LeWitt’s Incomplete Open Cube 5/9: Art as a Springboard for Math
by Jaine Kopp, Mathematics Consultant
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CONCEPTS: Geometry, Statistics and Probability, Mathematical Reasoning
SKILLS:  
MATHEMATICS STANDARDS: 
STANDARDS FOR MATHEMATICAL PRACTICE:
GRADES: 6–7

MATERIALS: Illustration of Sol DeWitt’s Incomplete Open Cube 5/9, http://www.art-miami.com/PopUpObjectDetails.aspx?dealerid=24087&objectid=458001, toothpicks, dried peas, Activity Sheet (page XX)
BACKGROUND
Solomon “Sol” LeWitt (September 9, 1928–April 8, 2007) was an American artist who came to fame in the late 1960s with his wall drawings and “structures”—a term he preferred over “sculptures.” His frequent use of open, modular structures originated from the cube, a form that influenced the artist’s thinking from the time that he first became an artist. After creating an early body of work made up of closed-form wooden objects, he “decided to remove the skin altogether and reveal the structure.” This skeletal form, the radically simplified open cube, became a basic building block of the artist’s three-dimensional work. Of the many variations of the open cube, Incomplete Open Cube 5/9, which is on display at the deYoung Museum of Fine Arts in San Francisco, is the inspiration for this math investigation. It is composed of five edges and three vertices.  

In this activity, students explore a complete cube and then compare and contrast it with the Incomplete Open Cube 5/9. Next, they investigate how many variations (permutations) for an open cube are possible with three, then four and finally with five possible edges.  
Note: If students have never built with peas and toothpicks before, it is helpful to give an open-ended exploratory time period for them to build their own unique structures. This will help them better focus on the activity at hand and have experience with the materials.

PREPARATION

On the day before building three-dimensional structures, soak the dry peas (available most inexpensively at Indian grocery stores or in dry bulk legume section of grocery store). For a class of 24, put 1.5 cups of peas in a large bowl and fill to top rim with warm water. Let soak overnight.  

Purchase toothpicks with pointed ends. Colored toothpicks help to clearly show the edges.

Copy the Activity Sheet (page XX) to be distributed after students complete construction of incomplete open cubes with 

PROCEDURE
Building Complete and Incomplete Cubes
1. Project LeWitt’s Incomplete Open Cube 5/9 http://www.art-miami.com/PopUpObjectDetails.aspx?dealerid=24087&objectid=458001
for students to view or the copy of it.

2. Without telling students what it is, have them discuss what they see.  It is likely someone will see its resemblance to a cube.

3. Tell them the name of the art piece and the artist.  

4. Show students the peas and toothpicks and tell them that you want to build a cube using them.  How many toothpicks are needed? Peas?   

5. Demonstrate how to work with the toothpicks and peas.

6. Distribute materials to pairs of students so they can build a cube.

7. When done, have students identify the parts of a cube—edges, vertices and faces.  How many of each?  What type of angles in a cube?

8. Look again at the Incomplete Open Cube 5/9.  How many edges? Vertices? Faces?

9. Have students build a model of the open cube.  

10. Compare and contrast the complete and incomplete open cubes.  As students identify similarities and differences, record them. 

Be sure that students use their models as they follow the discussion and that they identify the edges and vertices of the incomplete cube on the complete cube. 
Variations of Incomplete Cubes

With a foundation of the parts of a cube, students are able to make models of open cubes just like LeWitt did. First, they will make as many incomplete open cubes as possible using three edges. Next, they will use four edges and finally they will build open cubes with five edges.

1. Explain the challenge. Work with three toothpicks (edges) and build as many incomplete cubes as possible with three edges. Ask them what angle they will need to use for cubes. (right angle–90°)

2. Build one incomplete cube and show how it can be rotated. Rotations do NOT count as unique incomplete cubes. 

3. Students work in partners to create as many open cubes as possible with three edges. 

4. When they are done, have students share their models of open cubes. How many were possible? Explain how you know there are no additional incomplete cubes. 
5. Draw illustrations of the three variations. Verbalize a systematized way to keep track of each incomplete open cube as you record. This will informally give students a hint at being organized in their approach for future 

explorations of incomplete cubes. There are three possible variations. (See Activity Sheet p. XX.)
6. Continue and increase number of edges to four. Knowing that with three edges, three were possible, ask students to predict how many variations are possible with four. Explain predictions.

7. Work with partners and build variations. When students are done, compare their incomplete cubes. Look at structures.  How many are unique? If you see cubes that are rotations, present those to the class for discussion.
8. Draw illustrations of the five variations. Again, use an organized way to record to keep track of the variations. There are five possible. (See Activity Sheet p. XX)

9. Working with three and four edges prepares students for the final challenge. Have them look at their model of LeWitt’s incomplete open cube with five edges. Now the challenge is to create as many additional incomplete cubes with five edges as possible. Before beginning, predict how many more are possible and explain your prediction. 
10. Work in groups of four to create the variations. This time there are many more variations and it is likely to take more time. You many need to extend to an additional class period.

11. Circulate and encourage students to come up with a system for organizing the variations so that they can keep track of them.

12. Ask how many variations were possible.  Record the different numbers partners found.
13. Using the Activity Sheet (page XX) 
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