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Native American Mathematics Integrative Lesson for Courses in the History of Mathematics Course, Foundations of Geometry, or Mathematics for Elementary/Secondary Teachers
SESSION TITLE:

Historical Perspectives on Native American Mathematics (Lesson 4)

INTEGRATION POINT EXAMPLE GUIDEPOST:
· Burton, D. M. (1995) “History of Mathematics”, pages 51-60, 141-161
· Katz, V. J. (1998) “A History of Mathematics”, pages 19-25, 58-95, 332-340

· Stahl, S. (2003) “Geometry: From Euclid to Knots”, pages 155-165
· Blau, H. I. (2003) “Foundations of Plane Geometry”, pages 224-244
· Wheeler, R. & Wheeler, E. (2003) “Modern Mathematics”, pages 492-493
· Musser, G., Burger, W. & Peterson, B. (2003) “Mathematics for Elementary Teachers”, pages 576-586, 621-672

APPROXIMATE LESSON TIME:

50 minutes

FOCAL MATHEMATICAL CONTENT

1. foundations of geometry

2. geometry of circles

3. linear, area and angle measure

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

1. describe the geometry of Medicine Wheels.

2. appreciate the alternative methods of geometric representation in Native American (and other) cultures.

3. design plans for Medicine Wheels based on Native American geometry.

4. suggest the relationship between real world objects and geometry.

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

6. describe the similarities and differences between Native American geometry, and other geometries (such as Euclidean or Egyptian).

METHODS OF INTEGRATION INTO ESTABLISHED COURSE
An example of a point of integration is clearly given in Burton, “History of Mathematics”, pages 51-60 (Katz, pages 332-340 also is a strong point of historical integration too). This section is in a commonly used history of mathematics text for use in a course for preservice secondary mathematics teachers and mathematics majors. Mathematical ideas and concepts discussed in this section of Burton include developing a geometry, methods of measurement, the measurement and uses of circles, the development and uses of formulas, and angle measure. This lesson will supplement these topics by presenting Plains Indian Medicine Wheels as both a practical geometric construction and an abstract geometric representation of the Native Peoples’ world.

MULTIPLE REPRESENTATIONS
1. Drawings of Medicine Wheels

2. Videos or photographs of Medicine Wheels of the Plains and Rocky Mountain West

3. Physical models of Medicine Wheels

4. Students creating their own Medicine Wheels

5. Geometer’s Sketchpad or PowerPoint representations of actual or original Medicine Wheels

SESSION-RELATED QUESTIONS FROM THE STUDENTS OR INSTRUCTOR
1. Instructor-generated questions about Medicine Wheels.

2. Instructor-generated questions about Plains Indian culture and life related to religious and practical uses of Medicine Wheels.

3. Student-generated questions about Medicine Wheels.

4. Student-generated questions about Native American culture and mathematics related to Medicine Wheels.

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 Medicine Wheels and are asked to analyze, interpret or respond to them.

2. students will present representations of Plains and Rocky Mountain Region Indian Medicine Wheels to one another.

3. students will design scale models of  Medicine Wheels and be able to explain the geometry of them to others.

4. students will create pictorial, video, or Geometer’s Sketchpad/PowerPoint representations of their Medicine Wheels, labeling and narrating them clearly.

5. Students will complete assigned problems from Burton (or other appropriate text) and a supplemental worksheet (Worksheet #1) related to Medicine Wheels and their connection to other geometries (e.g.,  Egyptian (Euclidean, …).

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 structures such as Medicine Wheels, 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 Medicine Wheels (See “Medicine Wheel Narrative” below)

· Transparency image, “Big Horn Medicine Wheel” from U.S. Forest Service (1997) (attached)
· PowerPoint Presentation, “NA Materials Lesson No.4 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

· Image, “Big Horn Medicine Wheel” from USFS, 1997 (attached)

     Print Materials: Individual Work
· Worksheet #1 on Native American and other historical geometries
     Equipment
· Drawing paper and pencils

· (Digital) Camera or videocam\VCR

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

C. SESSION OVERVIEW
· Burton, section 2.4, “Egyptian Geometry” presented as suggested in text or usually presented by the instructor

· After sections on circles, student knowledge and interest in Medicine Wheels (and such structures as Stonehenge) and Plains Indian culture investigated

· PowerPoint Presentation, “NA Materials Lesson No.4 PPT” (optional)

· Teacher exposition on Medicine Wheels presented (developed from Geist, 1993, “The Medicine Wheel” and Nikiforuk, 1992, “Sacred Circles”

· Native American Medicine Wheel graphics presented and methods of construction discussed

· Students draw Medicine Wheels on paper with culturally and mathematically correct geometry

· Mathematical content (i.e., geometry of circles and measurement concepts) discussed

· Students design their own Medicine Wheels on Geometer’s Sketchpad and explain the mathematics behind them

· Students told to investigate other such geometric constructs (for example, other Medicine Wheels, Stonehenge and so forth) and present them in the next class

· Problems assigned both from Burton (pp. 59-60) (or other related text) and from a supplemental Worksheet #1 of related Native American mathematics
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 Medicine Wheels and like structures, and Native American cultures. Breaking students into smaller groups (about four) 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 geometry concepts are discovered.

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

4. Allow some students to create a slide show on Medicine Wheels 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 Medicine Wheel material. Arapahoe students or elders on the Big Horn Medicine Wheel should be a valuable resource at UW. Other Native American students or elders could be invited with expertise in other medicine wheels throughout North America.

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 Medicine Wheels, Egyptian and Euclidean geometry, especially involving circles, measurement and angles.

2. Develop models of Medicine Wheels and present them in the classroom or around the campus.

3. Complete selected problem from problems sets:

Burton, Exercise 2.4, p.58; Exercise 4.2, p. 158

Katz, Exercise 1.5, p. 41; Exercise 2.4, p. 97; Exercise I.2, p. 340
Stahl, Exercises 4.4, p. 163
Blau, Problem Set 21, p. 243
Wheeler, Exercises, p. 496
Musser, et al., Exercise 12, p. 614; Exercise 13, p. 688
4. Complete “Medicine Wheel Geometry Worksheet #1”
DO AS PREPARATION FOR OUR NEXT SESSION

1. Investigate other large geometric computational and cultural structures such as Stonehenge in England, Brú na Bóinne in Ireland and Machu Pichu in Peru.
2. Do library or interview research on Native American culture as related to Medicine Wheels in general.
3. Prepare a set of camera or “Power Point” images of Medicine Wheel geometry from real-world settings.
Medicine Wheel Narrative
Medicine wheels are collections of stones, bones and other materials constructed by indigenous peoples in the western Great Plains of Canada and the United States (Geist, 1993; Nikiforuk, 1992). These structures tend to be in the shape of a circle or concentric circles with adjacent or contiguous cairns. These figures are the source of much legend and uncertainty, possibly sites of religious, cultural or astronomical observations (Leerhsen, 1991; Nikiforuk, 1992). Whatever their use, mathematical scientific precision in number and geometry can be seen in their construction, and demonstrate the Native American believe in the circle as the ideal form, having no beginning or end, and reflecting the eternal continuity of life (Conn, 1985).

A classic example of this precision is the Big Horn Medicine Wheel located in the Big Horn Basin of Wyoming, as shown in Figure 1 (Forest Service, 1997). Thought to have been constructed between 1200 and 1700 A.D., it is approximately 245 feet in circumference, 75 feet in diameter, with 28 spokes radiating from its center to the outer rim, at an elevation of 9642 feet. The 28 spokes not only are thought to represent the 28 ribs of the bison, but also a number of them are placed along the lines of important astronomical events in the lives of the native people (for example, the beginning of seasons, the traditional buffalo jumps). These important spokes are marked by cairns at their ends, repositories of artifacts thought to be offerings or talismans of prayer of thanksgiving. 

This medicine wheel is part of a much larger complex of interrelated archeological sites and traditional use areas that express 7000 years of Native American adaptation to and use of the alpine landscape that surrounds Medicine Mountain. Ethnohistoric, ethnographic, and archeological evidence demonstrates that the Big Horn Medicine Wheel and the surrounding landscape constitute one of the most important and well-preserved ancient Native American sacred site complexes in North America. Numerous contemporary American Indian traditional use areas and features, including ceremonial staging areas, medicinal and ceremonial plant gathering areas, sweat lodge sites, altars, offering locales and fasting (vision quest) enclosures, can be found nearby. 
While between 70 and 150 medicine wheels have been identified in South Dakota, Wyoming, Montana, Alberta, and Saskatchewan, the Bighorn Medicine Wheel is considered the archetypal site for medicine wheels in North America.   
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Figure 1. Big Horn Medicine Wheel
Medicine Wheel National Historic Landmark


Bighorn County, Wyoming 
Listed on the National Register of Historic Places 4/16/69
Medicine Wheel Worksheet #1

Part A (The Story). The Medicine Wheel is a circular symbol representing the wholeness of traditional Native life. It is a perfectly balanced shape without top or bottom, length or width, beginning or end. The Medicine Wheel, as all circles, were used by Native Americans to key aspects of their lives. The figure of a Medicine Wheel below shows four of the basic aspects of Native life: unity, peace, harmony and courage.
Figure 1. Medicine Wheel with Aspects of Native Life
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1. Construct a diagram of a Medicine Wheel and label it with four aspects of your life that are important to you.
2. Share and discuss your Medicine Wheel with other students in the class. What similarities or differences do you find among them?

3. From your readings about or experiences from Native Culture, how do your classmates’ Medicine Wheel labels compare or contrast with those which a Native Person might create?
4. How is your perception of a circle affected by this exercise?

Part B The Content Carry out the following explorations of the circle as exemplified by the Medicine Wheel:

1. Consider the diagram of the Big Horn Medicine Wheel given in the figure earlier (Big Horn Medicine Wheel, USFS, 1997). Using appropriate tools, find the measure of the central angles given by the 28 spokes of the Wheel. 
a) What appears to be true about them? 
b) Do any of the spokes seem to bear a relationship to the axes given in the Cartesian plane? 

c) What do you notice about the measure of any of the individual (or sums of) central angles and the measure of the intercepted arc of the circle?
2. Team up with a partner. Find the radius and circumference of the Medicine Wheel you drew and labeled in Part A. What do you notice about the ratio of you and your partner’s radii with respect to the ratio of you and your partner’s circumference, that is
ry / rp and Cy / Cp?

3. Using your partner from #2, find the area of each of your circles. What do you notice about the ratio of your areas to the ratio of your areas; that is

ry / rp and Ay / Ap?
4.  Both you and your partner should now find the diameter of your Medicine Wheel. What is the ratio of your circumference to your diameter, that is
C/d?

How does your ratio compare with your partners? With each of the other teams in the class?

5. Within your Medicine Wheel, construct a triangle using the diameter as one side, and any other point at the end of a spoke as the third vertex, as suggested in Figure 2 below. Find the angle measure at the third vertex. How does this compare with other students’ angle measure?

Figure 2. Diagram of a Medicine Wheel with Inscribed Triangle
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