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A3tk DINA, NIDA, Fusion
DINO, NIDO 59| 2&e nA2
o B W gE mge] gtk U
2020)

‘T:]rﬁ](Roussos et al, 2007) T= 49A(H 38 A,
7% SHAIRE, Hetus Hrbe Q1A Hd BEFS A8 gl A
AFo A= ol BEFE ALY Hu et al, 2021; Zhou & Traynor,
2022). & 578 AA 840 disto] AA A BHPo] A ¢ =

°] 0.5 o]dol™ ‘s’ 0.5 wRkol® ‘m o]t

2.3 #3to Ao QAR 84

st g PGrro A Bl olA] 249 QIFHEEGE E==d)o] oA 2o
23S Hgsl7] H og] A7F FdEAT AR 4o HoE 9
&l PISAY #3 o ZF(scientific competencies), TIMSSS <¢1# <

(cognitive domain) WS Fo] &8

Tu et al.(2018) M 2 %219 dA Xt 2&<Ql DINA-GDE At
stal, 1 Aee 2AEY] #8225, vy, A=, -, e T
S/h=rell Al = PISA 2006 #eke] 20&oll vidh &5 wlolHE &4
sto] OECD ®.airM e ZAstel mlustltt. sfd Aol A= PISA 2006
of M 7FA g 9= F 93t TA A Es7|(Identify  scientific
issues), AAS stz o®7 A s 7] (Explain phenomena scientifically),
waA FA AFE37](Use scientific evidence)’} 914 2 422 AL&-5 )
o A 2 =Ed 7 AA 849 dig 9 H&S OECD HILA]
o A Aol FAS AR eyt

TIMSS 9| #38F Q1A 92 H9 Ao QA 84 EF9 <7
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1,

ATHHA G, HAFF, 2009, AAQF 5, 2015). TIMSS 1A 4
Al A2 (knowing), % -&(applying), & (reasoning)®] Al 4o
5, Z42be] A 9y ko= MY GHo] EAsch [ -1]
< TIMSS 2007720237k 9] HA A% 99& Hluwsgk Zolth, TIMSS
Frameworkoll #A|AJ® 7} Q1A 4 9& AyH™E TIMSS 20072 20119
M F 1909 AlF Fol EAsk, TIMSS 2015 o] $-of = A] 2] ol A
= /A s, Aestr), ‘wekA mate] ARR AW ety ‘34
A28 7VE B, BY AREstr el SiE 27U ‘RE A s R
E3go] 16719 AFE ddozm AAHLSS o4 5 drt. TIMSS
2007720237kA1 8k 1A @] AoE wlugk Al &S [FF Al
of FEstATh AA Y, A57(2009) Tgtul 28hd ¥3t Ay ARE
sh7] 918l TIMSS 2007 Q1A el At ==% 5
, = 3], AR A e, AlAkstr), AWEtr), ERelE ARS
AT A 59 "o MY = QA & A7l
Hl&o] 7hg e Qx] 84+ FFs7]
ARl AES Ed TIMSS 20119 197 917
IMSS 2011 #38F Ad#e] A HuE 913 AA 842 &Esio
, FElver SHAES 3/1A e, dRetr], ekl skl Th
e

474 2 AY AASE o slsta, 2d A

fuo1g
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1

o fo AT
b OV
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A= 49 TIMSS 2007, 2011 TIMSS 2015, 2019, 2023
3]/ 4 87
g o] at7] 3]7/14 8171
A4 HetA E=gte] A BT
71 = 817] 7] = 5}7]
o & o]gste] drst] R I el
H] L/t £ /%5 51 7] A 3L/t £/ 5 5} 7]
2 AHEEH 5 =] =
=) ;;7] 2y a7
Q.
e w7 H&sl7]
R ek R ek
argst7] g 317]
w457 B2 5))
/5 F A e
7Hd A/ o3 ol /d3t7]
. 4757 A A
T AR ©235 =35
L ts}s}7) L k3}s}7]
g 7ts}7] H7het7]
43 3}a}7] 4 3357l

Kabiri et al.(2017)> 8% A5 #3 A s ds)
TIMSS, PISA, NAEP, AAAS, NRC & U%E H7lE9 +d& 4
o A 84E EF3, 48k I 23 (General Diagnostic Model)<
A g3kl TIMSS 2011 &% HolHE At 3ld AFolA A&
H oolx @4F 7]|x 338t A2 (Basic science knowledge), A& o]
A et AF8-(Using science in real life), z}¢l @Abe] etz Ad
(Explaining of natural phenomena scientifically), <% (Predicting), %3

AF8-(Using models), "ol %3S 53 o AlA % (Communicating via

>

a representation of data), #}8}% F&(Scientific reasoning), ¥4 &
T-(Scientific inquiry) & 87FA G ow o] F AAAGo|A 73} Al-8-9
=g AlEo] M =i ety ®HAo w9 vl Eo] 7R skt

Hu et al.(2021)2 34 A+
A

(scientific explanation)= %H7}3517] 9

#2351 7] (Observing the phenomenon), @74 7]&3}7]
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dato] QX Ag o2 ALH A7k BA ol AwsE AX ax
= EASA @A, B ATFelAE 187, 47202000 AT B
o 87b4 91X £4F AGFHLA Ak 1 ol fi T 2ok AHA,
A wa7t Sedete] BEa AHFER W ] TAT ] A
Hoon, Fou SYPAE

h=]

usion =g e] 3 X
=
[e)

=
o= Fedste] 74 QA a4 Hods TAHLE AFee #HHE A
Hor =z i AgolA AAG A 8a4hFo] AT whettta A
oo sE Aol A= 87HA] Al 849 HoE AASHA] FhorE
AToA AAE QAFE N HAA Fas FAH 4 A 84 AT &
S7F A} A 849 AojE Hs v AAAFHAG, AFA,
2009; A A9 &, 2015; Kabri et al., 2017)ol4] 33 A=A 24 EF9)
AR AFEHE TIMSS #H71E9] 214 Y (cognitive domain)e] &£
Aok A8, a4 (2020)0] EAS 2017 St 35hd #E st FH =

H7F 23S TIMSSY A 949& A 842 AMgs QlES 743
A, 0 Q¥ES A, AIAAR020)0] AAIT QAEI wH]uL}e,
TIMSS®] Al G993 As)4d, 48738202009 A 845 HSA7]+=
H45 AF TIMSS H7HE9 45 TIMSS 20117F4+= 1970¢] <14
P AAsEA o, TIMSS 201558 &= 45 A o] 3= 16
TR AA =, 1237, A 7202009 1A .49 vlustr] 9§ A
o AEstd Aol AH3tsitha ddste] TIMSS 2011 H7FE =2 2017 %
g A E W £ QAESE = % vugr TIMSS 2011 3
7FHe& 3 ‘A2 (Knowing)', ‘A8 (Applying)’, ‘5% (Reasoning)’ 9] A <l
Al ddom AR AL 34/ 4 871 (Recall/Recognize)’, 78 9] 8t
7] (Define)’, ‘#}38+# w9 A& AW El7] (Demonstrate Knowledge of
Scientific Instruments)’, ‘71 3}7](Describe)’, ‘ol & ©o]-&3lo] A 3}7]
(Ilustrate with Examples)’e] 571 A% o9& xgsir) ‘2872 ‘Hlu/f

Z /7731 7](Compare/Contrast/Classify)’, ‘5238 AF&37](Use Models),
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‘B A 7] (Relate)’, ‘AH 4357 (Interpret  Information)’, ‘3ig 27|
(Find Solutions)’, ‘A9 3}7](Explain)’ & 67 A& g& xghet

& A %7 (Analyze), & &/F 3 st7] (Integrate/Synthesize)’, ‘7H4
/47331 7] (Hypothesize/Predict)’, ‘A A &}7] (Design)’, ‘A& xX=73}7]
(Draw Conclusions)’, ‘dwt3}3}7](Generalize), ‘¥ 7}8l 7] (Evaluate)’, ‘A
Fatst7] (Justify) & 870 AR d9& EFIvh TIMSS 20119 7 A
ool gk Aol= [F-5 Al AAHo

w4 Ay, "3, e 202000 A 24 T Al 3 e
A dHstr)’= TIMSS 2011 AR 99 5 34/ ek71, “Aostr),
FpekA ot AR AWEtrl, Vlestrl, fdE olgske] dwstrll
HeE et whep @Al 2ghE ek A AHsrl’= TIMSS 2011
of A Aol sfFetviar Atste] ‘ypekA Abd, AR, R, kgt 3 A
of 3 AXs lesAY AEdne Aol ety dys AA
Aol A-gstr’e] -9 TIMSS 20119 ‘Mu/thx/E 771, ‘BE A7),
e 20T, AHetrlE Edekal glof Aol s dvhal ddsal 7
gk Aol A ek A 4a olalE AfHeR AHEIE G
G TAlE Hdeta 7t AAS 7= TIMSS 20119 '8 99 F
THAAA/ /Ao e EY HE S Y ¢ e AZolu
A 7@ 7 e AeddrzE Fodid (A dES A7) "3 W
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T3 s Standard Error Z
1 0.017 0.036
2 0.141 3.118
3 0.020 0.030
4
5 0.109 0.622
6 0.068 2.586
t 0.120 0.431
8 0.050 1.014
9 0.091 1.790
10 0.126 1.182
11 0.029 1.222
12 0.043 0.044
13 0.065 4.014
14 0.044 3.895
15 0.080 2.457
16 0.058 2.252
17 0.061 2.422
18 0.042 5.389
19 0.042 5476
20 0.054 4.317
21 0.073 2.468
22 0.040 4.104

T F5E
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T3 s Value Standard Error Z

1 -0.781 0.138 -5.671
2 -0.366 0.356 -1.027
3 -1.280 0.157 -8.174
4 -0.870

5 0.145 0.227 0.637
6 0.409 0.170 2.413
t -0.358 0.223 -1.603
8 0.202 0.128 1.583
9 0.064 0.192 0.332
10 -0.048 0.261 -0.183
11 0.476 0.095 5.027
12 -0.236 0.113 -2.098
13 -0.395 0.104 -3.793
14 -0.009 0.083 -0.111
15 -0.313 0.129 -2.436
16 0.162 0.127 1.276
17 0.233 0.125 1.866
18 0.056 0.073 0.762
19 0.378 0.104 3.655
20 0.079 0.113 0.695
21 0.102 0.148 0.685
22 0.538 0.104 5.196

[EM-4] £33 dol=
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T3 s Value Standard Error Z

1 1.210 0.201 6.017
2 2.375 0.921 2.580
3 1.563 0.269 5.802
4 1.297

5 1.802 0.529 3.405
6 2.067 0.564 3.664
t 1.799 0.414 4.344
8 1.856 0.356 5.221
9 2.178 0.611 3.566
10 1.837 0.563 3.263
11 2.700 0.540 5.002
12 1.846 0.282 6.555
13 6.072 1.640 3.702
14 4.097 0.962 4.260
15 3.748 1.079 3.474
16 2.720 0.660 4.120
17 3.185 1.022 3.115
18 5.197 1.549 3.355
19 3.870 1.048 3.691
20 3.303 0.859 3.847
21 2.600 0.761 3.415
22 3.405 0.975 3.492

]

M-5] w3 HEdE
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Abstract

Analysis of Cognitive Attributes
Mastery Probability Related to
Ohm’'s Law in Second Grade

Middle School Students Using

Cognitive Diagnostic Theory

Min, Taeho
Physics Major, Department of Science Education
The Graduate School

Seoul National University

Cognitive diagnostic theory i1s attracting attention as one of the
measures to support customized education. Assessment items applying
cognitive diagnostic theory measure cognitive attributes, which mean
ability, skills, knowledge, or cognitive process to solve the items, and
mastery of each cognitive attribute 1s determined from students’
response data for the items. In this study, cognitive diagnostic theory
was applied to the formative assessment response data of the Ohm's

law, which many students find difficult, to find out what the cognitive
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attributes were not mastered, and what relationship there was
between the ability estimates and mastery of each cognitive attribute.

The research process i1s as follows. The data analyzed in this study
are the response results of Ohm's law formative assessment. The
formative assessment was produced with 22 questions by referring to
5 types of textbooks for 2nd grade middle school students and items
for NAEA, and the assessment was conducted on 306 2nd grade
middle school students in Gyeonggi—do, Korea. In order to analyze the
response data of formative assessment by applying cognitive
diagnostic theory, it is necessary to create a Q-matrix that shows the
relationship between items and cognitive attributes. By analyzing
previous studies and textbooks, cognitive attributes related to Ohm's
law were derived and expert review was conducted. After that, a
draft of the Q-matrix for 22 items of formative assessment was
prepared. The cognitive attributes related to Ohm's law used in this
study were ‘illustrating scientific principles involved in phenomena’,
‘applying scientific principles to real life’, ‘discovering research
problems and establishing hypotheses’, ‘designing and implementing
inquiry process (to solve problems), ‘analyzing and interpreting
collected data’, and ‘proposing a conclusion or solution to an inquiry
problem’. To secure the validity of the analysis, the reliability and
usability of the items were verified after excluding 6 insincere
responses in which the same answer was chosen for all items. The
program to confirm reliability and usability was IBM SPSS Statistics
26. Reliability was confirmed by Cronbach a value, and usability was
confirmed by guessing, difficulty, discrimination parameters and item
characteristic curves derived by item response theory. Cronbach a was
found to be 907 at an excellent reliability, and when the parameters

of item response theory and item characteristic curves were checked,
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no Iinappropriate items were found, so it was decided to use all 22
items in the analysis. The final Q-matrix was determined through
DINA model, artificial neural network analysis, and experts review,
and the mastery probabilities for each cognitive attribute were
analyzed with the DINA model provided through the CDM package in
R Studio using the final Q-matrix. IBM SPSS Statistics 26 was used
to calculate ability estimates for each response pattern, and the
relationship between ability estimates and each cognitive attribute was
verified through linear regression.

As a result of analyzing the mastery probabilities for each cognitive
attribute of the students, ‘llustrating scientific principles involved in
phenomena’, ‘applying scientific principles to real life’, ‘proposing a
conclusion or solution to an inquiry problem’ were cognitive atttributes
with an above-average mastery probability. However, ‘discovering
research problems and establishing hypotheses’, ‘designing and
implementing inquiry process (to solve problems)’, and ‘analyzing and
interpreting collected data’ were identified as cognitive atttributes with
mastery probabilities below average. Cognitive attributes with high
weights for ability estimates were in order of ‘illustrating scientific
principles involved in phenomena’ and ‘analyzing and interpreting
collected data’, and it was confirmed that even among students with
the same ability estimates, the cognitive attributes that they failed to
master could be different. Through the results of this study, some
methods for utilizing learning support to reach the achievement

standard of Ohm’s law were proposed.
keywords : cognitive diagnostic theory, cognitive attributes,

Q-matrix, Ohm’s law, formative evaluation
Student Number : 2020-24500
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