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2 A9 B8 Q 9
ModeD€& E87154& FAstax AA AA Az gFHoz 2ole
ATt AT, 3179t vlwete] LLTMS +3S g3 okth

Q¥ E B3 7IHoZH LLTMS &8 7HsAd& dotry] 93 7434
o2 F3u Fof, #3 HA AA Az AL AFE AP AH F
St 3%hd GojAbet Fm 23hd 3 Al Q¥ E e E APt
AA ZAE Ag, F93 A, LLTMS 2439 Q33 g33 +3 2745
s E & AAT

AA ARE BHAE 473E Y,

AA, do] AAL Are F 579 AAN2ALZ FAEH 2 Q FE BHF
32 AP 2, A= A, FusA, LLTM Al 33 25 234¢
A2 47t gite dd@d 294E B9 Q FE B3 sge=
S 28 F de M5 AEES & F AdT

EA, F 8719 AAL 2R FAHY de FIF A AE5E Q FE HT
3 FAHA A= A, FAIA, LLTMS A8 23, A= A5
Ak Al Qlo] RAAst vgoy FusAS LLTMS X &
275 BAT. A AA A5E 43t Q FF HIHE = PHeR
LLTM?® 7Fs4d < 243t

AR, A A Az Q FE B3 7[HoR LLTMS AM&siEo=
AN Q 33 g33 7IHezs LLTMY 247154& Fdsdt. Q 34
S AR W, Q ¥ BIse A Fa% FAHol7] WE 7E&
g3td Q FE 93 7HEY A= AF, FHEA FF 2 UH
LLTMS $7 Ar&3std o Aug Q dE& AT + & Aol

Fn 9o, 5 AL A2 Q FA AIE AF, F93 A, LLTM
S AHEEtY Q 3 B RS e A3 A 3 BE d9d 2F4E R

o

33 71Ho =z LLTM(Linear Logistic Test
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of LLTM®] Q 3% B33t 7|HezMe 7ts4de Arstat

F2o0]: Q F3 €33}, AAAGRF, DINA, DINO, A= AF, F
39, LLTM
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go] AAL LLTM ¥4 A3}
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AE AA
g9rgo]l HZ FEWLT Ju(o]FF, 2014). AANIGEH L2 FAE9 x4
gS SAY] 93 a0 BP0E FAEY A

A A3 Ao i ARE AT} (Leighton & Gierl, 2007).
AAAGEH L gFo] A AFAAAEF 7|TES 2 7HA dA 8L
o 2Fom REH, FAEL AAAGHINE B3t Aol oE A4
25 2391, od AALAE EFA ZIEA #dte A=uw s
T At (Jang, 2008). AANGEHP L 7+ ZFEH FFo] AR
e A LA He] AAE EURE FAEY 74 £ AT $HS A5
o NIFHEY AAAH Z=29ds AFSFHHFHE 9, 2012). wbA
EAo Ae AANGEYG | M2 HAE JPr] HA= 4 AL x
g SAs] ARG BFE AHgHord ® ofyg AR 8 xet 39 #A

p

FAZ HAF WEXH S ole AEIIEC o)E3 I 9 AFEFH nHAE
58 7iwtez &3 A8 4 Aol #AE 7S A F g (Dibello
et al, 2007). 28U AA A9 F37He AAAo #FE E3o B3
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A =8quA ge A5 7] diEd AE7MEY] ZA 2R e Q I
2S dH o wolEoly] oy FWe] Jvh. 2HNE EFIE usd
FAA olFoAlE JAAJNGEH e 7t w22 Q 3E g3sE A
E7te] AR F2 o &de Aol AUt

olo] mzt 7]Eo AFE Q FBEL E©IFHEE WHE B AT EC]
AP R FAY] 2HFY A7|E FIFY Z7E Yo A
Ueg s A7t= A (Jacard coefficient) A&7 24 F(2005)3 Buck &
Tatsuoka(1998)7F Q-32 € 2Z3tE ] AATF Fo3HA £4 To] /M
HAHAE A, 2016).
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A, FA £33 Bd HIAH 9 9x & AFHE YT F Jom=z 9l
AX@H7L7F Aoz G857 diAe Q FE HEAEAS A5
A HAg WMo AF o] wl$ F23HRupp & Templin, 2008; Feng,

2013). & d7A e Q FE BHRAE AASE $H o2 LLTM(Linear
Logistic Test ModeD)¥ AF-§ 7FsAd & AASE I 8 7|& HHEH
w3 ® iz} kot

B AT dF EAE G574 2o A, LLTMe| Q #E e23 7|
o2 AHT F e olEF ZAM W FAIY. =A4, F MR AAAER
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1. &0]9 A¥

7} dA 84

ANATL 42 e A ese) 8 4RE Hotale HAHolY T &
otk Q17 2 & (attribute) A9 Fwd FHE s WFAA B

O

¥ 5= (categorical latnet variable)o] THZ A& <], 2012). 7|4 ‘HFH’ o] &
248 FFAA Fud §33F £E gy, ‘FA'E IJPHe=E 37
F ee WHE'E I 7 MsletE AEHE 9 v 3o (Rupp, Templin, &

Henson, 2010).

AL LE wEdve Juie AT A e Jleg ot 535
= AndEng. AN EA £l FEstr]l A
2ajof s, AALAE 523 FAL TFots EF AHEA &S
Aot

olg gt AR 8 AE Tolle T=Fdt= gvld & HAZ EAs=E 3
o, LA fAE A Jd Holx R LA & thal A
SO (AR S, 2014). o ok oz YAV A WA Adxesr =
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Gierl, Leighton®} Hunka(2007)= X849 A7 Aoxn @3y, 2
FEE AHAE Yro] AWstAt

ey ujpEs

O-O-0-0-00 s

#M: Gierl, Leighton, & Hunkal2007)

<ag IO-1> AR LA 94 +3F

g, wAY, vz b 7HA f3& AAEHREH, dALL fA T A
< EE dAaLEol Y dZHo Ut mEkd ydd dAL
vpA Y] A2 £ E HPATE 2T I e BE UALEE 52T
Aoltt. d& 5o 9 THAAAM AF AALL fAANME AAAT AA
HA AdA2LE S2P0d 9N HA dAeLE AT I F9 A
2 ARE EF s2¥dx & 5 U0 £3Y dA-.: fAe 98 74

A0 & AALLRE TR = A9

fal

I 99 AS AdAsLEE



Ae e AR aielA oy
th flel a¥eA AHRd 24 A8 A YAE dAL
Hol A eA 29 4 F JHARE ZHPY. WY AL AAE UYHA
Ao EE AA2A 1, 2, 32 2 AlA AF AAE A2 U, AL L
4, 5, 62 AA LAY YA <A T Fuhe LAY AAE JHRAG. o
A QAL 4,5 £ 6L £2TE IR L 2l
Rolth, vl Fz3 AA LA fAlE e AAL a7 g8 7HA AA LA
AAzAE 7= 79

49 AA L2 %

AAAGEYe] Q AP FaH dAas 19 BAE FRIT PLo]

W, de dXas, We BFE v @rh(Tatsuoka1983). AT FAE A2

e AT AXeist SHA |, AF 94827 BedA GoE 0
3

.

o oEUsE EIWT ANAWEIL 4887l I AAIA 2H
stelt A9 8xrt WA ARHlS Bvl, F o FAYOE BY FEA

A= dALL7F P EH oF F(o] 9=, 2014).



<& I-1>Q qE A~

s | ma [ ®8 [ uxd
1HM:7+4 -1=2 1 1 0 0
2¥:9 - 2 x4=7 0 1 1 0
3H: 6 + 4+ 2=7 1 0 0 1
4H: 2 x 9+ 4 =7 0 0 1 1

<E O-1>%F AHE dAL 72A 4239 Q 3

3
A 47l B, M, A, RS AHeLE ZRRE RPOE ofF
Q

2. ARG &
AA S FAH-F7EEokdA 7124 d AAHFH A 7)S (cognitive

skills)e] ol#jst Tl &) A W&o diFd IAH AEE & F dE °E
A EQE e gon, AAA e s AR HE4S 9o AR
o] 2 (cognitive Diagnosis Theory)S 2 A AZ tH(Chimpman et al, 1995,
ANE). AdAAG| 22 HAle 93 FAH= M| S (attribute) S 35
27 A= A @A EHE F AE olEoY(DiBello et al, 1995,
AQE). 714 HAE&Eold FAE &S FE3 F=d Bad 59
(ability), #2](knowledge), 7]% (skills)o]Y} ¢1Xx] 3} A (congnitive process)s
o] JJ&d ol ml-$ Y3l tH(Tatsuoka, 1983, #A<QE). AX Gt 2L 7|



W ostge] A4 2 J)sd U 49 HE Agse Al ogd 49

F4F NS FAIU WA, FRE FoA AFFE AR A
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A 7}A (local independence assumption)® Yx}Y4 7}A (unidimensionality
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A7k sbe 2ol ABY FBE 1 AAY TE B AYY T8l
GG vNA B Fgolth(FNY 9, 2000, AAAY AL F 2
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AAXNGEFLE A8 gqAREd st FFF EF(Tatsuoka, 1983),
LCM(Haertel, 1989), RUM(DiBello et al, 1995), NIDA(Maris, 1999),
DINA(de la Torre & Douglas, 2004; Haertel, 1989), NIDO(Junker &
Sijtsma, 2001), C-RUM(Hartz, 2002), Fusion Model(DiBello et al., 1995;
Hartz, 2002), GDM(von Davier, 2005), DINO(Templin & Henson, 2006),
LCDM(Henson, Templin, & Willse, 2009), G-DINA(de la Torre, 2011)%
6270 o] % AAIGEYGEo] ML kv (Fu & Li, 2007).

Rupp 9(2010)€ <& AAANGEIF S oS 2L SAd w2 E7/3
Aot AA, FEE SHHFI o] EE Ui SHEHESFA, EA, FAH
T7F ol & EE g UV AA, EFY FHol BAEA EF(compensatory
model) =& v B A 23 (noncompensatory model)¢17Fell thste] 75
AXTHAA &, 2013).

TEHTS AT BEF olF HFd W, EE AAIGEIFY F
o] 7b3tth AAFGERFH LS FEGH g wet 1 B 09 A5 H&
& F Jdor, 74 AR LY sgAqfd mE ‘el B Vg'E AR

op



Aol rhestth. SEHYEFd FAWSFrE E¥ESA F5od=  BIN,
LCDM, GDM, G-DINAR & %o| % &o] 7l53lt)

B A Ao &0l e BEL AARSFIL o2
AA JAAZIGEFP o A&7 W F<

%
4, ®ao] u$ H3es @l UTHRupp et al, 2010).

B3d By Bgol sy U9 VaP ANLAES BT 525
GOl £2F AAas7t $YAA T AALLY FAS AAE 5 A
o 744 K

S & FEo] EolA= EAo] Y (Rupp et al, 2010). hEH

oz WA FHL wa2E 543 2L DINO, NIDO, C-RUMO| 9l

mge gad Agas] 9 Bad AXesrs AR
o 31, s2aA ¥ AXL27 SHE JgdE $2d g 2a7)
2 Axaze AWL RASA RAGE AP AT Uk 4 B,

S8, M BAF Bgol Jvkd AT AW F AA AXLAE

S 24 ZRTE ‘Sl ‘MaAs HAE 5 oglo] o] Eie By
S EFgdx e Ao, olAL ZFH F3F(conjunctive rule)S WEE
2yolgta gk AFH Aol E3e AEsy] A o RE QUXA
848 YU SE W P FAES T 5 Avn 97]= AoltHRupp et
al, 2010). dZAA AFH 13 3to HEAZH EIFSZ & DINA, NIDA,
NC-RUMe] it}



1) DINA

DINA (deterministic input, noisy“and’gate)® & (de la Torre & Douglas,
2004; Haertel, 1989; Junker & Sijtsma, 2001) 23 73S w=2E HR®

A7 mHolth. &, BN 2TE ANLLE Y 59 AL Y

o BEE Aolgtn AZAAT, aFH= AALA F FUHE 52EA
E23gH ogdd Aolgtn A3t DINARZAA wdx7t sl E3

& gL FaEW VA FALE Best A WA 8aE A

e A i B jol Ager) e Ay BE AXLAES &

of A=A otdAd Wi o] THH Fge vt BE AALLE ¢
Fohd g,=1, &FHEE dALLE FoAA suEtE sE@eA] Ead g,=00]
4o a#Ez ;=09 R SAREC] ME & dAL2HdE S Zx
Jdot sdEtE BAd £ ok ¢, 5 EF jol AEs] ddA AL k
b 2789 1, obyd 0o] AT a,= SAA 9 A QA ko ThE S
AREZ, A2 kE FEdPed =10 HY, dALE kE £28A
oo™ =00 AT F, 949 4L AN It £F ;9 AEE 7]
AAME 2 T AHEsr] A% oy BRE AALLE ZEHF Y,

AL T stude 284 XIvd 'S e AS eI
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2) DINO

DINO(deterministic input, noisy“or’gate) =8 (Templin & Henson, 2006)
< DINAEY I mlI/lX 2 B FFAAA F5 BF9 £F9 0F BF
£ 1%}t DINOEE S DINARE A & Z} AX Qa4 Atojo #A7}
‘AND7} o}d ‘OR’®] #AZE #olth. weEhA, DINOEZE & H B2
DINAR Y 7= g2/ 243 Eldo=z ZAyPd AdALA7 dbsdads
SgH dA 8LV BAEE + dv. DINOEFES F3 SAAo AEE
58 Tyl fdMe 7K FAL 27 "Besid A #A FAdLL

A A7 Czjol‘:}
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2 SAA i7E B jol Bed AALAE F A oY dAexE
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gj:P(X":1|cij:0)

ij

9; = PX,; =1[¢;=0)

DINOEZ oA FAMT(() FHFEF, 759 LFEFE I 1y
se W, A7 A9 F
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2017). Tk £3 i & S Adste dH AR LA o7F FRIIYH Q P F ia
Ao 12 m7)stz 3 9 UHx AL ooz #x7)dh(Madison &

Bradshaw, 2015). €¥td o g FE3gL o AX4E do 7|dst= +2
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A PHE Holn, TAH SHAAY Q FEL2 F3 3P E(loading matrix)

T ¥ 8§ (pattern matrix) 24 Q PAEL & Z E3lo] ojw AW
T #Ho] JdEVIE 4 4 AH(Rupp, Templin & Henson, 2010). Q I &
9 JAE <FE O-2>9 Zoh

<E IOI-2> Q qE oA

=3 AdAaA 1 AA8A 2 A8 3 AAL8AE 4
1 0 0 1 0
2 0 1 1 0
3 0 1 0 0
4 1 1 1 0
5} 0 0 1 0
6 1 1 0 1

Ao <& M-2>9 Zo] 6709 37 479 AX_aZ o]Fofzl HAG
AT EF 12 dA 84 3% AT F 3, BF 28 AL 29 39
Aol 7besttt. £ EBF 3® AALL: 28F5AT & dovw, EF 48
AAL A 1, 2, 3% EF 3T &

Q BE9 AL AAAGRF Y FEHAANA w¢ FLT TS FF
7] wWEd Q ¥E FAAAE ditdor WA R wRHEIE ATsE
g W& ool did T&Ho] Bastt(AS oL, 2017). FAA EF
AgstE AA FE AAsH diF AF @7 FHFE FuH ok Q ¥E
el 2o W& AF FAHE T Q 29 W& BT =(Boorshoom
& Mellenberg, 2007)& FET 4 Ut wofF Q FZo] FAA3 A A=
AAAZEE S T8 FAS FAFE EF
(DeCarlo, 2011). ¢k 22 olf=2 Q F&E BBAHL T7HA vE Hud

Q FES AT + =S AEV =9 BT oiyg ggd FAA W

of Aet= I At



7 ARE AT

AE AdEs 19019 Jaccardol o8 ATHAI, F AR AE FAF
Aol o= AEQAA #d F vk AT 9(2013), JAEF(2014), AHA
(2016) &9 AFNA F 7FA A LA Y FAMEES #HEHSY AdA LA
o] A AFE FAsty] A8 AIEHALH, offe] 2o=m ALET

J(4,B)=1ANB|/|AU B

of mEw AAaL a bl WE AAE AFE ARSI A

o Z=A3e £33t FE exas a, b z+ 7z}

AAE A5 200189 A BF F 0% B AM8k a b F I

S gem, A%z 90019 A B F 0%
2o AN LA T HAE FAG ZAFDT B F Ak AAHE AFE
! =

sty shitel <AL

Henning(2004)¢] A7olA THEA S APt 7= AF7F 5004
d w, FAE gl 2 HAgoew B4m Q $E eI A= AF
E AHEE AT A7 EdAE o] VIEE 285t o

&, Q FE vgE3s dAsEA AtE AsE ASste
Hol e, A= A7t A ok B £ 5
AA L7 g FRHAG}E FAAT dEsd ojg2 FHs= A0
otyzt AE7He] Aol met 239 W& AL Abele #A

slobgth, Tae Bue %E7] A FF T AY A it FA

e
I
ki
)
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2dttn A A 94y BEE & = Aok E9, B AXanst

2449 BAE ANDE 948 F A F Suw YA AT

2o Rolth 187 MR shis BFAM F A AXLET 57
Ro2 Q R ANHAAURE AR F A AAL8L2E BF &

9@ @At = B e FE Uk
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ABSTRACT

An exploratory study on the usability of the LLTM

as a Q matrix validation method

Hyunmi Kim
Department of Education
Graduation School of

Sungshin University

Korea's existing evaluation methods such as classical examination
theory and question-and-answer theory are effective in determining the
current level of ability of subjects, but lack in terms of providing
specific information and giving feedback to improve teaching and
learning. As a result, cognitive diagnostic models that can provide
specific feedback by identifying the subjects’ strengths and weaknesses
have recently attracted attention (Lee Young-joo, 2014). The cognitive
assessment is an evaluation method designed to measure the status of
students’ knowledge structure and their ability to process and provides
information on their cognitive strengths and weaknesses (Leighton &
Gierl, 2007).

The cognitive assessment considers the prior knowledge and functions
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required for learning as a combination of several cognitive factors,
allowing students to receive feedback on which factors they have
mastered and which ones they have not mastered (Jang, 2008). The
cognitive assessment provides a profile of individual students’ cognitive
status by analyzing their responses to each question based on the
relationship between each question and the cognitive factors they wish
to measure (Kim Hee-kyung et al., 2012). Therefore, in order to proceed
with the cognitive examination suitable for the purpose, the appropriate
questions to measure each recognition element must be used, as well as
the relationship between the recognition element and the question must
be correctly assumed.

The Q matrix of cognitive diagnostic tests is a matrix that indicates
the relationship between the test questions and elements, and is produced
by experts who know the test content based on theories and other
practical considerations(Dibello et al, 2007). However, because the
relationship between the cognitive component and the question is not
clearly apparent, it is difficult to guarantee that the Q matrix made by
the expert’s decision is appropriate and may differ from the true Q
matrix of the actual test. Nevertheless, cognitive assessment conducted
at educational sites relies mainly on expert review levels for the
rationalization of the Q matrix.

Accordingly, studies were conducted on how to statistically justify the
existing Q matrix, such as the calculation of the Jacard coefficant, which
shows the similarity by dividing the size of the intersection by the size

of the assembly, and the analysis of the multiple return conducted by
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Kim Sung-hoon (2005) and Buck & Tatsuoka (1998) to justify the
Q-matrix.

Inaccurate Q matrices can have unwanted consequences, such as
capability measurements of the wrong subjects, incorrect model
parameters measurements, poor model fit, and so on, so it is very
important to create an appropriate way to verify the validity of the Q
matrix for successful use (Rup & Templin, 2008, Feng, 2013). In this
study, we would like to present the availability of the Linear Logistic
Test Model (LLTM) as a way to examine the validity of the Q matrix

and compare its performance with the existing methods.

Key words: Q-matrix validation, cognitive diagnosis model, DINA,

DINO, Jacard codfficient, multiple regression, LLTM
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