	Background Information

	Content/Course

	Geometry

	Unit

	Unit 1:Congrunce Proof and Construction 

	Essential Questions/Enduring Understandings Addressed in the Lesson

	Enduring Understandings
· Objects in space can be transformed in an infinite number of ways and those transformations can be described and analyzed mathematically.
· The concept of congruence and its connection to rigid motion.

Essential Questions
· How is visualization essential to the study of geometry?
· How does the concept of rigid motion connect to the concept of congruence?

· How can reasoning be used to establish or refute conjectures?
· What facts need to be verified in order to establish that two figures are congruent?


	Standard(s) Addressed in This Lesson

	G.CO.6
Use geometric descriptions of rigid motions to transform figures and to predict the effect of a given rigid motion on a given figure; given two figures, use the definition of congruence in terms of rigid motions to decide if they are congruent.
G.CO.7
Use the definition of congruence in terms of rigid motions to show that two triangles are congruent if and only if corresponding pairs of sides and corresponding pairs of angles are congruent. 
G.CO.8 
Explain how the criteria for triangle congruence (ASA, SAS, and SSS) follow from the definition of congruence in terms of rigid motions.


	Lesson Title 

	Discovering Triangle Congruence

	Relevance/Connections

	How does this lesson connect to prior learning/future learning and/or other content areas?
Students will make use of the criteria for triangle congruence when proving theorems about  triangles and parallelograms as indicted by: 

· G.CO.10 Prove theorems about triangles. Theorems include: measures of interior angles of a triangle sum to 180°; 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.

· G.CO.11 Prove theorems about parallelograms. Theorems include: opposite sides are congruent, opposite angles are congruent, the diagonals of a parallelogram bisect each other, and conversely, rectangles are parallelograms with congruent diagonals.



	Student Outcomes 

	The student will:
· explain why known congruence of some combinations of corresponding parts of triangles (ASA, SAS, SSS, AAS) establish triangle congruence
· explain why known congruence of some combinations of corresponding parts of triangles (SSA and AAA)  will not establish triangle congruence 

	Summative Assessment
(Assessment of Learning) 

	What evidence of student learning would a student be expected to produce to demonstrate attainment of this outcome?
Students will apply congruency shortcuts to congruency proofs. 

	Prior Knowledge Needed to Support This Learning
(Vertical Alignment)
	In 8th grade students have developed an understanding of congruent figures. 
(Standard 8.G.2 Understand that a two-dimensional figure is congruent to another if the second can be obtained from the first by a sequence of rotations, reflections and translations: given two congruent figures, describe a sequence that exhibits the congruence between them. )

	Method for determining student readiness for the lesson

	How will evidence of student prior knowledge be determined?
During the Warm Up students will create a Frayer model for “Congruent Triangles”.  The level of understanding that students have for this concept will be evident by the information that they include in their model. 
What will be done for students who are not ready for the lesson?
The review of the warm-up will clarify misconceptions.   

For struggling learners and ELL students:
While going over the warm-up, the teacher should consider using kinesthetic methods to emphasize the placement of the given sides and/or angles.  More specifically, if given a SAS congruency the teacher can direct the students to place their index and middle finger of the same hand on the two given sides.  If this motion forms the included angle, students can determine that the triangle meets the SAS criteria.  If the angle is not included between the two fingers then it does not meet the criteria, as the angle is not between the two sides.

It may also be helpful for visual learners to have colored pencils available so that they may color-code given congruencies.  The teacher should also model the color-coding for the students.

	Common Misconceptions

	Students identify congruency shortcuts incorrectly due to visual discrimination errors. For example, confusing SAS by not realizing that the angle needs to be between the two sides. Students may need additional help relating the location of the given sides and angles to the congruency shortcut.   In other words, not just any two given sides and an angle give the specific congruency shortcut. ASA may pose similar problems. 



	Learning Experience

	Standards for Mathematical Practice
	Component
	Details

	SMP #6 Attend to precision.
Students will be developing a clear definition of “congruent triangles” by completing a Frayer Model  and discussing the model with other students.
	Warm Up/Drill

	· Ask students to create a Frayer model for “congruent triangles”.   See attached template. 
· Ask students to share their Frayer models with a shoulder partner.  Then ask each pair to share with another pair. 
· Ask several groups of four to share with the class commonalities between the different sections of their Frayer models.

Note: In 8th grade students have developed an understanding of congruent figures. (Standard 8.G.2 Understand that a two-dimensional figure is congruent to another if the second can be obtained from the first by a sequence of rotations, reflections and translations: given two congruent figures, describe a sequence that exhibits the congruence between them.)




	SMP #5 Use appropriate tools strategically.
The tool is this motivating activity is the cut out of a triangle.  At this point students should use this as a tool to find another triangle congruent to theirs by laying their triangle on another in an attempt to find a perfect match. 

SMP #7 Look for and make use of structure.
Students will use their observational skills to locate another shape that is congruent to theirs.  In doing so they will need to make use of the structure of the shapes in order to find a correct match. 
	Motivation
	· Create enough pairs of congruent triangles so that each student in your class has one triangle. For example, if you have 30 students, draw 15 pairs of congruent triangles.  If you have 31 students create 16 pairs of congruent triangles.  Each pair should be unique. (Set of triangles attached)
· Cut the triangles out.
· Give each student a triangle cut out as he/she enters the class. If you have an odd number of students, you should keep one of the triangles for yourself.
· Instruct students to find the other person in the class that has a triangle that is congruent to their triangle.  Students with congruent triangles should stand next to one another.
· Once each student has found his/her partner, instruct them to label the vertices of their two triangles using different letters for each triangle.
· 
Ask students to write a congruence statement that pairs the corresponding angles and sides correctly 
· Ask a few pairs of students to read their congruence statement and explain how they knew how to order the letters in their statement and how they determined who had a triangle that was congruent to their triangle. 
This activity adheres to UDL Principle #1 Checkpoint 1.3 Offer alternatives for visual information
Images, Graphics, Animations, Video, or Text (see below) are often the optimal way to present information, especially when the information is about the relationships between objects, actions, numbers, or events.  But such visual representations are not equally accessible to all learners, especially learners with visual disabilities or those who are not familiar with the type of graphic being used. Visual information can be quite dense, particularly with visual art, which can have multiple complex meanings and interpretations depending on contextual factors and the viewer’s knowledge base. To ensure that all learners have equal access to information, it is essential to provide non-visual alternatives.
Tell Me More!
· Provide descriptions (text or spoken) for all images, graphics, video, or animations
· Use touch equivalents (tactile graphics or objects of reference) for key visuals that represent concepts
· Provide physical objects and spatial models to convey perspective or interaction
· Provide auditory cues for key concepts and transitions in visual information

Note: In 8th grade students have developed an understanding of congruent figures. (Standard 8.G.2 Understand that a two-dimensional figure is congruent to another if the second can be obtained from the first by a sequence of rotations, reflections and translations: given two congruent figures, describe a sequence that exhibits the congruence between them. )  For this reason it would expected that student responses would be that they put the triangles on top of each other to see that the shapes were identical.

	SMP #2 Reason abstractly and quantitatively.
When students formulate, ask and then use the answers to questions in an attempt to determine the quantities that will allow them to draw a triangle that matches a hidden triangle they are developing proficiency with SMP #2. 

SMP #5 Use appropriate tools strategically.
Students will make use of rulers and protractors as they attempt to draw a triangle that matches a triangle that is hidden from their view.


	Activity 1




	
Developing the Concept

To transition from the Motivation activity to this activity, ask students the following question.  “Do you think that the only way you can conclude that two triangles are congruent is by knowing that all of the sides and all of the angles are congruent?”
Ask students to share their answer with a shoulder partner. Tell students that they will be asked this question again at the end of the following activity to see if they have a different answer. 

Activity Structure:
· Divide the class into groups of 2 – 4 students.
· Each group has a whiteboard, a marker, an eraser, a ruler and a protractor.
· Place a cut out of a triangle in a container where it is hidden from student view. Refer to this triangle as triangle ABC
· Tell students that their challenge is to draw a triangle that is congruent to hidden triangle ABC, explain that the students in each group can only ask one question about the triangle during each round. 
· Move from group to group answering only one question at a time. The students might ask “What is the measure of angle A?” Privately respond to each group’s question.
· Students should make note of both the question and the answer.  As appropriate, the students should begin to draw a triangle that they believe is congruent to the hidden triangle. 
· Groups continue to ask questions and continue to attempt to draw a triangle congruent to the hidden triangle. 
· Student groups quickly learn to ask informative questions to obtain the necessary information
· Recognize the success of the groups that correctly duplicate the triangle.
· As time allows, rounds would continue with different triangles with the following guided questions:
· What are useful questions about the triangle that help us to construct it?
· What is the minimum number of questions needed to attain the congruence?
· Which combinations of angles and sides will establish triangle congruence?
·  Which combinations of angles and sides will not establish triangle congruence?
· As a summary ask students to record the different ways to establish that two triangles are congruent. 

Activities 1 and 2  adhere to UDL Principle #3: Checkpoint 7.2  Optimize relevance, value, and authenticity
Individuals are engaged by information and activities that are relevant and valuable to their interests and goals. This does not necessarily mean that the situation has to be equivalent to real life, as fiction can be just as engaging to learners as non-fiction, but it does have to be relevant and authentic to learners’ individual goals and the instructional goals. Individuals are rarely interested in information and activities that have no relevance or value. In an educational setting, one of the most important ways that teachers recruit interest is to highlight the utility and relevance, of learning and to demonstrate that relevance through authentic, meaningful activities. It is a mistake, of course, to assume that all learners will find the same activities or information equally relevant or valuable to their goals. To recruit all learners equally, it is critical to provide options that optimize what is relevant, valuable, and meaningful to the learner.
Tell Me More!
· Vary activities and sources of information so that they can be: 
·  Personalized and contextualized to learners’ lives
·  Culturally relevant and responsive
·  Socially relevant
· Age and ability appropriate
·  Appropriate for different racial, cultural, ethnic, and gender groups
· Design activities so that learning outcomes are authentic, communicate to real audiences, and reflect a purpose that is clear to the participants 
· Provide tasks that allow for active participation, exploration and experimentation
· Invite personal response, evaluation and self-reflection to content and activities
· Include activities that foster the use of imagination to solve novel and relevant problems, or make sense of complex ideas in creative ways


	SMP #7 Look for and make use of structure.
When students look at the markings on provided triangles and are able to connect the markings with the appropriate Congruence statements they are building proficiency with SMP #7
	Activity 2

	Reinforcing the Concept

Four Corners Activity:
· Place signs in each corners of the room labeled (signs attached)
·  SAS,
· ASA
·  SSS 
· AAS/SAA
· On index cards draw pairs of congruent triangles; include a few pairs with markings that do not establish triangle congruence.  Each pair of triangles should display markings which would allow a student to conclude that the triangles are congruent by using the newly discovered congruence short cuts.
·  Give each student an index card with triangle congruency markings.
· Ask students to get up a find a partner.  
· Each pair of students should look at their partner’s card and identify the congruency short cut that could be used to establish that their partner’s pair of triangles is congruent.  (Play music while the students are finding partners.)
· After the students in each pair have identified their partner’s congruency short cut, they should exchange cards.
· Repeat this process two or three more times. 
·  After the last exchange, tell students to move to the corner which displays the letters which represent the congruency shortcut that they could use to establish that the pair of triangles on their card are congruent.
· Students in each corner should compare cards and discuss why they are all in the correct corner.
· Some students are holding cards with markings that will not match any of the posted signs- a discussion of why this is the case will allow you to address the second outcome for this lesson. 

	
	Closure

	Exit Ticket
· See attached activity

Student response to the questions on the Exit Ticket will provide formative assessment. 





	Supporting Information

	
	Details

	Interventions/Enrichments
· Students with Disabilities/Struggling Learners
· ELL
· Gifted and Talented

	Gifted and Talented
· More open ended questions for gifted and talented students (limits placed on the number of questions that the students can ask) 
· Extension for advanced groups: Provide triangles with two congruence components and asks student to identify the missing congruence component.
Students with Disabilities/Struggling Learners
· Ask guided questions for students who are struggling
· Pair struggling students in small groups with mentor peers
ELL
· After this lesson, the teacher should display each congruency shortcut with its labeled diagram.   

	Materials
	· Whiteboards
· Erasers
· Markers
· Protractors
· Rulers
· Signs with congruence theorems (ASA, SAS, SSS, AAS/SAA)
· Index cards with triangles with congruence markings
· Triangle cut outs


	Technology

	Optional 
· Document camera
· Music player


	Resources
(must be available to all stakeholders)
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	Triangles for Motivation Activity

	




	




	






	

	




	[image: https://upload.wikimedia.org/wikipedia/commons/thumb/a/ac/Triangle-obtuse.svg/460px-Triangle-obtuse.svg.png]
	[image: https://upload.wikimedia.org/wikipedia/commons/thumb/a/ac/Triangle-obtuse.svg/460px-Triangle-obtuse.svg.png]
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Exit Ticket
1. Draw a pair of congruent triangles and place markings on the triangles in such a way that would allow you to establish that the triangles were congruent by  SSS.



2. Draw a pair of congruent triangles and place markings on the triangles in such a way that would allow you to establish that the triangles were congruent by  SAS.



3. Draw a pair of congruent triangles and place markings on the triangles in such a way that would allow you to establish that the triangles were congruent by  AAS.





4. Draw a pair of congruent triangles and place markings on the triangles in such a way that would allow you to establish that the triangles were congruent by  ASA.




5. Draw a pair of congruent triangles and place markings on the triangles in such a way that would NOT allow you to establish that the triangles were congruent .
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