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Abstract

In the teaching of extreme values of multivariate functions, students frequently confront three in-
terrelated predicaments: ambiguous conceptual comprehension, mechanical application of methods,
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and unstructured handling of critical cases (i.e., scenarios where the second-order sufficient condition
fails). To address these challenges, this paper proposes a “hierarchical progressive” instructional de-
sign, which takes the systematic resolution of critical cases as a breakthrough point and constructs
three interlinked teaching layers: the “definition-based approach”, “dimension-reduction transfor-
mation method”, and “higher-order derivative method”. The first layer revisits the definition of ex-
treme values, reinforcing intuitive understanding through neighborhood comparison. The second
layer employs coordinate transformation to reduce bivariate problems to univariate ones, embed-
ding the mathematical ideas of transformation and reduction. The third layer introduces Taylor ex-
pansion to develop a discriminant tool based on higher-order derivatives. These three layers are
logically connected and progress incrementally, aiming to break the traditional teaching mindset
of “abandoning when encountering difficulties”, improve the knowledge system for extreme value
determination, and cultivate students’ ability to comprehensively apply mathematical thinking and
methods to solve complex problems. This design provides an actionable teaching pathway for the
cultivation of innovative talents.
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