Josea Eggink

School District Design

Teacher Notes

This lesson requires students’ familiarity with perpendicular bisectors. Previous experience with Voronoi Diagrams is not necessary, although working with a small-scale Voronoi Diagram (3 or 4 points, perhaps) would be a helpful introductory activity.

I recommend allowing students to work in groups of two or three (for consultation and discussion purposes) but requiring each student to complete a design.  The time required depends on the number of points (schools) in the diagram.  If 8-10 schools are included, I recommend allowing 2 hours for the activity.      

Indiana standards addressed are:

· G.1.2.
Construct congruent segments and angles, angle bisectors, and parallel and perpendicular lines using a straight edge and compass, explaining and justifying the process used.
· G.8.1
Use a variety of problem-solving strategies, such as drawing a diagram, making a chart, guess-and-check, solving a simpler problem, writing an equation, and working backwards.

Activity

Provide each student with a map of Columbus on which the elementary school locations are marked.  Ask students to design district boundaries so that every child attends the nearest elementary school.  After the groups have completed their school district designs, have a few students from throughout the class trace their boundaries on transparencies (or, if the students have no prior experience with Voronoi Diagrams, have one member of each group trace his/her boundaries on a transparency).  Place the transparencies on the overhead one-by-one and discuss each design individually, then overlap the transparencies to determine how well aligned the various designs are.  

Place a transparency of the actual district boundaries on the overhead and compare the actual boundaries with the ideal, Voronoi boundaries.  Discuss why the actual boundaries might be different from the Voronoi boundaries.    A possible follow-up question would be:  If the district wanted to build an additional elementary school, where should this school be placed?

Reflection

I had hoped to find 8.5in x 11in maps with the school locations marked, but I instead acquired very large maps of the city of Columbus (sans school markings).  I therefore visited mapquest.com and provided students with packets mapping each school, which enabled students to mark the school locations on their own maps.  In fact, this proved to be a worthwhile experience for the students.  As sophomores on the brink of driving, they enjoyed discussing the various streets and landmarks with one another.  

The size of the maps created several obstacles.  The large distance between some schools made compass constructions difficult, so students had to draw many perpendicular bisectors rather than construct them.  Also, the map size created a shortage of table space, so I allowed my students to work anywhere in the building – the library, resource centers, hallways – in an effort to solve the space problem.  (I was fortunate to have an amazing and responsible group of students, so I felt very comfortable letting them loose in the school.)  And, of course, concluding the lesson with the transparency overlap was impossible.  

Our school district contains 11 elementary schools, but 2 of them lie outside of city limits and were therefore outside the domain of the students’ map.  However, working with 9 points kept the students plenty busy!

I began the activity as an individual task to ensure all students were sufficiently engaged.  Due to my class’s strong math ability and prior Voronoi experience, I thought they would be able to handle the activity on their own.  However, due to the space issues and the complexity of the diagram (it became difficult for one pair of eyes to keep track of the various lines), the students gravitated into groups of 3 or 4.  

I enjoyed seeing the different strategies with which the students approached the diagram.  Some worked with one school at a time (creating all of the perpendicular bisectors involving that location), while others focused on creating one region at a time.  All students experienced some frustration with the overwhelming number of lines (the bisectors and the streets together made quite a busy page!), and although many resulting Voronoi diagrams were not perfect, I was very impressed with the students’ effort and collaboration.

