Lesson Title: Modeling Using Trigonometric Ratios and the Pythagorean Theorem
Unit Title: Right Triangles

Teacher Candidate: Sarah Groesbeck

Subject, Grade Level, and Date: High School Geometry
Placement of Lesson in Sequence

This lesson is the 6th lesson of a 7-lesson sequence on right triangles. Students have been introduced to the Pythagorean Theorem and recently to the trigonometric ratios: sine, cosine, and tangent. In this lesson, students will use this previous knowledge to find the unknown sides and angles of right triangles.

Central Focus and Essential Questions

The central focus of this lesson is to get students to apply their previous knowledge of right triangles, the Pythagorean Theorem, and the trigonometric ratios to solve real world problems. Students will first be given a couple of “practice” problems so that they can master the procedure of using trigonometric ratios to find unknown sides and angles of right triangles. Students will then be given three real world word problems that they will have to create a mathematical model for and then solve. Finally students will be given a real world problem and will make a mathematical model for that problem using Geogebra.

Content Standards 

CCSS.Math.Content.HSG.SRT.C.8
Use trigonometric ratios and the Pythagorean Theorem to solve right triangles in applied problems.*
	Learning Outcomes
	Assessment

	Students will be able to:

· solve for the unknown sides and angles in right triangles by using trigonometric ratios and the Pythagorean Theorem.

· create mathematical models for real world problems (by hand and in Geogebra)
	The formative assessment for this lesson will be the couple of “practice” problems and the three real world problems that they will have to make models for and then solve. It will also include the personal communications between the teacher and the student about how the student approached a problem and determined which trigonometric ratio to use based on the known information of the problem.
The summative assessment for this lesson will be students’ Geogebra models that they created for the given real world problem. They will be printing this off and turning it in. 


	Learning Targets
	Student Voice

	· I can find the unknown sides and angles of right triangles using trigonometric ratios and the Pythagorean Theorem.

· I can create a mathematical model for a real world problem involving right triangles.
	Students will have to justify how the answers on their worksheet utilize the correct trigonometric ratio and the Pythagorean Theorem. They will also have to justify that their answers are correct by showing and explaining that the angle measures add up to 180 degrees and that when they plug in the lengths of the sides into the Pythagorean Theorem, they get a true statement.


Prior Content Knowledge and Pre-Assessment

Students have experience with using the Pythagorean Theorem to find the unknown side of a right triangle. Students also have experience with the trigonometric ratios sine, cosine, and tangent, and how to find these ratios when given the sides of a right triangle. Some students still have problems correctly identifying which trigonometric ratio to use so I will be writing SohCahToa on the whiteboard before handing out the worksheet.

	Academic Language Demands

	Vocabulary & Symbols
	Language Functions
	Precision, Syntax & Discourse

	· right triangle 

· angle

· opposite leg 

· adjacent leg

· hypotenuse

· sine

· cosine

· tangent

· inverse sine

· inverse cosine

· inverse tangent


	· Students will be able to identify the sides/legs of the triangle in relation to a given angle.

· Students will be able to identify the trigonometric ratio in relation to two sides of the right triangle.
	Mathematical Precision: Students must correctly use the trigonometric ratios and the Pythagorean Theorem when finding the unknown sides and angles of a right triangle.
Syntax: Students must use the correct notation when using the trigonometric ratios (i.e. tan(58)=x/10). Students must also be able to show their answers are correct by showing that the triangle’s angles add up to 180 degrees and that when they plug the sides into the Pythagorean Theorem they get a true statement.
Discourse: The problems will be posed on the worksheet and solved individually. Students will have to use the correct terminology in their personal communications with me as I assess their completion of the worksheet as well as on their Geogebra model that they will be handing in.


	Language Target
	Language Support 
	Assessment of Language Target

	Using the correct terms and vocabulary, I can explain how I approached and solved the problems on the worksheet. I can also explain how I knew my answers were correct because the measures of the right triangle’s angles added up to 180 degrees and when I plugged the measures of the sides into the Pythagorean Theorem, I got a true statement.
	Model and explain how to use trigonometric ratios and the Pythagorean Theorem to find the unknown sides and angles of a right triangle. Discuss how we will be using previous terms such as opposite leg, adjacent leg, and hypotenuse as we determine which trigonometric ratio to use. 
	Part of the formative assessment is the personal communications of their process for determining which trigonometric ratio to using the language of the lesson.


Lesson Rationale (Connection to previous instruction and Objective Standards)

In previous lessons, students were introduced to the Pythagorean Theorem and the trigonometric ratios. In this lesson, students will be recalling on this information as they find the unknown measures of the angles and sides of given right triangles and of right triangles they have built as a model for real world problems.

Differentiation, Cultural Responsiveness and/or Accommodation for Individual Differences

To accommodate for the diverse levels of mathematical abilities, the students will work individually on the worksheet and Geogebra as the teacher walks around the classroom to provide help when needed.
Materials – Instructional and Technological Needs (attach worksheets used)

We will need pencils, whiteboard, whiteboard markers, and the worksheet.

WORKSHEET BELOW:

Modeling Using Trigonometric Ratios and the Pythagorean Theorem Worksheet

Use the Pythagorean Theorem and Trigonometric Ratios to solve the following. You must find the lengths of all the sides and the measures of all the angles.
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Create a model for the following. Then use the Pythagorean Theorem and Trigonometric Ratios to solve them. You must find the lengths of all the sides and the measures of all the angles.

3) A tree casts a shadow 70 feet long at an angle of elevation of 30º. How tall is the tree? 

4) An observer on top of a 60-foot tall lighthouse sees a boat in distress at a 5º angle of depression. How far is the boat from the base of the lighthouse?
5) A six-meter-long ladder leans against a building. If the ladder makes an angle of 60° with the ground, how far up the wall does the ladder reach? How far from the wall is the base of the ladder?

Create a model for the following in Geogebra. Then use the Pythagorean Theorem and Trigonometric Ratios to solve them. You must find the lengths of all the sides and the measures of all the angles. (You can use this page to sketch what your Geogebra model will look like and do any calculations you will need.)

6)
Your school has decided to build a sidewalk between the Science building and the Café. Right now there is a sidewalk connecting the Science building to the Math building and a sidewalk connecting the Math building to the Café. These sidewalks make a right angle. If the sidewalk between the Science building and the Math building is 10 meters and the new sidewalk will make a 58˚ angle with that sidewalk, how long will the new sidewalk be? How long is the sidewalk between the Math building and the Café? What angle will the new sidewalk make with the sidewalk between the Math building and the Café?
	Teaching & Instructional Activities

	Time
	Teacher Activity
	Student Activity
	Purpose

	Before
	· Teacher asks students to state the Pythagorean Theorem and explain SohCahToa as a warm up.
	· Students state the Pythagorean Theorem and explain SohCahToa in the math notebooks.
	· To get the students to recall previous knowledge that they will need for this lesson.

	Intro
	· Teacher will give a quick example of how to use trigonometric ratios and the Pythagorean Theorem to solve for the unknown sides and angles of a right triangle.
	· Students will take notes as the teacher does the example problem. 
	· To give the students an example to look back on as they work on the worksheet.

	Rest of Class Period
	· Teacher hands out worksheet.

· Teacher walks around the room and monitors student progress and asks leading questions when needed. 

· Teacher assesses students’ use of language as they walk around the classroom observing the students.

· Example question: How do you know your answer for question 1 is correct?
	· Students start working on the worksheet individually.

· Example Answer: Since I knew what a and b were, I used the Pythagorean Theorem to find c which is AB.
	· The purpose of this is to give students the opportunity to practice working with the trigonometric ratios and Pythagorean Theorem and to show them how they can be used to solve real world problems.
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