnE PFF drtd A2e A
& WED AANIE AT PR AP 28 $3L 3
AL 2 Mgt we] ey 1N AA= caxmmsgoﬂ %

N
Ao

o1E]7} AbE R T A AT AR, 2015 o] P

Los e Mo

o
= ATl A TIMSS d
31%7, 2014; Choi et al., 2015; Dogan & Tatsuoka, 2008; Lee

et al.,
2011). o7 F/hEolglE TIMSS® #3e Y& AE7t5e 288 HE



el DTM =

°

AL

=

=

FA R TIMSS Hlo]H

Al 8 HolE = &

J

o
=

A5t

=

=

d AR

Sk A

AR AAENeH, 3

=719

=

on —_—
ool w T w® TN R oG W OW N M ORP BN = B 00
FRERT BEHBEIITTF NP BT X A
oo T oo B . — o S S S S L
A R T O - B B S TR R
- ofn T oy I = o Mo = W A ™ ow oy © all] W o
A%Eﬂﬂ%%%ﬂm_%ﬂgA_ZE,LOEQLﬂM5gﬂﬁ R
o) K "~ ) JJ|; ! == 7O o
Sx&m«zl,o#%aﬂvag%mmﬂimmryg3 T
OoH R = m Ny T o & v < T+ X B8 x 7o
= 7 7 No < o X i
2Ty _TsBEw - 2"y T We D8 o
= %V%%%ﬂﬁ%ﬂ.%%ﬂﬂ%._ZT%SL o
) o OE .o ﬂA.lJ ‘DrE UT O# ﬂ__/H o o _/T & ,Ul # N ;01_ ‘,ﬂ% EO
iy oF o o _ r — ok o< ,WF o Wmm B oo e Mrw S = o
oo By oE L0 T % Ik o & E & .
EONN S ar N o X ne - T oo R~ pld ™ Wy e
@_Jim%@mﬂ, %%ﬂWﬂ%Waﬂrﬂﬂﬂm« xR
g - o~ - o =l —_ o
— M.H E+o m N v OE M wm 3 ) lwA s ﬂ OE m E m.u._o ° = ) M_.u B %0
o7HLL& ,oﬁaomq,h7lyl1r42ﬁl N o Ay
%8 o g W = g o° PR RIsw S I C =
X SR @zTﬂrLt N ~ o il X
B AR T 5 G X oy R < o
PEIde M ew e W oo o X x
X Moﬂ 1»;. mﬂ B KK o0 ol W B3 = %E uﬂ 70 mm W —y do T )
LEESgdrarT oA ga T haw ®E
T S o © o g oge N oo o N F o9 LR F Hoa s i oo
W W™ B — W 2 . N dlo oo P "R
™R X o= T URAE o T T 5
- =X = ! TR —y O o e = X
_1—]_01 mr S = R o o Nl T e _ o h W 6, N el — o i
_ ™ i < o o
o0 Ak o & o = o & ) @ o BV N T Mﬂ_ " o) Mo
T PR R AL DN TEE DT R T 2 22
RO R L ER R BRI L T Hw R
O PR e A N RS S e - L
jod L= kaﬂpﬁn_ﬁaﬂr oATJ7| ]E:T j;Adl
48 ST S ®age W THEFTO ST WE T T
TF ERREATT L PERTSBERLEE L LT
e T T W R e’ A - R W N QoW T o7

=
1l

o] Ab&x¥ v TIMSS 2007¢] 8%

1

'7]o

2]

]

I
fins

[e]

5=
A=y

el )

[}

=

ki3

&

oA THe



-—

Tor

ol

N

RSN RN

<)

& of of

!

Je) 7k A4

[e)
32
1

R

RSl

12 A olA o

9]

L-sT:X],

ol o

i
o

K
o

ow olE &8st Ma(2019)2]

A4 5 ek

914 7

.
R

Az s

)

ox

A 5 Sol wet 7 Avst Aol geba 5

3
=

w

il
v

—

NH

o
£}

17] olg. wea

o
K

structure) &

tol A A

Aol Al

3
=

N etn 3]

ERE

=
=

7F A3t



i ral~
rELE
o g
oy X o) R
mﬂ z X o AT“ W o =
vi ﬂu.o o ,UF T E _zT wo OL )
e g Mﬂ.“ | o = I+ R el AR
. = e = x o = ﬂM_oqo
o < oF A Dan = o) MDExﬂ
o B = i o o | Z &l g Ar
J.JNA o 3 ° £ EAM]%@ > 0
B B = 5 A - Z o M fo
T L g iy 5o o Lga® I E
oﬁ.frm " -2 o o 2 o & Hﬁmo;%L
Hi w X ANS T W m X = g iy nhy B S
T ao%m? S s ggw aAW%HwEm%
o ) £ B o o= pZE® =" 3
g L@ﬂr w2 —— o ' ON 1Dm_1rn go U
o Gl flacl} T K aky N X L e 0 I
- o~ X o N 7A o o e ™ : s W
s8] ¢E7A01__/.A m oLl. _ooi\ _oﬂruAlNXﬂo@]
T = o o = I\ R oy M 3 e S
T T o ) hoF B AR - Y N =
.m__A o EE =0 f ﬂn_ Ho° ey J)A| o ) yA_v ,DFL c.l AT s iz} 3 ﬂmo
) A xR X I = ) i =0 X o o) "
R Hfﬂ.os o m B o mmafn? @uﬂéxﬂﬂmﬁ;
o mf@@vn 5 fmam géﬂ. %om%m,g p
w x < = ajo = < <y ol B A ol T o N 6 & 5 £3
CY EaﬂmﬂA 4ﬁd| ﬂﬁos]ﬁ o#_oEmA ﬁﬂwﬁruugeﬂqorL
_IT L X ! —_ ) 1.Aro o B ﬁE Be P o= =) < ®° ol
T oo ot ! . oj A e ;S AR = T o 5 - v B A
B o = N & el e = N _ T — {4 -
o 60 e o o) s M o ~ T o K _— il o
B o< _ B 0 o o oW o ©° w X o
o~ VE@ Mo N R0 noDaio ﬂmﬁuu%ufgbiquﬁ
HL._ﬂNMOrv Mo M- o x T T utL.Lnﬂ71|ﬂ_A|oLHoﬂ
E B - A il o I x = N R S
0 = = J . = % B . X —
s Ea O P - o oo o R
E) o %ﬁmm @Mmog @Mﬂﬂ%mﬁ;ﬂw
— — ! — —_ ~~
AT 5 ez %%mu;}oﬂ_z i
2 z%ﬂa% WI,OREEO_,&Q
o3 B =0 2 ANn 7! x op © B
Hqﬂmo%oosdl_oﬂﬁuf
_Wo | 5 il iy o o
LmogwogMé%
e oo
;3 ~
_Ao



Aol A .

13
of

53~

e

o,

o

o9 =]

-
R

npA o 2 Vel A



o. o] &4 ®l7%

. AR A SEH 7

® o %M
iy ~ I T
] ,I\_IEL.E,I E.#‘Aluﬂ‘mu ‘DrE7
e TR ER®o HITT b T w
PR BRE Xy X E—
—~ T o~y sy 7 s _,o| oS
LTS Ry s 5Ky
‘m;,l <o._—o. _ﬂﬂu
4ﬂe€_zfﬂ%wﬁﬁ@ﬁﬂﬂ@%ﬂ MWAMA
w o 1k = " o~ O W Moo B olp o P g
o o ) o ~ il
mﬂ%g%_mguwfmmlﬂgﬂmr G
A o p T iy = o SIS 00 o A = o 1 g O]L
ADnao%ﬂ%@zM%ouEMﬂ_wa 2 T
O E om o ol X mLDioﬂ 5
U SR T OB O o w = T8
t;].l‘DrE,DrL | o ~ ! N o oo
mA%ﬁMMQ@ﬂﬂ@mrmJH% R
£ W 3 =0 S g o2 of W
@ ~ oy = o " N ~ o iy MO oy Ho__/.“ ¢! : < ] e
eza.% = T 3 m o & o o WK
A B T B & gl
“ o o] ,D_ILﬁ]lA - £ o Q g S o] T
TR R W ER G SR T S = e w
.m%ﬂﬂﬂuﬂr#o#ﬂfrmﬂmuﬁmm S %%H
2 TOX oy o MOgPoZdﬂ — kT_/JI
= %aﬂaﬂno ERES o) B TR Il o7 ° N X
5 T %%ﬂﬂﬂnﬂ.w ¥ =R oas
mg%%_%ﬂqaomo@wﬂar% Koo
PR Pyt e B B IR
0 o o M 2 I e il
5T 7% N5 PE e DG e P TR
.m%.d_%ﬂezwr%u.ﬂ.mﬂ,/ﬂ W o
wogu%%%moﬂau%ﬂ%_(oﬂoﬂﬂ L ow g
@?%ﬂ%mﬁ%ﬂ@ﬂ%ﬁi_EMKu.. vy
H/M & oo X4 WW ) N pfo e WJ o os N = S om wwm
5T B oAk o TR FTook AR s X
e — X N o5 TR R X o = o
< ° M " = =38 T X = K ) ~ = oF —~
V}Wo#o _s%W% ECCIIE P S W Om
ym__umHQﬂo:%%Qﬂ% T
T E o o o W

a;=[1, 1,0, 0, 1] ] &



i

2} 79

-

3
=

= A2 A el (latent) AEjol B2 o

AAADA e AeE ®

[e)

L

I-1]

oAl el u] HA <l
[

)

1)

@ shele] whel Koe] Q142 se)

&

+od

S

7+

4
s
frodl
il

f HolH

2]

#Ho
QAR & K

]

XA 2

(parameter)7} F4

o

X0
wjr

a

100
ok

)

-
fins

[e]

7)o

(e}

D

(29 O-1] 1A

=
=

GRS

tolel A7 A = ook

(Q-matrix)o] At Je &3 K79 Q1A Ah=R o]Fofxl

~

|
o

p—

0

fro)
il
|

Bl

7}

(e}

=]

Ry

g, ojm Q3

o

frol

il

i)

|

g e 1A e

3 2 sh=

4ol &3 5709 QA AT o] F

[e)

L

o-1>

Ay A
it

=0°], <

= =
=

ol

il

i
S

il
J)

5%
[
)

Gn

4

il
J)

ok



23 QA 1] 2X8A 2 AALA 3| AX_A 4 QKL A 5
1 1 0 0 0 0
2 0 1 1 0 0
3 1 0 0 1 0
4 0 1 0 1 1
<E O-1> Q3&E oA
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S 2 Maximum Likelihood Estimation(MLE), Maximum A
Posteriori(MAP), Expacted A Posteriori(EAP)7} 9l tH(Huebner & Wang,
2011).
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24 %9 ML a,,,=arg max,{L(e,|X)} o] A=}
EAP W& F38uk-8-o] Z(Item response theory)oll A I & xte] =2 6
(examinee’s 6 level)ol|l thal & = 3F4=(population density function)
POt 59 05 A @A i vhgo] digk % L(X[6)7 A& 4
o] FAL v o

gz i QAA8A k=12, -, Kol td  FHZE(marginal
probability) a, = kA AAL2E FE5F QA8 ST HH] AFE3

5O Fog AojHrh

I(a :1) [1 @,2] kA JAA 2 A47F 191 4§
Lk 0, =1 9

ol g7t 0.58 T ZW T iE kA AL rE FEG o F
Aotal 29X gom F584 &2 Ao ® 4 rH(Huebner & Wang,

2011).
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2.1. DINA, DINO model
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Rl 2 QA e s e ot 6,2 B ¢,9 el 04 W @At
A 98-S HY FE5S uisiy. o]5 3 ;9 < H Al E(the intercept

= =@ ok e eA A Qe o7 FIE
olu) st ¢, 0 98 & 7 (the main effect due to «,)} &t} ACDM &

FollM = £ ddd AL LE F5F wet 5,0 o £Fe %

2.3. G-DINA model

G-DINA (Generalized DINA; Torre, 2011) %% -2 DINA, DINO, ACDM
wgo] A4S e Zlo|th. ACDM E@o|AE= Zaw) pEd 7t X
Qo] ogk FaI 1 =, G-DINA 2 g 1—5 LA Hmof <l
Ao gre] JosganstA v ek ACDM ®9-2 G-DINA
R S dveh @ 4 vk G-DINA Eg oA ‘ﬂxu_zi e 9E
@& 7= @A w3 jE %Y GES UEhle 23 ks da e
o 2o

P(X —l\alj = Z C%"‘ Z Z ik’ ek

k'=k+1k=1

]12 H @y,

+
00 S AHAE, 6, .9 9% FEINE ovstH, ACDM Z X9 &

Fob Fd A4S vk G-DINA BFoNA F7H BEE Gy, o, O, g
olth. 8y @9k a0 4EAE & IH(the interaction effect due to e,
and @), .., 0., T @, @, -, @0 F5AE FI(the interaction

- 14 - "':r“‘E _k:i_ -I_-]i



effect due to a;, -, a,-)E °|7gt}
G-DINA 23 & wks ol B 7je] Bael 245 Fofshn
DINA, DINO, ACDM E&& €& 4 Utk DINA R d5, g

8]‘12...](;019’]‘q BE RE7E 0olH Hnh oW guess® &, slip
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7

o

:":
1=(8 +8,, . )7t €t DINO =g 4

712 -
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12 - K;

ol #t} olmf guesst 8,1 M, slipe 1—(8, +3;,)°Ith. ACDM %3 ¢
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a9, 2018).
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DINA, DINO, ACDM, G-DINA
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Diagnostic Tree Model(DTM; Ma, 2019)
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3.2. Diagnostic Tree Model

gol. A2 TAHE BRolA et
£ Ak Aepd

=

T FZE(tree structure)= FA4 ¢ A}t 2+ EA &4 A

Ma(2019)= EejddelA 7 @At S5 d
2%, sG-DINA 23, MS-DINA Rl o3 A a4 /v o=
Il

Agrs  paw  wasgt. d=  FREe  wur|Fonit

T
il
HTl
=
fr
)
.%
=

)

PCA(proportion of correctly classified attributes), PCV (proportion of
correctly classified attribute vectors)”} AF&-% A th BE F oA DTM
e A8 A sE/msY oS ZF=7F sG-DINA 23, MS-DINA
2o AXY =4 YEET =3 DTM 28-S S8 3 o] 749
ZF @A 7 29 353 (item parameter recovery)2 8Fal H| L84S
o 2 By 3EHe ddv]FSo == RMSE, (root mean square error
for the pseudo-item response function for non-zero internal outcome x
of pseudo-item n)7} AF&EH ATt IdA} F7F BS54, 73 Ho] =5
T, o] #HA49 7] dALSTSF RMSE,  7F 9HA vskv 28 ¢
g 8% FX(convergent tree structure)®Ett TitE FILE Fx
(divergent tree structure)®] RMSE 7} StA| u$kch2)

Ma(2019)= DTM =& <& A &3t= 24 HolgHE &83d A% s
g=wl, 2007 d ok Bt AH = H7F Fol A Hlal A (Trends in
International Mathematics and Science Study 2007, TIMSS 2007)°l 4] A}
|9 239 I HelHE ARESel DTM E&¥, sG-DINA Ed,

MS-DINA ®&e] By APrg 7}7F Faba vageh 23 A=

2) RMSE,, 7} Wil }&5% 24 w4 g¥elo] £& Aotk RMSE,

]
of ¥k Al AW VAolA &1 = At
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Hdor)|Fo s REAEX W (Bootstrap method)S E38F 4% (Pearson’s
chi-square) 7%, Read & Cressie(1988)¢] CR(2/3) E A #o] AL-&5 3]
o F EA%E ¥ DTM &9 p-valueZ7b UM A &9 p-valueX.th

A =AEAt =, TIMSS 20079 A g 232 EA35= o) DTM 29

o] sG-DINA =%, MS-DINA 23 Ht} o #3faivtes 288 ATk

DTM Eol|A = e uigh g @xte] Fo] 34S TP FZE(tree
structure) Z £33 =434 Bt FEE F2E =E(node), ] (root),
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22
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a, a, b, ¢, d,

a,
J, k, 1, m, n,

e, I, g, h I
o, p (167}A)

a,

37 B
15
a, a a, a

b, ¢, d, e, f,
(117FA)

g hLjk

a,

7t A

=]

[e]

Y2
a, a, a, b, ¢

d, e f
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HE AW JAGR7F 28 joll A xo] ¥ UEE SES By Ad
ubA dAg gk gholt.
Ma(2019)+= RMSE, (root mean square error for the pseudo-item

response function for non-zero internal outcome z of pseudo-item )&

Fatel 24 gk

RMSE,, = | ==

ShAIRE 2 Aol M = et WS TR B3 S ARESke] XX EH
7He A&k Ao rlE

olm& RMSE; S “ellA wist= 2ol ¥ Adsitt DTM 35 &3
ey FALS R 2229 dol¢ R GDINA packages A&t
(Ma et al., 2022).

T 22 3, F AR FEIEY, 442 5 E5A guesset AF
249 slips Zzb Ul0.05, 0.15], U[0.15, =
wj o] o}, guesst n(a;jm =0)2 9Jvata, slipe 1—7r(a;jm =1)< o g},
o) 2k 50, 100, 200, 400, ¥HE-3194== R=1000.2 A A sto] 73},

L

38 - M E-t]) @



2o4dd 24

H7F A, B7F B, B7F C 7479 s oA Az 4, &3 A5 WA
A7 A AselA FAI AX LA H S (proportion of correctly
classified attributes, PCA), A33A FH =3
(proportion of correctly classified attribute vectors, PCV), #3d
Al 2 &H(root mean square error for item j, RMSE)E 3&tal 1 2

S EA e w1k

<& IV-3> #7} A, B, Co] PCA, PCV

L E S g7 A 37t B g7F C

2~ =% % PCA PCV PCA PCV PCA PCV

A] 0.718 0.379 0.738 0.229 0.761 0.154

50 = 0.846  0.602 0.878 0517 0.888 0.429

1 0958 0.878 0964 0832 0.968 0.798

A] 0717 0363 0729 0210 0.743 0.126

100 G 0.858 0634 0878 0522 0884  0.421

1 0959 0.881 0967 0844 0967 0.794

A] 0.724 0381 0739 0216 0740  0.121

200 & 0.873 0665 0.887 0547 0.886  0.425

il 0962 0891 0972 0868 0968  0.794

] 0.738 0402 0755 0242 0.750  0.131

400 5 0.886 0696 0.899 0585 0.895  0.458

I 0964 0897 0973 0872 0972 0816
<#E IV-3>& 371 A, B, C9 PCA, PCVE YE Zlojth RS vd
A 7 WS E PCA, PCV grol A SA = AT shA % <3 V-3>¢]
A FAIG Fte 9 da 7 s wrth 4S5 o PCA, PCV7E 2
A 5449 455 ded Aol J3A 7k 5022 2, £3 do] F
A @S AFolle & 2edla, 37 ARts 37F B, 871 BEYE 3

3 o
-39 - M =T



7F CollM 19l -7k @okeh 7 AlEE R nlalskAw PCASl 45,
A} 71 100 olatd W= H7F A, B, C £4 =2 PCAZF A 4 H= 4
& Bk 2dd A AR 7F 200 o3 W= 239 F7F B7F 2t
Crt PCA7}F 24 ZA4 %= %S Btk Wi PCVe] 4-¢, 93 5
s} AHglel W7k A, B, C =42 PCV7E 2A A A

<E IV-4>, <F IV-5>, <3 V-6>& Z17F 371 A, B, CollA &3 &
o] A, =, i o uwl, RMSE; & et Alolth & o] =545, ddxt
T7F W= s RMSE;7F 9 SA R[S AdA w7 7 Aa, @

o] 7hg e o, B7F AollA = =3 6914 0246, B7F BolA = & 6

<% N-4> H7} A°] RMSE,

w3 5 G A%
5 4
HE 50 100 200 400
Al 0.175 0.137 0.136 0.122
1 = 0.130 0.101 0.083 0.060
al 0.073 0.057 0.042 0.028
A 0.175 0.155 0.116 0.088
2 = 0.116 0.087 0.061 0.044
al 0.069 0.049 0.036 0.024
Al 0172 0.159 0.121 0.094
3 = 0.119 0.092 0.064 0.042
al 0.074 0.051 0.038 0.025
A 0.164 0.146 0.116 0.082
4 = 0.130 0.088 0.066 0.040
al 0.086 0.059 0.042 0.028
A 0.153 0.125 0.099 0.080
5) = 0.118 0.089 0.066 0.046
al 0.075 0.057 0.039 0.026
Al 0.246 0.232 0.194 0.153
6 % 0.220 0.157 0.114 0.069
al 0.154 0.107 0.071 0.049
A 0.170 0.140 0.110 0.096
7 = 0.133 0.101 0.070 0.046
al 0.101 0.069 0.047 0.032
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A 0.156 0.128 0.107 0.076
8 = 0.119 0.089 0.063 0.042
al 0.082 0.059 0.039 0.028
<% IV-5> %7} B9 RMSE,
=3 I G2
23k A

W & o= 50 100 200 400
A 0.166 0.138 0.120 0.103
1 = 0.128 0.100 0.075 0.050
al 0.072 0.054 0.037 0.026
A 0.137 0.101 0.086 0.059
2 = 0.099 0.076 0.047 0.034
al 0.068 0.043 0.030 0.021
A 0.144 0.114 0.076 0.058
3 = 0.097 0.071 0.048 0.033
Il 0.069 0.042 0.033 0.022
A 0.145 0.113 0.106 0.084
4 = 0.111 0.086 0.067 0.041
al 0.071 0.047 0.034 0.024
A 0.153 0.139 0.112 0.111
5 = 0.128 0.094 0.079 0.049
al 0.072 0.056 0.038 0.028
A 0.198 0.163 0.142 0.103
6 = 0.151 0.116 0.080 0.051
al 0.113 0.076 0.051 0.038
A 0.121 0.103 0.085 0.060
7 = 0.104 0.072 0.052 0.035
al 0.068 0.049 0.034 0.025
A 0.189 0.153 0.122 0.081
8 = 0.135 0.100 0.071 0.048
al 0.118 0.078 0.056 0.039
A 0.142 0.119 0.100 0.072
9 = 0.120 0.098 0.063 0.042
al 0.102 0.063 0.046 0.031
A 0.173 0.149 0.121 0.095
10 = 0.150 0.104 0.077 0.048
al 0.116 0.078 0.047 0.036
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A 0.122 0.097 0.073 0.052
11 = 0.090 0.069 0.045 0.032
al 0.071 0.046 0.033 0.023
A 0.168 0.140 0.108 0.075
12 = 0.131 0.093 0.070 0.046
al 0.113 0.078 0.054 0.036
A 0.125 0.105 0.086 0.059
13 = 0.108 0.077 0.054 0.039
al 0.080 0.057 0.038 0.028
A 0.139 0.118 0.096 0.070
14 = 0.108 0.082 0.058 0.039
al 0.091 0.059 0.043 0.029
A 0.141 0.119 0.100 0.074
15 = 0.125 0.096 0.065 0.044
al 0.118 0.080 0.053 0.037
<% IV-6> %7} C2] RMSE,
=3 I A
23k A

W & o= 50 100 200 400
A 0.117 0.093 0.081 0.062
1 = 0.096 0.081 0.056 0.036
al 0.060 0.044 0.032 0.023
A 0.111 0.103 0.077 0.058
2 = 0.091 0.071 0.047 0.035
al 0.061 0.043 0.033 0.021
A 0.127 0.101 0.081 0.057
3 = 0.095 0.067 0.049 0.037
al 0.059 0.047 0.032 0.022
A 0.130 0.104 0.089 0.064
4 = 0.096 0.082 0.049 0.033
al 0.067 0.046 0.032 0.022
A 0.126 0.093 0.096 0.070
5 = 0.102 0.080 0.062 0.045
al 0.069 0.055 0.036 0.025
A 0.150 0.125 0.105 0.106
6 = 0.123 0.097 0.080 0.060
al 0.072 0.056 0.046 0.030
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A 0.157 0.150 0.124 0.111
7 = 0.113 0.093 0.081 0.053
al 0.070 0.057 0.042 0.037
A 0.167 0.125 0.108 0.079
8 = 0.135 0.094 0.069 0.046
al 0.101 0.074 0.051 0.036
A 0.113 0.091 0.072 0.049
9 = 0.094 0.068 0.050 0.033
al 0.070 0.048 0.034 0.024
A 0.217 0.190 0.169 0.144
10 = 0.184 0.142 0.113 0.081
al 0.152 0.105 0.074 0.051
A 0.126 0.105 0.085 0.066
11 = 0.112 0.081 0.060 0.039
al 0.097 0.064 0.046 0.031
A 0.179 0.142 0.120 0.092
12 = 0.146 0.109 0.080 0.057
o 0.119 0.086 0.058 0.042
A 0.108 0.086 0.069 0.054
13 = 0.096 0.070 0.045 0.032
o 0.072 0.045 0.033 0.024
A 0.142 0.112 0.090 0.069
14 = 0.118 0.090 0.064 0.045
al 0.100 0.070 0.051 0.035
A 0.130 0.103 0.079 0.062
15 = 0.106 0.071 0.055 0.038
al 0.086 0.060 0.044 0.030
A 0.121 0.096 0.079 0.055
16 = 0.105 0.074 0.054 0.038
a 0.082 0.059 0.038 0.028
A 0.141 0.121 0.102 0.078
17 = 0.128 0.097 0.068 0.046
al 0.116 0.078 0.054 0.037
A 0.113 0.093 0.074 0.057
18 = 0.100 0.072 0.054 0.038
al 0.081 0.058 0.042 0.030
A 0.114 0.087 0.070 0.049
19 = 0.096 0.069 0.049 0.033
al 0.081 0.054 0.037 0.026
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A] 0.102 0.080 0.064 0.048
20 3 0.090 0.066 0.046 0.031
al 0.083 0.056 0.036 0.027
A] 0.136 0.114 0.095 0.071
21 = 0.115 0.089 0.064 0.045
al 0.100 0.071 0.050 0.033
A] 0.137 0.120 0.099 0.082
22 3 0.125 0.093 0.068 0.050
al 0.107 0.074 0.052 0.035
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a4z HSIA| A7 A A ge} 57—
(proportion of correctly classified attributes, PCA),
A 24 ¥ W] & (proportion of correctly classified attribute vectors,
PCV), #3ad¥ Hi AF 2% (root mean square error for item J,
RMSE)& Tstil 1 ZA3E A BT

EV-4>% 34

<E V4> A AxAeH 7} 78 A E ud PCA, PCV
gz = F3 A PCA PCV
A 0.724 0.150

30 = 0.835 0.347

al 0.937 0.679

A 0.710 0.132

60 = 0.827 0.315

al 0.932 0.661

A 0.704 0.120

90 = 0.824 0.309

al 0.933 0.664

A 0.698 0.115

200 = 0.827 0.318
al 0.935 0.669
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2975
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0.142 0.136 0.111
0.138 0.120 0.094
0.181 0.170 0.161
0.207 0.187 0.183
0.229 0.213 0.190
0.121 0.115 0.092
0.124 0.109 0.082
0.141 0.135 0.109
0.137 0.144 0.117
0.180 0.169 0.145
0.183 0.163 0.142

{+d # RMSE;
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60 90 200
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0.135 0.131 0.097
0.138 0.133 0.113
0.203 0.183 0.144
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0.091 0.077 0.055
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10 0.165 0.131 0.115 0.082

11 0.129 0.095 0.092 0.053
12 0.200 0.152 0.132 0.101
13 0.202 0.169 0.14 0.120

<¥ V-7> £3 do] %<& u RMSE,

B s AR T
30 60 90 200
1 0.094 0.075 0.066 0.057
2 0.088 0.064 0.053 0.036
3 0.091 0.080 0.061 0.049
4 0.086 0.065 0.062 0.041
5 0.091 0.075 0.071 0.059
6 0.098 0.076 0.076 0.064
7 0.217 0.163 0.130 0.091
8 0.103 0.077 0.065 0.052
9 0.101 0.072 0.052 0.037
10 0.153 0.113 0.097 0.061
11 0.089 0.058 0.047 0.032
12 0.169 0.122 0.096 0.070
13 0.186 0.147 0.122 0.083
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Abstract

A study on the application of
Cognitive Diagnostic
Assessment for

constructed-response items

Byunghong Choi
Department of Mathematics Education

The Graduate School

Seoul National University

Cognitive Diagnostic Assessment (CDA) is an evaluation method that
assumes skills or attributes required to solve test items and estimates
whether students mastered or not the skills or attributes by using the
students’ response data. There are various models according to the
method of calculating the probability that students get the right answer
based on the relationship between items and attributes for CDA, which
is called Cognitive Diagnostic Model (CDM). CDMs have been
extensively studied for multiple choice or dichotomous response items,
but recent advancements have led to the development of CDMs for

constructed-response items. One such CDM is the Diagnostic Tree
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Model (DTM), which can analyze students’ response to
constructed-response items by considering the multiple strategies and
steps they take to solve a problem. This study aimed to design
mathematics assessments using constructed-response items that can be
analyzed by the DTM and apply to actual students to analyze the
result. Additionally, a simulation study was conducted to examine the
impact of several factors on the DTM analysis.

First, this study proposed a framework for structuring the process of
solving mathematics constructed-response items. The framework
utilizes three factors - attribute, step, and response - to analyze the
solution process and determine the number of required attributes,
problem-solving complexity, and changes in the number of response
caused by the strategy used. The framework can be utilized to design
a DTM-based CDA by identifying the expected solution of candidate
items related to attributes and selecting test items based on the
identification of attributes and test time. Furthermore, the framework
can also be used to diagnose students’ understanding and interpret the
results of the assessment.

Next, the simulation study aimed to investigate the impact of various
factors on the performance of DTM-based CDA. The factors considered
were the number of examinees, the number of items in the assessment,
the number of attributes, the number of steps to solve each item, the
type of response, and the size of the item response error probability.
The results indicated that an increase in the number of examinees led
to a rise in attribute classification accuracy. However, when the number
of examinees was small and the error probability was high, the opposite
trend was observed. This was particularly evident in assessments with
a higher number of items, attributes, steps for each item, and types of

response. On the other hand, regardless of the number of examinees,
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the accuracy of the attribute mastery pattern was lower in assessments
with a larger number of items, attributes, steps for each item, and types
of response. The item parameter recovery was better when there were
more examinees or a lower probability of item error.

A CDA was designed to evaluate the "absolute inequality” domain
using constructed-response items, administered to students from a
science high school for the gifted. The students’ response data are
obtained and analyzed using the DTM incorporating different types of
CDM as the response model given a node that represents a subtask in
the solution process of an item. The DTM with DINA model, which
assumes that examinees should master every attributes required by a
subtask in order to solve the task correctly, shows best relative model
fit and acceptable absolute model fit. The findings from cognitive
diagnosis of examinees indicate that students face more challenges in
mastering the Cauchy-Schwarz inequality compared to the
arithmetic—geometric mean inequality, with the greatest difficulty being
in the application of the substitution method. The analysis revealed that
In certain test items, the estimated guess and slip parameters vary
depending on the nodes of the path selected by the chosen strategy,
indicating the difficulty to solve the problem may depend on the
strategy the students choose.

Lastly, students’ responses were analyzed to various aspects using
the tree structure of the DTM, so it provided the students who took the
test an estimated attributes pattern as well as additional feedback. The
framework enabled an analysis of students’ problem-solving process.
Students’ learning path can be recommended by presenting attributes
and response ratio for each step of problem-solving and a comparison
of students’ responses with the most likely response and response

through addintional attributes acquisition.
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