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ABSTRACT. The purpose of this study was to explore the progression levels of science metamodeling knowledge through
using questionnaires for 97 students of the gifted in G science academy. As a result of the Rasch model analysis, it was con-
firmed that the progression levels of the scientific metamodeling knowledge is suitable for the person reliability of 0.71 and
the item reliability of 0.96. The progression levels of students' science metamodeling knowledge were classified into 4 stages.
First and second levels were considered model to be objective and the third and fourth stages were perceived as subjective.
The first level is to view the model as a visual representation of a phenomenon as it is, and the second level is to think that the
model corresponds to objective knowledge or theory and is a tool for explanation. The Third level looks at the model as a scientist’s
exploration tool and fourth level is to think that the model is provisional one and multiple models can coexist in one phenome-
non. The progression levels of science metamodeling knowledge of science high school students derived from this study is
expected to be used as a reference when constructing a curriculum for science modeling and modeling for gifted students.
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Table 1. The characteristics of participants

Demographic variable Category Frequency (%)
Male 73(75.3%)
Sex
Female 24(24.7%)
Metropolis 75(77.3%)
Region Medium-sized city 14(14.4%)
Countryside 8(8.3%)
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Table 2. The metamodeling components and questionnaire contents by items
Item no. Component of metamodeling knowledge Content
1 Nature of model What is a scientific model?
2 Purpose of model What is the purpose of the scientific model?
3 Process of modelling When building a scientific model, what must be considered?
4 How close is the model to the real nature?
5 Variability of model Does a scientist change or change a model? Write your answer and why.
6 Diversity of model Car.l scientists construct more than one model for the same phenomenon?
Write your answer and why.
7 Evaluating and modifying the model The scientist goes through the process of evaluating the model.

What is the criteria for the evaluation?
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Table 3. Progression levels of science metamodeling knowledge

Level Metamodeling knowledge in science

-Tentativeness of the model
4 -Various perspectives
Subjectivity -Recognizing the limitations of the model

3 -Inquiry tool
-Working as intended by the modeler
-Tools for explanation
2 -Objective knowledge, theory
Objectivity -Relationship with existing models

-Thumbnail of nature
-Representing the phenomenon as it is

o7 AT Y

rr

o

Tj5t HlEL2 YR K|A! 9} o) M3t

vletm el tet 7120 BRa B Aol A S
oo ewslsly AYSt ANE B 9sted A ot
WS Tre webm e e Ao ofat Ha A TAE 5

= 1o

1, 297 mdlolgt A olebs Aztel A HojutA]

ok o], 3, 4vkAl mdoleh Fukaolebs 4
2} 203 9 S0l Th Level 12 3Lte) WA Tofz
AZPA 0.2 AR A& mdlo|ekal s, Grosslight 573

Schwarz 5% & A] o] & W&l Q149 7} Wre 1A 2 B
UTh Level 2= 2 olgk 432 Ql 2|4l o|L} o] Zof 2
Stz Ao 2 A AE 9%t =tetal A 2bshs whA ol
Crawford & Cullin®' 2} Schwarz 5% G A] 2 a2 A 1g3}7)
93t A0 R o7 AL 2tA R BF5F ) Level 32
dlogh 1o =2 A R o] o ST 2 AF5h=A]
shelstr] 91k Aoletar A 7tsh= A o|th. Crawford &
Cullin*' 9] 3HA|o dfjFst= ‘wde]o] omrjz 2Hg3}A]
S ) melo] WMsleth 9} Schwarz 52°2) 3THA| o 3
St A4 I Sl o B2 S-S A9stal 955
flal o 74| mEl-S LA ekal ARE-EITl = A Zto] Level
39 sttt Crawford & Cullin?'-& ‘@ = 714 4=
4 2 A5S T8 Hxo i 2 AE 35S 159
2F A 4dA R EFSFAAINE 2 Ao A= olE

Table 4. The result of Rasch analysis

Fat5 o) g 3o
F51ATh Level 4= i o]t 3124 %] 9] 2 =
32 9L, B 71 WAS okt B o R A 4
Jloll 7 714 Bare el tharet melSo] BT
ot A Zele wAo ]1:} Crawford & Cullin*! & A] <x & 9]
AL 4T AR B
olgA +~HH 7?*&"* Ao tHet A =E Rasch &
B 0]83to] Yol It Rasch 2 4] of A E% Person
reliability= 0.70| 3} ] 12313} 31, Item reliability= 0.9
olArolm Zalslrty Kb B o Tlof A Z=gat 3let o)
epwule 1) 4of tig 7P W w2 At shls
9] ¢S A3t Z 3} Person reliability= 0.71, ltem reliability
L 09624 Hgsth ATt gtk 5 Agte 1}
Bl = EA | (fit statistic)Q] H o+ A% Zr2}(mean square
residual: MNSQ)+= Rasch = do] 27154 UEld=
A, WA Aol Yol ofd) dSEE U A2
sttt A= X $= YA X< (information-weighted fit
statistics: infit)2} 2] &g}t X|4>(outlier sensitive fit: outfit) 2
Lrof et e, A3k 2]4=9] gho] 1o vls] AuA|A] =
ohel A% 227} Rasch 22 2] 7| tholl A 27 HojdS
ofuja 11, 152] gro] 10] vl8) 2|UbA| A ey Al
AF& 7} Rasch 29| 7|tfjo] v /d2H oz AAFE 9
u]glc}, Qukz 02 Rasch 2o A MNSQE: 0.8~1.39]
w9lo] Soiz u) mao] Hghek 20w Bekeeh. ZSTD
(3 AR g)= MNSQ FAAE Hat 0, HEF 12
FEE3E A0 2 ZSTD O] ghol —2.0~2.0 Apofof Q1o 2]
gFslohar ghekgte), B ¢ hof| A MNSQ2}F ZSTD 2] Inﬁtg}
Outft gFo] W of53kg 0 v, o] 2 Fa 3 AT 4] 4
A WA RS BT 4 s
Rasch =99 Q A4 =
A Gol=E ZE qFuo
o} Wright map2 £33 o]
o] & Fig. 1] AA] OP‘Z‘iE}-
Wright mape] 7}-&H|2] A2 %ol FAE xH(-5-d)
a5 o) Bt jetmele X4 o) 523} 7 Bate] ol
2 FHT logit ¢S HolErh Mz fmels 7t

23 Ao

Item No. Measure Infit MNSQ Outfit MNSQ Infit ZSTD Outfit ZSTD
1 0.04 0.89 0.84 -0.68 -0.89
2 0.37 1.09 1.10 0.7 0.72
3 0.13 1.01 1.01 0.09 0.09
4 0.21 091 0.96 -0.54 -0.15
5 1.51 1.02 0.98 0.22 -0.08
6 -1.96 1.27 1.11 1.71 0.59
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Figure 1. Wright map of science metamodeling knowledge.
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Table S. The distribution of responses by items
Item no. Level Frequency (%) Item No. Level Frequency (%)
4 7 (7.2%) 4 16 (16.5%)
3 22 (22.7%) 3 15 (15.5%)
1 2 59 (60.8%) 4 2 31 (32.0%)
1 8(8.2%) 1 29 (29.9%)
null 1 (1.0%) null 6 (6.2%)
4 4 (4.1%) 4 42 (43.3%)
3 39 (40.2%) 3 23 (23.7%)
2 2 43 (44.3%) 6 2 23 (23.7%)
1 11 (11.3%) 1 4 (4.1%)
null 0 (0%) null 5(5.2%)
4 10 (10.3%) 4 12 (12.4%)
3 19 (19.6%) 3 18 (18.6%)
3 2 45 (46.4%) 7 2 45 (46.4%)
1 14 (14.4%) 1 9(9.3%)
null 9(9.3%) null 13 (13.4%)
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