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Research Question:  Will a modified middle grades and secondary geometry curriculum that focuses on topological as opposed to metric properties of objects enable students to reason at a higher Van Hiele level?  Will technology based instruction be beneficial in this curriculum?

The Van Hiele levels describe stages of formal geometric reasoning ability.  Our classroom consensus was that students need to be on level three in the Van Hiele model (ability to sequence and order figures and relationships logically, but no formal mathematical system of operations) in order to successfully complete the modern secondary mathematics curriculum.  According to Piaget, this phenomenon should not be surprising.  Contrary to the historical development of Euclidean geometry, which begins with points, straight lines, and plane figures, Piaget asserts that the child first begins constructing the topological rather than metric properties of objects.  This proposal lays the foundation for examining concepts such as closure, proximity, separation, and continuity in our middle school and secondary mathematics curriculum.

If we wish students to be able to have form systems of operation, then we need to develop a curriculum that allows them to construct their knowledge at an earlier age.  The concept of continuity is the underlying basis for the study.  Rather than integrating new geometric concepts into their formal reasoning systems, the curriculum will ask students to expand their formal operating through known structures.  The particular elements that will be developed in this curriculum are principles of nestedness and subdivision, with the goal of synthesis into continuity.  I will provide two particular strands of questioning as examples of the reasoning students will be in engaged in with this curriculum.  The first series of questions deals with the (infinite) dissection of a given segment or object, and the property that you can further divide any such smaller segment.  The second strand of questions involves asking students to create nested sets.

Strand 1, Problem 1:  Give the students a line segment.  Ask them to divide the line segment in half, and to choose one of the half, and divide this segment in half.  Ask them to cut the segment into as many half segments as possible.  How many segments were produced?  

Strand 2, Problem 2:  Give students a segment that is 6 inches long.  Ask them to place two points on the segment.  Have them construct a point on a segment between the original points.  Repeat this process using any two arbitrary points on their segment.  Is there a maximum number of points that may be constructed?

These sample problems attempt to fill a void in the standard curriculum, which says that point is that which has no thickness.  Often, students are immediately asked to find distances according to the Pythagorean metric, without really understanding the nature of a continuous line.  

Strand 2, Problem 1:  Ask the students to draw a square, and then to draw a bigger square.  Ask them if this square is the biggest square.  Is such a square possible?

Strand 2, Problem 2:  Again ask the students to draw a square.  They are to draw three squares of decreasing size inside the original square, and then a final square larger than the 3rd smallest (of the original 4).   

This strand asks students to replicate (infinitely) their constructions to create larger sets.  The synthesis of these two mathematical strands will lead to students having a working definition of the notion of mathematical continuity.  If we are to expect students to reason at higher Van Hiele levels, then we need to provide appropriate problems with integrated technology to achieve this goal.
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