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Abstract

Basic Education system in China is undergoing a profound transformation from a
“knowledge-centered” approach to a “competency-oriented” framework, with “core competencies” now
serving as the fundamental principle and core focus of educational development. Deep learning, as a
learning approach that emphasizes deep understanding of knowledge, critical thinking, and the transfer and
application of learning, has become an important pathway for implementing core competencies. However,
integrating deep learning concepts into teaching practices and developing actionable classroom models
remain critical challenges in current educational research. This study aims to promote students’ deep
learning through model-based instructional design, conducting practical teaching research to evaluate the
feasibility and effectiveness of competency-driven teaching models. The findings are intended to provide
actionable references for biology educators in advancing deep learning practices in classroom settings.

Firstly, this study systematically reviewed the theoretical foundations and research status of deep
learning and model construction, and conducted surveys and interviews with students and teachers
respectively to diagnose the current levels of students’ deep learning and the implementation status of
model construction teaching from multiple perspectives. The results showed that the overall deep learning
level of high school biology students was above average, yet the development across dimensions was
unbalanced, with critical and creative thinking being particularly low and acting as key bottlenecks
limiting deep learning. Students highly recognized the value of model construction but lacked practical
ability, presenting a phenomenon of “high cognition but low practice”. Teachers, though acknowledging its
theoretical value, faced difficulties in implementation due to time and resource constraints. Based on this,
following the requirements of the new curriculum standards and modeling principles, this study
systematically organized teaching content, interpreted the deep learning route in depth guided by deep
learning theory, and combined the basic steps of model construction to propose a six-stage teaching cycle:
“perception - selection - construction - testing and revision - presentation and evaluation - transfer and
application”, and carried out localized instructional design according to students’ characteristics and
teaching conditions.

Secondly, two classes with no statistically significant difference in pretest scores were selected as the
experimental class and the control class, respectively. The experimental class received model-based
instruction, with the three lessons : “The Structure of DNA”, “Epigenetics”, and “Changes in Population

Gene Composition” - focusing respectively on physical, conceptual, and mathematical model construction.



The control class was taught the same content but primarily through a lecture-based approach, thereby
conducting a controlled experiment.

Finally, teaching effectiveness was evaluated using a combination of teacher evaluation and self-
evaluation. The results showed that the total score of deep learning level in the experimental class
increased by 10.24 points between pretest and post- test (p < 0.001), with all sub- dimensions also
showing significant improvement (p < 0.05). In terms of academic achievement, the average class ranking
of the experimental class improved by 9.6 places (p < 0.05), which was significantly higher than that of the
control class; the self- evaluation score of the experimental class was 16.45 points higher than that of the
control class (p < 0.001). Classroom observations revealed that the frequencies of students’  voluntary
responses, correct responses, active questioning, and after-class questioning all increased, indicating a
marked improvement in classroom engagement. Longitudinal comparisons of modeling products also
showed improvements in both scientific accuracy and innovativeness. The above results indicate that, in
the process of biology learning, students in the experimental class shifted from passive acceptance to active
construction and from surface understanding to deep processing, thereby genuinely achieving deep
learning..

In conclusion, implementing model construction teaching in high school biology classrooms is
feasible, supported by abundant modeling resources where the three types of models each have distinct
focuses and complement each other. The deep learning teaching model for high school biology based on
model construction developed in this study can effectively enhance students' deep learning capabilities,
while demonstrating that model construction provides actionable cognitive pathways for deep learning-a
mutually reinforcing relationship. Based on research findings, the following teaching recommendations are
proposed: Establish the educational philosophy of "modeling as learning," integrate deep learning
principles into model construction instruction, emphasize the integrated application of three model types,
and refine diversified evaluation mechanisms.

Key words: High school biology; Model construction; Deep learning; Teaching design; Teaching practice
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