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ABSTRACT. This study aimed to investigate changes in metamodeling recognition among chemistry teachers through a
teacher educational program related to redox models and water electrolysis experiments. To this end, a science model education pro-
gram was developed for 9 chemistry teachers and conducted over 10 lessons for a total of 40 hours. In addition, a pre- and
post-survey was administered to determine teachers' metamodeling recognition in non-contextual and contextual situations. As
a result of the study, through the science model education program, teachers showed educational effects in both non-contextual and
contextual situations. In the case of non-contextual situations, the stages of scientific metamodeling knowledge development
of chemistry teachers came out differently depending on the type of question. For example, the nature or purpose of the model, the
modeling process, or the evaluation and improvement of the model improved from low to high, but there was no significant change
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because the perception of model change and diversity was already high in advance. In the case of contextual situations, the
stage of scientific metamodeling knowledge development improved from objectivity to subjectivity in both the redox model
theory class and the water electrolysis model experiment class. Therefore, through the SE circular learning model-based edu-
cation program, chemistry teachers' perception of metamodeling was clearly improved. However, the modeling activities of
teachers in the water electrolysis model experiment class were different from the change in metamodeling perception. The
types that teachers selected as additional experiments for modeling were analyzed in two ways. The first type is when they are
interested in finding an ideal condition in which the ratio of hydrogen and oxygen gas is close to 2:1 through additional exper-
iments. The second type is when additional experiments are designed with interest in why the experimental results are coming
out like that. It was analyzed that the second type was the experiment necessary for modeling. In addition, modeling activities
were analyzed into two types. The first was a type in which water molecules were directly decomposed in two electrodes to
generate hydrogen and oxygen gas. This type was the case of regression to the textbook model regardless of the experimental
results, and 6 chemistry teachers out of 8 were analyzed as this type. The second type was the type in which water reacted at
the (+) electrode to generate other substances, and hydrogen ions reacted at the (-) electrode to generate hydrogen gas. Teachers who
performed these modeling activities corresponded to the second type in additional experiments, and 2 chemistry teachers out of
8 corresponded to this. Therefore, it is necessary to provide an experience of activities corresponding to the second type of experiment
and modeling through an educational program that provides an experience of directly modeling through experiments in order
to develop modeling capabilities, unlike the development of metamodeling knowledge.

Key words: 5E circular learning model, Teacher education program, Chemistry teacher, Metamodeling recognition, Modeling
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Model Fits / Doesn’t Fit
Hypothesis True / False

Real World Model

Observation / Reasoning /
Experimentation Calculation
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Figure 1. A scientific model of Giere."
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4H.O + 4E become 2H, + 40H

Hydrogen gas evolved 40H

Figure 2. An electrolysis model of water”

at the cathode: 2H;0" + 2¢” — H, + 2H,0
at the anode: 3H,0 — (12)0, + 2H;0" + 2¢”
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O

Table 1. Type of electrolysis experiment of water'

and 2H,0 — 4E " become 4H™ + O,

ot

+ 4H " form 4H,0O

2H,O ginvC up 4E~

Oxygen gas evolved
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Type Model
1 Formation of gases from pre-existing ions on both sides
2 Direct decomposition of H,O on both sides
3 Pre-existing ions on the cathode, direct decomposition on the anode
4 Direct decomposition on the cathode, pre-existing ions on the anode
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Educational Experience Number of
Teacher Gender Middle High Sum experiments _ The purpose of the experiment
school school (01’1 a monthly ba515)
A F 5Y 14Y 19Y 1 Experience in the course of inquiry
B M sy % 6Y 4 Confirmation of undf:rstanding of learning contents (evaluation),
Performance evaluation
C F 1y 76Y  86Y 4 g?gg;?;ﬁgg; Fnderstanding (evaluation) of learning content,
D F 4Y 3Y 7Y 1 Areas of need for class (learning)
E F 1Y 5Y oY 4 Arousing interest, Performance evaluation
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Table 3. Configuration of education programs

Lessons Activities Activity data
- A guide to the class
. . - A pre-survey on model recognition in non-contextual situations
1 Orientation . e - A pre-survey
- A preliminary survey on redox model recognition in contextual
situations
. . . . - Teachi 17.28
2 Engaging ste + Introduction to the relationships of different models : Pf:—cdilsr;ﬁsi?;?l of the teaching situation on redox
EABNESIEP . Discussion of the teaching situation related to redox reactions reactions e

3 - Individuals or groups of two

4 - Experimental design of electrolysis of water
- Predicting Experimental Results through a redox model

Exploration step Performing an experiment

- Types and concentrations of Hoffman
electrolysis experimental apparatus (voltage
control) and electrolytes (Na,SO4, KNO3,
K5S0s, NaNOs, NaOH) presented in the

5 - Evaluate the model by comparing experimental results with textbook
predictions - Experimental report
6  Explanation step - A discussion of the results of the experiment - Experimental report
7 - Additional experimental design of electrolysis of water focus- - Hoffman electrolysis experimental device

ing on the discussion

Elaboration step Perform additional experiments

- Interpretation of additional experimental results

- Electrolytes (Na>SO4, KNO3, K»SO4, NaNOs,
NaOH)
- Experimental report

9 Evaluation step experimental results

- Development of electrolysis modeling of water based on

- Water electrolysis experimental modeling data'®
- Post-discussion Data on redox reactions

- A post-survey related to model recognition in non-contextual

10 - Finish situations

situations

- A post-survey related to redox model recognition in contextual

- A post-survey

ol WAL Fol WAL Abslg: ws mYo 2 Ake)
B U AP 4 9SS ARA 5] 91 BAo|

o} 4bshas W3 wdlS = ¢Jshr]
4 2, Az} oo]g S =ikl
T A AN webA A i AES A 2d
ojuf AA} o] el Tt At W3 mdo] ¢ 43} g
A HeS & AYsts YR Wolsd 7teAdo] =t
upeba] o] eATtell A= ofm] At thAEe] & AL Q=
Aba BEojup MAfols Kol ofd AR Hds
Goodstein = E@-S A|A| 531, AFshr ndl 2 = A s)y] of
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2
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w24 ofN ¥0 ox p@ EL i
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Table 4. Pre- and post-discussion data on redox reactions in teaching situations

Item no. Content
1 Present your own thoughts on redox reactions and other colleagues' thoughts, discuss the causes of conflict.
2 Thoughts on how to teach this content to students.
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Table 5. The metamodeling components and questionnaire contents by items®’

Component of metamodeling
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Item no. knowledge Content

What is a scientific model? Please write down the examples and reasons for what you think is a

1 Nature of model Lo
scientific model.

2 Purpose of mode What is the purpose of the scientific model? Write your answer and why.

3 When building a scientific model, what must be considered? Write your answer and why.

4 Process of modelling How close is the model to the real nature? Write down why you thought it should be the same,
or if it should be very different.

5 Variability of model Does a scientist change or change a model? Write your answer and why.

L Can scientists construct more than one model for the same phenomenon?

6 Diversity of model .
Write your answer and why.

7 Evaluating and modifying  The scientist goes through the process of evaluating the model.

the model

What is the criteria for the evaluation? Write your answer and why.

Table 6. Questions about metamodeling knowledge in contextual situation

Item no. Content
1 Explain with what model the redox reaction will be taught.
Why do you want to teach like that?
5 Explain with what model the electrolysis experiment will be taught.

Why do you want to teach like that?
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Table 7. 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
T Inquiry tool
Working as intended by the modeler
) Tools for explanation

Objective knowledge, theory
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Jectivity Thumbnail of nature

Representing the phenomenon as it is
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Table 8. Changes in perceptions by teachers in non-contextual situations

Teacher Item no.1 Item no.2 Item no.3 Item no.4 Item no.5 Item no.6 Item no.7
Before After Before After Before After Before After Before After Before After Before After
A 2 4 2 4 2 4 2 3 4 4 4 4 1 3
B 2 3 2 2 2 3 2 2 4 4 4 4 2 3
C 3 4 3 4 4 4 2 4 4 4 4 4 2 4
D 2 4 3 4 2 4 4 2 2 2 4 2 3 3
E 2 2 2 3 2 3 2 3 4 4 2 2 2 4
F 2 3 2 2 2 2 2 2 4 4 3 4 2 2
G 2 2 2 3 4 4 2 4 4 4 4 4 2 2
H 2 3 2 3 2 4 1 2 4 4 4 4 1 2
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Table 9. Changes in the level of metamodeling knowledge about redox reactions in contextual situation

Level Before After
4 7 (Teacher A, C,D, E,F, G H
Subjectivity (Teacher A, C, D, E, F, G H)
3 0
Lo 2 8 (Teacher A, B, C, D, E, F, G, H) 1 (Teacher B)
Objectivity : 5

Table 10. Changes in the level of metamodeling knowledge about electrolysis experiment of water in contextual situation

Level Before After
Subiectivi 4 0 2 (Teacher A, C)
ul ivi
! vy 3 1 (Teache rB) 4 (Teacher B, D, E, F)
L. 2 7 (Teacher A, C, D, E, F, G, H) 2 (Teacher G, H)
Objectivity ) 0 0
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Table 11. Model types selected by teachers based on water electrolysis experiment results'

Type Model Number
1 Formation of gases from pre-existing ions on both sides 0
2 Direct decomposition of H,O on both sides 6 (Teacher A, B, E, F, G H)
3 Pre-existing ions on the cathode, production other substances on the anode 2 (Teacher C, D)
4 Direct decomposition on the cathode, pre-existing ions on the anode 0
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Table 13. Modeling Results of Teacher C & D
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