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Abstract: In the context of globalization and educational reform, Chinese middle school biology education urgently
needs to break through traditional models by integrating advanced international educational concepts to enhance
teaching effectiveness and talent competitiveness. This paper, based on global educational development trends and
the practical challenges faced by Chinese biology education, systematically explores the connotations of
international concepts such as STEM/STEAM education, inquiry-based learning, interdisciplinary integration, and
core competency cultivation, along with their specific application strategies in biology teaching. Through case
studies of teaching practices, this paper focuses on analyzing feasible pathways for internationalizing teaching
content, innovating diverse teaching methods, and comprehensively developing students' key competencies. The
research indicates that organically integrating international concepts with Chinese educational characteristics can
effectively stimulate students' scientific interest, foster critical thinking, innovation abilities, and social responsibility,
providing theoretical support and practical references for building future-oriented biology classrooms.
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Introduction
As a frontier field in the 21st century, the quality of biological science education is directly related to the

cultivation of national scientific and technological innovation reserves. Although current middle school biology
education in China has achieved significant success in building knowledge systems, it still faces challenges in
developing students' scientific inquiry abilities, innovative thinking, and global perspectives [1]. Meanwhile,
international educational concepts such as "core competencies," interdisciplinary learning, and deep inquiry provide
new perspectives for addressing these issues. This paper aims to explore how to effectively integrate these concepts
into local Chinese classrooms, promoting biology education towards higher quality and more dynamic development.

1.Research Background and Significance
Global educational concepts are undergoing profound transformations, with innovative models such as the

"Core Competencies" framework proposed by the OECD (Organisation for Economic Co-operation and
Development), the "Holistic Education" advocated by the IB (International Baccalaureate) curriculum, and
STEM/STEAM education emphasizing knowledge application, interdisciplinary integration, and lifelong learning
abilities. In contrast, despite continuous progress in China's new curriculum reform, middle school biology education
still faces issues such as overemphasis on theoretical knowledge at the expense of practical experience,
single-dimensional evaluation methods, and a disconnect between course content and social and technological
frontiers. For example, while students are familiar with gene editing technology, they often lack opportunities to
design basic experiments to verify genetic laws. Against this backdrop, actively absorbing international experiences
and adapting them to the Chinese educational context through localization holds strategic significance for cultivating
students' scientific literacy to meet future societal needs.

2.Overview of International Educational Concepts
International leading educational concepts consistently aim for the holistic development of students. Among
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these, STEM/STEAM education encourages students to solve complex real-world problems using engineering and
technology through interdisciplinary integration; inquiry-based learning cultivates students to think like scientists by
proposing hypotheses, validating conjectures, and forming conclusions; and situated learning theory emphasizes the
transfer and application of knowledge and skills in authentic social environments [2]. These concepts manifest in rich
practical forms within the field of biology: from analyzing the transmission patterns of epidemics to hone scientific
thinking, to planning campus ecosystems to enhance engineering design capabilities, to contemplating the ethical
implications of gene technologies to foster cross-cultural understanding. Notably, Japan innovatively integrates
dietary health education into biology teaching, and Singapore develops environmental protection practices through
eco-campus initiatives. These successful localized implementation cases provide important references for
educational innovation.

3.Integration of International Educational Concepts in Biology Classrooms
In the process of promoting the international integration of teaching content, it is essential to build on the

national curriculum framework and organically incorporate globally significant issues and technological innovation
achievements. For instance, in ecosystem teaching units, students can be guided to compare and analyze the
similarities and differences in biodiversity conservation strategies between the Amazon rainforest and the Yangtze
River Basin, while also discussing global climate change by examining the carbon sequestration function of tropical
rainforests. In genetics instruction, discussions can be centered around the ethical guidelines established by the
International Human Genome Project, fostering students' global thinking about scientific ethics, and introducing the
latest advancements in gene therapy to help them understand cutting-edge science [3]. In cell biology sections,
comparisons can be made regarding policy differences among countries concerning stem cell research, encouraging
students to consider the balance between technological development and ethical constraints. In developing textbook
content, introducing case studies such as the cultivation of malaria-resistant crops in Africa and low-carbon
agricultural models in Nordic countries can effectively achieve a synergy between localized understanding and
international perspectives, helping students develop value systems that combine national identity with a sense of a
shared human destiny. When teaching photosynthesis principles, incorporating examples of plant adaptive evolution
in desert regions can help students understand the global characteristics of biodiversity and environmental adaptation.
Such teaching designs not only broaden students' international horizons but also stimulate their interest in life
sciences and cultivate their ability to address global issues.

In the process of promoting diversified teaching methods, problem-based learning models have shown
significant advantages. Creating real-world scenarios, such as epidemiological investigation tasks under the
backdrop of global pandemics, helps students deeply understand virus transmission patterns and human immune
mechanisms. Combining this with actual vaccine development cases during current global public health events
allows students to experience the rigorous process of scientific research [4]. Interdisciplinary project-based learning
provides practical platforms; for example, integrating biological principles with engineering technology to design
smart greenhouse systems enables students to master methods of regulating plant photosynthesis and extend
discussions on the application value of modern agricultural technology in food security. The application of modern
educational technologies is equally noteworthy. Innovative tools like digital twins transform abstract cellular
metabolic processes into intuitive dynamic models. When explaining cellular respiration, virtual simulation
technology can be used to demonstrate the microscopic operation mechanism of the electron transport chain within
mitochondria. Practical evidence shows that conducting on-site scientific research activities, such as campus
biodiversity surveys, guiding students to independently develop survey plans, use professional tools for species
identification, and propose protection suggestions, not only effectively enhances students' scientific inquiry abilities
but also fosters teamwork awareness and social responsibility. In genetic engineering teaching units, students can be
organized to simulate research teams from international biotechnology companies, designing gene therapy plans for
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specific diseases, experiencing the complete innovative process from laboratory research to clinical applications.
This multi-dimensional teaching model combining situational teaching, project practice, and technology application
provides a feasible path for cultivating new-era talents with innovative spirit and practical capabilities.

In the process of advancing comprehensive student capability development strategies, core competency
development should be at the heart of the objectives.Specific implementation paths include conducting specialized
training in critical thinking, such as guiding students to objectively analyze the scientific basis and social opinion
differences surrounding genetically modified crops. Simultaneously, using real-world applications of gene editing
technology in medical fields, students are encouraged to dialectically think about the relationship between
technological progress and social ethics [5]. Organizing mock United Nations Environmental Conferences allows
students to enhance their cross-cultural communication skills and global governance literacy through debates on
topics like bioresource allocation. Incorporating analysis of the impact of biological invasions on ecosystems when
discussing endangered species protection further enriches these activities. Actively encouraging students to
participate in internationally influential science and technology competitions, such as the International Genetically
Engineered Machine (iGEM) competition, fully unleashes their innovative potential, encouraging them to design
microbial degradation solutions for urban wastewater treatment. In cell biology teaching, students can simulate
academic debates on the application boundaries of cloning technology, fostering their scientific argumentation skills.
Complementary evaluation system reforms are equally important, establishing diverse evaluation methods including
experimental report assessments, project outcome presentations, and peer review mechanisms, gradually replacing
traditional single-exam assessment models. Adding practical assessment components, such as community research
segments in genetic disease case analysis projects, more comprehensively and dynamically reflects students' growth
trajectories in capabilities. This core competency-oriented training model helps students form a multidimensional
capability system encompassing scientific thinking, innovation awareness, and social responsibility while mastering
biological knowledge.

4.Practical Effects and Feedback
After two years of localized practice of international educational concepts, through classroom observations,

student work analyses, and surveys (covering 12 classes from the first and second grades of high school), the
practical outcomes mainly manifest in three aspects:

4.1 Significant Increase in Student Interest and Participation

In educational reform practices, a notable increase in student interest and classroom participation has become an
important observation indicator. According to classroom behavior records, compared to the traditional lecture mode
where passive listening accounted for 75%, this figure has significantly decreased to 32% after implementing
innovative teaching models. Through practical projects like designing ecological restoration plans for campus
wetlands, students' enthusiasm for extracurricular independent research has been fully stimulated, with group
participation rates reaching 91%. Even more encouragingly, students have spontaneously formed synthetic biology
interest clubs and are actively preparing to participate in high-level academic competitions like iGEM. Notably, in
the global public health crisis response simulation teaching project, students were able to proactively connect the
phenomenon of coronavirus mutations with high school immunology course knowledge, demonstrating knowledge
transfer abilities that directly led to a 40% increase in cross-grade learning intentions. These achievements are clearly
documented in teaching logs.

4.2 Substantive Development of Students' Biological Literacy and Skills

In promoting students' biological literacy and professional skill development, various assessment data and
typical cases fully confirm the significant effectiveness of teaching reforms. Systematic evaluations based on the
American Association for the Advancement of Science's assessment framework show that students' proficiency in
proposing verifiable hypotheses has significantly improved, rising from 48% to 82%. Specifically, students can
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proficiently use CRISPR gene editing simulation software to independently design scientifically valuable rice
disease resistance improvement plans. Through continuous six-month systematic observations of campus bird
diversity, students' independently completed ecological research reports won municipal science and technology
innovation awards. Particularly noteworthy is that in the latest provincial Biology Olympiad, the average score of
participating students in the experimental operation segment increased by 27 percentage points compared to
historical levels, a breakthrough achievement that strongly validates the substantial progress brought about by
practical teaching reforms.

4.3 Transformation of Teachers' Teaching Perspectives and Professional Development

In the field of teacher professional development, all nine teachers in the biology teaching and research group
have shown significant professional transformation features through continuous teaching practice and reflection. In
terms of teaching roles, there has been a fundamental shift from traditional knowledge transmitters to modern
learning designers, exemplified by the innovative development of a simulated hearing course on gene ethics. Over
85% of teachers have actively participated in STEAM education special training, successfully integrating
cutting-edge technologies such as 3D biological printing and Geographic Information Systems (GIS) into classroom
teaching practices. On the international exchange front, significant progress has been made, with the teaching and
research group establishing stable professional development communities with educators from Singapore, Finland,
and other countries. Collaboratively designed polar ecosystem cross-cultural teaching units received official
certification as distinctive cases of Sino-foreign humanities exchanges by the Ministry of Education, fully
demonstrating the substantive expansion of teachers' international perspectives.

5.Future Development Directions
In the future development plan for advancing educational internationalization, systematic innovation is needed

across multiple dimensions including curriculum construction, teaching environments, evaluation systems, policy
support, and teacher development. Curriculum content recommendations include establishing a dynamic update
mechanism, introducing two to three international frontier hot topics each semester, such as brain-computer interface
ethics and deep-sea gene resource development, and setting up a "Biology Frontier Outlook" special module. In
teaching implementation, efforts should be made to create new learning spaces that combine virtual and physical
elements, building digital biology laboratories connected to global gene databases and other research platforms,
while reinforcing practical ability training through accompanying physical experimental farms. Evaluation system
reforms can draw inspiration from the Theory of Knowledge assessment model of the International Baccalaureate
program, adding evaluation dimensions oriented towards scientific cognitive methods. Policy support measures
should include establishing international integrated curriculum experimental zones at the provincial level, drawing
lessons from the successful experiences of STEAM education demonstration zones in Zhejiang Province, granting
schools 30% of class hours for autonomous project-based learning, and promoting the introduction of international
quality educational resources through national education cloud platforms, with a focus on strengthening
infrastructure construction in county-level school biology laboratories. Teacher professional development systems
should implement tiered training programs, requiring new teachers to systematically study comparative courses in
international science education, arranging annual overseas study exchanges for key teachers, and establishing
cross-school biology education innovation practice communities through teaching research networks. Cooperation
with institutions like the Chinese Academy of Sciences (CAS) to establish teacher visiting scholar programs will
promote the deep integration of educational practices and cutting-edge scientific research.

6.Conclusion
This paper systematically explores innovative pathways for integrating STEM/STEAM education,

inquiry-based learning, interdisciplinary integration, and other international leading concepts into middle school
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biology teaching in China. Research indicates that by building on the national curriculum foundation and introducing
global issues, creating real-world contexts, conducting project practices, and utilizing modern technologies,
traditional teaching models can be effectively transcended. This localized integration has significantly stimulated
students' scientific interest and self-directed learning motivation, achieving substantial breakthroughs in core
competencies such as critical thinking, innovative practical abilities, scientific ethics awareness, and global
perspectives. It has also profoundly promoted the transformation and upgrading of teachers' educational philosophies
and professional capabilities. In the future, continuous exploration of dynamic curriculum update mechanisms,
construction of hybrid learning spaces, deepening evaluation reforms oriented towards core competencies, improving
policy support systems, and strengthening international professional development networks for teachers are
necessary. These efforts will lay a solid foundation for cultivating innovative talents with global competitiveness,
ensuring a harmonious interaction between upholding Chinese characteristics and integrating advanced international
experiences in biology education.
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