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Abstract

Analogical reasoning is one of the core thinking abilities in senior high school mathematics. It serves
as avital carrier for students to realize knowledge transfer and construct mathematical rules. Based
on the extended content of the Derivatives chapter in the People’s Education Press senior high
school mathematics textbook, this paper takes the derivative relationship between the surface area
and volume of geometric solids as its research theme, and designs an inquiry-based teaching case
oriented to cultivating students’ analogical reasoning ability. Starting from the derivative rules of
formulas for circles and spheres, the teaching guides students to discover the special rule that “the
derivative of area equals perimeter, and the derivative of volume equals surface area” for two-di-
mensional and three-dimensional symmetric geometric figures. Cognitive conflicts are triggered
through squares and cubes to revise conjectures step by step. Typical geometric solids including
cubes, cuboids and cylinders are further explored. By means of variable substitution, geometric in-
tuitive analysis and algebraic derivation and verification, this paper reveals the essence of the de-
rivative relationship between the surface area and volume of geometric solids: whether the rule
holds does not depend on the shape of geometric figures, but on the growth-expansion mode of ge-
ometric solids and the selection of independent variables. When the distance from the center of a
geometric solid to its surface is selected as the characteristic independent variable, the unified cor-
respondence between the derivative of volume and surface area can be achieved for various geo-
metric solids. Following the inquiry thread of “observation-conjecture-verification-revision-induc-
tion”, the whole teaching process enables students to experience a complete mathematical inquiry
from discovering special cases and reflecting on conflicts to extracting essences. It effectively real-
izes the thinking leap from two dimensions to three dimensions. While mastering the core rules of
geometric derivatives, students’ key mathematical competencies such as analogical reasoning,
questioning and verification, and model construction are developed. This paper provides practical
references for the extended teaching of the geometric meaning of derivatives and the cultivation of
thinking abilities in senior high school mathematics.
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