Improving Mathematics Teaching by Using Manipulatives

Teacher Resource

Teachers are always looking for ways to improve their teaching and to help students understand mathematics.  Research in many countries supports the idea that mathematics instruction and student mathematics understanding will be more effective if manipulative materials are used. They help students move from the concrete to abstract level in their mathematical thinking.  Sowell (1989) concluded that mathematics achievement is increased by the long term use of manipulatives and that student attitudes toward mathematics are improved when they use manipulatives.  

Manipulative materials are concrete models that involve mathematics concepts. They appeal to several senses, and students can touch them and move them around.  Each student (or pair of students) needs material to manipulate independently; teacher demonstrations are not sufficient.  There are many benefits to using manipulative materials; however the most important is to foster understanding of mathematical concepts.  We often forget how hard it is for students to “see” a concept.  Looking at pictures does not produce the same level of understanding for our students.

Time is a critical factor in the ABLE classroom, and much manipulative work will be teacher directed.  Manipulatives are especially useful when teaching geometry and measurement.  Actually putting square tiles into rectangles and looking at the relationship between perimeters and areas is powerful.  Trying to fit 12 square inches into a square foot often results in an “aha” moment. 
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Manipulatives are not just for children; adults benefit from them, too.  There may be some students who resist using the materials, just as there are some students who resist group work.  Allowing them to work independently is fine; it is a rare student who doesn’t eventually become intrigued with what is happening and join the others.  

Many books are available at each regional resource center to help teachers understand the various manipulatives and how they can be used.  Additional ideas many be found by searching for a particular manipulative on-line.   Different manipulatives (tangrams, pattern blocks, square tiles) can all reinforce concepts important for the GED and life.  Be on the look out for students’ questions and misunderstandings that a short manipulative session can resolve.  Allow students to use manipulatives when problem solving; have them readily available.

Every year, the Math Kick-Off professional development sessions include manipulatives as part of the training.  Teachers receive materials to use in their classrooms, along with techniques to use them.  Regional resource centers also have materials that can be borrowed; however, teachers need basic supplies in the classroom at all times.  Many manipulatives can be made inexpensively and even purchased with classroom funds.

Math Manipulatives in the ABLE Classroom.  The starred (*) materials should be available in every classroom every day.  

Paper *
· Areas of triangles, rectangles, and parallelograms

· 180 degrees in any triangle

· One square inch, one square foot

· Perfect triples for the Pythagorean theorem

· Magnified inch

Square tiles (preferably 1”) *
· Perimeter

· Area

· Squares and square roots

· Fractions

· Percents

· Probability

· Algebraic patterns

Graph Boards *
· Perimeter
· Area
· Fractional area
· Plotting points on the coordinate grid
· Slope 
· Y-intercept
· Reflections and translations
Pattern Blocks

· Patterns
· Fractions
· Shapes
· Angles
Cubes (preferably 1”)

· Volume

· Cubes and powers

Tangrams

· Fractions
· Shapes
· Angles
Spinners

· Probability
Dice (preferably ten-sided)

· Fractions
· Probability
Cuisenaire Rods (very expensive)

· Fractions

Fraction Circles

Fraction Squares

Fraction Strips (Family Math, Jean Steinmark)

Algebra Tiles

· Factoring
· Polynomial and monomial operations
If computers are available for student use, teachers may use a new category of visual representations called virtual manipulatives.  These dynamic visuals can be manipulated in the same ways that a concrete manipulative can.  Students can use a computer mouse to actually slide, flip and turn the dynamic visual representation as if it were a three-dimensional object.  A virtual manipulative is an interactive, Web-based visual representation of a dynamic object that presents opportunities for exploring concepts and constructing meaning.  Currently, virtual manipulatives are modeled on the concrete manipulatives commonly used in classrooms, such as pattern blocks, tangrams, fraction bars, geoboards, and geometric solids.

The best virtual manipulative sites have a variety of dynamic features that allow users to perform various mathematical investigations.  One of the most extensive collections is the National Library of Virtual Manipulatives http://nlvm.usu.edu/en/nav/index.html.  Users can choose from the following strands: numbers and operations, algebra, geometry, measurement, data analysis and probability.  

Check out these additional sites: Dr. Super’s Virtual Math Manipulatives Project www.galaxy.gmu.edu/~drsuper; Manipula Math www.ies.co.jp/math/java/index.html; 

Geometry Applet http://aleph0.clarku.edu/~djoyce/java/Geometry/Geometry.html; Algebra Tiles www.co.tamu.edu/~strader/Mathematics/Algebra/AlgebraTiles/AlgebraTiles1.html; Educational Java Site, Arcytech www.arcytech.org/java and No Matter What Shape Your Fractions Are In http://math.rice.edu/~lanius/Patterns/index.html



















