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ABSTRACT. The purpose of this study is to explore the progression of MMK and the relationship between MMK progres-
sion level and actual practice. First, the Rasch model was used to measure MMK progression level of 51 students twice during
the interval of one year. Thereafter, chi-squared test was used to determine whether there was a significant change in MMK
progression. As a result of chi-squared test, there was no statistically significant change in MMK progression (p>.05). Sec-
ondly, we analyzed the relationship between MMK progression level and practice for 7 gifted students. As a result of the anal-
ysis, it was confirmed that the student's response in practice can not exceed MMK progression level. There were also cases
where students have high MMK progression level showed low response in practice. The results of these two studies show that
gifted education programs are needed to increase MMK progression and to provide gifted education that can connect knowl-
edge and practice.

Key words: Science academy, Meta-modeling knowledge (MMK), Progression level

N B Lol WEoll APAA Y Az Joju7|E sl 4

A BAS o Z5] 918 EFE 7] AT 2

22 T 9ol B mode) S FAF RO YFEHT % 52 HepEo] el A Bt 2, AdL
Qlom,S oeurere] 2015 Y Woh WA ANE  EASHY) 18] BB ALGEHE Aol ohle B )
o HE el hT A2 Hoh QS mAL P RROE ALY olop 1YL, mALL o
TARY SRS TR vhebdl Blo] ofu et el B Xbel @ARo] That o] A E olo] tha) <HAIY A
3 Q1A A T A S AN BAL] AOEA B A4S TEo] AT BAL WE F, o] B2 B}

-111-



112

ok A dete] mulg 5
Wetm ey A4 maa
2gsto] oA mlo] A}
olslot a7 welo) 341t
webm e 24
olsfat 4 glat, ¥
sejo] 2 9lE7] vRo] muY 7y Az
Y A4o] Basheh? shysel vetud
E7FWMHﬂHLBF%ﬂm6i
o gzt FAH Ak YustPa
J,]_SLOEI A Y=L Ao 2 1ps ndy
o2 AMgaly] 98] Begt et oetr e
ﬁg4%4aaﬂ%%ﬂ@ﬁﬂmqwﬂ
o] Al 27 Bk mdlo] WaHA] g 2T
% 1, 2ubA 9} Betmelo] wshake] ko] o3
7] wiol ¥ 7HAl A= s sk vkt o]
AL Feof wt s AY F71E ek 9
mEo] FRA] e £ 3,444 =
SRR EES A P ENE
ol AA 2 Qljeh 25kA|o) B2 9l
7] 0] A vhok ol 2ekAo A 3EHA =
A 1A o A 25kA| 2 B2 3ehAof A 4tk
A2 Wolke ASHE 1 ojulst chact wa e 2w
oz whetrE A, 28A)eH Bag FUH<
Ao vhehu i), 4ekA)o R Wakg ou
3}7] wj o] ok

mle) o] 2ozl B whetd A S AL MR w
TS S Sl S0l Wagh o gsiMe ndg
Aoz Higle = felndlg z4)o] WAHo|th 1
147] B29) AT sINte R AR AWE S5
e st B5THYE MMK U B
971 5] A7 Aok A A 5y R
oAtk E, B AFAE| i
wae BAo] 2 o| 1 ZFA 2ol A
P2 Eateha g+ o] g 23k ol A
© 2o MMK heg vhA] sk 7} malg ule
sheickel o] ek ofujah]ol st o4 25t 2
G|l A dekA 20 s o 9 AT, WA
33 Fasieh wpebd 2 A4S MMKe| it
Ao AL Fo] et =9 st

oo o
ut)
-~ 2 1o

- ol
oo = qlot
o i rO off
2> o

o

rir

£

al,

OFA]
- a

H
e

o
o
rr

L
(R S}

o

4w
Ri oo
e 12
ol 2 W o

w2 or
>

PO S
EN

e ol
& o

i)

Ho
0:.

o
-

il

@ o
r-?L‘
i—’,
b

rl
=2 oo Ho 1o g forr ob ot ok go -

o b
ﬂ_]J..

JN _V,E oSE JZ&

me
K

0ol T
N

= (o
L (i
Mo > ol

O_L

é

2 ox & &

30 o Hr TP oz B o p ox M oox K
w1 o

i)

fr B N o
JZ:ELLF.\}:‘IUIO

r—?‘-“ 1r[ E]\l

= ‘j”

M %

mlm

i

[\
v}
)
>

O

A

i}

I
rlo

s}

o, 1ok

o M

>

ol \{]
e
>{1
-
>

Ak

N o

Moo fob i ri mo oz
L:Ldo?ﬁ

1}

-

o

H

N R

=
~
o
1=
SL
i&
_n

011
é of

5

5} o

ot
N
rlr

(e me XN

P

o MMK7} 414 43 9] 4
FEast gk o8 E3 ¥
a4 Bg 22auE 4

Roltt.

_L X
o
ool

w2 e

& e

e

ol
o)

X,
e [
R = ox Mo
Uy
10 o lo

JZiLI—LIDS&o:
i_‘g

7F 1%

e

717 Bt Bt SIS ] 74k MMK:
712

9
A
T

i
2w

ey
ok

ot 1o

=2
2

il
ol
ol
]
it

2

Aol

315 2rop7] ol 87H«1 Bt A E G
7§E 3 2] 3 Z(convenience sampling)d}¢lth. A
gk AutkA el ;.-_4 = 0}7] o5 871 OqXHfi}_’oﬂfﬂ

Aol 74016? 519 3
= 2ARE 87 A ?ﬂ?oﬂ EHBP 14112 4T
04-? o FAME TR, GYATHIL 517 0] %
Aol ZHof o ALE A BRI T
MMK &g @79 44 =339 ¥4 4. MMK &
g AV S G 517 Y § MMK I
SHAlef A Ry te] A Ao et A A &

Hn rf

24
=

Table 1. The characteristic of survey participants (N=51)

Demographic variable Category Frequency (%)
Male 35(68.6)
Sex
Female 16(31.4)
Metropolis 38(74.5)
Region Medium-sized city 8(15.7)
Countryside 5(9.8)

Table 2. The characteristic of practice participants (N=7)
Student Sex MMK Progression Level
A Male Objectivity
B Male Subjectivity
C Male Subjectivity
D Male Objectivity
E Female Subjectivity
F Male Objectivity
G Male Objectivity
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Table 3. Progression levels of MMK?

Level MMK
-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
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Figure 1. The problem situations provided to students.
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Table 4. The changes of MMK progression level

Category Type Frequency Percent (%)
No change Steltgnation Obj:ect%v?ty — Objf:cti\./iTy 29 56.9
Maintenance Subjectivity — Subjectivity 10 19.6
Regression Subjectivity — Objectivity 4 7.8
Change Development Objectivity — Subjectivity 8 15.7
Table 5. The result of chi-square test
Pretest Posttest
Progression level Frequency Percent (%) Frequency Percent (%) )
Objectivi 37 72.5 33 64.7
Subjjectivittyy 14 275 18 353 729(393)
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Table 6. Experimental method to obtain copper atom radius (Student G)
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MMK Progression Level Response in practice

Type A
Subjectivity Pe ype > “I can only

estimate”

Student B, C, E Type B Student E

Type C If | reduce the

error, | can get
the correct value”

Student A, D, F, G Student A, B, C, D, F, G

Figure 2. The relationship of MMK progression level and response.
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