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Abstract

One of the important objectives of science education is to assist students in developing
systematic thinking patterns and to cultivate the construction of scientific concepts through
scientific modeling. The purpose of this study is to explore the effects of two types of modeling-
based instructional activities on students’ model building and systems thinking competence.
The subjects were two sixth-grade classes, totaling 58 students. The teaching units utilized
a “model-centered instructional sequence” for teaching design, and integrated “drawing-to-
learn instructional intervention” approaches. The students were divided into two experimental
groups, with model building using either paper-based concept maps or computer-based dynamic
concept maps. Each teaching unit lasted 16 teaching periods. In terms of student models, repeated
measures of Analysis of Variance (ANOVA) was used for analysis, showing that both groups
made significant progress in “element quantity” and “relationships between elements” in the
three models before, during, and after teaching. A one-way Analysis of Covariance (ANCOVA)
with the initial model as a covariate was conducted to compare differences between the two
groups. The results showed no significant difference in “element quantity” in the second model
between the two groups, but the paper-based conceptual map modeling group outperformed the
computer-based dynamic conceptual map modeling group in “relationships between elements”;
in the final model, the paper-based group was superior to the computer-based group in both
“element quantity” and “relationships between elements.” In this study, elements refer to the
basic components of scientific models, which are formed by elements and the relationships
among them. Regarding the promotion of systems thinking competence, a t-test analysis showed
that the systems thinking competence of both groups significantly improved after teaching. A
one-way ANCOVA was conducted to examine the differences between the two groups, showing
that the computer-based dynamic concept map modeling group had a better overall performance
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in systems thinking competence than the paper-based concept map modeling group. The results
indicate that the modeling teaching designed in this study helps enhance the comprehensiveness
of student model building and their systems thinking abilities. In terms of the differences
between the two groups, the paper-based concept map modeling method was superior, while for
the systems thinking competence, the computer-based dynamic concept map modeling method
showed better results. The study also provides suggestions for future modeling-based instruction
and the use of computer-assisted teaching.

Key words: Systems Thinking, Scientific Modeling-Based Instruction, Computer-Supported
Modeling
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