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	1.  Lesson Plan Information

	Subject/Course: Math / Environmental Studies
	Name:   Marianne Vander Dussen

	Grade Level:  8
	Date: April 10-11, 2014         Time:  2:10 – 3:10pm

	Topic:     Angle relationships and tree height
	Length of Period: 60 minute increments, spread over two days (two lessons total)


	2.  Expectation(s) 

	Expectation(s) (Directly from The Ontario Curriculum):
8.4 Geometric Relationships: determine, through investigation using a variety of tools (e.g., dynamic geometry software, concrete materials, geoboard), relationships among area, perimeter, corresponding side lengths, and corresponding angles of similar shapes
· 8.7 Geometric Relationships: determine the Pythagorean relationship, through investigation using a variety of tools (e.g., dynamic geometry software; paper and scissors; geoboard) and strategies; 
· 8.8 Geometric Relationships: solve problems involving right triangles geometrically, using the Pythagorean relationship 
Learning Skills (Where applicable): 

Responsibility

Organization
Independent Work

Collaboration

X
Initiative

Self-Regulation

Comment

 Students will need to work together in teams of two in order to successfully measure the height of the tree.


	3.  Content 

	What do I want the learners to know and/or be able to do?
-Investigate and determine the angle relationship of an isosceles triangle using trees, determine the Pythagorean relationship using natural environmental features, and solve a problem using an isosceles triangle and the Pythagorean theorem 
-Understand the critical relationship between angles, Pythagorean theorem, and tree height as a source of environmental data
Today, learners will: 

DAY ONE: Work in partners to investigate Pythagorean theorem using angle relationships and utilize a scale method to determine the height of a tree
DAY TWO: Discuss the relationship between tree height and critical environmental data, learn the principles of Pythagorean theorem, solve additional problems incorporating the Pythagorean theorem


	4. Assessment (collect data) / Evaluation (interpret data) 
(Recording Devices, where applicable: anecdotal record, checklist, rating scale, rubric)

	Based on the application, how will I know students have learned what I intended?

-Homework will be checked after each lesson, and will be added as yes or no to the homework tracking checklist.
-Students will be asked to show their homework (including the diagram of the tree), which I will note and track using both the checklist and anecdotal records during the application of the DAY TWO lesson. 



	5.  Learning Context

	A.  The Learners
(i) What prior experiences, knowledge, and skills do the learners bring with them to this learning experience?
-Students will have just finished the previous chapter in the textbook exploring angle relationships and solving problems using both angle and triangle relationships. They will know the basic principles of isosceles triangles, and will have used compasses and terminology such as circumcentres to bisect angles. 
 (ii) How will I differentiate the instruction (content, process, and/or product) to ensure the inclusion of all learners? (Must include, where applicable, accommodations and/or modifications for learners identified as exceptional.)
-This is a multi-modal lesson, involving students kinesthetically, visually, spatially, and logically. This lesson could be modified to suit learners at a lower level (providing more one-on-one assistance during the application, partnering them with a peer tutor who understands the concept but who would benefit from teaching a partner).
-On the second day, they will be able to work in their table groups, allowing the stronger students to teach (if they choose, which will help solidify their understanding of Pythagorean Theorem as teaching concepts cements the concept), or allowing students to check their answers with each other (this will need to be monitored to ensure that some students don’t do all the work).

	B.  Learning Environment
DAY ONE:
-The classroom (to wrap up the lesson): overhead projector to show the exemplar up on the screen, blackboard or whiteboard
-Outside on the playground in an area with multiple trees of varying heights

DAY TWO:
-The classroom, including blackboard or chalkboard and computer screen/projectors 


	C.  Resources/Materials
-Tape measures (enough for at least 15 pairs)

-Pencils (enough for at least 15 pairs)

-Three pieces of rope (minimum 8 feet in length each)

-Clipboard with classroom participation sheet
-Calculators with a square root feature (enough for 8 groups, if the students do not have their own)

-Chalkboard or whiteboard

-Chalk or whiteboard pens

-Overhead project and a screen OR a computer and a screen to show the exemplar of the tree diagram
-Textbook with questions (pg. 87) OR prepared list of questions on the project 



	6. Teaching/Learning Strategies




	INTRODUCTION

How will I engage the learners? (e.g., motivational strategy, hook, activation of learners’ prior knowledge, activities, procedures, compelling  problem)
DAY ONE (10 mins): 

-I will begin the lesson by asking the students to put on their outside clothing and to bring their math workbooks and a writing utensil with them. I will then lead them outside to the playground to an area with several trees of varying heights (5 minutes to get students to exit the classroom and head outside).
-To recap angle relationships we were studying in the previous chapter, I ask for 6 volunteers. Two sets of two volunteers will hold a section of rope between them to construct two parallel lines. The third pair of volunteers will take another section of rope to form a transversal.

-The hook will be done “speed round” style, so as quickly as possible to move into the main lesson (5 minutes).
-I will then ask students to pair up with an elbow partner, and I will ask for two pairs of volunteers. The remaining pairs will be asked to line up in their pair outside of the rope configuration.

-I will invite the first two pairs into the rope configuration and ask them to stand where they have found two corresponding angles. Then, I will ask them to find two opposite angles. Once both pairs have done that successfully, I will thank them and invite the next two pairs in, and will challenge them to find different angles (including supplementary, interior, and alternative).

-At some point, the 6 volunteers will swap out to be able to identify the angles.

DAY TWO (10 minutes):
-After doing a quick homework check, I will ask the students several questions to get the conversation moving: “Why do you think it’s important to measure the height of trees?” Possible student answer: tree height can be indicative of overall ecosystem health. “What roles do trees play within the ecosystem?” Trees provide shelter for animals, source of food, such as bugs for woodpeckers, breaks the wind allowing more life to grow.
-Then I will bring in the environmental science perspective: “It’s important to measure the height of trees and record the data on an ongoing basis, because the health of the tree is extremely important to the ecosystem, as well as predicting timber levels that the tree can produce. Scientists monitor trees to detect growth trends and identify areas in which trees thrive, in addition to measuring a forest’s ability to offset carbon. By measuring and recording the height of trees, environmental scientists are learning valuable information about not only the trees themselves and species populations and trends, but also important forestry data which can be applied to a variety of different scenarios, models, and predictions.”
MIDDLE:  

Teaching:  How does the lesson develop? 

How we teach new concepts, processes (e.g., gradual release of responsibility - modeled, shared, and guided instruction)
DAY ONE (10 mins)
-I will begin teaching the concept of Pythagorean theorem without specifically defining it by using the ropes and constructing an isosceles triangle. 

-I will ask, “Can anyone please remind me about the relationship between the side lengths of isosceles triangles?” (Student answer: in an isosceles triangle, two of the sides are the same length).

-Then, I will ask students to construct an isosceles triangle using the ropes. I will ask two students to hold one side, and two other students to hold their rope up so it is the exact same length as the original. Then, I will ask the students to use one of the first two students as their circumcentre (explaining that the “student is like the tip of a compass!”) to construct a right angle isosceles triangle. One student will anchor the rope in the circumcentre until the other student has walked to a point where the two ropes form an approximate 90 degree angle.

-I will then explain, “we can determine the length of these two sides, because we know they are equal and we’d be able to measure each side with a metre stick. But what I’d like to show you today is a quick way to measure the third side of the triangle without using a metre stick.”

-I will then invite a third pair of students to use the rope to close off the triangle.

-I will ask, “Does anyone know what the name of the third side of this triangle is called? It is called the hypotenuse, because it is the longest side of the triangle and it is directly opposite from the 90 degree angle. The hypotenuse doesn’t just exist in an isosceles triangle; it exists in any right angle triangle, and is always the longest side and opposite from the right angle.” 

-I will then invite the students to vary the lengths of their rope, changing the length of the three sides, but retaining the triangle as a right angle triangle. “See, no matter what we do to change the length, the side opposite the right angle is always the longest side of the triangle.”
DAY TWO (15 minutes):
-“Yesterday, we drew a diagram creating an isosceles triangle using the feet of our assistant, the tip of the tree, and the base of the tree as the three points. We now know the distance of both of the identical arms of the isosceles triangle. Today, we are going to use Pythagorean Theorem in order to solve the length of the third side in our triangle.”

-“Pythagoras lived in ancient Greece, and came up with a simple formula for solving the hypotenuse of a right angle triangle. Can someone please remind me what the hypotenuse is?” The hypotenuse is the longest side opposite of the 90 degree angle in a right angle triangle. “His formula is as follows: a(squared) + b(squared) = c(squared). Can you please write this down in your workbooks.” 

-As the students write this down, the teacher also writes it on the board.

-“In this formula, c(squared) ALWAYS equals the hypotenuse. It doesn’t matter which side you decide is A or B, but the total of the two squared sides always equals the third side squared.”

-“Using your rulers, please draw a 4 cm line in your workbook. Now, use your ruler to create a 90 degree angle, and draw a line that is 3 cm long. Now, draw the hypotenuse, and measure it.” The students measure it and discover it is 5 cm.

-“Now, let’s use Pythagorean theorem to verify our results. Let’s call side A the side with 4 cm. What’s a(squared)?” Answer: 16. “And what’s b(squared)?” Answer: 9. “We know 16 + 9 = 25. However, 25 is side C squared. So we need to find the square root of C. Does anyone know what that is?” Answer: 5. 

-“Now I’d like you to work with the same partners that you worked with yesterday to determine the distance between the assistant’s feet to the top of the tree. Use Pythagorean theorem. You will need to use your calculators, and you will need to use the special function allowing you to discover the square root.” 
-I will allow students approximately 8 minutes before moving onto the consolidation. Meanwhile, I will circulate the room, ensuring that students understand the concept and answering questions as necessary. 
Consolidation and/or Recapitulation Process:  How will I bring all the important ideas from the learning experiences together for/with the students? How will I check for understanding? 

DAY ONE: (1 min) 
-“Can someone please tell me the relationship between side lengths in an isosceles triangle? Two of the sides of an isosceles triangle are of the same length.

-“Can someone explain the hypotenuse for me?” The hypotenuse is the longest side of a right angle triangle.
DAY TWO (5 mins):
-“Can I get a pair of volunteers to go up on the board and draw their diagram and label the length of each side?”

The class will then double-check the work together. 
Application:  What will learners do to demonstrate their learning? (Moving from guided, scaffolded practice, and gradual release of responsibility.) 
DAY ONE (30 mins)
-I will say, “Today we are going to be using the principles of isosceles triangles to measure the height of trees in our school playground.”
-The students will work with the same elbow partner that they were teamed with for the hook. 
-I will give the following instructions to teams to determine the height of a tree of their choice (5 minutes of instructional time):

· Each team will begin by selecting a tree of their choice on as even terrain as possible. 
· They will then assign themselves one of two roles: the measurer and the assistant. 

· The assistant will stand by the selected tree, while the measurer will begin the measuring process using a pencil (to be distributed AFTER all instructions have been delivered by the teacher).
· I will explain that the tree is standing on a line, and that the measurer is standing on a parallel line to that tree. When the assistant moves to assist the measurer later in the lesson, they must remain on the imaginary parallel line from the measurer in order to ensure accuracy. 
· The measurer will stand at a good distance from the tree, and extend their arm straight out from the body with the pencil held in the hand so that it is directly in front of the tree. 
· Looking “through” the pencil, closing one eye if necessary, the measurer will then position the pencil so that the tip is touching the exact top of the tree.
· After the student has aligned the tip of the pencil to the top of the tree, they will move their thumb to the place on the pencil where the tree trunk meets the soil. Now, when the measurer looks at the pencil, likely with one eye closed, the tree is framed precisely between the tip of the pencil and the thumb.

· Rotating from the shoulder, the student will then swivel the pencil using the thumb/base of the tree as the circumcentre until the tip of the pencil is aligned perfectly with the ground.

· The assistant will then walk in along the imaginary parallel line (a line parallel to the measurer, as described earlier in the application) from the base of the tree until the measurer sees that the assistant is standing precisely at the tip of the pencil. 

· The measurer will then instruct the assistant to freeze.

· Using measuring tape (which will be distributed after these instructions are given), the measurer will hop off of their imaginary parallel line, walk over to the assistant, and measure the distance from the assistant’s feet to the tree.
· The measurer and assistant will then record their data (distance of partner to tree) and rejoin their classmates to discuss their results. 

-After I have given these instructions, I will distribute both pencils and tape measures to each team, and will circulate as the students select their tree and begin to measure. 

-When the students have finished doing their measuring and have recorded their data (15 minutes total), I will gather the students to discuss their results and identify the relationship between the distance of the assistant to the distance of the tree base to the height of the tree.

-I will ask the following questions to try and stimulate conversation: “Why do you think this method works for measuring the height of the tree?” “Why do you think it might be important to measure the height of trees?” “Do you think you could use the same method to measure the height of any tall object? Why or why not?” 

-After facilitating the conversation (5 minutes), I will round the students back into the classroom (5 minutes to walk from outside and to resettle into the classroom).
DAY TWO (20 mins):
-At this point, students will be moving into problem solving in their table groups of four, solving a series of Pythagorean questions either in their textbooks or prepared in advance by me on a worksheet or on the projector screen. They will be allowed to discuss and work with each other in their table groups to solve the list of problems. 
-I will have a series of additional questions prepared for enrichment if the students finish their work early, or if they want to look at Pythagorean Theorem in specific contexts (such as taking the fastest route while walking, trying to judge distances, etc.).
-While the students are working in their table groups, I will circulate and double-check the students’ homework, making anecdotal notes (e.g., Timothy and Susan drew a clearly labeled diagram, Frank and Sarah did not seem to understand).
CONCLUSION: How will I conclude the lesson? 
DAY ONE (10 mins):
Homework: I will ask the students to draw a diagram showing the position of the assistant, the tree, and labeling the distance between the assistant and the base of the tree and the height of the tree from the base to the top (an example of this will be projected onto the screen so students can see exactly what I’m looking for). They will then be asked to draw a dotted line from the top of the tree to the feet of the assistant, which we will discuss in further detail on the following lesson. 
-After students have jotted this into their agenda and have made sure that both members of the team have the necessary data to complete their homework, I will do an agenda check on their way out the door and wish them a happy night. 

DAY TWO (10 mins):
-I will ask the students to volunteer their answers for the first few questions, to ensure that students are on track and understand the concept behind Pythagorean theorem. 

-I will then assign the remainder of the questions as homework, unless the students have already completed all the questions. I will ask them to mark the question numbers into their agendas, and will check agendas on their way out of the classroom. 



	7. My Reflections on the Lesson 

	What do I need to do to become more effective as a teacher in supporting student learning? 




RESOURCES:
Larjavaara, Markku and Helene C. Muller-Landau. (2013) “Measuring tree height: a quantitative 

comparison of two common ﬁeld methods in a moist tropical forest.” Methods in Ecology and 

Evolution. British Ecological Society. Web. 19 May, 2013.  http://ctfs.arnarb.harvard.edu/Public/pdfs/Measuring%20tree%20height,%20a%20quantitative%20comparison%20of%20two.pdf 
Ontario Ministry of Education. (2005). The Ontario curriculum grades 1-8: Mathematics. 
Lesson adapted from:

http://www.wikihow.com/Measure-the-Height-of-a-Tree

