	Lesson 4: Building with Triangles 



Research Aim: 
Students will grow into persistent and flexible problem solvers. 
Broad Content Goal: 
Students will communicate their mathematical ideas clearly and respectfully. 
NCTM GEOMETRY 3-5
· Investigate, describe, and reason about the results of subdividing, combining, and transforming shapes. 

· Classify two- and three-dimensional shapes according to their properties and develop definitions of classes of shapes such as triangles and pyramids 

· Identify, compare, and analyze attributes of two- and three-dimensional shapes and develop vocabulary to describe the attributes. 

· Build and draw geometric objects. 

Unit Overview: 

· explore ways of building different basic shapes from triangles 

· investigate three dimensional shapes constructed from triangles 

· investigate basic properties of triangles 

· investigate the relationships among basic geometrical shapes 

· discover that it is not possible to construct some triangles from given lengths 

· discover that the lengths of any two sides must be greater than the length of the third side 

http://illuminations.nctm.org/LessonDetail.aspx?id=U93
Individual Lessons

Lesson 1 - What Can You Build With Triangles?
Students explore ways of building different basic shapes from triangles. They also investigate three dimensional shapes constructed from triangles. 
Lesson 2 - How Do You Build Triangles?
Students investigate the basic properties of triangles. Students also investigate the relationships among other basic geometric shapes. 
Lesson 3 - What's Important About Triangles?
Students explore the importance of the side lengths of a triangle and when triangles can or cannot be constructed on the basis of these lengths. 
Lesson 4 - How Many Triangles Can You Construct? 
Students identify patterns in a geometrical figure (based on triangles) and build a foundation for the understanding of fractals. 

Lesson 1

Lesson Overview

· explore ways of building different basic shapes from triangles 

· investigate three dimensional shapes constructed from triangles 

· communicate their findings to their peers



	Steps
	Instructional activities
	Anticipated Student Responses
	Remarks on Teaching


	Lesson 1 - What Can You Build With Triangles?
explore ways of building different basic shapes from triangles 

investigate three dimensional shapes constructed from triangles communicate their findings to their peers 

	Materials 

Just Two Triangles Activity Sheet 

Scissors, Glue, Masking Tape 

Duplicated examples of a square, a triangle, and a parallelogram

	Introduction

Lesson 1

	Read Greedy Triangle by Marilyn Burns

Have students cut out two triangles from the activity sheet. 

Use the models of the square, triangle, and parallelogram to encourage students to make various shapes. Ask them to try to make these shapes with two triangles.
 Have the students glue the "new" shapes onto the activity sheet. 
.
Closure : In a whole-class discussion, encourage students to share at least one important thing that they noticed about one of the new shapes: likenesses and differences; where it could be seen in the classroom, playground, school, or at home; and so on. 

Extensions: 

Next, investigate building three-dimensional shapes with triangles. You will need to duplicate the triangles on heavy paper. Students may discover triangular pyramids and other three-dimensional figures created from triangles. 
Or 

Use marshamellow and toothpicks for 3 D or straws and gumdrops. ***suggestion from Stacy. 

 Or 
Have students build with more triangles to build other shapes. (using 3,4, 5 triangles like this trapezoid using 3 triangles
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Possible shapes 

Square, 

Isosceles triangle 

Parallelogram 

Trapezoid (3triangles)

Hexagon (6 triangles)


[image: image2]

	Important vocabulary: 

Triangles (classified by Sides : isosceles, equilateral, scalene 

(Classified by angles: right, obtuse, acute)

Quadrilateral ( square, rhombus, parallelogram, trapezoid, rectangle) 

Pentagon, hexagon, heptagon, octagon etc….

The book will be great to start discussing the attributes of different polygons. 

Focus on the number of angles and sides. 

Learn important vocabulary. 

Did not like the extension as much because it was hard for me to create the 3-D shapes with the given triangles. Any ideas?

Suggestions : 

Use marshamellow and toothpicks for 3 D or straws and gumdrops. 

 Would rather have students build with more triangles to build other shapes. (using 3,4, 5 triangles)

	Lesson #2

How Do You Build Triangles?
	Students will: 

investigate basic properties of triangles 

investigate the relationships among basic geometrical shapes
	Materials

How Do You Build Triangles? Activity Sheet 

Triangular shapes of various sizes 

Pattern blocks (You may choose to use the Patch Tool Applet) 

Scissors, Glue, Paper 

	Steps
	Instructional activities
	Anticipated Student Responses
	Remarks on Teaching

	
	Display various triangular shapes and ask, "How do you know that these shapes are triangular?" The following properties of triangles should emerge from this discussion: three sides, three corners and angles, straight rather than curved sides. 

Distribute pattern blocks to each group of two to four students. Have students explore ways to make triangles with the patterning blocks. 

Alternatively, you can use the Patch Tool Applet for pattern blocks.
Have students work in pairs to give or write directions for building one of the triangles, then see if another pair of students can build it by following the directions.
Closure:  

Have students share solutions with each other. As a class share any common findings and anything unique that students may have discovered. 

Distribute and follow directions in the How Do You Build Triangles? activity sheet. 
*Extension: Have students build other polygons.  
	Some possible solutions for the activity sheet include: 
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	Ask students to use only the twelve shapes on the activity sheet to find the following:

How many different triangles can be built with two, three, and then four shapes. 

What happens if all twelve shapes are used to build one "huge" triangle? (One more small triangle is needed because the pattern for the triangular area is one, four, nine, sixteen, and twenty-five small triangles.) 

What is the largest triangle that can be built with twelve shapes? 

How many different symmetrical designs can be created for the largest triangle? 



	Lesson #3
What's Important About Triangles?
	Students will: 

discover that it is not possible to construct some triangles from given lengths 

discover a rule that states whether or not it is possible to construct triangles from given lengths 

learn about the perimeter of a triangle
	Materials

·  What's Important about Triangles? Activity Sheet (copied onto cardstock) 

· Tape, Scissors 

· Spinner with numbers 1 through 6 
· *** suggested using linkage strips with brad fasteners

	
	Distribute the What's Important About Triangles? activity sheet to each student. Students measure, fold, and tape each strip to make a triangle, if possible. 

During a class discussion, ask students to tell what happened when they made the triangles: 

Which measurements were possible? 
What discoveries were made about the lengths of the sides of the triangles? 
Could you categorize the triangles as equilateral, isosceles, or scalene? 

Guide students into seeing that the two smaller sides must have a sum that is greater than the largest side. On the activity sheet, figures C, E, and F will not form triangles. Triangles A and H are equilateral triangles; triangles D and G are isosceles triangles; and triangle B is a scalene triangle. 

In groups, students can use a spinner to get random triples of side measurements. One person spins the spinner (divided into 6 congruent sectors, 1 through 6) three times. The group determines whether or not those measurements can form a triangle, and if so, what kind (equilateral, isosceles, or scalene. 

For example, on the first set of spins, a student might spin 2, 3, and 1. In this case, a triangle would not be formed. On the second set of spins, a student might spin 6, 4, 5. In this case, a scalene triangle would be formed. Students can take turns spinning the spinner. Every member of the group should verify whether or not the three numbers spun actually forms a triangle. 


	Some students might have difficulty with measuring and then folding and creating triangles. Use graph paper strips or linkage strips with holes and brad fasteners.

Tell us your rule. Students generate rule: 

Triangle inequality: 

The sum of two shorter sides must be greater than the third sides.  
Rigidity of triangles: you cannot deform the shape. ( You can use the brad fastener to see the difference when you work with quadrilaterals. 


	In their small groups, students can investigate the following challenges:

How many isosceles triangles can be made with a perimeter of 24 cm if each side must be a whole number or centimeters? (Solution: 5 triangles. The sides of the triangles would be 11, 11, and 2; 10, 10, and 4; 9, 9, and 6; 8, 8, and 8; 7, 7, and 10.) 

What patterns did you notice for the length of the unequal side? 

What happens if your triangle has a different perimeter, such as 20 cm, 21 cm, 22 cm, 23 cm, ..., 30 cm? 

* Use the revised tasksheet so that you can have students predict before constructing the triangles. 

	Lesson 4

How Many Triangles Can You Construct?
	Students will: 

· identify patterns in a geometrical figure 

· build a foundation for the understanding of fractals 

make hypothesis and then develop experiments to test them

	How Many Triangles? activity sheet 

Let's Work Together Family Page (photocopied on cardstock) 

Ruler, pencils, or fine-line markers 

Writing paper

	
	Initially, students should attempt the activity sheet individually. You may wish for students to work together after they have had a chance to work independently. 

Ask the following questions to stimulate a whole class discussion: 

· How did your triangle change? 

· How did you find out the number of triangles that were possible? 

· What did you notice about the number patterns? 

Solutions to the Activity Sheet: 

Students should see the following pattern emerge for Triangle A: 

Stage...Number of Triangles
1......1 
2......4 
3......16 
4......64 

Students should see the following pattern emerge for Triangle B: 

Stage...Number of Shaded Triangles (and Reason)
1......3 (3 to the power of 1) 
2......9 (3 to the power of 2) 
3......27 (3 to the power of 3)
4......81 (3 to the power of 4)
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	There are 2 problems on the task sheet. Use the revised task sheet so that students can visualize and actually draw some of the stages so that they can look for a pattern. ***


Lesson 2

How Do You Build Triangles? 

NAME ___________________________

How many different triangles can you build with pattern blocks? To find out, build with pattern blocks. Then use the pattern block grid to draw you’re your design.
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	Measurements
	Prediction: will it be a triangle?
	Yes
	No
	What types of triangle is it?

	A: 6 cm, 6 cm, 6 cm

B: 6 cm, 7 cm, 4 cm

C: 4 cm, 9 cm, 5 cm

D: 7 cm, 4 cm, 7 cm

E: 4 cm, 4 cm, 8 cm

F: 7 cm, 4 cm, 2 cm

G: 5 cm, 5 cm, 8 cm

H: 4 cm, 4 cm, 4 cm

	
	
	
	


Observations: What do you notice about the measurements that make a triangle? What’s important about the 3 measurements? Can you create a rule about triangle measurements?

______________________________________________________________________________________________________________________________
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How Many Triangles? NAME ___________________________

1. When the midpoints of each side of a triangle are connected, they divide the figure into four

smaller triangles, as shown below. Now, divide each of these four triangles by connecting the

midpoints of their sides. Repeat this process several times. How many triangles do you think

you will get? With a partner, try this experiment. Write a rule that describes what you discover

in the number patterns.
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2. As above, the midpoints of the triangle have been joined. Shade in the middle triangle, and then

join the midpoints of the sides of the other triangles. Repeat this process at least two more times.

What patterns do you think will emerge? Compare the sizes of the triangles. How far do you

think you can take this process? What conclusions can you draw from these experiments?
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Look for a pattern.
























































Write a rule. 


______________________________________________________


______________________________________________________


______________________________________________________


______________________________________________________


______________________________________________________


___________________________
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