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Native American Mathematics Integrative Lesson for 

Foundations of Geometry Course or Geometry for Secondary Teachers Courses 

SESSION TITLE:
Historical Perspectives on Native American Mathematics (Lesson 1)

INTEGRATION POINT EXAMPLE GUIDEPOSTS:
· Stahl, S. (2003) “Geometry: From Euclid to Knots”, pages 122-130; 197-216

· Blau, H. I. (2003) “Foundations of Plane Geometry”, pages 245-261

· Noronha, M. H. (2002) “Euclidean and Non-Euclidean Geometries”, pages 107-136

· Wallace & West (2004) “Roads to Geometry”, pages 259-292

APPROXIMATE LESSON TIME:

  2-50 minute modules

FOCAL MATHEMATICAL CONTENT

1. foundations of geometry

2. proportion and similarity

3. reflection, translation, rotation and fixed points

GOALS OF THE SESSION
Students who complete this lesson will be able to:

1. appreciate the uses of geometric representation in Native American (and other) cultures.

2. design plans for Native American sandpainting and tipi design based on Native American geometry.

3. suggest the relationship between cultural artifacts and geometry.

4. investigate the foundations of other cultures’ geometry systems and develop such systems.

5. describe the similarities and differences between Native American geometry, and Euclidean and transformational geometries.

METHODS OF INTEGRATION INTO ESTABLISHED COURSE
Examples of points of integration are most naturally given in Stahl, pages 122-130 & 197-216. "Geometry: From Euclid to Knots," is a  commonly used text for a foundations of mathematics course for preservice secondary mathematics teachers and mathematics majors (although other texts such as Blau, Noronha, or Wallace & West also would be appropriate--this lesson and others offered are not textbook-specific). Mathematical ideas and concepts discussed in these sections of Stahl (and the others cited) include proportion and similarity, reflections, translations, rotations and fixed points. This lesson will supplement these topics by presenting Navajo sandpaintings and Blackfeet tipi design as both practical geometric constructions and abstract geometric representation of the Native Peoples’ world.

MULTIPLE REPRESENTATIONS
1. Drawings of Navajo sandpaintings and Blackfeet tipi designs

2. Videos or photographs of Navajo sandpaintings of the Southwest and Blackfeet tipis of the Rocky Mountain West

3. Physical models of sandpaintings and Native-designed tipis

4. Where practical, fieldtrips to Native sites or pow-wows to see sandpaintings or tipis

5. Students creating their own sandpaintings and tipi designs

6. Geometer’s Sketchpad representations of actual or original sandpaintings or tipi designs

SESSION-RELATED QUESTIONS FROM THE STUDENTS OR INSTRUCTOR
1. Instructor-generated questions about sandpaintings and tipi design

2. Instructor-generated questions about Navajo and Blackfeet Indian culture and life related to religious and practical uses of sandpaintings and tipis.

3. Student-generated questions about sandpaintings and tipi design.

4. Student-generated questions about Native American culture and mathematics related to sandpainting and tipi design.

5. All questions generated will be recorded for further discussion and investigation in this lesson and future lessons.

IMBEDDED ASSESSMENT OPPORTUNITIES
These include but are not limited to 

1. session activities in which participants are presented with examples of sandpaintings or tipi design and are asked to analyze, interpret or respond to them.

2. students will present representations of Southwestern and Rocky Mountain Region Indian art and design to one another.

3. students will design scale models of  sandpaintings or tipi designs and be able to explain the geometry of them to others.

4. students will create pictorial, video, or Geometer’s Sketchpad representations of their own sandpaintings and tipi designs, labelling and narrating them clearly.

5. Students will complete assigned problems from Stahl (or other sources) and a supplemental problem sheet related to Native American art and design and their connection to  Euclidean and transformational geometries.

SESSION-RELATED STUDENT OR INSTRUCTOR STORIES
The story is as important as the content.  Stories are oral or written ways of relating a particular idea or concept to the real world or everyday life, to a broader context than just the abstract content. Native American students (and teachers) will be more familiar with this concept than non-Native Americans, so this skill may take some practice for the latter group. The instructor will collect his own stories and those of students in class related to sandpaintings and tipi design, their geometry, and specific information related to Native American culture and related mathematics. This session is developed for an audience of undergraduate mathematics students, both Native American and non-Native American. As noted above, it will include mathematics education and non-mathematics education students. Stories should, therefore, be of use and interest to such a diverse audience.

A. INSTRUCTOR MATERIALS
     Print Materials/Transparencies/Media
· Narrative on history, mathematics and cultural aspects of sandpaintings and tipi design (given on Activity Sheets that follows)

· Transparency diagrams (adapted from "The SIMMS Project", Lott & Burke, 1994, and embedded in the Activity Sheet)

· PowerPoint Presentation, “NA Materials Lesson No.1 PPT” (optional)

     Equipment
· Overhead and blank transparencies

· Drawing paper and pencils

· Cameras or videocam/VCR

· Opaque projector

· PC or Mac computer with projection system

B. PARTICIPANT MATERIALS
     Print Materials: Group Work

· Diagrams, "Navajo Sanpainting (e.g. 'Big Thunder')" and "Blackfeet Tipi Designs" (given in Activity Sheets)

     Print Materials: Individual Work
· Activity Sheet on Native American, Euclidean and transformational geometries (attached/follows)

     Equipment
· Drawing paper and pencils

· Colored sand in traditional Navajo colors

· (Digital) Camera or videocam\VCR

· “Geometer’s Sketchpad” and “Power Point” on PC or Mac

C. SESSION OVERVIEW
· Stahl, sections 3.5, "Proportion and Similarity" and 6.1 through 6.3, "Translations, Rotations, and Fixed Points, "Reflections,"  "Glide Reflections,"  (respectively), presented as suggested in text or as usually presented by instructor (or other sources as given above in “Integration Point Example Guideposts).
· After section on similarity, student knowledge and interest in Navajo or Blackfeet Indian culture investigated

· Teacher exposition on sandpaintings and tipi design presented

· PowerPoint Presentation, “NA Materials Lesson No.1 PPT” (optional)

· Sandpainting and tipi graphics presented and methods of construction discussed

· Students draw on paper sandpaintings or tipi designs with culturally and mathematically correct geometry

· Mathematical content (i.e., similarity) discussed

· Additional content presented from Stahl (or other sources)
· Students design their own sandpaintings or tipis on Geometer’s Sketchpad and explain the mathematics behind them

· Students told to investigate other such geometric constructs (for example, Thunderbirds, petroglyphs) and present them in the next class

· Problems assigned both from Stahl (or other sources) and from the Activity Sheet of related Native American mathematics (follows Lesson 1 text)

D. SESSION NOTES
This section provides detailed suggestions on the use of the materials or equipment noted in Parts A and B of the Assignment portion of “Do Now”  and “Do as Preparation for our Next Session” 

1. Be sure to allow ample time for students to discuss knowledge of sandpaintings, tipis and like structures, and Native American cultures. Breaking students into smaller groups (about 4) and having a “secretary” report can make for more productive discussions.

2. All transparencies need to be clear, large and highly readable. Label them appropriately. Be prepared to put overlays on them when related Euclidean or transformational geometry concepts are discovered.

3. Use an opaque projector to show student-generated work.

4. Allow some students to create a slide show on sandpaintings and tipi designs using “PowerPoint” with digital camera imaging or “Geometer’s Sketchpad.”

5. Consider having Native American presenters come in to present some (or all) of the sandpainting or tipi design content.

E. ASSIGNMENTS
An assignment is an integral part of each session. The “Do Now” section is work to be done in class to stimulate participant thinking for a follow-up discussion and to provide a general context for the session. The “Do as Preparation” section is intended to augment the work of the session and will include appropriate related mathematics problems.

DO NOW
1. Discuss mathematical ideas and cultural contexts related to these cultural artifacts, and  Euclidean and transformational geometries, especially involving similarity, translations, rotations, fixed points or reflections.

2. Develop models of sandpaintings or tipis and present them in the classroom and or around the campus.

3. Completed selected problems from problem sets:

· Stahl: Exercise 3.5A, p. 124; Exercise 3.5B, p. 125; Exercise 3.5C, p. 128; Wallpaper Design Exercise 6.7, p. 236.
· Blau: Problem Set 22, p. 259.

· Noronha: Exercises 3.1, p. 126; Exercises 3.2, p. 135.

· Wallace & West: Exercise 5.3, p. 282.

4. Complete “Activity Sheet” (as follows)

DO AS PREPARATION FOR OUR NEXT SESSION

1. Investigate other geometric cultural structures, objects or artifacts.

2. Do library or interview research on Native American culture as related to sandpainting and tipis in general.
3. Prepare a set of camera or “Power Point” images of sandpainting or tipi geometry from real-world settings.
Lesson 1 Activity Sheet: 

"Navajo Sandpainting and Blackfeet Tipi Design"

Activity #1: Navajo Sandpainting and Transformational Geometry.

The traditional art of the Navajo Nation of the Southwestern United States is full of symbolism, meaning, and mathematics. Navajo sandpaintings, for example, are a concrete part of rituals that include prayers, herbs, chants and songs, and storytelling. The sandpaintings themselves are done with five sacred colors of sand and represent a legendary tribal character. Figure 1 shows the design for a traditional sandpainting creating using computer graphic software.

[image: image1.jpg]Figure 1: Traditional Navajo Sandpainting Design





Discussion #1
1. What types of symmetry do you see in the traditional design shown in Figure 1?

2. What are the two basic geometric figures used to construct the design? How specific can you be in describing them?

3. How is similarity used in the design and how could it be represented in ways we discussed in Stahl?

Exploration

In explorations, you will further investigate the geometric shapes from Figure 1 and deepen you mathematical understanding and vocabulary with respect to the Figure. For this exploration, we will take a look at one of the basic shapes of the figure and see how it can be transformed to create other parts of the design.

Step A 

1. The head in the design is a rectangle. Locate any other similar shapes in the figure.

2. Using Geometer's Sketchpad, construct a rectangle to represent the head. Label the vertices as shown in Figure 2.

[image: image2.jpg]Figure 2: Rectangle HEAD with Center of Dilation P





3. Place a point P outside the rectangle as given in Figure 2. Point P will be the center of dilation.

Step B

Construct  ∆PEA.

Step C

1. Find the midpoints of PE and PA. Label these points E' and A'.

2. Construct E'A'.  E'A' is called the image of the preimage EA. Verify that ∆PE'A' is similar to ∆PEA. 

Step D

Using point P once again, repeat Steps B and C again to construct corresponding segments for EH, HD, and DA.

Step E

Rectangle H'E'A'D' is a dilation of rectangle HEAD with the center at point P and a scale factor of HE/HE. What properties of the original rectangle do you predict will be preserved under the dilation? Verify these conjectures using Sketchpad.

Step F

Move point P to several other locations in the Sketchpad window. Record the results.

Step G

In part 1 of Step C, you used the midpoints of two segments to construct E'A'. What do you conjecture would happen if you used two points 1/4 of the distance from P to A and P to E, respectively?

Discussion #2

1. a. What is the value of the scale factor for the dilation of Step E in the 

         Exploration above?

    b. What is the value of the dilation of Step G in the Exploration?

2. Describe how changing the location of the center of dilation (P) changes the dilation.

3. How can the size of the dilation be changed?

4. Can the image from a dilation be larger than the original figure? If so, under what conditions and give a specific example using Sketchpad.

5. A transformation that produces images congruent to their preimages is called an isometry. Using your work from Stahl, which of the following transformations can be classified as isometries: translations, rotations, reflections? Justify your response by giving an example on Sketchpad.
Activity #2: Blackfeet Tipi Design and Transformational Geometry

The Blackfeet tribe of Montana often paints symbols and designs on their tipis. In Figure 3, the tipi in the upper left-hand corner labeled T, is  the preimage to be used to perform the following tasks:

[image: image3.jpg]Figure 3: Blackfeet Tipi Design




Exploration and Extension
(All tasks should be first discussed, then demonstrated or verified using tracing paper and our formal mathematical notation from Stahl.)

1. Figure a is a reflected image of T. Find the line of reflection.

2. Figure b is a rotational image of T. Find the center of rotation.

3. Figure c is a translated image of T. 

a. Using our work in Stahl, find a vector to represent the translation.

b. Again referring to Stahl, find two reflecting lines that could be used to map the preimage onto the image under a double reflection.

4. Find the center of dilation and the scale factor that maps T onto figure d.

(Adapted with permission from "The SIMMS Project," Lott & Burke (1994), Missoula, Montana: Montana Council of Teachers of Mathematics.)
