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Abstract

In the current curriculum design of schools across various countries, concept construction has become
a significant goal in science education. China's Biology Curriculum Standards for Senior High School (2017
Edition, Revised in 2020) explicitly states that biology courses should adhere to the fundamental principle of
"content focusing on big ideas," requiring students to achieve a deep understanding of important biological
concepts and form coherent, progressive scientific concepts. With the advancement of international education
reforms, the construction and use of models has become an important inquiry-based practical activity.
Rationally utilizing the process of model construction to promote students' understanding of the nature of
science may serve as an effective pathway for students to correctly comprehend and scientifically transform
their biological concepts. This study aims to analyze and apply existing theories to formulate instructional
strategies based on model construction activities that facilitate the transformation of high school students'
biological misconceptions, apply these strategies to classroom teaching practice, and verify their scientific
validity and effectiveness.

The first phase of this study involved theoretical foundation building, reviewing the development history
and current status of research related to model-based teaching and conceptual change. This clarified the
research direction for using model-based teaching to promote students' conceptual change, provided
theoretical support for the organic integration of the two, and offered ideas for the development of research
instruments. The second phase was preliminary investigation. On one hand, questionnaires and interviews
were used to survey teachers and students regarding the current status of model-based teaching and
conceptual change instruction, identifying the implementation status and existing problems of such teaching
in current classrooms. On the other hand, an analysis of textbook content was conducted to compile and
summarize curriculum resources suitable for model construction. The practical content for this study was
selected based on curriculum standards, and a four-tier multiple-choice diagnostic instrument was developed
for this specific content to probe students' misconceptions, preparing for the subsequent practical work. The
third phase was strategy construction. By referencing existing literature, the four conditions of conceptual
change were integrated into model-based teaching. The instructional process framework for this study was
designed, along with corresponding implementation details and an evaluation system. Based on this, a
teaching case for the section "Cell Proliferation" was developed for subsequent research. The fourth phase
was teaching practice. Senior one students from a middle school in Shihezi City were selected as research
participants. Under the premise of controlling other variables as much as possible, different instructional
strategies were implemented in the experimental class and the control class. Multiple methods were then used

to evaluate the effectiveness of the model-based teaching.



Research findings indicate that by conducting modeling activities targeting students' existing
misconceptions in the classroom, students in the experimental class showed significant improvement in
concept accuracy and concept integration ability compared to their pre-teaching levels(P=0.0008<<0.001),
and these post-test levels were also significantly higher than those of the control class(P=0.033<0.05). In
the assessment items for meta-modeling knowledge, the post-test scores of students in the experimental class
on the dimensions of "nature of models" and "changing models" were also significantly better than their pre-
test scores("nature of models" P=0.000<<0.001, r=0.875>0.5; "changing models" P=0.016<<0.05, r=0.619
>0.5), and the degree of improvement in the experimental class was significantly greater than that in the
control class on both dimensions("nature of models" P=0.000<<0.001, r=0.385>0.3; "changing models"
P=0.035<C0.05, =0.225>0.1). Classroom observations further revealed that model-based teaching could
mobilize and develop students' logical thinking to a greater extent. These results indicate that teaching based
on model construction can effectively promote the transformation of students' misconceptions and the
establishment of scientific concept systems, while simultaneously enhancing students' modeling abilities at
the cognitive level and better fulfilling the cultivation of students' scientific thinking. Finally, based on the
analysis conclusions, suggestions are proposed from three aspects: teaching support, instructional design,
and teaching evaluation, providing a reference for the effective implementation and promotion of model-
based teaching in high school biology classrooms.

Key words: High school biology teaching; Model construction; Misconceptions; Teaching practice
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Figure 1-1 The trend chart of the number of foreign literature publications related to "biological modeling teaching"
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Figure 1-2 The trend chart of the number of domestic literature publications related to "biological modeling teaching"
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