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Abstract

The cultivation of core competencies, as proposed in the new curriculum reform, serves as a concrete
pathway to implement the fundamental goal of fostering virtue and nurturing talents. The new Biology
Curriculum Standards for Senior High Schools indicate that biological core competencies encompass
concepts of life, scientific thinking, scientific inquiry, and social responsibility. Among these, scientific
thinking not only acts as a crucial link connecting concepts of life, scientific inquiry, and social
responsibility but also constitutes an essential ability for students to adapt to the rapid development of
technology and the internet in the new era, impacting their lifelong development. Therefore, in high school
biology teaching, educators must continuously refine instructional methods or approaches to effectively
cultivate students' scientific thinking. Problem-based teaching aligns with the instructional philosophy of
the new curriculum reform, advocating for authentic problem scenarios and a problem-oriented approach
that guides students to analyze, explore, and resolve issues through collaborative group work. This
methodology positively influences students' learning interest and comprehensive abilities. A review of the
literature reveals that empirical research on cultivating students' scientific thinking through this approach
requires further deepening and substantiation. Hence, this study selects content from the compulsory
module "Genetics and Evolution" in the People's Education Press edition of high school biology to apply
this teaching method in classroom instruction, aiming to develop students' scientific thinking abilities.

This study employs the literature research method to review the current status of problem-based
teaching and scientific thinking cultivation domestically and internationally, and to define the connotations
of related concepts such as problem-based teaching and scientific thinking. Through questionnaires, the
classroom conditions and scientific thinking abilities of students in the practice school were investigated,
and semi-structured interviews were conducted with biology teachers at the school to understand the
application of problem-based teaching and the current state of scientific thinking cultivation among high
school teachers. The survey results indicate: (1) While first-year high school students exhibit strong interest
in biology, their autonomous learning abilities need improvement; (2) Their scientific thinking abilities in
biology are at a moderate level, with uneven development across dimensions, and creative thinking being a
weak point; (3) Teachers possess adequate understanding of problem-based teaching but lack practical
application in their instruction; and (4) Although teachers emphasize the cultivation of students' scientific
thinking, further refinement of cultivation and evaluation mechanisms is necessary.

This study elucidates the connections, characteristics, and design principles of problem-based teaching

in relation to scientific thinking, and constructs a specific practical pathway for cultivating scientific



thinking through problem-based teaching. Using the teaching experiment method, two classes of first-year
students from School S in Shihezi City were selected as subjects, with lesson designs and practices based
on selected chapters from "Genetics and Evolution." Problem-based teaching and lecture-based methods
were applied to the experimental and control classes, respectively. After the practice, the actual teaching
outcomes were evaluated through questionnaire surveys, test scores, and interview assessments. The results
show: (1) Students' scientific thinking ability has improved in the dimensions of induction and
generalization, deduction and reasoning, modeling and modeling, critical thinking, and creative thinking.
There are significant differences between the experimental class and the control class in the dimensions of
deduction and reasoning (p=0.02<0.05), modeling and modeling (p=0.025<0.05), and critical thinking
(»=0.043<0.05), but no significant differences in induction and generalization (p=0.051>0.05) and creative
thinking (p=0.172>0.05). The experimental class shows significant differences compared to before the
teaching. (2) Although paper-based tests did not reveal significant differences in the average scores of
scientific thinking levels between the two classes before and after the practice, the experimental class
demonstrated greater progress across all levels of scientific thinking than the control class. (3) Student
assignment feedback and interview results indicate that problem-based teaching positively promotes the
development of students' scientific thinking.

Key words: Problem-based teaching; Scientific thinking ability; Genetics and evolution; High school

biology; Practical teaching
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