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	Program Information
	[Lesson Title]

Hey, Pythagoras! Help Me Understand Your Theorem!

	TEACHER NAME

Paula Mullet
	PROGRAM NAME

Cuyahoga Community College

	
	[Unit Title]

	NRS EFL 
3 – 4 


	TIME FRAME
180 – 240 minutes 

	Instruction 
	OBR ABE/ASE Standards – Mathematics
       

	
	Numbers (N)
	Algebra (A)
	Geometry (G)
	Data (D)

	
	Numbers and Operation
	
	Operations and Algebraic Thinking
	
	Geometric Shapes and Figures
	G.3.4
	Measurement and Data
	

	
	The Number System
	
	Expressions and Equations
	
	Congruence
	
	Statistics and Probability
	

	
	Ratios and Proportional Relationships
	
	Functions
	
	Similarity, Right Triangles. And Trigonometry
	G.4.8
G.4.9
	

	
	Number and Quantity
	
	
	Geometric Measurement and Dimensions
	
	

	
	
	
	Modeling with Geometry


	
	

	
	Mathematical Practices (MP)

	
	X
	Make sense of problems and persevere in solving them. (MP.1)
	X
	Use appropriate tools strategically. (MP.5)

	
	X
	Reason abstractly and quantitatively. (MP.2)
	X
	Attend to precision. (MP.6)

	
	
	Construct viable arguments and critique the reasoning of others. (MP.3)
	X
	Look for and make use of structure. (MP.7)

	
	X
	Model with mathematics. (MP.4)
	
	Look for and express regularity in repeated reasoning. (MP.8)

	
	LEARNER OUTCOME(S)
· Students use the Pythagorean Theorem to solve for the distance between two points and determine how to create a right triangle from two points on a coordinate graph, in real-life situations, and in two- and three-dimensional shapes. 

	ASSESSMENT TOOLS/METHODS
· Pythagoras Vocabulary Self-Inventory 
· Pythagorean Triples handout

· Pythagorean Triples [PDF file]
· Two real-life problems submitted to teacher for quiz development
· Completion of student-generated quiz


	
	LEARNER PRIOR KNOWLEDGE
· Previous experience with square numbers (can be represented by dots in a square array) and square roots (a number when multiplied by itself equals a given number) and the representation of each.  
· Students recognize a right triangle (triangle with a 90° angle).  
· The lesson Quilting Geometry provides students with a background of identifying angles.

	
	INSTRUCTIONAL ACTIVITIES 
1. Each student is given the Pythagoras Vocabulary Self-Inventory with a list of words discussed in this lesson.  Students identify “I know the word (,” “Heard of it (,” or “Have no idea (,” then discuss words already known and words that need to be defined before the lesson.  Be sure to review what squaring a number means (5² = 5 times 5).  

Teacher Note Briefly discuss the Greek mathematician, philosopher and religious leader Pythagoras.  Pythagoras, who died about 475 BC, was the first to prove a theorem about right triangles that was known to the Babylonians 1000 years earlier. 
Check out these web sites for some background information on Pythagoras:  Challenging Students to Discover Pythagoras , Pythagorean Theorem and Right Triangle Facts, or Pythagoras of Samos
2. Identify the parts of a right triangle.  The handout Parts of a Right Triangle has an illustration of a right triangle that students can label.  Review the mathematical meaning of the Pythagorean Theorem.  

In any right triangle, the area of the square whose side is the hypotenuse (the side opposite the right angle) is                               equal to the sum of the areas of the squares whose sides are the two legs (the two sides that meet at a right angle).

Ask the students to translate the math into plain English.  It can be summarized as follows:

The square of the hypotenuse of a right triangle is equal to the sum of the squares of the other two sides.
3. “Prove” the Pythagorean Theorem by completing the following activity: 
a. With a sheet of colored paper, construct a right triangle with the following measurements.  Use a corner of the paper for the right angle.  One leg will be 3 inches (use a ruler to measure this length) and the other leg will be 4 inches.  Remember the legs are the sides of the triangle that form the sides of the right angle.  Join the end points of the two legs to form the hypotenuse.  Check to be sure it is 5 inches long.
b. Carefully cut out the triangle and glue it in the center of a sheet of paper.
c. Square the length of each side of the triangle (3² = 9, 4² = 16, and 5² = 25).  Use 9 square tiles to form a square next to the side which is 3 inches long.  Use 16 tiles to construct a square next to the side that is 4 inches long.  Finally use 25 tiles to construct a square next to the side which is 5 inches long.
d. Using the Pythagorean Theorem, we can see that 16 + 9 = 25.  Using our model we can physically see that, too.

For additional practice or homework, students can complete Lesson 12.5: Pythagorean Theorem in Common core basics: Building Essential test readiness skills (Mathematics) or explore the following websites:  Pythagoras' Theorem, or Pythagorean Theorem
Pythagoras Learning Objects will also give students additional practice with the theorem, right angles and using a calculator to find solutions.  Students can choose any of the practice options included on the handout.

4. Discuss with the students that a triangle with sides of 3, 4, and 5 is a right triangle and called a Pythagorean triple.  This next activity will help the students find more Pythagorean triples.
a. Working with a partner, have the students construct (with colored graph paper - centimeter grid paper works well for this) as many perfect squares with areas from 1 to 225 as possible.  This may seem like a huge task, so remind the students what a perfect square (an integer that is the square of an integer) is.   Have each group cut out and label the perfect squares they have constructed. (i.e. 2² = 4, on a square of 4; 3² = 9, on a square of 9; etc.)
b. Using the perfect squares, the students will construct right triangles.  Review the (3, 4, 5) triangle they used in the previous activity.  Lay the squares out on grid paper of the same size and a different color.   Match up the side of the square to the side of the right triangle.
c. Experiment with the perfect squares to discover as many Pythagorean triples / right triangles as possible.  Tape the perfect squares next to the sides of the right triangle.
d. Construct a chart to record data about the right triangles using the handout Pythagorean Triples.
e. An informal assessment for this activity could include Pythagorean Triples.  A rubric is included for this task and can be placed in the portfolio. 
5. Introduce how to apply the Pythagorean Theorem on the coordinate graph using the handout Pythagorean Theorem on Coordinate Systems - Step-by-Step Lesson or by showing the following video Find the length of a line segment on the coordinate plane using the Pythagorean Theorem. 

Additional practice using the coordinate grid can be found at Pythagorean Theorem on Coordinate Systems where there are guided lessons, explanations, and independent practice worksheets.  Students can practice until mastery is achieved.
6. Students have been working with two-dimensional shapes and can now begin to think three-dimensionally.  Share these two problems with students.  Use classroom technologies (Smart Board, etc.) available to display the problems and images.  Teacher can model a think-aloud working through the first problem, then students can work in pairs or individually to solve the second problem.
[image: image2.png]Problem 1 - Rectangular Storage Unit

The dimensions of a rectangular storage unit are 4ft x 8ft x 2ft. What is the length of the longest pole you could fit in the rectangular storage unit? Calculate the length to the nearest tenth.
Rectangular Storage Unit Answer: 9.2 feet 

Problem 2 - Rectangular Juice Box
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The dimensions of a rectangular juice box are 12 cm x 5 cm x 3 cm. What is the maximum length of a straw from the flex part of the straw to the end of the straw that can be used in the juice box? Calculate the length to the nearest tenth. 
Rectangular Juice Box Answer: 13.3 centimeters
For advanced students, share information about the Pythagorean Theorem and space figures.  These students will be exposed to the following new vocabulary:  prism, faces, edges, vertices, dimensions of a rectangular prism, diagonals of a rectangular prism, pyramids, vertex, lateral edge, and slant height.  Use the vocabulary strategy introduced earlier in the lesson to judge student knowledge of these words.  Pythagorean Theorem and Space Figures paired with the video 9.8 The Pythagorean Theorem and Space Figures (Lesson) offer students an excellent explanation of three-dimensional figures.
7. Provide practice using the Pythagorean Theorem in real world problems:

a. Have students solve the 2 problems included in Using the Pythagorean Theorem.
b. Brainstorm with the students situations where right triangles occur, both in two and three dimensions:
i. Amount of wire needed to run from the top of a pole to a point 6 feet from the base of the pole
ii. Straight line distance between locations on roads that are perpendicular to one another
iii. Diagonal distance of a rectangular picture frame or a TV – how screens are measured
iv. Length of a ramp when you know the height and linear distance it covers
v. Diagonal distance across a park
vi. Area of a lot
vii. An octagon shaped deck
viii. A ladder against the side of a house
ix. Length of the ramp for a moving truck
c. Be sure to discuss clues that might indicate the problem requires using the Pythagorean Theorem [right angle (square corner, perpendicular to the ground), finding a length of a side of a “triangle” (it might be an imaginary triangle), and diagonals].
8. Students will create two illustrated problems with solutions that require the Pythagorean Theorem. Below each problem, students will detail a solution that shows in words and numbers how the answer was attained.  After assessing each student’s problem for situational accuracy, use the problems to create a worksheet for the students to complete.

	RESOURCES
Projector, ability to project

Computer

Internet access

Graph paper (white), graph paper (colored) 

Square tiles or 1” paper squares

Rulers

Colored paper

Calculators

Pythagoras Vocabulary Self-Inventory (attached)
Challenging Students to Discover Pythagoras. (n.d.). Retrieved from https://www.teachingchannel.org/videos/pythagorean-theorem-lesson
Pythagorean theorem and right triangle facts - First Glance. (n.d.). Retrieved from http://www.math.com/school/subject3/lessons/S3U3L4GL.html
Pythagoras of Samos. (n.d.). Retrieved from http://www-groups.dcs.st-and.ac.uk/~history/Biographies/Pythagoras.html
Parts of a Right Triangle handout (attached)
Common core basics: Building essential test readiness skills (Mathematics). (2015). Columbus, OH: McGraw-Hill Education. 

Pythagoras' Theorem. (n.d.). Retrieved from http://www.mathsisfun.com/pythagoras.html
Pythagorean theorem. (n.d.). Retrieved from https://www.khanacademy.org/math/geometry/right_triangles_topic/pyth_theor/v/pythagorean-theorem
Pythagoras Learning Objects (attached)
Pythagorean Triples handout (attached)
Pythagorean triples [PDF file]. (n.d.). Retrieved from http://map.mathshell.org/download.php?fileid=812D812
Pythagorean triples scoring rubric [PDF file]. (n.d.). Retrieved from http://map.mathshell.org/download.php?fileid=813
Pythagorean theorem on coordinate systems - step-by-step lesson [PDF file]. (n.d.). Retrieved from http://www.mathworksheetsland.com/8/26pythag/lesson.pdf
Peterson, S. (n.d.). Find the length of a line segment on the coordinate plane using the Pythagorean. Retrieved from https://learnzillion.com/lessons/1309-find-the-length-of-a-line-segment-on-the-coordinate-plane-using-the-pythagorean-theorem
Pythagorean theorem on coordinate systems. (n.d.). Retrieved from http://www.mathworksheetsland.com/8/26pythag.html
9.8 The Pythagorean Theorem and Space Figures (Lesson). (n.d.). Retrieved from https://www.youtube.com/watch?v=0yHY1Ell6ME
Pythagorean theorem and space figures [PDF file]. (n.d.). Retrieved from http://petersgeometry.weebly.com/uploads/2/2/8/8/22880946/notes_9.8_-_pythagorean_theorem_and_space_figures.pdf
Using the Pythagorean theorem. (n.d.). Retrieved from http://www.pbs.org/wgbh/nova/proof/puzzle/use.html


	
	DIFFERENTIATION
· Teacher models problem solving techniques of new content.  
· Guided practice is provided where students are given a choice of practice activities to complete.  They can work until mastery is achieved.  
· Videos are provided for presentation of content as well as worksheets and notes.  
· Content is provided for advanced student who are ready for the next challenge.  
· Students are given the opportunity to work with manipulatives individually, in pairs or small groups.  
· Assessments can focus on either two or three dimensional figures or both.



	Reflection
	TEACHER REFLECTION/LESSON EVALUATION

	
	ADDITIONAL INFORMATION



Pythagoras Vocabulary Self-Inventory
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I know the word





Heard of it  




Have no idea
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_____ square roots

_____ right triangle

_____ right angle

_____ Pythagorean Theorem

_____ legs
_____ coordinate plane
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Parts of a Right Triangle

Label the right triangle shown below.  A word list is included to help you.  Some words will be used more than once.

leg 

hypotenuse 

right angle

side a

side b

side c

vertex

a² + b² = c²

Pythagorean Theorem 

__________________________________________________________


Parts of a Right Triangle Handout

Pythagorean Triples
Record the data for the right triangles you discovered.  Look for patterns in the data. 

Describe below any relationships among the parts of the figure.

	Length of

Leg a
(units)

a
	Length of

Leg b

(units)

b
	Length of

Hypotenuse c

(units)

c
	Area of square with Length a
(square units)

a²
	Area of square with Length b
(square units)

b²
	Area of square with Length c
(square units)

c²
	a² + b²
	Column 6 & 7

Equal?

	3
	4
	5
	9
	16
	25
	25
	yes
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http://www.wisconline.org
Pythagorean Theorem

Author: Michele Williams

School: Fox Valley Technical College

Description: The student uses the Pythagorean Theorem to find the lengths of the legs and hypotenuse of a right triangle.
http://www.wisc-online.com/objects/index_tj.asp?objID=ABM1501
Right Triangles That Are Special: Using the Pythagorean Theorem

Author: Michele Williams

School: Fox Valley Technical College 

Description: Students apply the Pythagorean Theorem to isosceles and equilateral triangles. It is recommended that students complete the Pythagorean Theorem Learning Object before completing this one.
http://www.wisc-online.com/objects/index_tj.asp?objID=ABM4002
Pythagorean Theorem Calculations Using a Casio fx-260

Author: Steve Whitmoyer

School: Gateway Technical College

Description: In this animated and interactive object, the learner uses a Casio fx-260 calculator to solve for the magnitude of the resultant and of one of the component forces in a right triangle. 
http://www.wisc-online.com/objects/index_tj.asp?objID=ENG9503
Pythagoras Learning Objects
____ area








��_____ vertex








_____ Pythagorean Triple








_____ solving a right triangle








_____ isosceles triangle








_____ hypotenuse











_____ similar triangle





Pythagoras Vocabulary Self-Inventory Chart





Pythagoras Vocabulary Self-Inventory





� HYPERLINK "http://upload.wikimedia.org/wikipedia/commons/d/d2/Pythagorean.svg" ���
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