	Learning Activities

Teacher Questions and Expected Student Responses
	Teacher's Support for Students
	Remarks on Teaching



PCMI Lesson Study 2005

Lesson GOALS:

· Students will understand that similarity is a basis for trigonometry. 

· Students will be able to compare various methods for solving a problem and defend a particular solution method mathematically.

· Students will be able to explain the reasonableness of their solution. 

· Students will relate their solution method of choice to the information they supplied.

Lesson RATIONALE:

Utah State Standards state that students should be able to identify trigonometric relationships, solve problems using special right triangles, find missing parts of triangles, model and solve geometric situations and form logical arguments. We know that during week three of a five-week geometry course, students will have been introduced to right triangle trigonometry and assume students have explored similarity before in some way.


From teaching experience, students seem to struggle with special right triangles, similarity, logical argument and trigonometric concepts. Most curricula do not link similarity and trigonometry, despite power of the connection. Trigonometry should not be taught as a new concept, but as a special case of similarity.


This problem was selected because we feel all students can be included and are more likely to be engaged as it has multiple access points and is inherently interesting. This problem will enable students to integrate prior knowledge, such as knowledge of right triangle properties and similarity, with new concepts and ideas, like non-right triangle trigonometry. It also affords students some level of ownership of their solutions. In addition, this problem encourages students to employ higher-order thinking skills in applying their logical argument skills

	0 min.
	Pre-Lesson

Students are seated in pairs.

Map is posted on board.

The question What is the connection between similarity and trigonometry?
is written somewhere in the room.


	
	

	3 min.
	Introduction

Teacher introduces self to class

• Name

• Why is the teacher there?

“This is a research lesson designed by a group of teachers from around the country. Students are helping the teachers become better teachers. Teachers in the room will be walking around, video-taping, taking pictures, etc. Teachers are focusing on the lesson, not the students!

• Teacher mentions being aware of some of the topics they have been studying this summer (right triangle trig, similar triangles, etc.)

“What topics have you covered in the last three days?”

• Teacher relays groupwork and classwork norms briefly


	
	

	10 min.
	Posing the Problem

GOALS:

- Students recognize given information.

- Students determine what the problem is asking them to do.
Teacher tells the story of the treasure map to class (refer to script).

Teacher gives the clues then tells the students that he/she tried to find the treasure but couldn't because the map was missing some information. 

“How can Geometry help us find the treasure?” 

Teacher assigns the task.

 “I tried walking down Main St. but realized I didn’t know where to stop. So I went and found Dakota and asked for some of the missing information, but she would only give me a few distances and angles.”
"I want you and your partner to think about what question or questions I should have asked Dakota in order to find the treasure.  When you have a question/questions in mind, raise your hand, tell me what you would ask and why you would ask it.  If Dakota gave me that information, I'll give it to you. Think about this while I pass out the maps.”

"Using the information you've received and a smaller version of the map, try to determine how many paces it is from the corner of Main Street and 4th Avenue to the treasure."

"Once you've determined the distance to the treasure, see if there's a different set of questions you could ask and use that information to try to find the distance to the gold."

Clarify student understanding of the task:

“Can someone rephrase what it is we’re trying to do?”


	Refer to large map as teacher reads clues.

Students will not respond to this question, but will think about it as the rest of the task is described.

Students are given multiple copies of the map.

Teacher hands out the maps.

Tasks on board and on sheets:

•Raise hand when you've decided what to ask.

•Use information given to find the distance to the gold.

•Find other questions to ask and use that information to find the distance to the gold.


	Try to have story memorized so that it sounds authentic.



	25- 30 min.
	Student Problem Solving

GOALS:

- Students use prior knowledge about parallel lines, similar triangles and right triangle trigonometry to approach the problem.

- Students determine a possible method or methods for solving the problem. 

- Students determine additional information necessary to solve the problem.

- Students choose one solution method to share with the class and show it, with an explanation, on a given poster.

Students begin working on solving the problem in their pairs. Students work for about 20 minutes on finding the solution in at least one way.

Teacher calls entire group together and explains objective of the poster.

“Pick one and only one of your solutions to put on the poster I give you to share with the class. On your poster, show your solution, all work that lead to it, and be sure to write BIG with dark marker.”
Teacher passes out posters and markers to each group. 

As posters are being passed out, teacher checks in with each group about the solution they want to share on their poster.  

As students finish their posters, teacher encourages them to continue to seek ways to find the distance to the missing treasure. 

Students are given a time warning when they have two minutes left.


	Teacher should try to provide students with the information about the map that they seek in the first five minutes of the problem-solving period.

If student pair asks “is this a right angle,” teacher will respond by asking the students if that information makes a difference.

Teacher roams the room to watch student work and assist students who get stuck. Pairs who get the answer one way are prompted to find another solution method.

Show students a copy of the poster they will use.


	Possible Mistakes:

- using the wrong trig function

- using the wrong angle, length

- computational mistakes

Teacher can ask student pairs with unique solutions to share those instead of choosing another one; if teacher sees that multiple pairs are choosing the same method to share, he/she can suggest solutions to share.



	15-20 min.
	Whole-class Discussion
GOALS:

- Students see that there are multiple ways to solve the problem, specifically using similar triangles and trigonometry.

- Students understand how trigonometry is a special case of similarity by comparing two different methods.

Posters are put up on the board, grouped by similar method. “With your partner, put your poster near others that used a similar method as you did.”
All groups approach the board and put posters up. 

After all the methods are put up the teacher asks, "Looking at the posters on the board, what different kinds of methods did people use to find to distance to the buried treasure?"

Teacher asks, “How are these solutions all related?"
Teacher gives students two minutes to think about the question, then calls on volunteers for answers.
Pointing at two particular solution methods that use the same ratio, teacher will ask students, “What is the connection between this solution that used [trig] and this solution that used [side ratios]?

Teacher asks students to answer the question on the board: What is the connection between similarity and trigonometry?
Student volunteers offer answers.


	Some solutions involve only sides, others involve angles and  sides. These solutions use similarity and trig, respectively.

Teacher will not facilitate this process; instead, students are to talk to each other if necessary as they find the best place for their posters.

- Similar triangles (triangle to triangle; side to side) 

- Right Triangle Trig

- Pythagorean Triples

- Other methods
- all the answers are the same

If students have trouble answering this question, teacher can ask “How do you find [tan28] without using a calculator?”
	Teacher can bring up the discussion of whether the right angle is important or not here.

This is just a specific case of the AA Similarity Theorem using right angles.

	5 min.
	Summing Up

GOALS:

- Students can describe that trigonometry is a special case of similarity that can work to compare any two triangles.

Following the connection made using the treasure map solutions, teacher uses stick-on triangles to have students generate the similar triangle ratios (both triangle to triangle and side to side) and the trig functions.


	
	Removable stick-on triangles are adhered to the big poster at the beginning for removal here.

Teacher can give hypotenii here if appropriate.




