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ABSTRACT. The purpose of this study is to obtain basic data for constructing a modeling practice program integrated with
meta-modeling knowledge by analyzing the cognition level for each meta-modeling knowledge components through model-
ing practice in the context of the chemistry discipline content. A chemistry teacher conducted inquiry-based modeling prac-
tice including anomalous phenomena for 16 students in the second year of a science gifted school, and in order to analyze the
cognition level for each of the three meta-modeling knowledge components such as model variability, model multiplicity, and
modeling process, the inquiry notes recorded by the students and observation note recorded by the researcher were used for
analysis. The recognition level was classified from 0 to 3 levels. As a result of the analysis, it was found that the cognition
level of the modeling process was the highest and the cognition level of the multiplicity of the model was the lowest. The
cause of the low recognitive level of model variability is closely related to students' perception of conceptual models as objec-
tive facts. The cause of the low cognitive level of model multiplicity has to do with the belief that there can only be one cor-
rect model for a given phenomenon. Students elaborated conceptual models using symbolic models such as chemical symbols,
but lacked recognition of the importance of data interpretation affecting the entire modeling process. It is necessary to intro-
duce preliminary activities that can explicitly guide the nature of the model, and guide the importance of data interpretation
through specific examples. Training to consider and verify the acceptability of the proposed model from a different point of
view than mine should be done through a modeling practice program.

Key words: Meta-modeling knowledge, Anomalies, Model variability, Model multiplicity, Modeling process, Modeling practice
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Table 1. Results of textbook experiments
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Solution Change of Litmus color Mg(s) CaCOs(s)
CH;COOH(agq) blue to red gas generation gas generation
HCl(aq) blue to red gas generation gas generation
NaHCOs(aq) red to blue gas generation” -
NaOH(aq) red to blue - -

*Different result than expected
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‘ Discovery of anomalies ‘
O

‘ Concept model evaluation and individual model creation ‘
o

‘ Proposal of a model agreed through discussion in the group ‘
s

[ Design & conduct of experiments ‘
O

‘ Summary of experimental results and group discussion ‘
s

‘ Suggestion of individual conclusions for each student ‘
3

‘ Data collection through 1:1 interviews ‘

Figure 1. Research procedure.

Table 2. Meta-modeling knowledge analysis framework®

o} GABAES] et A4 FAHRLE QASE 2o 45

Jol A vetm @Y 449
TR R4 AL 5ES AG5] 915 Lazenby 579 &
. qEL mdel shiy, B
weel g} way ago] gt Y5
ANEH A4 AHOR P 5 b 48A ARE
T4 wo] Qlrh. Tuble 2= W) W7HE A 9l U] 7}
w4, Bt meld 2] et 4vhA) 2| Eolck
£ AFolH AFAE FA9% 49 29 BFS 2
S 28 A2 A7) A9 o] <1 of
A3} O AT PR ES WA FHARS mae Axo] =
Al AT A EALS S So] Aam WY o,
A male] Griek @A AmdY Aeto] o] Fold 4
Lo, muls AAY FolE7]S Foldrhn wastol
BWo| Pr} QI45E 3AA HFsHe BEFL Ao
Qhfshgich A ehfe] o3 GO R PSS WS
FoE BUe] P2 913 HLAT
£ UPOR Ang ol5on U
We Bristoc 5,
e srEo El:%lal/k;:ﬂ{_
7he 2o A A 2jst et

£ ATl ML mAYelH Seut vjetmdy 49

1:41_4 q.Z/H

_1
. r
i

I

|

[0

Level Model changeability Model multiplicity

Process of modeling Cross-construct theme

Student response indicates that ~Student response indicates that
multiple models may be the
part of typical research activity; result of different interpretations
responses in this category rec-  of or explanations for the same

iterative change of models is

Student response indicates
that interpretation of data is an
important aspect of modeling;
recognition of the role of the

Student response indicates that
models are developed based on
scientists' interpretations of or

explanations for data or experi-

3 ognize the role of the modeler’s data; includes responses which mental results; includes responses scientist/modeler
interpretation of data as the discuss complementary models which discuss analyzing and find-
agent of model change or models created for different  ing patterns or trends in data.
purposes
Student response indicates thata Student response indicates that ~Student response indicates that ~ Student response indicates
model may be changed if new  multiple models are the result of models are developed based on  that data is important in mod-
data or information about the tar- focusing on different aspects of research and experimentation but eling. They are aware of the
, gt phenomenon are discovered; the target phenomenon or apply- do not discuss interpretation of  role of data in modeling, but

discuss interpretation of data but the phenomenon
rather discuss the data itself as
the agent of model change

responses in this category do not ing different methods to study

empirical data focus on data, not modelers.

Student response indicates thata Student response indicates that
model may be changed if there multiple models may exist due

is something wrong with them; to differences in modelers;
1  response ultimately converges

correct model
educational

responses in this category attribute to create a visual representation
on the idea that there exists one differences in models to differ-
ences in learning modalities,

Student response indicates that Student response indicates
models are developed by scaling that scientific models are

or copying the target phenomena  visual representations that are
useful for teaching and learn-
ing about scientific phenom-
ena

Student response indicates that ~ Student response indicates that
models cannot or should not be multiple models may exist, but
only one correct model may
exist for a given phenomenon

changed

Student response indicates that ~ Student response indicates
models are developed through most naive ideas that present
trial-and-error, educated guessing, fundamentally erroneous con-
or following a standard set of pro- cepts about the nature of sci-
cedures such as “The Scientific  entific inquiry.

Method
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Table 3. Frequency(percentage) of cognitive level of meta-modeling knowledge components of science gifted students

Level Model changeability Model multiplicity Process of modeling
3 4(25.00) 2(12.50) 4(25.00)
2 3(18.75) 0(0.00) 12(75.00)
1 0(0.00) 0(0.00) 0(0.00)
0 9(56.25) 14(87.50) 0(0.00)

e

0 <
model changeability

model multiplicity

A D F,HIJ KM N=&B, CsE, G, L0, P

process of modeling

Figure 2. Cognitive level in meta-modeling knowledge components of science gifted students.
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