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WS 7IAT A28 A2 (2025)

A ATe] U s FYS FEeke RS Rt Faskh 54 o
27517) 919 AL BB AMBEIE B, oY AAE
o

9] T YA (measurement invariance)
St

gepAe AL ofmigt

EHort Bao] AUAer s|5% Aolekn GEE Yo S ofshd
T o) e Aol Heln 7 Aol By nas vsle] AHsl5EY oie @
g, wok APy)5 Rl ZARTE 1 glo] £1AE Helsle] Bahg 44
S the BaroR Wasks So) 248 it AUAsERS s 4
U A RS AR SIS AAL Bl ApEAoR J)seks Uele] RolelA]
ofsh Zlo] Wasitt.

Hio] AHr)sRge] el fig AuE 1Mo BaT S 9k, oSeH
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AL 431 A 1k ol o] Belsh F15ehe %7
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Li, Cohen, & Ibarra, 2004). =3t wo] wati= ofg] EAo] B3ty og 2hgsto] at
Al ewdgo] 82 sk S Zojth
ot BAIE R¥st] $Jote] B Hh-go] orE AT (latent class)S F-E3},

H
AARSEE 48 2 D40 2ol Brkste] AE1S RS TS PAH 3

theory: IRT)Zt FAHHEA (latent class analysis: LCA)-& A =3t Edyt-gol=
(mixture IRT) ¥ &-85l= ZAoJtk(De Boeck, Cho, & Wilson, 2011; K
Cohen, 2006; Oliveri et al., 2016; Oliveri, Ercikan, & Zumbo, 2013).
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WS 7IAT A28 A2 (2025)

tH(Bundsgaard, 2019, Li,
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HATHEY<, 20125 Finch, 2012;

o
Gierl et al., 2001; Latifi et al., 2016; Oshima et al., 1998).
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(differential bundle functioning, DBF) 147} 4=
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(Bolsinova et al., 2024; Oshima et al., 1998).

2ol 8ot= A 84 F= Ao IE APH7|E 2 29 ¥ Aol A

HA, o33 2o} 8 witolA Yetus 2PE7)s B9 542 246 HH, gt
2 ;g]

0} 74]*}4 Xﬁ}ﬂ A sfido] a7EE ol w2t Aol SIthLi, Cohen, &
Ibarra, 2004; Liu & Wilson, 2009). gt 824, o41(2013)2] A tolA= TIMSS
2007 8t HAL 7heH] 22 80l Y2 e ET A7FEE st oA felst,
A7) ¥ T2 o= MolA ¥ Rtk Aaprt Halxo] Q1] @4 e &

& W39 Zpol7t =7t Tt A WA 4 S HolFSl

3 W& 9 e I 2752 B4R Xie & Wilson(2008)8] Aol wh=
H, PISA 2003 7ot 4 HARY] 29 7hedl sxtt =8 o W8] £ ¢ 9
Aol A Fefstla, A el U89 w32 vttt shelAl felstA 7155k
20| ZRI=GITE HEo], 239 W wg AH7 e B4 2% A A%E
29t o] & oA e Ao=m Ut (Xie & Wilson, 2008). =71 7t
A7 FEFE 2 730l YA x LAYSHIT: PISA 2015 et 9o HARY] 23
TRl OE =7F 3 APV 24 AT Aed w3 BE 4570 =Tl A
H 27 5E3o] £ttt (Bolsinova et al., 2024).

FErlsRYT B 4TS SAAE 97 34 L e 40 mhe ookt 4
Qrl50] ZARS Shla 4 SIok. 1997d0] AAE Apiet et Aol 6shd s
B TS AR AAY AEE ARGstel JEe] T2 ALY g 8k W X £F
! 2n, B4 W8 9@ 8, 37199h 1A (A

B
Mg
N,
olr’
B
oot
F
&

)

4], 7]%) Botol A 2pE 750 EAsttts Ay B %tk Gierl et al,, 2001).
)9l ﬂ?oﬂ =W, =71 S5 AHE Alge] gof, e, =4 JJrE A

]
srare dﬁ-aw Lo,

25t 7155k e, @17] AAIAE w30 9A] ol 20l 86k T
Hep 9] Az QI 7t AEr)sel EARkItE 2t HiuEy|: skt

(Oshima et al., 1998).
Y B4 mE AT
Kubinger(2009)of] 2™ Zr2 283 2 3 FA 02 Aot off £3F9] Hol



WSIFH7IAT A284E A2E (2025)

248 Whro] 244 2
23} 91 aup} go U]é}OﬂE}(Kubmger
£ gl B9 43, AR ol 5 ok B 5
Asta o] & AA EfgEe] TR 88 & 9 u} U

284 AAY A PL A Zshed I

2. Saltus @&

Saltus g2 2o B | htel Rasch B O| oz, sopA|o] e
oA o] 3 ZE 17| WEY EALKH EAS AFH R »YYstelr] Qo ML=
I'Jr(Draney & Wilson, 2007; Wilson, 1989). dlAdl, sh&A7t Axa7]o| A A4 =
712 GAA ddo] TAstE 7%, otgAte] A (=) d54e 7 A
7F ohd EH(segmentation)® BAEA EA4S 7HAl "ot Saltus 22 <
= SAste oA TEEE ol HAEA Q] MIE AAdE A 7 29
olk ztolz ARt} &, HAEAT|} fLAA A HE Bl AR e

2o
I
T
v

:ﬁé

Adom TR 5 9w, saAT o v moFste] ket MAske 1A o] Bl
sae we BAGHIRD) 7 B8 ol Ao]2 Uehd % IcHWilson, 1989).

Saltus 2L Rasch 29| 84574 720 7¥stel, Aelo] 5l(o)7 £ Wol=
(9)} Bo] E4 AN 119 Aol ekl B4, o]} Saltus BH)E 5713

d

S 2N FA5H Ig dAE EIeidth /HEH 2R Saltus 2o FAATES £t
off ofsh Aoj=7] tizoll AT +oF 2dwe] = Lol 7Rttt wef ot 4
AZE AZA7IA FAIA 2217] Atole] skaat w8 SAcke HH o= 10719 &
F= NI, As S 232 Be &Y 29 5t B s sHE &
AE T YA S B2 A 227]0] RERt ehgAsol Aee 89
& Qe TFLE AESIAHE, o] B VHe FAHTHEAT] dASH FA14
227] GANT 2709] 2w (1~59 £ 6~108 =)o) EASHA Bt 181 A
HA Edel £3 29 dolke 7 AT 1 2 oA £ A £l &

¢t 2F dolee Az sigete AT Heh A4 227]9 sidshe AA
HeollA Adizlez g da AFle Doz A5E 4 QAo o2t + HAHe 1t
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- "E‘%L-OJ "Dﬂ: ]T]_'O]E X]—O]‘— Saltus E__'_i & %E} Saltus Eoé% ?—,_]-]?_]_'5;?}6—]»
H otgfjel o] AHolHtt(Jeon, 20185 Wilson, 1989).

H
9Jh — B+ Z ¢thhk)
- A1)

P(yijk = 1|9jh) =

H
ajh — B+ hz ¢jh,7'hk
=1

A yips TFT kol stk £ o Wit A o o W, 0= HA
A noll &ob= o7t 9] 58 B, fie 29 9 Holk, ¢pe WA 7 HAH
1

Aak aoh ZF k I ol AtelE AgEelet Saltus RaE ofuleith,
Jeon(2018)2 Al(1)& A (logit) 20| FA o2 thgat o] g lstqltt.

Logit(P(y; =110, C;=h)) = 0,, — By, 2(2)
Ply;=110;) = thxP(yU 116,,, C;=h) 21(3)
h=1
AQelA G WA 7 Sabe AN ofujshs WEE A WG = 1,

LR, 5,5 A 1014 B 9] HolE 248 Slelgih, ik A )
M 8-S oJulsiol, MPAE 07 shte] AW £ 4 G 4T werH B
H
& 7Pgetng 3w, =12 Aol
h=1
H

};]'(2)% }Q'(DJ—”]— B]ﬂjﬁ E‘—’ Bine Bi — Z ]hThkS)’} —14' ¢jh7'hk1_ i;q ”1017\]'

]7]' 5—7"—‘:’—} ;Q—ZH@% h—Q/T}LkP’] ﬁoé}—é_ﬂ (ﬁ, h = 10 tm T;,k =T TT+ -0 + 7'11()31]'
7151- . JE]J— —E‘fg— ll"f —E"‘ég'?—_l' koﬂ '4 H -]'JHDE 5 (k)h — ﬁ:}, = ﬂ - Tzki ﬁoa]' Zl\‘

Apo] g Aaotel oA 7S el AT 279 BeRo] EAoke
AR = K = DOIA 7 AR &8 Mo SF BES Salus RO B

A 1t logit(Ply,; = 116,, C;=1)) =0, — By = 0 — B+ 11 + 7, A(4)
AT 2t logit(P(y” 116, C; =2)) :9]-2_5:2 =05 = 0; + 7y + 7oy A(5)

Saltus 22 dutd o7 1 Al (model identification)2 €8l 7, = 03} 7,, = 0
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*

Bu=Bi—Tn T8, Bp=0i— T T =BT 2 AEth AT
= By — Bp7t EH, ol AT 29] et 20 dgole £ d
E‘r 13} dup Zpol7t le=xE AgAer Ueille E4E onsith. AT A
&ote @7t j9] 58 B 0+ AREE 20, ~ Ny, 1)), g A8 9]
of A A FAEEY] Bt ()2 022 117t (]Jeon, 2018).
Wilson(1989)9] 1 o] A Saltus RE-2 Q] BA420] thA|A Hslo] EAS 2
Sfot= B0 2 JIE7]= shel o, 7240 &2 Rasch R - Hde =
Skt HollA & wdi-gole Byt W Zo| gt ofgh, Apde] Aoju|z] ¢F
+ AAHE] 23 BE5E Ao r gRlsh: 29 ERHhgolEngy thEA
Saltus R&-L 7|20 &1 Q)= ARE Hiero g Baloy} FAHhe A olsty AAH
= HollA Zol7t Alek. HEo] AT
= T HoleE tE2A FPot= WAl B2 £l metd F3e A
Kel

pL =]
Aeks sholx &9t Eoillo)=

LLERYe R EANG)

Aefo]l  AHEEH(Draney & Wilson, 2007 Jeon, 2018), ©] A2kl ut
oz

m

I

—

(constrained conﬁrmatory mixture IRT) P._Oé 12t & o Stk(Jeon, 2018).

I, A5 4y

1. =M X2

Saltus 232 &85t B35} EAo| w2 ZA|A P75 Ebfjo|gl= i) =
48 Sistel AR PISA 2022 st A4 AR FHIATE 71 A
o] =305 PISA 20229 ZAAtER 45k} Q7] AAte] Ak AZE o}, w8
A ret ge] & wate] Hal= T9AA A5 HAHmultistage adaptive testing, MSAT)
2 AAEATHE 2Fol7h (A ), 2023; OECD, 2024). ©AA 453 HAF A

A 7ol 83t 971 AAtel B9, 89l wgel wet AgEE £yl ekl 1
= o A2" AEEo] Wi w2 wAZE IS 4 ok wetA o] dolA= B
2 28 AAE FE5A] 42 PISA 2022 F3t AAte]l 3 x}ﬁﬁ Abgshery.
PISA 2022 J}ﬂ AAE —_[L/Ho L =7 Bglo 1:]—0(}0}- e W e watet, olg

2 =& ol st %ﬁe} S/l w2
57 g A2 T 4 Ak



Saltus 22 B8 £ S0l ohE FAH Ard7 s 23w 24

PISA 2022 st HAte] ofgt gh= sMIE9] v 9 A=me= OECD &#0]A|
(https://www.oecd.org/en/data/datasets/pisa—2022—database. htmD) & Sl A|l-5-= ™,
A A EE ZEE 9 7]&R 1A (OECD, 2024)E 53l PISA 2022 st AAL A7

=7 49 Foll digh 71229 AHE gl 4= qlrh o] 4474 21(2023)el1A4
Sh=rofl A AAIE PISA 2022 Yot Aol 29 <ol tiet RS AAlsHA Alss
ct. ol2fet Atg el Bl-S Higko 2 PISA 2022 #st AA] digh 7|2 HHE A
Sh o5t Zrk PISA 2022 webaAs 67 2@dees FAHH, 24 2@deole
18~207) 2] Ee=o] F 11570 ] A=A @, 2023). 7|24 oz
PISA 202291 Foldt B sHfo] 1157] w3}l SEste A2 ofdm, #Aax o= 27
e dchs WAl B AAESI ol2fet A4 E4Co R Qe HE &
of tigt SEAEE Z4 AuE AEE B35, 250l A TSk AI7F A ol
o] d7olH= PISA AtzE &8 APAFRRA, 20215 F=A, olF4, 2023; &

SR o1 =)

Edon Bege] Lawl £ 4, g BaTol 9E S 42 Lofste £
o el Ao| 24

S, PISA 2022 T8t ZAke) WAES FASHE ] 7b 9L 217 3749 51)
=

Z 7RG W A0 FIE, A/, A AA o TR, o %
Ao el e ek 4w, Wt wre] Wk 9 A, A= 9 A0 Wt
Ao A MR FREY A4 AU W A4, B A4, ANER QA 0z 7
B3, QA a7 AL 4, F, k2 FRECIAA 9, 2023). Ba f3L 2
L ks PHYoR FRHN, Ackde it BEigos ARd,
T4 Bao sMle] B¢ SHo] AFo2 AR FAYQ9} AW/ EEE v
o2 ARAE Bapl thet S Ak AR TR

BAo AH8T BYTS 44817 Slelo] PISA 2022 et Ae] B B £
H RS Awughtt 2ome] nel 29 49 £Eo] Aol7t 9Ly, 53] THBO)
sgre Bk 559 Seol 7 o Eapan meslole wet AU BYed Bt 1
27 glored] 98 BR2e A, AAAA Wt By wEA) spleh o A
Ao Arjdoz FEsh 12 Helglw, A4 AU QNEH 24 Be] T o
Hs AT A Q77 A 529 Bge AR Slef 7H ol ZgH gl v
A 2ol TR Q@AY A 275
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Saltus @S B8 £ S0 e FAH A7 s 23 &

Jé

CHelEst 2D 2 8% 2= A X4}
CS608Q03S  ChaACiy H MAH Slaol| chgh afets g e

DS608Q04C  PAH XG&/=o1d XtE 9 ZH e oM FXH

L2 xZgp=  DS610Q01C  AHH ks S0l CSh nfetd Ay LH&
ERSY CS610Q02S  Hha=Mrrd HIH Biof CHSt fore A LH&
CS643Q01S  Gha=MrCpy IHIH X2 9 B3HO et oA HAN

CS643Q02S  =etMCy HIH afst BHLO| WOF O A EAH

M Hm  DS643Q03C A S Sl Csh ofetd HY LH&
CS643Q04S  =etMCky HoIH fst BLO| WOF O A EAH

DS643Q05C  1A4H PES fst BHLo| HWOF 9 AN QIAE

2740 14497 2(2023: 150).

PISA 2022 st gHAtof] tigh B SE-2 72402 ‘O(No credit)’ T+ ‘1(Full
credit) @] o] He= AFHT o]t HaEol fastA] %2 SHl disiA=
reached’, ‘Not applicable’, ‘Invalid’, No Response’ 2 &5t A5ttt 2 A
M fFoll Aaglol fashA] ¢ §H2 BT 0o= Heglste] Z4 Za= ARES

Ark. &, S2 £33 1871 £ 7heH 5}‘/} ol Fe] Zol F& SHol| Y= B¢=
skl &, BE Tl No credit' Q1 F-$= Zgstglov, RE 239 39
#ol No response’ 2 U4=HH = &4 ﬂﬁoﬂfﬂ H]Q’S}‘ﬁﬁ}

PISA 2022 T8t At F 52 Babo] BH @ sHYL % s42d@olglon, S
BExE= (& ) Ak 1870 B4 Invalide]l dfdshs 9= 191y, 1 ¢ 48
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<H 3> 93 PISA 2022 1tst HAL S22 & EE(N=842)
28D No credit Full Credit Not Reached  Not Applicable No Responses
d (%) g (%) (%) g (%) d (%)
CS425Q02S 275 (32.66) 559 (66.39) 3 (0.36) 0 (0.00) 5 (0.59)
DS425Q03C 443 (52.61) 363 (43.11) 2 (0.24) 5 (0.59) 29 (3.44)
DS425Q04C 519 (61.64) 259 (30.76) 3 (0.36) 5 (0.59) 56 (6.65)
CS425Q05S 205 (24.35) 632 (75.06) 2 (0.24) 0 (0.00) 3 (0.36)
CS438Q01S 210 (24.94) 627 (74.47) 3 (0.36) 0 (0.00) 1 (0.12)
CS438Q02S 267 (31.71) 564 (66.98) 4 (0.48) 0 (0.00) 6 (0.71)
DS438Q03C 447 (53.09) 295 (35.04) 4 (0.48) 5 (0.59) 91 (10.81)
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28D No credit Full Credit Not Reached  Not Applicable No Responses
d (%) (%) ¥ (%) (%) ¥ (%)

CS608Q01S 415 (49.29) 412 (4893) 4 (0.48) 0 (0.00) 11 (1.31)
CS608Q02S 291 (34.56) 536 (63.66) 5 (0.59) 0 (0.00) 10  (1.19)
CS608Q03S 393 (46.67) 436 (51.78) 6 (0.77) 0 (0.00) 7 (0.83)
DS608Q04C 309 (36.70) 511 (60.69) 6 (0.71) 5 (059 M (1.31)
DS610Q01C 453 (53.80) 316 (37.53) 14  (1.66) 5 (059) 54  (6.41)
CS610Q02S 151  (17.93) 673 (79.93) 18  (2.14) 0 (0.00) 0 (0.00)
CS643Q01S 152 (18.05) 671 (79.69) 6 (0.71) 0 (0.00) 13  (1.54)
CS643Q02S 253 (30.05) 546 (64.85) 7 (0.83) 0 (0.00) 6 (0.71)
DS643Q03C 449 (53.33) 262 (31.12) 6 (0.71) 5 (059) 120 (14.25)
CS643Q04S 459 (54.51) 369 (4382) 7 (0.83) 0 (0.00) 7 (0.83)
DS643Q05C 616 (73.16) 193 (2292) 1M (1.31) 5 (0.59) 17 (2.02)

PISA 2022 st HAF H7hEe] £ 54 FHo| wet HojH
E 4He gy, B AFE 3R1S ] FWAEAe(intraclass correlation
coefficient: ICC)E R 3|7]A] psych 2.5.3.(Revelle, 2025)5 53f AXtstaAct. £
S FAGH= Balo] 3R 1 2o wig EAo]l A AAA] Bl AlQgh A
BoFo] ICCE 464004 73602 5ot 4~F0|UtHCicchetti, 1994).

<H 4> D3kad ME|E

SStEM ICC[lower, upper]
Thee MO} SahMct ke
2% |3
612 [.507, .651] .556 [.506, .602] 661 [.624, .695]
™ OMHA IHQIA X|AN /=7
i
.395 [.320, .462] .736 [.708, .762] .616 [.576, .654]
oo Chigt afets A4 X1 9 39| 2fotd oM afsh Bipo| o gl MY
[ex =13
° .590 [.546, .632] 642 [.601, .680] .639 [.601, .675]
e QIAEX ESPNES!
XA

590 [.546, .632]

464 [.402, 521]

.733 [.705, .760]
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B4 A7 B2 0. 73801‘% SAACE FolotA= Tt ¥, flstAY &
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20 SfSict. AR 5% Aahe 4w, A9 76.0%(638%)7} A 22
RIS Hol2) 20700 BTG 12 275 s A 302
BRE SAL Rt 3, Id B AT/ et Bawel R fels)
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ABSTRACT

Detecting latent differential bundle functioning according item

features using Saltus model

Yoonsun Jang
Assistant Professor, Daegu National University of Education

This study aimed to detect differential bundle functioning by identifying latent
classes that respond heterogeneously to items according to item features. For this
purpose, the response data of Korean students to the science assessment in PISA
2022 were analyzed using the Saltus model, a type of mixed item response theory
model. Item bundles were defined by reflecting item features such as item type,
context, competency, and knowledge dimension. According to the results of the
study, there was no differential bundle functioning based on item type. In the
context dimension, latent groups were found in which both the personal context
and regional/national context item bundles functioned advantageously. In the
competency dimension, the item bundle related to the scientific interpretation of
data and evidence showed differential bundle functioning, and in one latent group,
this bundle was found to function disadvantageously. Differential bundle functioning
according to the knowledge dimension was identified only in the procedural
knowledge item bundle. Moreover, differences in background and educational
contextual variables were observed across latent classes in which differential bundle
functioning was present. This study aimed to provide empirical evidence for various
analysis methods of differential item (or bundle) functioning by exploring latent
differential bundle functioning according to item features. Furthermore, the
significance of this study lies in proposing an approach that utilizes the results of
detecting differential item or bundle functioning not only as evidence for test
validity but also as information for instructional support.

Key Words: Latent Differential Bundle Functioning, Item Features, Mixture Item Response
Model Saltus Model, PISA 2022 Science Assessment
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