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Abstract

In the context of the new curriculum reform, the "General Senior High School Biology Curriculum
Standards (2017 Edition, 2020 Revision)" emphasizes that biology instruction should focus on enhancing
core competencies and comprehensive abilities, improving students' capacity to solve practical problems,
and fully realizing the educational value of the biology discipline. Project-based teaching establishes an
educational ecosystem guided by core competencies, driven by real-world contexts, centered on student
inquiry, and evaluated through diversified growth outcomes. This approach facilitates the restructuring of
biological knowledge, promotes the integrated development of disciplinary knowledge and comprehensive
literacy, and enhances the effectiveness of high school biology instruction.

This study adheres to the fundamental principles of disciplinary rigor, inquiry-based learning, practical
application, and collaboration in constructing and optimizing a project-based teaching framework for high
school biology. The framework encompasses key stages including project theme determination, design of
driving questions, goal setting and planning, implementation of inquiry activities, outcome presentation,
and diversified evaluation and reflection. The specific implementation pathway is as follows: First, through
literature review and analysis, we systematically examine the current research landscape on project-based
teaching and clarify its educational value; concurrently, a questionnaire survey was conducted among
teachers and students at a high school in Changji City, Xinjiang, to thoroughly analyze the practical
challenges faced in implementing project-based teaching within high school biology instruction. Second,
based on the content of the People's Education Press textbooks for High School Biology (Compulsory
Volume 1 and Elective Volume 1), and guided by the aforementioned principles, we designed and
developed project-based teaching cases. Third, the instructional practice phase adopts a collaborative group
approach, integrating in-class and extracurricular activities to foster an open teaching environment that
encourages active student participation in various inquiry tasks. Finally, a diversified evaluation system was
established, incorporating multiple evaluators, multidimensional assessment criteria, and varied assessment
methods, while integrating both formative and summative evaluations.

The research findings indicate: (1) The questionnaire revealed that students demonstrate a certain
interest in biology, but their learning methods are monotonous and their ability to apply knowledge is
limited. The introduction of innovative teaching methodologies represents an inevitable trend for fostering
students 'independent construction of knowledge systems and enhancing their comprehensive abilities. (2)
To cultivate transferable application skills, a project-based teaching design framework was developed for

high school biology. Teaching cases such as "The Wisdom of Life on Saline-Alkaline Soils: Exploring



Water Absorption and Loss in Plant Cells" and "The' Code 'of Plant Growth: Investigating the Regulatory
Role of Plant Hormones" were selected, and instruction was conducted by integrating both internal and
external teaching resources. This approach effectively cultivated students' core competencies and overall
abilities in biology. (3) Comparative assessments before and after implementation demonstrated significant
efficacy of the project-based teaching: the average post-test scores of students in the experimental class
improved markedly (by 6.85 points, p < 0.05). Their comprehensive abilities—including learning interest,
collaborative skills, scientific inquiry capabilities, and problem-solving skills—were significantly higher
than those in the control group (p < 0.01, highly significant difference), reflecting enhanced core
competencies. (4) Multidimensional evaluation comparisons revealed strengthened mastery of core
knowledge and improved ability to apply knowledge to solve practical problems (p < 0.01, highly
significant difference). This effectively promoted the development of life concepts among students,
enhanced their scientific thinking and inquiry literacy, and reinforced their social responsibility awareness
through real-world production and living contexts, thereby fully implementing the core competencies of
biology.

This study effectively promotes students 'active knowledge construction through solving real-world
problems by establishing a comprehensive project-based teaching strategy, thereby enhancing the
integration and application of knowledge. The student-centered, problem-oriented project-based approach
bridges textbook knowledge with practical application, playing a positive role in improving students' core
competencies in biology while fostering their problem-solving skills, practical abilities, and teamwork
spirit.

Key words:High school biology; Project-based teaching; Core competencies; Teaching practice;

Instructional strategies
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