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A Study of the Effect of Applying Virtual Manipulatives on Junior High
School Students’ Learning of Expanding Polynomials and Factorization

Student : Hui-Wen Yang Advisor : Dr. Yuan Yuan
Dr. Ming-Jang Chen

Degree Program of E-Learning College of Science
National Chiao Tung University

Abstract

This study used Web-based virtual manipulatives, Algebra Tiles, as aids to
design instructional materials for the use of teaching junior high school students
expanding polynomials and factorization. The effect of applying the instructional
materials on students’ learning was also explored in this study.

A pretest-posttest quasi-experimental design was used. The study involved 56
students in two different classes of a junior 'high school in Taoyuan county of
Taiwan. The classes were. randomly assigned- to two methods of instruction; a
virtual manipulative group and..a.physical manipulative group. The posttest
developed by the researcher was conducted to measure effect. For an in-depth
comparison between the two groups, the classroom climate and interactions
among students and teachers were also investigated. Research results were as
following:

1. Gender and the use of different manipulatives for students to learn the
concept of expanding polynomials have significant interaction:

(1) For the use of manipulatives, the expanding polynomials test results of the
girls using physical manipulatives are significantly better than boys.

(2) For gender, the expanding polynomials test results of the boys using
virtual manipulatives are significantly better than boys using physical
manipulatives.

2. Different ability levels and different manipulatives for students to learn the
concept of expanding polynomials have no significant interaction:



(1) For high level group, middle level group and low level group of students,
there was no significant difference in the test scores of expanding
polynomials.

(2) For virtual manipulatives in the experimental group and the use of
physical manipulatives in the control group, there was no significant
difference in the test scores of expanding polynomials.

3. Gender and the use of different manipulatives for students to learn the
concept of factorization have no significant interaction:

(1) Whether to use virtual manipulatives or physical manipulatives in the
factorization concept, girls in the test results are significantly better than
boys.

(2) For virtual manipulatives in the experimental group and the use of
physical manipulatives in the control group, there was no significant
difference in the test'scores of the factorization.

4. Different ability levels and-different manipulatives for students to learn the
concept of factorization have no significant interaction:

(1) For high level group, middle level group.and low level group of students,
the scores of the factorization are significant different.

(2) For virtual manipulatives-in.the experimental group students and the use
of physical manipulatives in the control group, the scores in the
factorization test are not significant different.

5. Using virtual manipulatives and physical manipulatives in mathematics
teaching, there is no significant difference in enhancing students’ motivation
to learn mathematics.

Keywords: algebra tiles, virtual manipulatives, expanding polynomials,
factorization
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