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Abstract

Negative numbers, as an important topic in the "Number and Algebra" domain of junior high school
mathematics, not only play a key role in cultivating students' core competencies but also serve as a bridge
between previous and subsequent learning in the expansion of the number system. However, most students
encounter difficulties in understanding negative numbers, and the effectiveness of teaching is often less than
ideal. Based on this understanding, this study selected seventh-grade students from five junior high schools
in S City, Xinjiang, as the survey subjects. Test questions were developed covering four dimensions: the
definition of negative numbers, related concepts, properties, and operations. Using test methods and
interviews, the study investigated students' current understanding of negative numbers, analyzed the types
and causes of errors, and proposed targeted teaching strategies to provide a reference for instruction.

The survey revealed the following typical problems in students' understanding of negative numbers:
Regarding the definition of negative numbers, among correct definitions, the "relative definition" accounted
for the highest proportion, while among incorrect definitions, the "symbolic definition" was most common.
Additionally, various misconceptions existed, such as "negative numbers are less than or equal to zero" and
"negative numbers must have a negative sign." Concerning related concepts, students were confused about
"the opposite of 0 is 0," were unfamiliar with the geometric meaning of absolute value, and had difficulty
using the number line for comparison and simplification. Regarding properties of negative numbers, when
comparing magnitudes, students often confused rules such as "the larger the absolute value, the smaller the
number," which mainly stemmed from insufficient understanding of the relationship between the number line
and absolute value and the ordering of negative numbers. In terms of operations, most students performed at
the uni-structural level of the SOLO taxonomy, exhibiting errors such as misapplying operation rules,
confusing the order of operations, and producing non-standard results. Their understanding of "negative times
negative equals positive" largely remained at the intuitive understanding level in Bergeron's theory.

Analyzing students' comprehension of negative numbers, the errors were categorized into four types:
knowledge-based, psychological, strategic, and logical. Regarding the causes of errors, at the micro level,
students had a weak grasp of negative number knowledge, requiring attribution based on specific error
content across the four dimensions of definition, related concepts, properties, and operations. At the macro
level, students' cognitive development level was relatively low, their mathematical reading ability was weak,
and teachers' instructional concepts and methods needed improvement—all of which adversely affected
students' learning outcomes.

Finally, based on the survey results, the following teaching strategies are proposed: First, emphasize the



connection between elementary and junior high content to guide students' effective transfer; second,
strengthen the teaching of negative number concepts to cultivate mathematical abstraction ability; third,
improve negative number instruction in an integrated manner from the perspective of number system
expansion; fourth, move from "single" to "multiple" approaches to enhance students' understanding of
operation laws; fifth, emphasize the teaching of computational principles and use multiple models to improve
understanding of '"negative times negative equals positive"; sixth, strengthen mathematical reading

instruction to enhance students' mathematical comprehension ability.

Key words: Negative numbers; Understanding; Error types; Teaching countermeasures
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