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An Analysis of Symbolic Representations Expressing Situations
of Multiplication and Division in Elementary School Mathematics

Yohei WATARAI

The purpose of this study is to assess the effectiveness of symbolic representations
expressing situations of multiplication and division in elementary school mathematics for
acquiring multiplicative properties.

In order to accomplish the above purpose, this study analyzed the assumed student’s
procedure for problem-solving based on symbolic representations in situations of
multiplication and division by applying the framework “The Theory of Conceptual
Fields” (G.Vergnaud, 1982, 1983, 1984, 1988, 1996), as follows. First, this study expressed
multiplicative situations with symbolic representations.

Multiplicative situations are classified into six kinds; multiplication of whole numbers,
partition of whole numbers, quotition of whole numbers, rule-of-three problems that the
scalar ratio is a whole number, rule-of-three problems that the function ratio is a whole
number, and rule-of-three problems that neither the scalar ratio nor the function ratio are
whole numbers. Three kinds of symbolic representations were selected; a discrete figure,
a line segment figure, and a proportional number line figure. Second, this study clarified
theorems-in-action for writing expressions of multiplication and division, which are
mathematical properties used by students when writing those expressions, in the
assumed student’s procedure for problem-solving based on symbolic representations.

The results of analysis reveal that (1) only additive properties are used in the procedure
for problem-solving based on a discrete figure. In contrast, (2) multiplicative properties
are used spontaneously, although it may be implicit, by focusing on the relationship of
two measures in a measure-space in the procedure for problem-solving based on a line

segment figure and a proportional number line figure.
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