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Fuller’s FaNtastic geodesic doMe
This lesson was created as a supplement to the Fuller’s Fantastic Geodesic Dome program at the  
National Building Museum. It is designed to be used in your classroom independently, or as an activity  
before or after a school program at the Museum. For more information about and to register for the  
National Building Museum’s school programs, visit http://go.nbm.org/schoolvisit.

The Fuller’s Fantastic Geodesic Dome school program is intended to help students, grades five through 
nine, recognize geodesic domes and discover their importance in the world around them. The lessons 
and activities encourage young people to explore the complexity of structural design in buildings and help 
them understand the basic engineering principles of the geodesic dome.

About the National Building Museum 

The National Building Museum is America’s leading cultural institution dedicated to advancing the qual-
ity of the built environment by educating people about its impact on their lives. Through its exhibitions and 
educational programs, including innovative curricula for students, as well as online content and publica-
tions, the Museum tells the stories of the world people design and build. 

The Museum is an independent, non-profit institution and is located in a historic landmark structure at 401 
F Street NW, Washington, D.C. 20001. Connect with the Museum online at www.nbm.org, on Twitter at 
@BuildingMuseum, and on Facebook at www.facebook.com/NationalBuildingMuseum.
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Shapes and Solids: Investigating
Triangles, Squares, Pyramids, & Cubes
National Standards of Learning: Mathematics – Geometry, Problem Solving; Science – B, E;   
           Social Studies – 4;  Technology – 10; Visual Arts – 1
Duration: Two class periods; 45 – 60 minutes each

Overview
In this lesson students will examine different shapes and materials to determine their strength and  
suitability when building structures. Students will come to understand that the strength of a structure 
does not depend only on the material its made of but also its shape or form. Some shapes and forms 
are stronger than others. 

Objectives
Students will:

• Create and examine three two-dimensional shapes—a square, a  
triangle, and a rectangle—and determine which is the sturdiest.

• Discover how changing a structure’s three-dimensional shape can 
increase its strength.

• Identify points of compression and tension within geometric shapes.
 
Materials
• One pair of scissors per student

• Materials to create struts: three index cards (4 x 6”) per student*

• Materials to create connectors: 11 small brass fasteners per student*

• Shapes and Solids Student Worksheet, page 34 (one per student)

• Photocopy of Patterns for Cubes and Tetrahedrons onto heavy paper, 
page 26 (one per student)

• Several single-hole punches (they can be shared among student
 
Vocabulary 

* For additional suggestions of materials to use to make struts and  
connectors refer to lesson plan. 

• Compression

• Cube

• Engineer

• Form

• Pyramid

• Structure

• Square

• Tension

• Tetrahedron

• Triangle
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Lesson Plan

PART I. Create Three Two-Dimensional Shapes (30 minutes)

1. Introduction

• Explain to students the actual shapes or forms from which a structure is made contribute to its 
overall strength or weakness. Some shapes and solids are stronger or weaker than others.

• Tell students that in this activity, they are going to examine three shapes—a square, a triangle, and a 
rectangle—and determine which is the strongest.

• Explain to students that they will be making each shape out of two parts--struts and connectors. 
In this lesson we’ll be using index cards to make the struts and paper fastners as the connectors. 

Other materials that can be used are:

2. Build and Test Shapes

• Provide each student with a Shape Construction Worksheet. Give students 10 minutes to  
construct their 2-dimensional shapes. 

• After students have built their shapes, ask students to test their strength. Take the triangle, square, 
and rectangle and push down on the corners and sides of each shape. 

• What happens? Answer: The square and rectangle should col-
lapse; the triangle will keep its shape. 

• Why? Answer: The triangle is made up of the least number of 
sides possible for a geometric shape, locking its three sides into 
place.

• Can students identify which parts of the triangle are in tension and which 
are in compression? Answer: If pressure is applied to any of the corners, 
the two sides radiating from that point will be in compression, while the 
side opposite that point will be in tension. If pressure is applied to any of 
the sides, that side will be in tension, while the other two sides will be in compression.

3. Discuss the Results of the Experiment

• Based on the results of this experiment, which shape provides the most structural strength?  An-
swer: Triangle

• Explain to students that geodesic domes get their strength from triangles. Triangles can be   
arranged into many patterns, which can create different and unique structures.

Struts:

• toothpicks

• plastic straws

• wooden dowels

Connectors:

• gum drops

• pipe cleaners or bent paper clips

• tennis balls or balls of clay
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PART II. Create Two Three-Dimensional Solids. (30 minutes)

Just as some two-dimensional shapes are stronger than others, certain three-dimensional solids or 

forms are stronger than others. For example, a triangular pyramid, or tetrahedron, is more rigid than a 

square-based pyramid or cube. Using the patterns (page 26) for creating cubes and tetrahedrons, ask 

students to construct both a cube and a tetrahedron. 

PART III. Evaluate Three-Dimensional Solids (15 minutes)

After the students have constructed their solids, ask them to test the cubes and tetrahedrons. Have 

students complete the Which One Will Win? Student worksheet (page 26). 

PART IV. Discuss Geometric Forms Conclusion (10 minutes)

• Discuss the students findings from the worksheet.

• Ask which structures they would select to build with and why?

To build structures as strong as possible, it makes sense to use triangular forms. However, because 

squares can provide additional area and blend with human surroundings, like city blocks and furniture, a 

mixture of both squares and triangles is often incorporated in buildings.

Answers to the worksheet:

1. Edges per structure: 

Tetrahedron 6 Cube 12

2. Number of faces per solid, including the bases: 

Tetrahedron 4 Cube 6

3. What is the surface area of each solid?

(These answers are based on using the Patterns For Cubes and Tetrahedrons worksheet in which one 

edge of each form measures 2”).

Tetrahedron 10.38 in2 Cube 24 in2

4. If you had to pay for your construction materials (ie the paper the patterns were cut from), which form 

would cost the least?

• The tetrahedron has the least amount of surface area and therefore required the least amount of 
materials. The tetrahedron would be less expensive to construct.
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1. Cut each index card into four one-inch strips, lengthwise. You should have 12 strips total.

2. Punch a hole in each end of the ten strips.

3. To make a triangle, connect three strips together with the brass fasteners.

4. To make a square, connect 4 equal strips together with the brass fasteners. 

5. To make a rectangle, cut one strip in half, so you have two 3” long strips. Punch a hole in the un-

punch-ed ends. Connect these two shorter strips with two longer strips to make a rectangle.

Student Worksheet

Constructing Shapes
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Which one will win? Compare the area, surface strength, and cost of the tetrahedron and cube. 

1.  How many edges does each solid have?

________ tetrahedron ________ cube

2.  How many faces does each solid have? (Hint: Don’t forget to count the base)

________ tetrahedron ________ cube

3.  What is the surface area of each solid?

________ tetrahedron 

________ cube

4.  If you had to pay for your construction materials (ie the paper the patterns were cut 
from), which form would cost the least?

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

Name: _____________________________________

Student Worksheet

Which One Will Win?
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Student Worksheet

Patterns for Creating Cubes  
and Tetrahedrons

2 in
ches

2 inches

1. Cut along solid black lines.

2. Fold along dashed lines.

3. Tape edges to create solids.




