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This study aims to develop a modeling-based learning program about geologic structures and to reveal
the relationship between the argumentation patterns and levels of students' mental models. Participants
included 126 second grade high school students in four sessions of modeling-based learning regarding
continental drift, oceanic ridges, transform faults, and characteristics of faults. A modeling-based learning
program was implemented in two classes of the experimental group, and teacher-centered traditional classes
were carried out for the other students in the comparison group. Science achievement scores and the
distribution of students' mental models in experimental and comparison groups were quantitatively
compared. The video-taped transcripts of five teams’ argumentation were qualitatively analyzed based
on the analytic framework developed in the study. The analytic framework for coding students’
argumentation in the modeling-based learning was composed of five components of TAP and the
corresponding components containing alternative concepts. The results suggest that the frequencies of
causal two-dimensional model and cubic model were high in the experimental group, while the frequencies
of simple two-dimensional model and simple cross sectional model were high in the comparison group.
The higher the frequency of claims, an argumentation pattern was proven successful, and the level of
mental model was higher. After the rebuttal was suggested, students observed the model again and claimed
again according to new data. Therefore, the model could be confirmed as having a positive impact on
students' argumentation process.
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Analysis on the Argumentation Pattern and Level of Students' Mental Models in Modeling-based Learning about Geologic Structures

Table 1. Instructional steps for the experimental group and comparison group
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Figure 1. Modeling-based learning worksheet on the oceanic ridge and transform faults
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Analysis on the Argumentation Pattern and Level of Students' Mental Models in Modeling-based Learning about Geologic Structures

Table 3. Means and standard deviations of the science achieve-

Table 5. Types of the mental models and the criteria on the

ment oceanic ridge and transform faults
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Table 4. ANOVA results on the science achievement by
treatment and learning ability
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Table 6. Number of students in each type of mental model on
the oceanic ridge and transform faults(percentage)

2 oA @A W aA A
Heuy oluy 9eny ouuy deny duuy

BRI 4(63%)  8(12.5%) 11(17.2%) 21(32.9%) 10(15.6%) 10(15.6%)
WA 12(19.4%) 15(24.2%) 19(30.7%) 9(14.6%) 3(4.8%)  4(6.3%)

Table 7. Number of students in each type of mental model on
the faults (percentage)

O ey od QEY YA ey YA kg
6(9.3%) 12(18.8%)  19(29.7%)  27(42.2%)
13(20.9%) 20323%)  17(27.4%)  12(19.4%)
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by a paper model (Team A)
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Table 9. Argumentation about the tectonic deformation associated
with a paper model (Team B)
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Table 10. Argumentation about the geological feature represented
by a paper model (Team C)
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Table 11. Argumentation about the oceanic stripe of magnetic
anomalies (Team D)
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Figure 2. Students' drawings representing the oceanic ridge and transform faults
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