Lesson Title: Discovering Pi, Lesson 1 of the Learning Progression
Unit Title: Circumference and Area of Circles
Teacher Candidate: Ashley Browne
Subject, Grade Level, and Date: High School Algebra, Grade 10-12, February 16, 2016
	Placement of Lesson in Sequence


This lesson will be the first lesson in a three–lesson unit progressing from 1. Exploring the origin of pi and how it relates to circles to 2. Learning the formulas for circumference and area of a circle and developing procedural fluency by applying these formulas, and 3. Using reasoning and problem solving to apply the concepts and procedures related to pi and circle area by solving real-world examples.
Central Focus and Essential Questions

The central focus is to understand the relationship between the diameter of a circle and its circumference. The purpose of this lesson is for students to recognize that the ratio of a circle’s diameter to its circumference, regardless of the circle’s size, will always be approximately 3.14, which is pi.  First, the students will work in groups to measure and record the diameter of the first circular object that they are given. Then they will use the string that they are given to wrap around the same object and estimate the circumference of that object by laying the string next to a ruler. The students will be passing circular objects around the room (total of 8) and recording the diameter and circumference of each. Finally they will calculate the ratio of the circles’ diameter to its circumference (diameter/circumference). When the students are done measuring and recording, they will be required to calculate the average ratio and graph their data. The next lesson will focus on how you can use this ratio, pi, to calculate the circumference and area of circles.
Content Standards
Grade 7: Geometry- Solve real life and mathematical problems involving angle measure, area, surface area, and volume.

Know the formulas for the area and circumference of a circle and use them to solve problems; give an informal derivation of the relationship between the circumference and area of a circle.

CCSS.MATH.CONTENT.7.G.B.4 
	Learning Outcomes (Objectives)
	Assessment

	Students will understand the concept of pi and where it comes from.
	Students will be asked to answer some follow up questions at the end of their worksheet to assess their understanding of the lesson. It is key to make sure that the students understand that the ratio stays the same no matter the size of the circle.


	Learning Targets
	Student Voice 

	· I can find the circumference of a circle.
· I can find the diameter of a circle.

· I can divide the circumference by the diameter to find pi.

· I can derive an equation using pi to find the circumference of a circle.
	The students will have the learning objective on the worksheet they will be working on and asked questions that will how their understanding of the learning objective. The students will also use student voice when completing and turning in the worksheet that will be used to assess their understanding.


Prior Content Knowledge and Pre-Assessment
 Since the students from this class come from different educational backgrounds, their prior knowledge varies. For this activity, however, the students will be expected to know what the circumference and the diameter of a circle are. They are expected to have background knowledge of the parts of a circle. Since this is not guaranteed, a brief lecture will be given at the beginning of the activity to remind the students of the different parts of a circle. The students will also be required to graph points in this activity and find the slope of the resulting line. 
	Academic Language Demands

	Vocabulary & Symbols
	Language Functions
	Mathematical Precision, Syntax, & Discourse

	· Ratio

· Circumference

· Diameter/Radius

· Circle

· Pi (π)
· Formula
· Slope

	In this lesson, students will use language to: 

• Describe the ratio of diameter to circumference of a given circle.

• Compare the ratio of diameter to circumference of different circles.

• Generalize a formula for circumference.

• Justify reasoning for that formula using this activity.
	Mathematical Precision: Students will need to correctly use a ruler to measure the circumference and diameter of the given circles. They will need to know how to correctly divide in order to find ratios. They use vocabulary words in order to describe their findings. 

Syntax: Students use the graph paper and tables to record and interpret their data. 

Discourse: Students discuss in groups the pattern of ratios that they are finding and relay that information to the class and teacher. 


	Language Target
	Language Support
	Assessment of Language Target

	I will be able to use the terms diameter, radius, circumference, and ratio when completing the activity and explaining a formula for circumference.
	Most of the vocabulary for this lesson will have been previously taught so they should have definitions in their notes. Also, the terms will be written on the board for the students to see during the activity.
	Students’ oral mathematical language use will be assessed during the activity as the teacher monitors the groups. The students’ written language use will be assessed in the reflection questions that are asked at the end of the worksheet. Students will receive oral feedback during the activity and written feedback during the next class time.


Lesson Rationale (Connection to previous instruction and Objective Standards)
 This lesson goes farther into understanding the relationship between circumference and diameter. The students have previously learned about these and are now going to discover their connection, pi. They will be using their knowledge of the different parts of a circle to compete this task. This lesson connects to their previous knowledge and expands on it, getting them to think of the relationships between the things they’ve learned. This lesson connects to the standard because the standard states that the students must be able to “give an informal derivation of the relationship between the circumference and area of a circle” which is what the lesson has them working towards. They will have to recognize that all the ratios they are coming up with are equal to pi, and then be able to use that to derive an equation for the circumference of a circle. 
Differentiation, Cultural Responsiveness and/or Accommodation for Individual Differences

The students are working in pairs during this assignment. Having them work together allows the students to collaborate with each other and allows me to individually cater to the students. This helps accommodate many of the students because the majority of the class are students who have a problem getting work done without being reminded. Having the students work together also helps them go at their own pace so they do not feel pressured to keep up and they can reach the learning goals. There are a handful of ELL students in the classroom who are academically proficient in English, so accommodations are not needed. For the special education students in the class, they will be able to ask for one-on-one help from me if they are struggling or help from their peers.
Materials – Instructional and Technological Needs (attach worksheets used)
The materials needed are the activity sheets, scissors to cut the string, string, a document camera so the students can share their findings, rulers and yard sticks, and 8 different circular objects.
	Teaching & Instructional Activities

	Time
	Teacher Activity
	Student Activity
	Purpose

	Before (15 min)
	• Teacher will lead a review session on how to use a ruler and a yard stick in order to estimate distances to the nearest millimeter. A specific example is: draw a line with a random distance and place the drawing and a ruler on the document camera. Then ask the students “how long, to the nearest millimeter, is this line?”

• Teacher leads a classroom discussion about how accurate human measurement is and the difference between an ideal measurement and the measurements that we will be taking in class. 
	• The students will be listening and potentially taking notes. It will be expected that they will participate in the classroom discussions and answer the questions that the teacher asks in class.

• Example answer: That line is 7.3 cm long.

• Example discussion participation: We know that you cannot measure something to the exact amount. There will always be a smaller unit of measurement that we can take.
	The purpose of this is be certain that the students have the knowledge and the materials that they need in order to perform the activity. If they did not know how to use a ruler or what a circumference or diameter is, their ability to complete the activity would be heavily affected.

	During

Part 1
	• Teacher gives out the worksheet Discovering Pi and divides the 8 circular objects amongst the four table groups. Teacher reads the directions on the handout. 

• Teacher observes groups at work and asks probing questions to check for understanding and to make sure that the students are measuring to the nearest millimeter.
	Students begin on the activity sheet. They will find the circumference and diameter of various circular objects. They will then find the ratio between those two numbers. The students will have to graph their results to determine the slope of the graph. They will have to answer follow up questions in order to solidify their understanding and for assessment reasons.
	The purpose of this activity is to have the students find out for themselves that the ratio in question is approximately 3.14. Another purpose for this activity is to have the students recognize that no matter what the size of the circle, the ratio will be the same and we can use that ratio in different formulas. 

	During

Part 2
	Teacher asks each group to present their graphs and table. Teacher will have each student mention the observations that they have made. The class can write all of their averages on the board and then we, as a class, can take the average of the averages to find a more precise ratio.
	Students share and explain their observations. As a result of class discussion and teacher question probing, the students will come to the generalization that the ratio of a circle’s circumference to its diameter will always be 3.14.
	The purpose is for the class to come to a consensus that the ratio should be 3.14. The teacher will also be able to assess the whether the students were able to correctly take measurements and make generalizations. 

	After
	This activity will end with a discussion of the different groups’ answers. The teacher will lead the students to the conclusion that the ratio of a circle’s circumference to its diameter is approximately 3.14. The teacher will introduce the idea of pi and show the students the symbol for it. There will be a brief discussion of how pi relates to finding area and circumference of circles. Basically, a lead in to the next lesson. 


	Students will take notes on the new information that is presented and change any answers that they got wrong. They will also reflect on the activity as a whole and discuss why their answers did or did not come out to being 3.14.
	The purpose is to assess the student’s conceptual understanding and their ability to use mathematical reasoning to derive the formula for circumference. Also, the result of this activity ties heavily into the next few lessons on circumference and area so having a class discussion will provide a fluid transition.   


Discovering Pi
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Name:

Objective: Today you will discover a ratio between a circle’s diameter and circumference.

Procedures:
1.   Measure the diameter of each round object you are given.

2.   Use your string to measure the circumference of the circle. Mark the place where the string meets and measure the distance with a ruler.

3.   Fill in the chart below.

4.   Use the Diameter as the x-axis and Circumference as the y-axis to plot the numbers you found.

5.   Find the slope of the graph you created.

6.   Using the chart, calculate the ratio circumference to diameter and record it in the chart.

7.   Calculate the average ratio for your circles.

*Table and graph on next pages*

Questions:
1.   What is the average ratio of circumference to diameter?

2.   Why is it important to measure circles of different sizes?

3.   What observations did you make?

4.   Can you derive the formula for circumference of a circle by knowing Pi is the ratio of diameter to circumference?

Table:

	Circle

Number
	Radius
	Diameter
	Circumference
	Ratio

(Circumference/Diameter)

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	

	6
	
	
	
	

	7
	
	
	
	

	8
	
	
	
	

	9
	
	
	
	

	10
	
	
	
	

	11
	
	
	
	

	12
	
	
	
	

	13
	
	
	
	

	14
	
	
	
	

	15
	
	
	
	

	16
	
	
	
	

	17
	
	
	
	

	18
	
	
	
	

	19
	
	
	
	

	20
	
	
	
	

	21
	
	
	
	

	22
	
	
	
	

	23
	
	
	
	

	24
	
	
	
	


On the graphing paper, graph the circumference vs. the diameter. (circumference on the y-axis
and diameter on the x-axis)


