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Abstract

Middle school students’ errors and their
relationship: The concept of number line, number

system, and the properties of real numbers
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The number line is the most used mathematical expression for
dealing with numbers and operations in school mathematics because
the characteristics of numbers are well exposed. The number system
1s learned through number lines, and through this, the properties of
various real numbers are acquired. ‘Therefore, an accurate
understanding of the number line and number system is important in
that it affects the understanding of the nature of real numbers in the
future.

Analyzing errors in the understanding and application of certain
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concepts serves as a springboard for thinking. Perspectives on errors
are classified according to the context of the mathematical content,
the degree of error, and the context of learning. In the meantime,
research on errors in the context of mathematical content has been
focused on problem solving. Relatively few studies on models,
concepts, and theorems have been conducted. In addition, the main
focus was on whether or not the students understood correctly the
concept of number lines and number systems and their properties,
and studies that suggested instructional methods were mainly
conducted. On the other hand, there have been no studies examining
the relationship between errors in concepts and errors in properties. If
there i1s an error in the student’s cognitive structure, it is included
when learning a new concept and creates a new error. Therefore, it
1s important for the teacher to recognize in advance how the errors
that students see when explaining concepts are connected to errors
when explaining the properties. Therefore, this study examined the
types of errors in the process of explaining the completeness among
the properties of errors and real numbers in the process of explaining
the concepts of number lines and number systems. Furthermore, it
has a different meaning from previous studies in that the relationship
between the two errors was also analyzed with attention.

Therefore, for this study, students’ responses were compared with
textbooks and tutorials, and six types of error analysis of
Movshovitz-Hadar, Zaslavsky, & Inbar (1987) were reconstructed and
used to analyze. In relation to the number line, completeness was
examined from two aspects: ‘density’ and ‘rational and irrational
numbers fit together’. In particular, the density was examined by
dividing it into two parts: ‘there are infinitely many numbers’ and

"there is no successor’. For the research, 12 third-year middle school
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students were recruited and asked to solve the related tasks, and a
one-on-one semi-structured interview was conducted with the
researcher for about 40 minutes.

As a result, the errors seen in the process of explaining the
concepts of number lines and number systems were found to be
related to error types in the process of explaining the completeness to
a large extent. Errors related to the representation of numbers and
number lines lead to inappropriate use of definitions or theorems in
the process of explaining completeness in the case of recognizing
numbers based on discreteness or confusing them with everyday
terms as they relate to the definition of a number system. In the
case of confusing the meaning of fractions and decimals with the
number system as it relates to the method of expressing numbers
and the relationship of the number system, it was logically
inappropriate in the process of explaining the completeness. It is
about a method of coping on the number line of irrational numbers,

and if an irrational number can be dealt with on a number line, but

even a specific example (v/2) does not recognize the method, it is
logically inappropriate in the process of explaining the completeness.
When it was thought that an irrational number could not correspond
to a number line because it was not possible to correspond to an
irrational number on the number line, it was logically inappropriate in
the process of explaining the completeness. However, in the process
of explaining completeness, some of the types of errors appeared
regardless of the errors related to the concepts of number lines and
number systems that students had.

Based on the above results, implications regarding the textbook
narrative direction and teachers’ pedagogical methods were derived.

Specifically, first, a link related to number line expansion is needed.
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Second, it 1S necessary to have a perspective that can cross the
process and object viewpoint of the irrational number on a number
line. Third, it is necessary to diversify both endpoints in the section
on the number line. Fourth, it is necessary to mention what the

meaning of 'the whole number’ in a linear function is.
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