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Pre-Contact Native American Shelters
(Lesson 5)
Solution Key and Teacher’s Guide
Please refer to the Lesson 5 Outline to find the sections corresponding to the items addressed below:

Session-related Questions from the Students or Instructor

Instructor-generated questions about how resources and cultural lifestyle play a role in determining shelter types and communities:

The many different types of Pre Contact housing presented in the PowerPoint slideshow for this lesson require different materials for construction.  These materials may be available (or not) to varying degrees in different regions of the continent.  For instance, wood is not an available resource in treeless areas such as the Arctic. Some of the shelters are built in rectangular shape, while others are rounded so as to create a circular living space. This may be the result of the cultural values of a particular Native American tribe. Some activities are best suited for community participation in a circular pattern, while others are better organized in rows or across sides of a rectangular table.  The shape of the interior living space may well reflect the shape of the space required for cultural activities of the tribe.  These activities vary from tribe to tribe, and thus, the shelter shape may vary accordingly. 

Instructor-generated questions about how a mobile subsistence culture play a role in creating the tipi structure:

The degree of movement that a tribe undergoes over time affects the type of living quarters they will have.  For instance, a tribe that moves frequently will be likely to invest in simpler shelter structures since their dwellings must be built over and over again when the tribe relocates.  More sedentary tribes would be more likely to build larger tipi structures that require more materials, because the tipis built will serve the tribe for a long period of time.

Instructor-generated questions about the mathematics needed to determine the structure of a conical shape shelter:

The relevant quantifiable data associated with a cone that is a right circular cone (the natural cone shape used by Native Americans in tipi construction) include its height and its radius.  These two values will determine the entire cone, including the slant height of the cone (which corresponds to the length of the bamboo sticks needed to extend from the apex of the cone to the ground), as well as its volume and surface area.
Instructor-generated questions about how Native Americans may have used mathematics to determine tipi diameter, number of hides to cover the surface:

Native Americans may have had explicit ideas about how much living space they desired to have.  In the case of a tipi, this living space is circular.  Therefore, if we denote by A the area of the living space desired by the Native Americans, then we know from the formula for the area of a circle that A = πr2, where r is the radius of the circle.  Since the diameter, d, is related to the radius, r, via the equation d = 2r, we know that the area is related to the diameter via A = πr2 =  π(d/2)2 = πd2/4. Thus, the diameter of the tipi would be given by d = √(4A/π).  Using this formula, for any desired area A, the appropriate tipi diameter can be determined.
To determine the number of hides required to cover the surface of the tipi, one must know how large each hide is. That is, the area of each hide must be known.  Since not all hides are the same size, it may be appropriate to consider the average area of a hide, which we will denote here by H. Another important question to answer is whether the “surface” of the shelter refers to the slanted side of the cone formed by the tipi only, or if the interior living area floor, which is a circle, is also to be included.  Let us assume the latter scenario is followed.  The surface area of the slanted side of the cone, which is assumed to be a right, circular cone (the natural shape of a tipi dwelling) is given by the formula Sslanted = π r √(r2 + h2), where r is the radius of the cone-shaped tipi and h stands for the height of the cone.  The area of the base of the cone is Sbase = π r2.  Thus, the total surface area of the tipi that is to be covered by hides is given by 

S = Sslanted + Sbase = π r √(r2 + h2) + π r2.
Once this quantity is computed, we divide by H to determine the number of hides needed to cover the tipi:

Number of hides = S / H
For instance, if the surface area of the tipi is 100 square feet and each hide covers 5 square feet, then 100 / 5 = 20 hides will be needed to cover the tipi.  An alternative way to use the formula for the number of hides is to assume you have a fixed number of hides, of average area H.  From this, you can determine the surface area S of the tipi that is feasible with the given resources.

Session-related Student or Instructor Stories

Students who have engaged in a hiking, camping, or backpacking trip have some experience in finding shelter in the wilderness.  Some issues they may have faced include (a) extremes of temperature, (b) wind strength, (c) sun exposure, (d) tight space, and others. Ask students to brainstorm about these or other impacts that the environment may have on their shelter in such situations.  Because camping involves a highly mobile culture, students may discuss the importance of conserving space and reducing weight of the load for travel purposes.  These same issues would have impacted Native Americans who lived in mobile societies.
Do Now

Discuss the mathematics required to construct a tipi:

A tipi’s primary function is to provide a living space and a shelter for a community or family to live.  Therefore, in order to construct a tipi, the builder must determine how much living space is required.  Since the cone has the shape of a right circular cone in normal tipi dwellings, the living space will take on a circular shape.  Therefore, finding the radius r of the desired circle of living space is central to the construction.  The height h of the tipi is another important consideration, as it affects the length L of the poles that will be needed to construct the tipi.  Assuming the tipi takes the shape of a right circular cone, the quantities above are related via L = √(r2 + h2), which is a simple consequence of the Pythagorean Theorem.  Alternatively, if the poles are given (each of fixed length L), as is the case for the activity associated with this lesson, then this equation can be solved for the necessary height of the tipi of radius r: h = √(L2 - r2).

Plan and build a model of a tipi: (Note: Teachers should practice implementing this construction prior to the class meeting.)

This is an implementation of the discussion in the preceding paragraph.  Here, L is given – the length of the poles can be measured (in inches) with a ruler.  Students can investigate different tipi shapes that can be made: taller tipis (larger height h) will require smaller radii r.  Conversely, smaller tipis permit larger radii (and hence, larger living space).
Calculate the volume and surface area of the tipi:

Since the tipi is shaped like a right circular cone, the volume and surface area of the tipi agree with the well-known formulas for the volume and surface area of a right circular cone.  Earlier in this Solution Key and Teacher’s Guide, we presented the surface area formula for a right circular cone: 

S = Sslanted + Sbase = π r √(r2 + h2) + π r2.

This formula includes the area of the circular base of the cone.  Similarly, we can determine the volume of a cone by using the well-known formula
V = π r2h/3.

Answer additional questions from Addendum #2:

The questions from Addendum #2 surround computation of the surface area and volume of the tipi constructed during the experiential process conducted by the student.  Answers will vary according to the radius r and height h of the tipi, which are the variables that arise in the formulas for the surface area S and volume V of the right circular cone presented earlier.  The radius and height, in turn, depend on the length L of the poles each group of students has used: L = √(r2 + h2).  Observe that there is flexibility on the radius and height of the tipi constructed, but once either of these two quantities is established, the other is constrained by this equation. On the Student Data Table, students should record the formulas for the surface area and volume of a right circular cone as recorded above.  Once they decide on a radius and height for their tipi, they can plug the numbers into these formulas to obtain the exact surface area and volume of their model.
Operational Definition of Measurement Concepts:

Volume: The amount of physical space (in three dimensions) occupied by a geometrical object.

Surface Area: The amount of physical two-dimensional area occupied by the boundary region(s) of a three-dimensional geometric object.
