Lesson 13

NATIVE AMERICAN MATHEMATICS INTEGRATIVE LESSON 

                                        ON TIPI,TEPEE, TEPE 

         SESSION TITLE:




                            Native American Tipi Construction 

     INTEGRATION POINT EXAMPLE GUIDEPOST:

   APPROXIMATE LESSON TIME:

          50 minutes

FOCAL MATHEMATICAL CONTENT

1. Geometric (Conics)

2. Volume, Surface Area 
3. Scale 

4. Pythagorean Theorem

5. Relationships between radius, height, (slope) slant, area
6. Multivariable Calculus
GOALS OF THE SESSION

Students who complete this lesson will be able to:

1.  present the story of tipi history 
2.  appreciate how an understanding of geometry and trigonometry plays a role in    Native American tipi construction
4.  analyze  different configurations or angles of tipi shapes and designs
5. Investigate the relationship between the height, slang (angle), base, volume             and surface area   

METHODS OF INTEGRATION INTO ESTABLISHED COURSE

MULTIPLE PRESENTATIONS

1.  Photographs of Native American’s tipi structures

3.  Power point narrative 

4.  Model of poles and covering

5.  Students brain-storming session
7.  Excel spread sheets

8.  Internet readings- links

SESSION RELATED STUDENT OR INSTRUCTOR STORIES

· The instructor will have student’s brainstorm and list knowledge of Native American tepee history and construction methods
· Discuss the history of conic structure

· Discuss how family history is tied into each tipi.

· Examine the mathematics used in native structures.

IMBEDDED ASSESSMENT OPPORTUNITIES

1.  Students will be able to estimate the height of two tepees
2.  Students will brainstorm the plans for a teepee scale 

3.  Students will calculate the surface area and volume of a tepee

4.  Students will identify the pole configuration that maximizes volume.

5.  Students will design, construct a scale model of a tepee 

A.  INSTRUCTIONAL MATERIALS

Print Materials/Transparencies

· Narrative on history of Native American tepee  
· Transparency diagram tepee
· Handout-worksheet Tepee math questions.

· Power Point Slides

· Internet U tube video

EQUIPMENT

· CD projector 
· PC, Lab top or tablet

· Cameras or video cam/DVD

· Tepee material (paper plates, scissors, tape, ruler)
B. PATICIPANT MATERIALS
PRINT MATERIALS: GROUP WORK
· Worksheet hand outs of tepee photo for scale 

· Work sheet on math related to tepee construction 

· Hand out on hide surface area template

· Materials scissors, rulers, paper plates  sticks

PRINT MATERIALS: INDIVIDUAL WORK

· Worksheets on calculating surface area and volume

· Tepee construction Steps  

· Historical photos of tepees
EQUIPMENT
· Power point on PC or Mac 

· CD Burner and appropriate software

· Digital Camera or video cam

· Materials for teepee construction
C.SESSION OVERVIEW

Warm Up
Organize class into pairs

Hand out materials for mathematic conic model (paper plate, ruler, tape, scissors)
Brainstorm ideas to estimate the height and cone shape of tepees.
Present story background on tepee history and construction
Hand out worksheets on math concepts related to tepee 
Students will analyze math concepts used by natives
 Student Activity
· History of Native American Tepee

· Hand out to students  addendum*1 

· Students estimate the height of the tepee
· Students generate a scale model relating surface area to volume
· Discuss the mathematical content used in tepee construction

· Encourage student teams to come up with step-by-step procedures to explain how math was used in tepee construction.
D. SESSION NOTES

1. Have student pair’s work on conic configurations that remain constant and change.

2. Break students into groups  to c
3. hand out a set of
4. Encourage students to reflect on

5. Show the  u tube video on Nezperce  Tepee.

6. Have teams compete against each other

7. Encourage students to obs.
E.  ASSIGNMENTS

DO NOW

1. Discuss mathematical ideas and cultural contexts involved in Native American tipi

2. Create a data table to estimate the relationship between radius, diameter and height

3. Estimate the maximum volume based on
4.  Calculate the scale of a tipi and apply this to building a scale model

DO AS PREPARATION FOR NEXT SESSION

1. Investigate how different cultural regions built and used conic structures for housing
2. Design an oblong structure tepee and calculate surface area and volume
3. Visit a Native American Pow Wow and create digital journal of photos of different tepees.
4. Research on history of tepee surface images among various tribal regions.
5. Research internet sites for ethno mathematics related to Native American Culture .
6. Created a web page for sites related to ethno-mathematics.
.   
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Tipi History

“Teepee, Tepee, and Tipi (Lakota) are varied spellings are a fraction of design variations adopted by nomadic tribes. Conic structures are found around the world but only in North America the Indian (Lakota) term Teepee, Tipi, and Tepee are used to describe this conic shelter. Tepees are stereotypically associated with Native Americans in general but it was the nomadic tribes of the Great Plains who used them during buffalo hunting. Neighboring Plateau tribes who had contact with the Plains tribes were influenced to use the tepee for seasonal hunting, gathering, fishing and seasonal encampments. Depending on the available resources tepees varied in size and volume by individual-family needs. 

Traditionally buffalo hides were used for tepee coverings on the Plains. To cover 15 foot tepee required approximately to 20 hides cut into rectangular shapes and sewn using sinew.  By the mid 1800’s canvass replaced the traditional hide in part to diminished buffalo herds and contact traders, settlers and missionaries.

A unique shape to the North American tepee is the slant from a true conical shape. The slant was used to counter the strong prevailing winds by anchoring the base. In addition, smoke flaps were used to create a ventilation system to allow smoke to escape.  Ideally, a tepee 15 feet was a good size (volume) to allow escaping smoke.

Tepee base construction involves using three or base boles. It is important that the base poles of the tepee be placed in a tripod using North, South and East as 

Guideposts. Traditionally the door flab is always pointed east towards the rising sun. 


Activity 1 Mathematical elements of a cone
. 

	Height  cm
	Radius
	Diameter
	Surface Area
	Volume

	0
	3
	6
	?
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Activity #2 (Scale) Estimating the height of Tepee’s from historic photos
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Related Questions


1. Examine the tepee photos for clues that will help estimate the tepee height. 
2.  What type of mathematical operations can be used to estimate the tepees
     height?

4. Choose two tepee photos to estimate the height of the tepee poles. Create a 

Visual to express how you made the calculations.

Extended Question

Is it possible to maintain the original tepee height if a slant is added to the tepee?

Activity #3 Tepee shape  (Slant)  

Pythagorean Theorem allows us to find a relationship between the slant height (s), radius (r), and height (h)   r2+h2=s2
How does adding a fourth pole to the traditional tri-pod set up change the  tepee’s configuration






R
    P           Q            R       P



R


Q


     ?
   Q
               Right Cone

      Oblique Cone

Related Questions
1.If tepee anchor poles are 25 feet in length and intersect at V with a 5 feet overlap, estimate the length of the fourth pole at the V.
2. Is it possible to maintain the height of a right cone tepee while increasing the
    slant?
3. Create a table to show the results of changing slant


Activity # 4 Volume




V

            P            Q                 R

Essential Question:  Does using a fourth anchor pole to create an oblique cone increase the volume?

Related Question

1. Make a drawing to show a 3 dimensional shape of a right circular cone.
*Label the intersection of the three poles as V

*Label the base of the anchor poles as P, Q. and R


 
2. What type of angle do the (PQR) anchor posts make?

	Tepee pole Length
	Slant height
	Radius r
	Height   h
	Volume   v

	25
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


3.  What type of math can be used to complete this table?

4. Is there a relationship between radius and height in finding the maximum and minimum volume of a tepee with pole lengths of 25 ft.?
5.  How do changing the angle of the tepee poles with the ground affect the radius, height, and volume of the tepee?

Excel Spread Sheet

Activity # 5 Surface Area

The lateral and surface area of the cone tells us how much material is needed to create the tepee covering.
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If tipi poles are 25 feet with an overlap of 5 feet and a 40-degree angle to the ground, complete the following questions using these dimensions

1.  Calculate the surface area of material needed to cover the tepee

2.  Create a covering template using hide to create a tepee covering for the tepee.

3. How does a slant in the tipi affect the surface area?

4. For a given surface area and tepee pole length, is there an angle with the   ground that will maximize the volume of the tepee?

Activity #6:  Multivariable Calculus-based Considerations
Assume that each deer hide measures 10 square feet, each elk hide measures 20 square feet, and each moose hide measures 30 square feet.  

(a) Write down a function w = f(x,y,z) that describes the total amount of hide material as a function of the number of deer hides, x, the number of elk hides, y, and the number of moose hides, z.

(b) Compute the partial derivatives fx(x,y,z), fy(x,y,z), and fz(x,y,z) and explain qualitatively (i.e. physically) what each of these partial derivatives represents.  Do your partial derivative values make sense in light of the given information?

(c) Describe the level surfaces of f.  Explain in words what these level surfaces represent.

(d) Assuming that only whole numbers of hides are contributed to the material, how many different solutions (x,y,z) are there to the equation of the level surface w = 100?

(e) Assume that the number of hides of each type need not be whole numbers, but can be any non-negative real numbers.  Is there a reasonable way to measure the variety of options available (in terms of how many of each type of hide to use)?  [Hint: Think about volume.]

(f) Compute the gradient vector, (f.  Explain physically what this vector tells us.

Extension:  What Shape Minimizes Surface Area?

If you have ever lived in a cold climate, you know that the outside air temperature can greatly impact the indoor living conditions.  If you are near a window of a house on a cold day, you may feel the chill from outside if the insulation is poor.  Or perhaps you have compared the temperature in a room that has no exterior walls to a room that has multiple exterior walls.  Interior rooms tend to be warmer.  In a true sense, the proportion of surface area exposed to the outside elements in the house is a measure of how much the outside air temperature will seep into the structure and cool the interior.

Now imagine you are designing a dwelling for a cold climate and you may use any shape you wish.  Suppose, in some unit of measurement, that you desire the dwelling to have an interior volume of 1 cubic unit.  You wish to build a structure that minimizes the surface area, since based on your observations above, the greater the surface area exposed to the outside elements, the colder the inside of the structure will be.  You are given three possible shapes to use:

(1) A hemisphere

(2) A cube

(3) A cone whose radius and height are the same length

In all three cases, assume that you do not need to insulate the ground.  Rather, focus on only that portion of the structure’s surface that is exposed to the air.  The question is: Which of these structures, (1), (2), or (3), will have the best insulation from the outside cold?  In other words, for a fixed volume of 1 cubic unit, which of these structures, (1), (2), or (3), has the least surface area?

Materials needed:  metric ruler, scissors, tapes and paper plate





r





Mark the radius of the paper plate and draw a dotted line.


Cut along the radius line.


Roll the circle into a cone tape and measure the height, radius, and diameter in cm.


Roll the cone into three different heights and measure the radius, surface area and volume.





cm





Extended Question. 


Which combination of the configurations result in the maximum and minimum volume?


Create a excel spread sheet to present this information





Related Questions


Explain what happens to the height, radius and slant as the cone is rolled tighter.


Is it possible to create a chart to show a trend or pattern?


Is it possible to have the height and radius the same number and still have a slant to your cone?


What happens to the base of the cone as a slant increases in the cone?


5. How is this shape related to a tepee?
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Right Circular Cone volume 


     Formula


   V-1/3xr2xh





North





West





Tepee pole 25 ft


Overlap 5 ft.





East





South





                          Formulas


Write the formula for the lateral area__________________





Write the formula for the surface area_________________














