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Abstract

The General High School Physics Curriculum Standards (2017 Edition, 2020 Revision) explicitly
proposes a teaching philosophy oriented toward physics core competencies and emphasizes the critical role
of alignment among teaching, learning, and assessment in the educational process. However, current high
school physics classrooms still commonly face dilemmas such as vague objectives, lagging evaluation, and
fragmented knowledge, which make it difficult to truly implement core competency cultivation. The UbD
(Understanding by Design) backward instructional design theory, with its end-in-mind design logic,
provides a feasible theoretical framework and practical pathway to solve the above problems. Based on this,
this study focuses on the construction and application effectiveness of a high school physics backward
instructional design model based on core competencies.

This study systematically reviewed relevant research results on UbD theory, core competencies, and
unit teaching through the literature review method, clarifying the theoretical basis and practical direction of
the research. The questionnaire survey method and interview method were adopted to diagnose the current
status of physics learning among senior one students and the actual state of teachers' instructional design,
revealing the realistic problems of disconnection between objectives and evaluation and separation between
activities and competencies in current teaching. On this basis, according to the three-stage backward design
logic of UbD, an instructional design process was constructed including determining expected results,
designing assessment evidence, and planning learning experiences. Four design principles were established,
namely generality, authenticity, systematical, and consistency. A complete instructional plan was developed
using the unit of law of conservation of mechanical energy as the carrier, including unit big concept maps,
performance task banks, and multiple assessment rubrics. Subsequently, a one-semester quasi-experimental
study was carried out in senior one of a high school in S City, Xinjiang. The experimental class implements
the reverse teaching design, and the control class follows the conventional teaching design. The practical
effectiveness was comprehensively evaluated through multiple dimensional tools including academic
achievement tests, core competency scales, performance task evaluations, and student feedback.

The research results show that in terms of academic achievement, students in the experimental class
performed significantly better than those in the control class in unit tests and transfer application questions,
with significant improvement in knowledge integration and comprehensive application abilities. In terms of
core competency development, students in the experimental class made varying degrees of progress in four
dimensions including physics concept construction, scientific thinking advancement, scientific inquiry
practice, and scientific attitude cultivation, with the most significant improvement in scientific inquiry and

model construction abilities. In terms of performance task completion quality, students in the experimental

Vi



class demonstrated stronger problem-solving awareness, innovative thinking levels, and cooperative
inquiry abilities. In addition, the learning experience survey indicated that students' learning initiative,
classroom participation, and interest and identity in physics were all enhanced in the experimental class.

The research conclusions indicate that the high school physics backward instructional design model
based on UbD theory verifies the effectiveness of this model in improving student academic achievement,
promoting four-dimensional development of core competencies, optimizing performance task completion
quality, and enhancing student learning experience. It provides a replaceable and operable unit teaching
paradigm for achieving alignment of teaching, learning, and assessment, and offers a practical and feasible
pathway for front line teachers to implement physics core competency cultivation.

Key words:Backward Design; Core Competencies; High School Physics; Law of Conservation of
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