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Reflections sparked by a math problem
Risheng Liu
Taihe Middle School

[Abstract] In high school calculus courses on functions and derivatives, problems involving the existence of
monotonic decreasing subintervals within a given interval often lead to errors due to similarity with the
concept of "monotonic decrease over an interval." Using the cubic function f(x) = x* — 3ax + 1 as a model,
this paper analyzes two common types of errors: misinterpretations stemming from assumptions about
"constant validity" and oversight regarding "potential validity at endpoints." A rigorous solution is provided
through four approaches—variable separation, complement set transformation, numerical—visual integration,
and application of monotonicity definitions—with the position of the derivative's graph symmetry axis
illustrating how the critical point varies with interval parameters. The analysis demonstrates that such
problems essentially involve existence judgments, which can be uniformly reduced to determining the sign of
the derivative's minimum value over intervals. The derived general methodology remains applicable across
various interval variations and serves as a transferable tool for enhancing logical reasoning and intuitive
visualization skills.
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