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Z%—‘—— 7 - ~ o . —
<1€éas§§njg> BA57), SR, Brksb), Aes], dukaa), Adas]

TIMSS 2019 8shd <=t H7ke] 2+ @2 4709 W8 99 & sttt 3709 AA 99 F shell st
Ao}, Aol 8shd 3 = BFE Adat, i% e BAHA sl S

go /%8 A9E sl Bgow
[ 2o5 wael #6890 deiol % Felol AFAC T £9 58S e AolokFoy et al
2020).

<E I1-2> TIMSS 20190llM AtRE 28 & 2t & I 2lA 9ol sidsts =&l =

A7 449 §
949 o . — A
7] A 83171 Z23}7
& 26 28 9 63 (30.6%)
S Ul 24 24 13 61 (29.6%)
44 713k 4 21 18 43 (20.9%)
Anet &E 10 23 6 39 (18.9%)
§HA 64 (31.1%) 9% (46.6%) 46 (22.3%) 206
Y. A7 oY
2 dA7A= TIMSS 2019 83hd 78t 37t AFE dlgos Seuvel F3u 28 s 7 oy
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7 IV e 4 el S, 7k wvke] 83hd 408 el Aeddt A = Zb7) 38617, 4,8531, 4,915

w4446 o)t TIMSSAAE F 7He F3ht(block) &2 o] Fo1xl ofg] A xH(booklet)7} & Ho} i, 7t SAE
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9

A
L o
BYTol ov), F A $FEOE FHE LAY 28k EARG. 2 204 T BT 2 24



@ A7k Holy BAL 9% QU A oy BRgndel 88 Wek 97 385

=
Of

S
ro
>
o2
18
o
o
X
Rl
Rl
I

=¥ v <E O-3>3 2k 72t o] 7 S5 o] migte AR el 23k 2] diste] ggle
W1, EXeH 002 VAt Aed £3e] Ae FRAoR gl $H(partially correct response)e &
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<E II-3> 2 28X 745 282 ¥ 2+
Bt R P A2 A7 3 A7 4 2A7 5 247 6 AT
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pne MEO8 MEQ9 ME10 ME11 ME12 ME13 ME14
ME09 ME10 ME11 ME12 ME13 ME14 MEO1
5 T 29 27 28 29 28 30 33

o 2439 2 2%
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Qs ajkr' ~ normal(0, 1) 7(0, o)
o AellA 6, % 0,/ 2 A7 T i o WE 9 kR AA 94 ko b 58 F£ES vt b,

4
’

fo

T EY jo HoIEE, a; % ap = F 5O WS 99 kR AA 9 Eol dig HEES ovjgith
289 F4S 98 MCMC(Markov Chain Monte Carlo) €28]&S & 20,0003] 9] MZS S8 a3+
%] 10,0003 burn-in T7Fo.2 AQsta Ho] 100003] AZY Hyrow B4E FASTE & 20,000

lOn

o]
59 AEYS FF 53 ¥t Gelman-Rubin 34T FAFL Fa) Beagu. 2, %%%%E%OME
sl 59 Sel ARl we £99 WAE o ool 57 Bebd) ArhNatesan ct al, 216, et
A, 7 AN S ) 5 e Firol 09 LA 1] Ak wsol :Loﬂ ‘%71] 2o W
MES dolEo] A8 B 89 H8o] 4AHES 243k AF BY BE FARS Avsar

M2PL-Q 239 A7 2 FFo= R ZEI1A(MWA 431 AHgstgon MCMC U Fg o fot B
4 4L JAGS 2T (Plummer, 2017)3 R 22339 rjags W7]X(Su & Yajima, 20200 o]&3te] A
dstaint EAol AR M2PL-Q B39 Atw <5 DA #8918 4 9ok

I 97 43} 2 =9

Lug 2 A d9e B3 58 5 £4

7k 474 %7}"1] 4@ B Y =%

MPL-Q RROE $4% S5 24 99 5 3ol dat $AL Adean, 24 gl 93, 47t
2, 0t A8 1) B Sl 4 Aol de 58 sl $ Ahe <& M55} 2ok Sed o
WS 5 47 BT WS 99 F 5 990007 /1% FH0DAAE FFE sk ) 37 BEw
0ES A4S FAT £ Gk W, UE 99 F os G005 RSt #E G004, 183 F A
G99 4837 G005 FEA] FAC0B)E L4 ok 4 b FEuk oha e AL 3
@ 5tk 59, F A4 999 A% 4} B F Mg R BE 5 £ES wolE A2 FAT £ ok

<E Il-1> 47 3o} sSel 2t ool s S 27 HREEHA
o g 3 _ KL
= o5 A% Aws 3 | A8 FEa
ki) 0.04 (0.98) -0.05 (1.06) 0.02 (0.98) -0.04 (099) | -0.05 (1L.OD  -0.08 (0.99)
A7tEE 0.04 (0.97) 0.01 (0.93) -0.13 (1.02) 0.09 (1.03) 0.02 (0.98) 0.05 (1.03)
ks 0.10 (1.04) 0.05 (1.00) 0.01 (1.04) -0.13 (1.01) | -0.03 (1.03) 0.02 (0.98)
A -0.19 (098)  -0.02 (0.96) 0.10 (0.93) 0.09 (0.94) 0.05 (0.98) -0.01 (1.00)

Y. Z 499 58 29 g F@aA
SO g 9 AR JHE Alele #AE BYE] A, SAEY 4 949 T FEo ARAAE

] oj& AFA G (Pearson correlation coefficient)& &3 SlaiR gt 1 Adhes <E M-2>9 Zr} $4 713
2 2tge} 2 % ApOlE A3 ZE AgolM AAAFI} 04 oo vt 7t o] (Dancey & Reidy, 2017,
p. 18209 AHBAZE EAEHE AS AT F glon ol UE 9 Atog} A GG Alo|# ol &
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The perimeter of triangle ABCis 21 cm.

c
Roy buys cell phones for x zeds each and sells them to make a profit.
2x+5 He determines his selling price for each phone, yzeds, by doubling
the price he paid and subtracting 3 zeds.

Write an equation that shows yin terms of x.

g
A A Equation: | ]
What is the value of x?
ol &= -0.760 ol -1.264

Uy o]l i o of

j %1;1 s Algebra 1678 j i e Algebra 0.74
=~ ve+ = Ue

ERE . AR o} .

o B oo Applying 1.234 o oW e Applying 1.246
N a2 = HEX

SOURCE: TIMSS 2019 Assessment. Copyright © 2021 International Association for the Evaluation of Educational

Achievement (IEA).
Publisher: TIMSS & PIRLS International Study Center, Lynch School of Education, Boston College.
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Soh and Ben have identical rectangular pieces of paper. They use
different ways to roll their papers into cylinders so that the oppaosite

Woo drew trapezaid ABCD. He then started drawing a congruent
trapezoid KLMN.

sides of the paper touch as shown below.

Soh's Method Ben's Method
V.
y
A
Q&
114
‘ 10-
g 4
A
8
" ! B C
Compare the properties of the two cylinders. 74
Use the drop-down menus. 6
5 4
) D
Height 44 1
Soh's cylinder ~  Ben's cylinder 3
2.4
Diameter - i
Soh's cylinder | Choose ong ~  Ben's cylinder —TTT—T—T—T—7T1»x
O 1 23 456 7 8 9 10 1112

Surface Area (with open ends)
What will be the coordinates of point N when Woo completes the

Soh's cylinder | Ch one ~  Ben's cylinder figure?
ol -0.823 o -1.794

Uy o]l i o] of

ji t; 2 Geometry 0.586 j%ﬂ t; 2 Geometry 1.440
N w21 = a2

o]z oo ) 01%] 94 )

- Lq t; ; Reasoning 0.369 . Lq t; ; Reasoning 1.043
N w21 = a2

SOURCE: TIMSS 2019 Assessment. Copyright © 2021 International Association for the Evaluation of Educational
Achievement (IEA).
Publisher: TIMSS & PIRLS International Study Center, Lynch School of Education, Boston College.
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This study aims to propose a method for analyzing mathematics assessment data that integrates both content and
cognitive domains, utilizing the multidimensional two-parameter logistic model with a Q-matrix (M2PL-Q; da Silva,
2019). The method was applied to the TIMSS 2019 8th-grade mathematics assessment data. The results demonstrate
that the M2PL-Q model effectively estimates students' ability levels across both domains, highlighting the
interrelationships between abilities in each domain. Additionally, the M2PL-Q model was found to be effective in
estimating item characteristics by differentiating between content and cognitive domain, revealing that their influence on
problem-solving can vary across items. This study is significant in that it offers a comprehensive analytical approach
that incorporates both content and cognitive domains, which were traditionally analyzed separately. By using the
estimated ability levels for individual student diagnostics, students' strengths and weaknesses in specific content and
cognitive areas can be identified, supporting more targeted learning interventions. Furthermore, by considering the
detailed characteristics of each assessment item and applying them appropriately based on the context and purpose of
the assessment, the validity and efficiency of assessments can be enhanced, leading to more accurate diagnoses of
students' ability levels.
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# diff @ &3 dol=(] 27]9 WH)
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for (n in 1:N) {
logit(Y_prob[n]) <- inprod(disclind_j[n],1:K], thetalind i[n] 1:K]) - difflind_j;[n]]
Y[n] ~ dbern(Y_prob[n])
}
for (i in 1) {
for (k in 1:K) {
thetalik] ~ dnorm(0, 1)
}
}
for (G in 1:]) {
for (k in 1:K) {
disclj k] <- xdiscl[ik] * Qljk]
xdisclj k] ~ dlnorm(0, 4)
}
diff[j] ~ dnorm(0, 1)
}
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<FZ 2> TIMSS 2019 83hd 3 AT g 25 3 23}

=% ID ol e g9 3 wde A 99 R e
MET72007 0.323 Number 1.405 Knowing -
MET72025 -1.304 Number 0.833 Applying 0.699
MET72017 0.061 Number 1.210 Reasoning 0.527
ME72190 -2.387 Number 1.446 Knowing -
MET72068 -2.828 Algebra 1.542 Knowing -
MET72076 -1.304 Algebra 1471 Knowing -
MET72056 -0.637 Algebra 1.187 Applying 1.061
MET72098 -0.760 Algebra 1.678 Applying 1.234
MET72103 -0.917 Algebra 0.735 Applying 0.769
MET72121 -2.638 Geometry 0.656 Applying 0.87
MET72180 -0.823 Geometry 0.586 Reasoning 0.369
MET72198 -1.794 Geometry 1.440 Reasoning 1.043
MET72227 -1.347 Data and Probability 1.197 Knowing -
MET72170 -1.314 Data and Probability 0.490 Applying 0.616
MET72209 0.724 Data and Probability 0.609 Reasoning 0.692
ME62150 -2.409 Number 1.744 Knowing -
ME62335 -3.308 Number 1.346 Knowing -
ME62219 -1.165 Number 0.804 Applying 1.112
ME62002 -0.231 Number 0.364 Reasoning 0.226
ME62149 -0.559 Algebra 0.480 Applying 0.638
MEG62241 -1.264 Algebra 0.784 Applying 1.246
ME62105 -0.794 Algebra 1.941 Reasoning 1.148
ME62040 -0.471 Geometry 0.236 Applying 0.450
ME62288 0.806 Geometry 0.720 Applying 1.634
ME62173 -1.771 Geometry 1.315 Reasoning 0972
ME62133 -0.830 Data and Probability 0.341 Applying 0.879
ME62123A -2.016 Data and Probability 0.905 Knowing -
ME62123B -1.045 Data and Probability 0.377 Applying 1.022




