Math   Grade 10   Unit: Triangle Congruence

Essential Question: How can it be proved that two triangles are congruent?
In this series of lessons, students:

1) Will use their knowledge of rigid motions to decide whether or not two shapes are congruent

2) Will understand that all convex polygons can be broken down into shapes composed of triangles

3) Will understand that for two triangles to be congruent, all corresponding angles and sides must be congruent

4) Will understand that when they have a certain combination of three corresponding pairs of  angles or sides of a triangle congruent, the other three will automatically be proved congruent

5) Will understand that certain combinations of three corresponding pairs of angles or sides congruent will not result in a pair of congruent triangles 

Note: Students have prior knowledge of transformation geometry and the properties that rigid motions preserve.  They also know the definition of an isometry. 

Summary

	Lesson I:  Start by discussing with students the importance of having two congruent shapes in the real world using the example of building a shed and using a triangular brace on either side (this lesson could correspond to a similar unit in the subject area of technology).  Through a series of questions the students will explain why it is important for the two triangular braces to be congruent in order for the shed to stay erect or not be crooked.  Students will then be given a handout showing a series of shapes (some on the x y coordinate plane, some not) being transformed through the use of rotations, translations, line reflections, and dilations.  The students will determine which properties (distance, parallelism, angle measure, perpendicular lines, etc) are preserved within the given transformations and if the resulting shapes (images) are congruent to the original shapes (pre-images).  The students will write out explanations of why the shapes are congruent.  The teacher will then show that two congruent polygons can be broken into triangles by connecting the vertices.  The corresponding pairs of triangles must also be congruent, thus the importance of congruent triangles.  Students will then be given an example of a triangle that has been transformed by the use of an isometry, and through guidance by the teacher, will identify the corresponding angles and corresponding sides.  This will be accomplished by orienting the two triangles the same way.  Students will then be given a handout with several diagrams of transformed triangles asking the students to determine if they are congruent and if so, to list the corresponding angles and sides.  The students will work on this ditto independently while the teacher circulates around the room providing individual help.
Objectives:
     *Students will use their knowledge of rigid motions to decide      

       whether or not two shapes are congruent

     *Students will understand that all convex polygons can be    

       broken down into shapes composed of triangles

     *Students will understand that for two triangles to be     

       congruent, all corresponding angles and sides must be    

       congruent


	Lesson II:  The lesson will begin with a review of what it means for two triangles to be congruent.  After the review of needing six congruent pairs the teacher will ask the class if any shortcuts are possible (is it possible to still prove triangles congruent by just focusing on angles or sides?).  The students will use their prior knowledge of dilations to demonstrate that using only three pairs of congruent angles for triangle congruence will not suffice.  Thus the concept of three pairs of congruent sides will be investigated.  Students will be broken into groups and each group will be given six straws cut to specific lengths in congruent pairs.  They will use their prior knowledge of measurement to verify that the pairs are congruent.  The challenge will be to try to create two distinctly different triangles, not two triangles that are merely oriented differently through the use of rigid motions. (Note: A quick review of the triangle inequality may be necessary here.)  The students will determine rather quickly that one, and only one, triangle can be created using the materials at hand.  Thus it will be postulated that the SSS postulate can be used to prove triangles congruent.  Students will then be given four lengths of straws (in congruent pairs) and told to create an angle between them.  The angle must be the same for both sets of straws.  The students will draw upon their prior knowledge to create this angle through the use of a protractor (this could correspond to a lesson using protractors in their science classroom).  The challenge here will be for students to try to, once again, create two distinctly different triangles.  They will soon discover (through measurement) that the third side needed to create the triangle in both cases must be the same length.  Thus, it will be postulated that SAS can be used to prove triangles congruent.  Lastly, the students will be given only one pair of congruent straws and told they will be the bases of two triangles.  They will decide (within the limits of their prior knowledge that the the sum of the interior angle measures of a triangle may not exceed 180 degrees) what the measurements of the two base angles will be, as long as they are the same for either triangle.  Once again, the challenge will be to determine if two distinctly different triangles can be created this way.  They will discover (through measurement) that in order for the triangles to be formed, the lengths of the two corresponding remaining pairs of sides will need to be the same. Thus, it will be postulated that ASA can be used to prove triangles congruent.  
     For all of these activities it will be stressed that through no rigid motion can any of these triangles suddenly undergo a change in side or angle length.  The students will write out sentences for each postulate explaining why they work.  Furthermore, students will list the three other corresponding pairs of sides or angles that will immediately be assumed congruent by default.  Also stressed will be the importance of only needing the right three pairs of corresponding angles or sides congruent for the sake of efficiency.
      The students will then be given a handout showing pairs of triangles with congruent parts marked (the triangles will be oriented differently in most situations).  The students will then determine if enough information is given to prove the two triangles congruent.  More advanced students will be given pictures of triangles that share sides, vertical angles, or linear pairs.  Those students will examine the future use of the reflexive postulate, vertical angles, or supplementary angles applied to these postulates.     
Objectives:

     *Students will understand that when they have a certain 

       combination of three corresponding pairs of  angles or sides 
       of a  triangle congruent, the other three will automatically be  

       proved congruent

     *Students will understand that certain combinations of three 

       corresponding pairs of angles or sides congruent will not 

       result in a pair of congruent triangles 



	Lesson III:  Students will use an activity to discover why the false postulate of SSA does not work.  This activity is explained below.

Objectives:

     *Students will understand that certain combinations of three 

       corresponding pairs of angles or sides congruent will not 

       result in a pair of congruent triangles 


	


Standards :  
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.


RST.7: Integrate quantitative or technical information expressed in words in a text with a version of that information expressed visually (e.g., in a flowchart, diagram, model, graph, or table).


RST.8: Distinguish among facts, reasoned judgment based on research findings, and speculation in a text.
Lesson III
Required Materials:
· Two pairs of straws, cut into congruent pairs.  Protractor. One pair of extra long straws.
Procedures 
1. Lead- In: The teacher will provide a quick review of the postulates that will prove two triangles congruent and then go over the homework.  The teacher will then ask the students to come up with a three pair combination that they previously discovered will not prove triangles congruent.  The students will answer with AAA and explain why it does not work through the use of rigid motions.  The teacher will then draw a diagram of two triangles on the board and label congruent parts in the order of SSA.  The teacher will ask the students if the diagram illustrates the SAS postulate previously learned.  The students will respond no and explain the difference (the angle not being in-between the two congruent sides).  The teacher will then ask the students if SSA is a valid postulate.
2: Step by Step:

a.  The teacher will distribute the materials and ask the students to lay the extra long pair of straws horizontally.  These straws will represent the bases of two different triangles but it must be stressed that the straws do not have to remain the same size (they will be cut later; hence they do not represent a pair of congruent sides.).  
b. The students will then be asked to decide upon an acute angle measure (drawing on their prior knowledge of an acute angle) and create it with their protractor, using the base straw and one of the pairs of congruent straws.  Thus they will have the same set up of a base ray, in union with a congruent side, to represent this angle for both triangles. (In the diagrams below A represents the pair of congruent angles, b represents one of the pairs of congruent straws, and c represents the base straws—once again these are of variable length.)
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c. The students will now take the other pair of congruent straws and see if two distinctly different triangles can be formed.  The key here for the students is to remember that the base is of variable length as is the angle between the two congruent sides.  They will discover that two different triangles can be formed. (In the diagram below B and B’ represent the pair of congruent angles—A in the previous picture, AB and A’B’ represent the first pair of congruent straws—b in the previous picture, BC and B’C’ represent the base straws—c in the previous picture—now cut to appropriate lengths, and AC and A’C’ represent the last pair of congruent straws that the students have inserted. 
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d. The teacher will follow up the activity by indicating that this situation is known as the Ambiguous Case (definition of the word ambiguous may be necessary here) that will be studied in more depth later on in the course.

3. Closure:  Students will be asked to write their own explanation, through the use of diagrams as to why the false postulate of SSA does not work to prove triangles congruent and to provide an example of how having two triangles not being congruent can represent a troublesome situation in the real world.
Differentiation

Advanced:
· Advanced students who finish the activity and understand the concept early will be asked if the same concept applies when you are given two pairs of angles that are congruent but not the included side as you are in ASA.  The students will indicate whether AAS is a valid method to prove triangles congruent.  This method will be studied soon.  Some top students may be asked to circulate and help other students who are struggling.
Struggling:
· The teacher, and perhaps some top students, will circulate to students who are struggling to help them with the activity.
Homework/Assessment

The homework will be a ditto similar to the previous nights with several pairs of triangles with congruent parts marked.  Students will determine whether or not the triangles are congruent and provide the valid postulate if they are, while providing an explanation if they are not.
Differentiation

Advanced:

· Advanced students will be asked this question in addition to their homework ditto:  “AAA is not a valid postulate for triangle congruence, however, through the use of a transformation that is not an isometry, can you demonstrate what it is a valid postulate to prove?”
Struggling:
· It will be suggested that struggling students attend an extra help session to create a smooth transition from the demonstration of all activities to a conceptual understanding of each idea.
