Lesson Title: Exploring Relationships between Centroid, Orthocenter, and Circumcenter using Geogebra
Unit Title: The Classical Triangle Centers
Teacher Candidate: Cassidy Sargent
Subject, Grade Level, and Date: High School Geometry
Placement of Lesson in Sequence and Lesson Rationale
This is the second lesson in a sequence of two lessons; the first lesson was an introduction to learning about concurrent lines, centroid, orthocenter, and circumcenter, and this lesson will be a modeling lesson building on the first lesson, where students will actually be exploring each concept and learning how it connects to the Euler Line. 
Central Focus and Purpose
This modeling lesson is to ensure that students know how to construct the centroid, orthocenter, and circumcenter, and can explore how these each change when the points of a triangle are moved around, and how these points make up the Euler Line. 
CCSS.MATH Content and Practice Standards 
CCSS.MATH.CONTENT.HSG.CO.C.10
Prove theorems about triangles. Theorems include: measures of interior angles of a triangle sum to 180 degrees; base angles of isosceles triangles are congruent; the segment joining midpoints of two sides of a triangle is parallel to the third side and half the length; the medians of a triangle meet at a point.
CCSS.MATH.CONTENT.HSG.CO.D.12

Make formal geometric constructions with a variety of tools and methods (compass and straightedge, string, reflective devices, paper folding, dynamic geometric software, etc). Copying a segment; copying an angle; bisecting a segment; bisecting an angle; constructing perpendicular lines, including the perpendicular bisector of a line segment; and constructing a line parallel to a given line through a point not on the line.
Prior Content Knowledge and Pre-Assessment
The students have prior knowledge of bisecting angles and segments, constructing perpendicular lines and perpendicular bisectors. This previous content knowledge will be reinforced throughout this lesson as they apply these skills to triangles. 
Learning Target(s) and Plan for Clarifying Intending Learning
1. I can construct the medians, altitudes, and perpendicular bisectors of a triangle on Geogebra and with compass and straightedge.

2. I can identify what happens to the centroid, orthocenter, and circumcenter of a triangle when the triangle is manipulated on Geogebra.

I will start the class by reviewing what the terms centroid, orthocenter, and circumcenter mean and how to find these points to ensure that the students are ready to begin their activity. We will also go over the basics of how to use Geogebra since they will be using this to explore the concepts. 
	Strategy for using assessments to guide student learning

	The purpose of using Geogebra for students to complete their activity is so that they can actively explore how the centroid, orthocenter, and circumcenter move when the triangle moves in Geogebra. They will be asked to explain their findings on the worksheet to show that they understand the relationship between these points, which form the Euler line. After completing the activity on Geogebra, they will be required to complete an exit slip where they construct the Euler line using a compass and straightedge, along with identifying which point represents each of the following: centroid, orthocenter, and circumcenter. 

	Success Criteria (criteria for interpreting student success of the learning target)
	Plan for providing feedback and students’ monitoring of their own learning

	Students will be required to get at least 18/22 questions correct. They will have a chance to fix their wrong answers by re-exploring the manipulations on Geogebra to get up to the target score.
	I will be walking around the classroom checking the students work while they make the constructions using Geogebra and the compass and straightedge to give them feedback and answer questions while they work on the activity. I will also be giving them written feedback on the worksheets they turn in.


	Academic Language Demands

	Language Function
	Vocabulary & Symbols
	Secondary Language Demand

	In this lesson, students will use the language functions:
· Identify the relationship between the centers of the triangle
· Explain what happens to the three classical triangle centers when the triangle is manipulated


	· Concurrent lines
· Median

· Centroid

· Altitude

· Orthocenter

· Perpendicular bisector

· Circumcenter

· Euler line

	Mathematical Precision: 
Students must be able to construct the centroid, orthocenter, and circumcenter of a given triangle using Geogebra and compass and straightedge.
Syntax: 
Students will be able to use the vocabulary and their constructions to explain their answers to the questions in the worksheet.
Discourse: 
Students will discuss with their peers and myself what happened to the points when the triangle was manipulated, along with giving an explanation of their findings.


	Language Support (instructional and assessment strategies)

	Language Instruction 
	Guided Practice 
	Independent Practice 

	In this lesson, I will use language instruction to review the concepts from the previous lesson and to give an introduction into this lesson so that students can start to make the connection between the two lessons and deepen their understanding. 
I will ask students what the different vocabulary words that we are using for this activity mean, along with what the medians, altitudes, and perpendicular bisectors are and how to construct them given a triangle. 
	I will start by reviewing with students to make sure the concepts are fresh in their minds, and then have each student open up Geogebra so that they can become more familiar with it while I explain to them the basic tools that they will need for this activity.   Students will also be able to ask questions while they are working on their activity and I am walking around the classroom, for additional assistance. The worksheet is used to help guide students in deepening their understanding of the concept, since it initially asks basic questions about what happens to the triangle when its manipulated, and then it asks more in depth questions so that the students have to do more thinking about the concept to answer the question.
	The independent practice for this lesson will be during the exit task when they are required to find the Euler line of a given triangle using a compass and straightedge, and label each of the center points (centroid, orthocenter, circumcenter) accordingly.



Differentiation, Cultural Responsiveness, and Accommodation for Individual Differences
Modifications and adaptations can be made to this lesson by having students work together in pairs to construct each of their triangles and center points so that they can share their explanations with each other and help each other to come to conclusions about the relationships of these center points. For a student who has a hard time creating the constructions on Geogebra or with the compass and straightedge, they can work with a student who is comfortable with those skills. These student using Geogebra can explain to the other student how he is constructing the object, and the other student can contribute by helping explain what happens to the points when the triangle is manipulated. I will also have pre made constructions printed out on pieces of paper for each of the questions on the worksheet that a student who has a hard time with Geogebra or constructing the triangle with compass and straightedge can use so that they can still explore this concept without having to construct the triangles.
Materials – Instructional and Technological Needs (attach worksheets used)
Technology needed: Geogebra

Worksheet: 

Name: ____________________________

Exploration of Relationships between Centroid, Orthocenter, and Circumcenter
Part 1: Medians and the Centroid

Complete the following constructions and answer the questions. 

a) On Geogebra, construct a triangle ΔABC. Construct the midpoints of the sides of ΔABC. Label the midpoints D, E, and F in such a way that D lies on the side opposite A, E lies on the side opposite B, and F lies on the side opposite C. Construct the medians for ΔABC. 

What do the medians have in common? Use the drag test to verify that this continues to be true when the vertices of the triangle are moved around in the plane.

What is the point of concurrency of the medians called?

What happens to the centroid when the triangle is acute?

What happens to the centroid when the triangle is obtuse?

What happens to the centroid when the triangle is right?

What happens to the centroid when the points A, B, C all fall on the same line?

Construct the triangle and its medians with a compass and straightedge: 

Part 2: Altitudes and the Orthocenter
Complete the following constructions and answer the questions.

a) On Geogebra, construct a triangle ΔABC and construct its three altitudes. Label the intersection of the altitudes H.

What is the point of concurrency of the altitudes called?

What happens to the orthocenter when the triangle is acute?

What happens to the orthocenter when the triangle is obtuse?

What happens to the orthocenter when the triangle is right?

What happens to the orthocenter when the points A, B, C fall on the same line?

Construct the triangle and its altitudes with a compass and straightedge: 

b) On Geogebra, add the centroid G to your construction and again move the vertices of the triangles to see what happens to points G and H. 

What did you notice about the location of the centroid and the location of the orthocenter when moving one of the vertices of the triangle?

Part 3: Perpendicular Bisectors and the Circumcenter
Complete the following constructions and answer the questions.

a) Construct a triangle ΔABC and construct the three perpendicular bisectors of its sides. Label the intersection of the perpendicular bisectors O. 

What is the point of concurrency of the perpendicular bisectors called?

What happens to the circumcenter when the triangle is acute?

What happens to the circumcenter when the triangle is obtuse?

What happens to the circumcenter when the triangle is right?

What happens when the triangle is equilateral?

What happens to the circumcenter when the points A, B, C fall on the same line?

Construct the triangle and its perpendicular bisectors with a compass and straightedge: 

b) On Geogebra, add the centroid G and the orthocenter H to your construction and again move the vertices of the triangles to see what happens to points G, H, and O.

What did you notice about the locations of the centroid, orthocenter, and circumcenter when moving one of the vertices of the triangle?

c) On Geogebra, draw a line through points G and H. 

What did you notice about point O?

 What is the line passing through points G, H and O called?

	Instructional Plan (detailed explanation for thing the lesson)

	Pacing
	Teacher Activities
	Student Activities

	10-15  min
	I will start the lesson by reviewing the vocabulary and concepts they learned in the previous lesson about medians, altitudes, and perpendicular bisectors. I will ask them questions about these concepts and start relating the concepts to the activity we will be completing in today’s lesson. I will explain what they will be doing on the worksheet and what they will need to do on Geogebra.
	Students will be participating during this review time by answering questions about the previous lessons concepts. They will also be listening as I give the instructions for this activity and asking clarifying questions

	30 min
	During this time I will be walking around the room checking students’ constructions on Geogebra and looking over the explanations and constructions on their worksheets. 
	During this time students will be working on the exploration activity using Geogebra to make their constructions, along with a compass and straightedge to make constructions on the worksheet. Students will have the opportunity to ask individual questions during this time. They can ask for my help or the help of other students if they are stuck on something. 

	10 min
	Bring the students back together after ending the activity. Explain to the students that they will be constructing the Euler Line given a triangle for the exit slip. 
	Students will be working on their exit slip during this time. They will be required to construct the Euler line given a triangle and label the centroid, orthocenter, and circumcenter, with points G, H, and O respectively. 


