Lesson Title: “Mystery of the Points”
Unit Title: Basic Constructions for a Triangle
Teacher Candidate: Brendan Carpenter
Subject, Grade Level, and Date: Mathematics- Geometry, High School, 10/22/2015
Placement of Lesson in Sequence

This lesson is the final lesson in a week-long 5 lesson sequence. It will be the culmination of work done in the previous 4 lessons and is meant to wrap up the sequence and provide a starting point for the next Learning Segment. Additionally, this lesson will be followed by a test on the material from the 5 lessons. 
Central Focus and Essential Questions

The Central Focus of this 5 lesson Learning Segment is to highlight the basic constructions related to the triangle: Circumcenter, Incenter, Orthocenter, and Centroid. These constructions highlight the essential construction cited specifically in the CCSS for Geometry. The Central Focus for this lesson specifically is to use these constructions and the Geogebra software to identify the Euler Line. The essential questions that will guide students are: How do different triangles change the constructions? Are the constructions related? Do the constructions have any special properties?. 
Content Standards 
High School: Geometry-Make geometric constructions
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.
	Learning Outcomes
	Assessment

	Students will be able to:
· Construct the Circumcenter

· Construct the Orthocenter

· Construct the Centroid

· Construct the Incenter

· Identify a collinear relationship between the Circumcenter, the Orthocenter, and the Centroid.
	The formative assessment will be as follows: students will work individually to complete the worksheet and Geogebra assignment. While the students are working on the assignment, the teacher will be walking around the class to assess the progress of students. This assessment will be based on the perceived learning with respect to the Learning Targets. The teacher will ask questions of the student to gauge their level of learning. As for the Summative Assessment, the student’s worksheet and Geogebra assignment will be graded and used to assess the student’s understanding of the unit as a whole. That is, the worksheet will be a summative assessment of the week’s Learning Segment. 



	Learning Targets
	Student Voice

	· I can construct the Orthocenter, the Circumcenter, the Incenter, and the Centroid using a compass and straight-edge.
· I can associate the Circumcenter, the Orthocenter, and the Centroid with a single line. 
	The learning targets will be stated at the beginning and the closing of the lesson. At the beginning the students will write down the learning targets in their notebooks or in the margins of the worksheet. It will also be written on the board. When students ask questions they will be asked to repeat the learning target before they receive help. This will direct the questions and my response to those questions. Questions from the teacher will be phrased in such that they relate content to the learning targets, extending the students understanding of the learning targets to content. 


Prior Content Knowledge and Pre-Assessment
In a small Learning Segment prior to the current segment, students will have been introduced to the basic constructions necessary to find the Circumcenter, Orthocenter, Centroid, and Incenter. These instructions include: angle-bisectors, perpendicular bisectors, a perpendicular line to a given line through a point not on a line, copying a segment, copying an angle, and bisecting a segment. Students will know how to properly and precisely use a compass and straight-edge. Additionally, students will also have had exposure to using Geogebra to make Geometric Constructions. Since this lesson is at the end of a 5 day segment, students will have been shown how to find the Circumcenter, Orthocenter, Centroid, and Incenter of a triangle using a compass and straight-edge. The first side of the worksheet will be a form of Pre-Assessment. It will show both the teacher and the students the student’s ability to make the necessary constructions to proceed with the lesson. If the teacher sees enough students struggling, then it will be their responsibility to stop the lesson and review or reteach the misunderstood content. 
	Academic Language Demands

	Vocabulary & Symbols
	Language Functions
	Precision, Syntax & Discourse

	· Cicumcenter
· Orthocenter

· Centroid

· Incenter

· Collinear

· Construction 

· Compass

· Straight-Edge

· Segment

· Bisect

· Angle

· Perpendicular

· Parallel

· Circumcircle

· Median

· Altitude

· Angle-bisector

· Perpendicular-bisector

	In this lesson, students will use language to:
· Describe the steps necessary to perform each construction.

· Compare different points based on how they were constructed.

· Explain the pattern behind the behavior of each type of point.

· Explain the collinear behavior of the Circumcenter, Orthocenter, and Centroid.

· Formulate questions about the behavior of each point.

· Defend hypotheses of the behavior of each point using specific vocabulary. 
	Mathematical Precision:

Students must cleanly and precisely perform the necessary constructions using a compass and a straight-edge and the Geogebra software.
Syntax: 
Students must understand the minute details of constructions and accurately verbalize them as justification. Students must use vocabulary to describe the steps of a construction.
Discourse: 
The topics will be discussed in class and reiterated in homework. Students will be asked to respond to questions when prompted and must use correct construction protocol and mathematically accurate vocabulary. They will discuss the correct construction protocol in each of the required constructions.



	Language Target
	Language Support 
	Assessment of Language Target

	· I will use vocabulary like bisect, segment, angle, perpendicular, compass, and straight-edge to accurate describe how to construct figures and points such as a Circumcenter and a Circumcircle.
· I will use terms like Circumcenter, Incenter, Orthocenter, and Centroid to name and describe points related to a triangle. 
	The vocabulary will have been provided in previous lessons and will now be used when answering questions on the activity. During the warm-up of the lesson the teacher will provide student with specific vocabulary necessary for describing construction. The teacher will model appropriate sentence structure and syntax related to describing constructions.
	Student’s oral use of the mathematical language will be assessed as the teacher checks on the progress of each student periodically throughout the lesson. They will also use this language when writing answers on the worksheet in conjunction with the lesson.



Lesson Rationale (Connection to previous instruction and Objective Standards)
Previous to the current Learning Segment, students will have been learning how to use a compass and a straight-edge. To practice using these tools the students were working on basic constructions. These added to the student’s content understanding as well as the procedural fluency of using the compass and straight-edge. To build on the students understanding and procedural fluency, the first four lessons in this sequence focused on the individual construction protocol for each of the important points: Circumcenter, Incenter, Orthocenter, and Centroid. Each point requires a different set of basic constructions in order to complete the desired point construction. Now that the students understand the points, this lesson works to produce a culmination of the work. Finding the Euler Line brings closer to the Learning Segment and demonstrates the interconnectedness of the points. This exemplifies the focus of developing procedural fluency in using the compass and straight-edge. 
Differentiation, Cultural Responsiveness and/or Accommodation for Individual Differences
To accommodate for differing levels of mathematical ability, the worksheets will organized into sections that range from easier content to more difficult content. In this way students who are struggling can work step by step at an increasing level of difficulty. They are able to feel accomplishment for completing a portion of the worksheet but are also pushed to challenge themselves and finish it. Also, student will be working individually but have the opportunity to talk to one another and ask for help. This allows students who are struggling to get more help than what I can provide and gives students who are excelling an opportunity to strengthen their understanding of the material and fluency in the procedures through explanation. Additionally, the students who are struggling will have Geogebra to support them and provide a quick way to test hypotheses and check answers individually. Most students in the class tend to be on task, but to encourage students to be on task the teacher can remind students that following this lesson is a test on the material covered in this Learning Segment.  
Materials – Instructional and Technological Needs (attach worksheets used) 
The materials needed are: worksheets, pens, pencils, straight-edge, compass, scratch paper, and computers or tablets.
	Teaching & Instructional Activities

	Time
	Teacher Activity
	Student Activity
	Purpose

	10 Minutes
	The teacher will begin by summing up what the students have learned during the week. They will take volunteers from the class to verbally guide them through the construction of each of the points using Geogebra. Then the teacher will ask for questions from the previous days. After this, the teacher will pass out the worksheet and read through the instructions on the worksheet. At this time the teacher will also explicitly state the Learning Targets for the day, writing it on the white board and asking students to do the same in their notes or on the worksheet.
	Students will be reviewing notes and filling in gaps in notes. They will be asking questions to clarify confusions on material. They will be writing down the Learning Targets in their notes or on the worksheet. Also, some students will be giving instructions to the teacher as to how to perform certain constructions using Geogebra.
	The purpose is to review the content taught earlier in the week and clarify gaps in knowledge or correct misconceptions. This will act to warm the students up and prepare them for the activity.

	30 minutes
	The teacher supervises the worksheet and Geogebra activity. The teacher will be walking around the classroom or computer lab checking for student understanding using prompting questions. The teacher will be looking at the pencil and paper constructions and provide feedback. 
	Students will be working on the worksheet. First they will be completing the pencil and paper constructions or each point and then more onto performing the constructions on Geogebra. The students will then answer questions based on those Geogebra constructions.
	The purpose is to give the students the opportunity to show their understanding of constructions. Additionally, the Geogebra portion is meant to help students develop a deeper understanding of the more abstract concepts regarding the constructions. 

	10 minutes
	The teacher will collect the worksheets and ask students to turn off or log out of the computers. The teacher will then discuss the last few problems on the worksheet; that is, the more theoretical problems. 
	Students will turn in the worksheets and turn off or log out of the computers. Students will then discuss with the teacher and other students what they answer for the last few problems on the worksheet. 
	The purpose is to cool down the class and to give students an opportunity to discuss what they saw during the lesson. Here students will be engaging in discussion and improving vocabulary and verbal mathematical fluency. 


The worksheet will be scored out of 30 points. In the first section 3 points will be given to each correct definition based on accuracy. In that same section 2 points will be given for each correct construction: one point for an accurate construction and one point for neatness. In the last section, problems 1-4 will be worth one point each. In that same section, for 5 and 6 2 points will be given for each problem if the student answers yes and an additional point will be given if they can give an accurate answer.
Below are the answers:

· What is a Circumcenter? 

· It is the intersection of the three perpendicular-bisectors of the sides of a triangle.

· What is an Orthocenter? 

· It is the intersection of the altitudes of a triangle.

· What is a Centroid? 

· It is the intersection of the medians of a triangle.

· What is an Incenter? 

· It is the intersection of the angle-bisectors of the interior angles of a triangle.

· Is there a triangle where the Circumcenter, the Incenter, the Orthocenter, and the Centroid are the same? If so, what kind of triangle is it?
· Yes, if the triangle is an equilateral triangle then all of the four points are the same.
· Is there any relationship between the Circumcenter, the Orthocenter, and the Centroid? If so, what is it?
· Yes, the three points are all in a line, or are collinear.
