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Abstract

With the release of the "Curriculum Standards for Biology in Senior High Schools (2017
Edition, Revised 2020)," biology education in China's senior high schools has entered a phase of
in-depth development. Scientific thinking, one of the four core competencies, has attracted
considerable research in recent years, most of which focuses on teaching practices using the
required Course 1 as a case study. Unlike Course 1, which emphasizes observation and induction,
Course 2 centers on hypothesis-deduction methods, particularly evident in the chapters "The
Discovery of Genetic Factors" and "The Relationship between Genes and Chromosomes."
Moreover, while new-lesson instruction emphasizes knowledge acquisition, exercise classes place
greater emphasis on developing thinking skills. Therefore, problem-solving lessons related to
Mendelian genetics and sex-linked inheritance represent an important pathway for cultivating
students' scientific thinking. In light of this, this study takes Mendel’s laws and sex-linked
inheritance as examples, investigates the current status of scientific thinking ability development,
constructs a teaching design framework and evaluation strategies for exercise classes aimed at
fostering scientific thinking, and explores through practical teaching and multi-dimensional
assessment whether this approach effectively enhances students’ scientific thinking abilities. The
study aims to provide feasible, operational pathways and methodological support for nurturing
scientific thinking and offer practical guidance for classroom teachers.

Drawing on constructivist learning theory, metacognitive theory, and multiple intelligences
theory, and employing literature review, questionnaire surveys, interviews, and educational
experiments, this study systematically examined the following: (1) the current research landscape
and conceptual understanding of scientific thinking and biology exercise classes; (2) the present
state of scientific thinking cultivation; (3) the construction of a teaching design framework and
evaluation strategies for high school biology exercise classes that promote scientific thinking; and
(4) a teaching practice and effectiveness evaluation based on exercises related to Mendel’s laws
and sex-linked inheritance. The main findings are as follows:

1. Analysis of student questionnaires and teacher interviews revealed that students generally
exhibit uneven development across dimensions of scientific thinking, insufficient development of
scientific thinking habits, and notably weak higher-order thinking skills. Teachers also face clear
shortcomings in pedagogical cognition and practical capabilities, resulting in poor collaboration
with students, low bidirectional interaction efficiency, and an incomplete system for teaching
scientific thinking.

2. Based on the principles of contextuality, reflection, and differentiation, a three-phase

teaching design framework—pre-class, in-class, and post-class—was developed to cultivate



scientific thinking in high school biology exercise classes: pre-class analysis of errors and goal
setting; in-class categorized explanation, error correction, and reflective summarization; and
post-class teacher-student exchange, continuous follow-up. Eight evaluation strategies were
proposed: knowledge organization and discrimination, demonstration of thought processes, variant
application, model building, extension and connection, critical questioning and argumentation, and
interactive communication.

3. Results from three assessment tools—scientific thinking scales, paper-based tests, and
post-class student interviews—indicated: (1) After the teaching intervention, the experimental
class showed significant improvement in scientific thinking compared to the control class, with
notable gains across five dimensions: induction and generalization, deduction and reasoning,
modeling and model building, critical thinking, and creative thinking, especially in deduction and
reasoning; (2) The average score of the experimental class on the paper test increased by
approximately 5 points compared to the control class, a substantial improvement from the initial
difference of about 1 point; (3) Students in the experimental class expressed strong approval of the
new exercise class format, reporting significant gains and improvements.

Thus, the "pre-class-in-class-post-class" teaching framework and eight evaluation strategies,
grounded in the current status of scientific thinking and supported by three educational theories,
proved effective in enhancing students’ scientific thinking and problem-solving abilities after four
months of implementation.

Keywords: scientific thinking; exercise class; high school biology; teaching design framework;

educational practice
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