Geometry – Unit 4


Comprehensive Curriculum

Concept Correlations

Unit 4:  Triangles and Quadrilaterals

Time Frame:  Regular – 5 weeks











Block – 2.5 weeks

	Big Picture: (Taken from Unit Description and Student Understanding)
· This unit introduces the various postulates and theorems that outline the study of congruence and similarity. 

· The focus is on similarity and congruence treated as similarity with a ratio of 1 to 1. 

· It also includes the definitions of special segments in triangles, classic theorems that develop the total concept of a triangle, and relationships between triangles and quadrilaterals that support measurement relationships.

· Students should know defining properties and basic relationships for all forms of triangles and quadrilaterals. 
· They should also be able to discuss and apply the congruence postulates and theorems and compare and contrast them with their similarity counterparts. 
· Applying basic classical theorems, such as the isosceles triangle theorem, triangle inequality theorem, and others will be mastered.


	Guiding Questions
	Activities
The essential activities are denoted by an asterisk.
	GLEs
	DOCUMENTATION                       
Documented GLEs

GLES 

Bloom’s Level

GLES

Date and Method of Assessment

Construct 2- and 3-dimensional figures when given the name, description, or attributes, with and without technology (G-1-H) (Synthesis, Evaluation)
9

Form and test conjectures concerning geometric relationships including lines, angles, and polygons (i.e., triangles, quadrilaterals, and n-gons), with and without technology (G-1-H) (G-4-H) (G-6-H) (Synthesis, Evaluation)

10

Determine angle measures and side lengths of right and similar triangles using trigonometric ratios and properties of similarity, including congruence (G-5-H) (M-4-H) (Evaluation)

18

Develop formal and informal proofs (e.g., Pythagorean theorem, flow charts, paragraphs) (G-6-H) (Evaluation)

19

Reflections

	Concept 1:  

Triangle Relationships and Congruence

14. Can students illustrate the basic properties and relationships tied to congruence and similarity?

15. Can students develop and prove conjectures related to congruence and similarity?

16. Can students draw and use figures to justify arguments and conjectures about congruence and similarity?

17. Can students state and apply classic theorems about triangles, based on congruence and similarity patterns?


	*28 – Analyzing Isosceles Triangles (GQ 14, 15, 16, 17)
	1, 10, 16
	

	
	*29 – Corresponding Parts (CPCTC) (GQ 14, 15, 16, 17)
	18
	

	
	*30 – More about Congruent Triangles (Using Technology) (GQ 14, 15, 16, 17)
	10, 19
	

	
	*31 – Are They Congruent? (GQ 17)
	10
	

	
	*32 – Proving Triangles Congruent (GQ 14, 15, 16, 17)
	17, 19, 23
	

	
	33 – Proving Right Triangles Congruent (GQ 14, 15, 16, 17)
	10, 19, 23
	

	
	34 – Inequalities for Sides and Angles in a Triangle (GQ 14, 15, 16, 17)
	1, 10, 16
	

	
	*35: Applying Inequalities for Sides and Angles in a Triangle (GQ 14, 15, 16, 17)
	1, 10, 16
	

	
	*36A – The Triangle Inequality (GQ 17)
	10
	

	
	*36B – The Triangle Inequality (GQ 17)
	10
	

	Concept 2:  

Altitudes, Bisectors, Medians

18. Can students construct the special segments of a triangle and apply their properties?

	*37 – Altitudes, Angle Bisectors, Medians, and Perpendicular Bisectors of a Triangle (GQ  18)
	10
	

	
	38 – Altitudes, Medians, and Perpendicular Bisectors on the Coordinate Plane (GQ 18, 19)
	6, 9
	

	
	39 – More on Angle Bisectors, Medians, and Perpendicular Bisectors of a Triangle (GQ 18,19)


	10


	

	Concept 3:

Quadrilaterals

19. Can students determine the appropriate name of a quadrilateral given specific properties of the figure?
20. Can students apply properties of quadrilaterals to find missing angle and side measures?


	*40 – Conjectures about Quadrilaterals (GQ 20)
	10
	

	
	*41- Quadrilaterals on the Coordinate Plane
	1, 6, 9, 16
	

	
	*42: Median of a Trapezoid
	10, 16
	

	
	*43A – The Quadrilateral Family (GQ 21, 22, 23)
	10, 23
	

	
	*43B – The Quadrilateral Family (GQ 21, 22, 23)
	10, 23
	


Unit 4 – Concept 1:  Triangle Relationships and Congruence

GLEs

*Bolded GLEs are assessed in this unit

	Number and Number Relations

	1
	Simplify and determine the value of radical expressions (N-2-H)(N-7-H) (Comprehension)

	Algebra

	6
	Write the equation of a line parallel or perpendicular to a given line through a specific point (A-3-H) (G-3-H) (Knowledge)

	Number and Number Relations

	9
	Construct 2- and 3-dimensional figures when given the name, description, or attributes, with and without technology (G-1-H) (Synthesis, Evaluation)

	10
	Form and test conjectures concerning geometric relationships including lines, angles, and polygons (i.e., triangles, quadrilaterals, and n-gons), with and without technology (G-1-H) (G-4-H) (G-6-H) (Synthesis, Evaluation)

	16
	Represent and solve problems involving distance on a number line or in the plane (G-3-H) (Knowledge)

	17
	Compare and contrast inductive and deductive reasoning approaches to justify conjectures and solve problems (G-4-H) (G-6-H) (Analysis)

	18
	Determine angle measures and side lengths of right and similar triangles using trigonometric ratios and properties of similarity, including congruence (G-5-H) (M-4-H) (Evaluation)

	19
	Develop formal and informal proofs (e.g., Pythagorean theorem, flow charts, paragraphs) (G-6-H) (Evaluation)

	Data Analysis, Probability, and Discrete Math

	23
	Draw and justify conclusions based on the use of logic (e.g., conditional statements, converse, inverse, contrapositive) (D-8-H) (G-6-H) (N-7-H) (Evaluation)


	Purpose/Guiding Questions:

·  Illustrate basic properties and relationships tied to congruence and similarity

· Develop and prove conjectures related to congruence and similarity

· State and apply classic theorems about triangles based on congruence and similarity patterns
	Key Concepts and Vocabulary:

· Isosceles, Equilateral, Scalene, and Equiangular Triangles

· Height, Base

· Vertex angle, Base Angles

· Congruent 

· CPCTC

· Included Angle, Included Side

· SSS, SAS, ASA, AAS, LL, HA, LA, HL Congruence Theorems

· Triangle Inequality

· Angle Sum Theorem

· Exterior Angle, Remote Interior Angles

· Exterior Angle Theorem




	Assessment Ideas:

· The student will complete journal entries for this unit. The teacher will grade the journal. Journal topics could include:
· Suppose you have three different positive numbers arranged in order from greatest to least. Which sum is it most crucial to test to see if the numbers could be the lengths of the sides of a triangle? Explain your answer and use examples if necessary

· The student will write proofs of congruent or similar triangles using information provided by the teacher. The teacher will evaluate proofs for accuracy (use of correct postulates and theorems) and completeness (not missing any steps in the reasoning process), allowing the student to use any method of proof desired.



	Resources:
Glencoe 4.3, 4.4, 4.5, 4.6, 4.7, 5.2, 5.4

PLATO Instructional Resources

· GLE 1:

· Algebra I, Part 1-Basic Number Ideas; Sq Roots

· GLE 6:

· Geom & Meas 2-Triangles & Lines; Trans Prop

· GLE 10:

· Geom & Meas 2-Triangles & Lines; Solving Right Triangle Problems

· GLE 16:

· Algebra 2, Part 2-Coordinates & Curves

· GLE 17:

· Geom & Meas 2-Intro to Geom; Post & Thms

· GLE 18:

· Trigonometry-Trigonometric Functions-Rt Triangles; Rt Angle Trig

· GLE 19:

· Geom & Meas 2-Intro to Geom; Post & Thms

· GLE 23:

· Geom & Meas 2-Intro to Geom; Post & Thms



	Materials Needed:  

· Ruler

· Patty Paper

· Geometer’s Sketchpad

· Compasses

· Construction Paper

· Graphic Organizer (See end of this unit)




Instructional Activities

Note:  Essential Activities are denoted by an asterisk (*) and are key to the development of student understandings of each concept.  Any activities that are substituted for essential activities must cover the same GLEs to the same Bloom’s level.

Teacher Note: Before beginning this unit, the teacher should make sure the students have a good understanding of the Angle Sum Theorem and Exterior Angle Theorem. These theorems should have been discussed during Unit 2 while working with properties of parallel lines. Students should also be able to classify triangles according to their side and angle measures. If necessary, the teacher may take a day or two to review these concepts; however, this should be kept to a minimum.

Ongoing Activity for Activity 28 (Teacher-Made Activity)

*A handout to follow this activity is provided at the end of this concept.

This activity is a graphic organizer that should be given to students at the beginning of this concept.  They will fill in the missing cells of the organizer as the unit progresses.  (*Note: The answers are included in italics for the teacher’s use only.  The information to be given to the students is in bold.)

*Activity 28:  Analyzing Isosceles Triangles (GLE: 1, 10, 16) (CC Activity 1)

Materials List: pencil, paper, patty paper, compass, straightedge, ruler

· Teacher Note: Safety compasses can be used in schools where sharp, pointed instruments are prohibited. Techniques for using patty paper to duplicate segments, construct perpendicular lines, angle bisectors, etc. can be found in Patty Paper Geometry by Michael Serra (Key Curriculum Press).

· Have students use patty paper or tracing paper to draw an acute, isosceles triangle. Have them start by drawing an acute angle and label it C. Then they should mark equal lengths on each side of the angle, label them A and B, and draw
[image: image1.wmf]AB
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. Have students use patty paper constructions, compass/straight edge constructions, or measurements with a ruler to mark equal lengths. Have students fold the triangle in half so that the equal sides lie on top of each other. Have students make observations about base angles A and B. Repeat the activity with obtuse and right isosceles triangles as well. Have a class discussion in which students form conjectures that lead to the Isosceles Triangle Theorem (If two sides of a triangle are congruent, then the angles opposite those sides are congruent.) and its converse. 

· Have students practice their algebra skills to find the measures of sides and angles of isosceles triangles when given information about the isosceles triangles.

· For example:

A.
In isosceles triangle ( ABC with base 
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. Find the measure of each angle. 


Solution: 
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B.
In isosceles triangle( DEF, 
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 is the vertex angle. If 
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Solution: 
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C.
( ABC has vertices 
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. Use the distance formula to show that ( ABC is an isosceles triangle and name the pair of congruent angles. 

Solution: 
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 All distances are in linear units.

 *Activity 29:  Corresponding Parts (CPCTC) (GLE: 18) (CC Activity 3)

Materials List: pencil, paper

Note: While this activity does not ask students to find the measures of segments or angles, it does require them to determine corresponding parts of congruent triangles. This is a skill necessary when determining corresponding sides to write proportions for similarity.

· The focus of this lesson is to make students aware of correct ways to name congruent triangles to preserve corresponding parts. Have students work in small groups. Give each group several diagrams of pairs of congruent triangles. Have students measure sides and angles to determine congruent, corresponding parts. Lead a discussion about writing congruence statements and focus on writing letters in the correct order. 

· Provide students with congruence statements such as ( ABC ( ( XYZ and ask them to name the corresponding angles and sides. Additionally, instruct students to find equivalent congruence statements for figures (e.g., for the example shown, ( BAC ( ( YXZ is an equivalent statement).

 *Activity 30: More about Congruent Triangles (Using Technology) (GLEs: 10, 19) (CC Activity 4)

Materials List: pencil, paper, geometry drawing software (if the software is unavailable use straws, protractor, ruler, compass, patty paper), computers

· Using Geometer’s Sketchpad® or similar geometry software, give students a set of three lengths for line segments that can be used to form a triangle. Have students construct the triangle. Next, have students compare their constructions. They should write a conjecture about the triangles created (e.g., the triangles are congruent). 

· Next, have students repeat the activity using two side lengths and an included angle. Again, have students conjecture the relationship between the constructed triangles. Repeat the activity using two angles and an included side and then again using two angles and a non-included side. 

· Ask students to use their constructions to help them develop convincing arguments for the postulates discovered in this activity (SSS, SAS, ASA, and AAS). If the class does not have access to geometry software, have students use straws cut to certain lengths and protractors. Provide alternative ways for students to draw the given triangles by hand if materials are not accessible (compass/straightedge or patty paper). 

 *Activity 31:  Are They Congruent? (GLE: 10) (CC Activity 5)

Materials List: pencil, paper, ruler, protractor, compass, geometry drawing software (optional), computers (optional)

· Provide students with the measures of two sides and a non-included angle for a triangle or the measures of three angles and no sides. Have students construct a triangle using the given measures (either with or without technology). Next, have students compare their constructions. Have students write a conjecture about the relationships of these constructed triangles. 

· Repeat this activity with several sets of SSA or AAA measures. Students should write a conjecture about whether SSA and AAA can be used to justify two triangles being congruent. 
*Activity 32:  Proving Triangles Congruent (GLEs: 17, 19, 23) (CC Activity 6)

Materials List: pencil, paper, Proving Triangles Congruent BLM

· Have students work in pairs. Provide students with diagrams which include congruent triangles. Each group should have different diagrams. For instance, students may be given a diagram of a rectangle with both diagonals drawn. Have students work in groups. Provide each pair of students with one of the sheets in the Proving Triangles Congruent BLM that present diagrams involving congruent triangles. Each group should have different diagrams. Develop more diagrams with different given information to accommodate the class. The  Proving Triangles Congruent BLM provides some samples of the types of diagrams teachers can use. Since students have not yet learned the properties of parallelograms, provide given information that allows students to prove two (or more) triangles congruent.  Ask students to prove two triangles of the triangles in the diagram congruent. Allow students to use various methods of proof: two-column, flow, or paragraph. 

Have groups share their proofs with other groups the class.  (Each group could read at least 1 proof written using a method other than the one that they used.  For example, if a group wrote a two-column proof, they should read a flow or a paragraph proof.)  Encourage class members to question each other if they believe key aspects have been omitted. Using a modified questioning the author (QtA) (view literacy strategy descriptions) technique, have students ask questions about the proofs to clarify their own understanding. The goal of QtA is to help students construct meaning from text. Instead of students asking the questions during reading, in this activity, students will be asking questions after they have reviewed the proofs of other groups. Some possible questions might be:

· Does the flow of the proof make sense logically?

· What information in the diagram led you to that statement?

· Is the correct reason given for the statement presented?

· Are the statement and reason necessary to complete the proof?

· Is there a step missing that would help the reasoning sound more logical?

· To end the activity, have students employ techniques used in class to prove two triangles from a diagram congruent. This should be individual work to show that students have mastered the skill.

 Activity 33:  Proving Right Triangles Congruent (GLEs: 10, 19, 23) (CC Activity 10) (Optional)

Materials List: pencil, paper

· Give students diagrams showing pairs of right triangles. Each pair of right triangles should have different sides (either both legs or a leg and the hypotenuse) and corresponding acute angles marked congruent. Help them to determine which pairs of the triangles are congruent and be able to explain why they are congruent. Then have the students write congruence proofs for these triangles using methods already discussed like SAS, AAS, and ASA. Connect these proofs and methods to the LL, HA, and LA theorems for right triangles. Also, introduce the HL postulate. Provide opportunities for students to write proofs for different sets of right triangles formed by perpendicular bisectors and altitudes in triangles as well. 

Example:

Given:
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 is a perpendicular bisector in




( ABC
Prove:

( ABD ( ( CBD
Solution: Since 
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 is a perpendicular bisector, 
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 are right angles because perpendicular lines form 4 right angles. That makes ( ABD and( CBD right triangles. By the definition of perpendicular bisector, D is the midpoint of 
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 because congruence of segments is reflexive. Therefore, since two pairs of legs of ( ABD and( CBD are congruent, ( ABD ( ( CBD by LL.
 Activity 34:  Inequalities for Sides and Angles in a Triangle (GLE: 1, 10, 16) (CC Activity 11) (Optional)

Materials List: pencil, paper, Angle and Side Relationships BLM, patty paper, ruler, protractor

Have students work in groups of three. Give each student a copy of the Angle and Side Relationships BLM. In each group, have each student draw one of the following types of triangles on a sheet of patty paper: acute, obtuse, and right (they should all be scalene—if they are isosceles, the activity will not work as well). Each triangle in the group should be labeled differently. For instance, the acute triangle can be labeled 
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, the obtuse triangle can be labeled 
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, and the right triangle can be labeled 
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. Make sure each triangle has the group members’ names on it so it can be returned after the activity. Ask groups to exchange triangles so that they do not measure their own triangles. Using a modified story chain (view literacy strategy descriptions), have the students in each group measure each side and each angle, then record the measurements on the Angle and Side Relationships BLM. Have students record which group the triangles came from, and the name of the triangle they measured. A story chain typically has a group of students create a story based on content that has already been presented. Each member of the group adds a line to the story until the story is completed. In this modification, students will take turns measuring the angles and sides of the triangles and make observations about the measurements they have taken. They will not be writing a story but they will be working together to form a conjecture/conclusion about the relationships that exist between the sides and angles of a triangle. Have students use the following procedure to use the story chain effectively:

· Each student should measure ONE of the angles in a triangle, record the measurement in the correct place on the Angle and Side Relationships BLM, then pass the triangle to the next group member. This step should be repeated with the remaining two angles in the triangles. (If students are in groups of three, then each student will have measured three angles.)

· After the third angle has been measured and recorded in all three triangles, each student in the group should write down all of the measurements from the group. Then each student should take one triangle and check to be sure the angle measures are sensible (i.e., the sum of the measures of the angles is 180, and angles which are acute/obtuse by sight have acute/obtuse measures). Once the measures have been deemed acceptable, the students should pass the triangles again.

· Each student should measure ONE of the sides of the triangle, record the measurement in the correct place on the Angle and Side Relationships BLM, then pass the triangle to the next group member. This step should be repeated with the remaining two sides of the triangles. 

· After the third side has been measured and recorded in all three triangles, each student in the group should write down all of the measurements from the group. Then each student should take one triangle and check to be sure the side measures are sensible (check units, be sure the stated measure “looks” close). 

· Have the students list the angles in order from largest to smallest to help identify the relationships between the angles and sides.

· Have each student in the group look at one triangle and make observations about the angle opposite the longest side in relation to the other two angles, as well as, the side opposite the smallest angle in relation to the other two sides. Students may need help in understanding that they are to determine whether the angle opposite the longest side is greater than or less than the remaining two angles. The same is true for the sides. Have the students write down their observation of that triangle and pass the triangles. Students should check the group members’ observations after each pass, until all three group members have looked at all three triangles. 

Have students share their findings with the whole class. Students should hear that all groups have the same observation: The longest side is opposite the largest angle and the shortest side is opposite the smallest angle, and vice versa. If there are any groups that found other observations, discuss their validity and have the class help those groups realize their mistake(s) if necessary. 

Activity 35: Applying Inequalities for Sides and Angles in a Triangle (GLEs: 1, 10, 16)

Materials List: pencil, paper, learning log

· After completing Activity 34, have students solve problems that require an understanding of this concept. Provide students with diagrams showing triangles and their angle measures. Ask students to list the sides in order from longest to shortest or shortest to longest. Provide other diagrams showing triangles and the lengths of the sides. Have students list the angles in order from least to greatest or vice versa. Incorporate a review of algebra skills and coordinate geometry as indicated in the examples below. 

Examples:

A.
Find the value of x and list the length of the sides of 
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 in order from shortest to longest if 
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Solution: 
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B.
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 has vertices 
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. List the angles in order from greatest to least.


Solution: 
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End this activity with SPAWN writing (view literacy strategy descriptions) from the What if? category. Give the students the prompt “What relationships between sides and angles occur if the triangle is isosceles? Do these relationships still fit with the observations you found completing this activity? Explain.” Since students have already studied isosceles triangles in Activity 1, they should realize that if the measures of the base angles are greater than the vertex angle, then the legs of the isosceles triangle are longer than the base and vice versa.  This does fit with the conjectures they will make through this discovery activity. They should also understand that when listing the sides of an isosceles triangle in order by its lengths, two of the sides will need to be designated as equal, (e.g., (AC = BC) > AC). Students may write this as an entry in their math learning logs (view literacy strategy descriptions) or they may turn it in as a separate assignment.

 *Activity 36A:  The Triangle Inequality (GLE: 10) (CC Activity 12)

Materials List: straws, rulers, timer, pencil, paper

· Students should work in groups of two or three. Give each group a set of straws which have been cut into different lengths. First, have students measure the length of each straw. Instruct students to make as many different triangles with the segments as possible within a certain time. Have them record all trials including sets that do not work. After the activity, have a whole class discussion about which combinations of triangles will form a triangle as opposed to those that would not form a triangle. Ask students to form conjectures on how they can determine if 3 given segments will form a triangle. 

· Provide students with 4 to 5 real-life problems in which they would need to know which combinations of segments will form a triangle. Give students two side measures and ask them to determine the range of measures for the length of the third side. 

· Example: Two sides of a triangle measure 4 inches and 7 inches. What is the range of measures of the third side of the triangle? Solution: 
[image: image29.wmf]3<x<11
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*Activity 36B: The Triangle Inequality (GLE: 10) (Teacher-Made Activity)

Prep:  Cut strips of colored paper into different lengths.  (I cut each strip ½ inch wide.)

1. Red – 2 in.

2. Orange – 3 in.

3. Yellow – 4 in.

4. Green – 5 in.

5. Blue – 6 in.

6. Purple – 7 in.

7. Pink – 8 in.

8. Light Blue – 9 in.

9. Brown – 10 in.

Give each student 1 strip of each color and a chart.

Allow 5 minutes to pick as many different color combinations and determine if a triangle can be made.  Then, go and give each color a number value (the length).  This introduces the Triangle Inequality.

	Color 1
	Color 2
	Color 3
	Triangle?

(Y or N)

	Ex: Red
	Green
	Blue
	Yes

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Congruent Triangles Graphic Organizer

	Term/Postulate
	Abbreviation
	Definition/Explanation
	Picture
	Example

	Side – Side - Side


	SSS
	If 3 sides of 1 triangle are congruent to 3 sides of another triangle, then the 2 triangles are congruent.
	
	

	Included Angle


	A
	In a triangle, the angle formed by two sides is the included angle for those two sides.
	[image: image30.wmf]
	

	Side-Angle-Side


	SAS
	If 2 sides and the included angle of one triangle are congruent to 2 sides and the included angle of another triangle, then the 2 triangles are congruent.
	
	

	Included Side


	S
	Suppose you were given the measures of two angles in a triangle.  This refers to the side between them.
	
	

	Angle – Side - Angle


	ASA
	If 2 angles and the included side of one triangle are congruent to 2 angles and the included side of another triangle, then the 2 triangles are congruent.
	
	

	Angle-Angle-Side


	AAS
	If 2 angles and one non-included side of one triangle are congruent to 2 angles and one non-included side of another triangle, then the 2 triangles are congruent.
	[image: image31.wmf]
	


Congruent Triangles Graphic Organizer (con’t.)

	Parts of a Right Triangle
	HL
	 Hypotenuse – side opposite right angle

Legs – sides that make a right angle
	
	

	Leg-Leg Congruence


	LL
	If 2 legs of one right triangle are congruent to 2 legs of another right triangle, then the 2 triangles are congruent.
	
	

	Hypotenuse-Angle Congruence


	HA


	 If the hypotenuse and one acute angle of 1 right triangle are congruent to the hypotenuse and an acute angle of another right triangle, then the triangles are congruent.
	
	

	Leg-Angle Congruence
	LA
	If one leg and an acute angle of one rt. Δ are congruent to the corresponding leg and acute angle of another rt. Δ, then the 2 Δ’s are congruent.
	
	

	Hypotenuse – Leg Congruence


	HL
	If the hypotenuse and a leg of one right triangle are congruent to the hypotenuse and leg of another right triangle, then the 2 triangles are congruent.
	
	

	Parts of an Isosceles Triangle


	
	Legs-Congruent sides

Vertex Angle-Made by 2 legs

Base-Non-congruent side

Base angles-Angles opposite the legs
	
	

	Isosceles Triangle Theorem


	
	If two sides of a triangle are congruent, then the angles opposite those sides are congruent.
	
	

	Converse of Isosceles Triangle Theorem
	Conv. Of Isos. Δ Thm.
	If 2 angles of an isosceles triangle are congruent, then the sides opposite those angles are congruent.
	
	


Unit 4 – Concept 2:  Altitudes, Bisectors, Medians

GLEs
*Bolded GLEs are assessed in this unit

	Algebra

	6
	Write the equation of a line parallel or perpendicular to a given line through a specific point (A-3-H) (G-3-H) (Knowledge)

	Geometry

	9
	Construct 2- and 3-dimensional figures when given the name, description, or attributes, with and without technology (G-1-H) (Synthesis, Evaluation)

	10
	Form and test conjectures concerning geometric relationships including lines, angles, and polygons (i.e., triangles, quadrilaterals, and n-gons), with and without technology (G-1-H) (G-4-H) (G-6-H) (Synthesis, Evaluation)

	Data Analysis, Probability, and Discrete Math

	23
	Draw and justify conclusions based on the use of logic (e.g., conditional statements, converse, inverse, contrapositive)( (D-8-H) (G-6-H) (N-7-H) (Evaluation)


	Purpose/Guiding Questions:

· Identify altitudes, medians and bisectors

· Represent and solve problems using altitudes, medians and bisectors


	Key Concepts and Vocabulary:

· Altitudes

· Medians

· Bisectors, Perpendicular Bisectors, Angle Bisectors, Segment Bisectors

· Inscribe

· Circumscribe

· Incenter

· Circumcenter

· Centroid

	Assessment Ideas:

· The student will complete journal entries for this unit. The teacher will grade the journal. Journal topics could include:

· In an isosceles triangle, is a perpendicular bisector drawn from any vertex always the same segment as altitude and median? Explain your reasoning.

Activity Specific Assessments: Activity 37



	Resources:
Glencoe 5.1

PLATO Instructional Resources:

· GLE 6:

· Geom & Meas 2-Triangles & Lines; Trans Prop

· GLE 10:

· Geom & Meas 2-Triangles & Lines; Solving Rt Triangle Prob

· GLE 23:

· Geom & Meas 2-Intro to Geom; Post & Thms


Instructional Activities

Note:  Essential Activities are denoted by an asterisk (*) and are key to the development of student understandings of each concept.  Any activities that are substituted for essential activities must cover the same GLEs to the same Bloom’s level.

*Activity 37:  Altitudes, Angle Bisectors, Medians, and Perpendicular Bisectors of a Triangle (GLE: 10) (CC Activity 7)

Materials List: pencil, paper, patty paper, geometry software, computers

*A handout to follow this activity is provided at the end of this concept.

· Have students work in groups of three or four. Give each group 12 sheets of patty paper. Instruct students to draw the following types of triangles (one triangle on each sheet of patty paper): four acute scalene triangles, four right scalene triangles, and four obtuse scalene triangles. Have students label one sheet of patty paper from each group of triangles with one of the following: angle bisectors, medians, perpendicular bisectors, or altitudes.

· Provide students with the definition of angle bisector. Have students construct the angle bisectors for all the angles in one of their triangles. This may be done via patty paper folding, measuring, or with the use of a drawing program such as the Geometer’s Sketchpad®. The purpose of this activity is to have students learn the definition by having to create angles of equal measure. Ask students to share their work with other class members. If done properly, the angle bisectors will intersect in one point. Have students discuss any differences they observed when constructing the angle bisectors on the different types of triangles (acute, right, and obtuse). For all three types, the angle bisectors should intersect inside the triangle.
·  Then, provide students with the definition of median. Have students construct the three medians in one of their triangles. This may be done via patty paper folding, measuring, or with the use of a drawing program such as the Geometer’s Sketchpad®. The purpose of this activity is to have students learn the definition by having to first find the midpoint of a side and then draw a segment from the midpoint to the opposite vertex in the triangle. Ask students to share their work with other class members. If done properly, the medians will intersect in one point. Have students discuss any differences they observed when constructing the medians on the different types of triangles (acute, right, and obtuse). For all three types, the medians should intersect inside of the triangle.
·  Provide students with the definition of perpendicular bisector of a segment. Have students construct the perpendicular bisectors for all sides in one of their triangles. This may be done via patty paper folding, measuring, or with the use of a drawing program such as the Geometer’s Sketchpad®. The purpose of this activity is to have students learn the definition by having to locate the midpoint of a side and then draw a line through the midpoint so that the line is perpendicular to the side of the triangle. Ask students to share their work with other class members. If done properly, the perpendicular bisectors of the three sides of the triangle will intersect in one point. Have students discuss any differences they observed when constructing the medians on the different types of triangles (acute, right, and obtuse). For all three types, the medians should intersect inside of the triangle.
·  Provide students with the definition of altitude in a triangle. Have students construct the three altitudes in one of their triangles. This may be done via patty paper folding, measuring, or with the use of a drawing program such as the Geometer’s Sketchpad®. The purpose of this activity is to have students learn the definition by creating a line that passes through a vertex of the triangle and is perpendicular to the opposite side. Ask students to share their work with other class members. If done properly, the altitudes will intersect in one point. Have students discuss any differences they observed when constructing the perpendicular bisectors on the different types of triangles (acute, right, and obtuse). For the acute triangle, the perpendicular bisectors will intersect inside the triangle. For the right triangle, the perpendicular bisectors will intersect on the hypotenuse. For the obtuse triangle, the perpendicular bisectors will intersect outside the triangle.
· Teacher Note: Instructions for using patty paper to fold segments in this activity can be found in Patty Paper Geometry by Michael Serra (Key Curriculum Press). It is not recommended that these constructions be made with a compass/straightedge as students seldom remember the construction steps. If compass/straightedge constructions are used, time must be taken to explain and demonstrate how the constructions relate to congruent triangles (i.e., the construction of a perpendicular bisector of a segment is based on the creation of two triangles by SSS). Patty paper constructions or use of the Geometer’s Sketchpad are much more intuitive for students, and their use does not present safety issues.
· Have students practice constructing their own altitudes, perpendicular bisectors, medians, and angle bisectors to help internalize the definitions.

· Extensions: An acute, scalene triangle works best for these activities. Have students draw the triangle on a sheet of patty paper. The triangle should be as large as possible.

· Have students fold or draw all angle bisectors in a triangle. Tell them the name of the common intersection point for the three angle bisectors in a triangle is called the incenter. Have students measure the distance from the incenter to each side. This reinforces the concept of distance between a point and a line. These distances should be the same, indicating that the incenter is the center of a circle which can be inscribed in the triangle. Have students use a compass to draw the inscribed circle.

· Have students fold or draw all the perpendicular bisectors in a triangle. Tell them the name of the common intersection point for the three perpendicular bisectors in a triangle is called the circumcenter. Have students measure the distance from the circumcenter to each vertex of the triangle. This reinforces the concept of distance between two points. These distances should be the same indicating that the circumcenter is the center of a circle which passes through each vertex of the triangle. Have students use a compass to draw the circumscribed circle.

· Have students fold or draw the three medians in a triangle. Tell them the name of the common intersection point for the three medians is called the centroid and is the center of gravity for the triangle. Have students transfer the location of the three vertices of the triangle and the centroid to a sheet of cardstock. (An old manila file folder works well, too.) This can be done by placing the sheet of patty paper on the card stock and making an indentation with a pencil or pen point through the patty paper onto the card stock. Have the students use a straight edge to draw the sides of their triangle on the cardstock and then cut it out with scissors. If done properly, the triangle should balance when the centroid is placed on the lead end of a sharpened pencil. Use the eraser end, if needed. Position the pencil at a location other than the centroid, and the triangle will tilt to one side and fall off. It will not stay balanced.

· Some students may want to create art designs using triangles and the inscribed and/or circumscribed circles for a portfolio entry.

	Activity - Specific Assessment

The teacher will provide the student with different triangles and have him/her draw the angle bisectors, perpendicular bisectors, medians, and altitudes for the triangles. The teacher will provide one isosceles, one obtuse, one right, and one scalene triangle and have the student draw different special segments on each. The student will draw the altitude on the right and obtuse triangle, all three special segments on the isosceles triangle (one segment should satisfy this), and the angle bisectors on any type triangle. The student will also explain in complete sentences the processes used to make the drawings.




Activity 38:  Altitudes, Medians, and Perpendicular Bisectors on the Coordinate Plane (GLEs: 6, 9) (CC Activity 8) (Optional)

Materials List: pencil, paper

· Provide students with information that allows them to graph triangles on a coordinate plane. Have them draw the medians, perpendicular bisectors, and altitudes of those triangles. Ask students to write equations that represent those segments. Writing equations reinforces skills learned in Algebra.

· Examples:

A.
( ABC has vertices
[image: image32.wmf](

)

(

)

(

)

3,10, 9,20, and 2,21

ABC

--

. Find the coordinates of P such that 
[image: image33.wmf]CP

 is a median of ( ABC.  Determine if 
[image: image34.wmf]CP

 is an altitude of (ABC.


Solutions: P is at
[image: image35.wmf](

)

3,15

; 
[image: image36.wmf]CP

 is an altitude of (ABC.

B.
The following equations intersect to form a triangle. Identify the vertices of the triangle. 
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Draw one of the perpendicular bisectors in the triangle and 
identify the slope and point used to draw it.  Then write the equation for that perpendicular bisector. 


Solutions: Vertices are (-2,2), (4,5), and (2,-4). Students should have one of the following for the point, slope, and equation:


A.

[image: image40.wmf](

)

1,3.5, m=-2, y=-2x+5.5

;


B.
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33

0,-1, m=, y=x-1



C.
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3,, m=-, y=-x+


 Activity 39:  More on Angle Bisectors, Medians, and Perpendicular Bisectors of a Triangle (GLE: 10) (CC Activity 9) (Optional)

Materials List: pencil, paper, geometry software, computers

· Have students complete this activity with a partner. They will need an automatic drawer.

1. Using an automatic drawer, such as that found in Geometer’s Sketchpad©, draw scalene triangle
[image: image43.wmf]ABC

 and measure the lengths of 
[image: image44.wmf]AB

 and 
[image: image45.wmf]AC

. 

2. Construct m, the angle bisector of 
[image: image46.wmf]BAC

Ð

.

3. Construct the midpoint D and the perpendicular bisector of 
[image: image47.wmf]BC

.

4. Draw the median from point A to
[image: image48.wmf]BC

.

5. Move point A until the angle bisector, perpendicular bisector, and the median coincide. Record the lengths of 
[image: image49.wmf]AB

 and 
[image: image50.wmf]AC

.
6. Drag point A to find two other positions for point A in which angle bisector, perpendicular bisector, and the median coincide. Again, record the lengths of 
[image: image51.wmf]AB

 and 
[image: image52.wmf]AC

.

· Ask students to make a conjecture about ( ABC when the angle bisector of 
[image: image53.wmf]BAC

Ð

, the median from A to 
[image: image54.wmf]BC

, and the perpendicular bisector of 
[image: image55.wmf]BC

 coincide. Have students write a proof to show that if a segment is a median and an angle bisector in the same triangle, then the triangle is isosceles.

Handout for Activity 37
Medians, Altitudes, Angle Bisectors, and Perpendicular Bisectors

I. Draw the requested segment (be sure to mark pictures appropriately).

1.  
[image: image56.wmf]AD



 EMBED Equation.DSMT4  [image: image57.wmf]AC

is a median

2.

[image: image58.wmf]AC

is an altitude

3.
[image: image59.wmf]EC

is a ( bisector





 

4.

[image: image60.wmf]BE

 is an angle bisector
5.

[image: image61.wmf]DF

is a median
6.

[image: image62.wmf]HJ

is an altitude






II. Determine any conclusions that may follow.

7.






8.




[image: image63.wmf]AD

is an altitude
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is an angle bisector



_______________



       ___________________


9.
10.








[image: image65.wmf]AD

is a median
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is a perpendicular bisector



__________________



_____________ & ____________


III. Name the special segment shown


11.

12.



 


If 
[image: image67.wmf]AC

is ( to 
[image: image68.wmf]BD

, then 
[image: image69.wmf]AC

is a(n) 


If 
[image: image70.wmf]CD

( 
[image: image71.wmf]DE

, then
[image: image72.wmf]BD

is a(n)

 

_________________________



_______________________



IV. Find the value of each variable or the requested information.


 13.
        
14.     
[image: image73.wmf]MR

uuur

is the angle bisector of ( NMP.  Find x                                         if m(1 = 5x + 8 and m( 2 = 8x – 16.
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is the ( bisector of
[image: image75.wmf]AC

.

    Find x.

15. 
[image: image76.wmf]DE

suur

is the perpendicular bisector of 
[image: image77.wmf]AC

.


Find x.








16.  Find 
[image: image78.wmf]AB

if 
[image: image79.wmf]BD

 is a median of (ABC.
17.  Find 
[image: image80.wmf]BC

 if 
[image: image81.wmf]AD

is an altitude of 




  (ABC.             


18.   Find m( ABC if 
[image: image82.wmf]BD

 is an angle bisector of (ABC.

     m(DBC = (4x – 6)(.


Unit 4 – Concept 3:  Quadrilaterals
GLEs

*Bolded GLEs are assessed in this unit

	Geometry

	9
	Construct 2- and 3-dimensional figures when given the name, description, or attributes, with and without technology (G-1-H) (Synthesis, Evaluation)

	10
	Form and test conjectures concerning geometric relationships including lines, angles, and polygons (i.e., triangles, quadrilaterals, and n-gons), with and without technology (G-1-H) (G-4-H) (G-6-H) (Synthesis, Evaluation)


	Purpose/Guiding Questions:

· Investigate the properties of special convex quadrilaterals

· Recognize and apply the behavior of the diagonals of quadrilaterals

· Compare and contrast the properties of various convex quadrilaterals

· Organize all the properties and characteristics of quadrilaterals in a graphic organizer, such as a Venn diagram


	Key Concepts and Vocabulary:

· Quadrilateral

· Parallelogram

· Rectangle

· Square

· Rhombus

· Trapezoid

· Isosceles trapezoid

· Diagonal

· Leg and base

· Median

	Assessment Ideas:

· The student will complete journal entries for this unit. The teacher will grade the journal. Journal topics could include:

· Explain the statement “A square is a rectangle, but a rectangle is not a square.”

Activity Specific Assessments: Activity 43
 

	Resources:
Glencoe 8.2, 8.6

PLATO Instructional Resources:

· GLE 10: 

· Geom & Meas 2-Triangles & Lines; Solving Right Triangle Problems



	Materials Needed:  

· Geometer’s Sketchpad




Instructional Activities

Note:  Essential Activities are denoted by an asterisk (*) and are key to the development of student understandings of each concept.  Any activities that are substituted for essential activities must cover the same GLEs to the same Bloom’s level.

 *Activity 40:  Conjectures about Quadrilaterals (CC Activity 14)
(GLE: 10)

Materials List: automatic drawer, computers (depending on type of automatic drawer), pencil, paper, Quadrilateral Process Guide BLM 

· Have students work in groups of two (preferred), three or four using an automatic drawer (such as found in The Geometer’s Sketchpad® software). The purpose of this activity is to allow students to investigate the properties of special convex quadrilaterals. 

· Use a process guide (view literacy strategy descriptions) to help students develop conjectures about quadrilaterals. Process guides are used to guide students in processing new information and concepts. They are used to scaffold students’ comprehension and are designed to stimulate students’ thinking during and after reading. Process guides also help students focus on important information and ideas. In this activity, students will be given a process guide that will lead them through the steps to discover the relationships inherent in all quadrilaterals. Create a process guide by reviewing the information to be studied and by deciding how much help students will need to construct and to use meaning. Copy the Quadrilateral Process Guide BLM for each student. Make one copy for each convex quadrilateral that will be studied.  The BLM provided is generic as the process will be the same, but the answers will be different for the various quadrilaterals.  An example of the process to be used is provided below using a kite as the convex quadrilateral.

· Provide students with an electronic file in which a kite has been drawn. Have students measure the four angles and the four sides and record the measures.

· Instruct students to resize the quadrilateral by dragging the vertices of the kite. Measure the angles and sides of the resized kite and record the information.

· Have students to resize and make measurements until they can form conjectures about the measures of the angles and the lengths of the sides in any kite (i.e., a kite has two pairs of congruent and adjacent sides; a kite has one pair of congruent angles which are formed by a pair of non-congruent sides).

· Instruct students to construct the diagonals of the kite and then answer questions relative to the behavior of the diagonals in complete sentences using previously learned terminology (e.g., Are diagonals perpendicular? Do the diagonals bisect the angles of the quadrilateral? Do the diagonals bisect each other?).

· Repeat the process using trapezoids, isosceles trapezoids, parallelograms, squares, rectangles and rhombi. Have the pairs/groups share their findings with the rest of the class. Students should be told that they are required to be able to support their statements, conjectures, and answers with evidence from their investigation with the process guide.  Have students compare and contrast the properties of the various convex quadrilaterals used in the investigation. 

· At this point, students may wish to begin grouping the quadrilaterals based on the properties they have in common. Lead a summary discussion of the conjectures and help students to organize the results by using classifications of quadrilaterals (e.g., any quadrilateral that is a parallelogram has congruent opposite angles and supplementary consecutive angles). 
Activity 41: Quadrilaterals on the Coordinate Plane (GLEs: 1, 6, 9, 16)

Materials List: pencil, paper, graph paper

Present students with sets of ordered pairs which form various quadrilaterals on the coordinate plane. For each of these sets, have students determine which quadrilateral is presented by using the distance formula, midpoint formula, and slope formula to determine which properties, if any, apply to the given quadrilateral. Students should be given time to explore this on their own, at first, to see how they would begin to determine whether the given quadrilateral is a parallelogram or not. After some time, lead a discussion about which properties might be most important to show first, in order to determine if the quadrilateral is a square.  This would mean it is also a rectangle, rhombus, and parallelogram. Also, discuss which formulas would be used to show congruent segments, perpendicular segments, and that segments are bisected. 

Once students have been able to determine the type of quadrilateral, have students write the equations of the lines that will produce the quadrilateral. Depending on the type of quadrilateral, some of the lines will be parallel and perpendicular, while others may not be related at all. At some point, be sure that students write the equations of the lines that form the diagonals, especially, on rectangles, rhombi, and squares. 

Activity 42: Median of a Trapezoid (GLEs 10, 16)

Materials List: pencil, paper, graph paper

Discuss with students the definition of the median of a trapezoid. Give students a set of ordered pairs which form a non-isosceles trapezoid and have them graph it on the coordinate plane. Using the definition of the median of a trapezoid, have them find the endpoints of the median. Students should then find the measures of the two bases and the median. Have students verify that the median of a trapezoid is parallel to the two bases at this point, also. Once the students have found the measures of the three segments, ask them to determine if there is any relationship between the measures. Encourage them to use various operations to combine the numbers to find the relationships. In an effort to help the students, give the students more examples of trapezoids on the coordinate plane, or diagrams of trapezoids with the measures of the bases and medians already determined.  This will give the students more data to investigate. In time, lead the students to the formula for determining the measure of the median of a trapezoid (half of the sum of the two bases). Relate this formula to the formula for the median of a set of data which students learn when studying measures of central tendency. Have students work problems finding the measure of the median given the measures of the two bases, and finding the measure of one base given the measure of the median and the other base. Some of these examples should include problems that require the use of algebra skills as well.

 *Activity 43:  The Quadrilateral Family (GLEs: 10, 23) (CC Activity 15)

Materials List: pencil, paper, Quadrilateral Family BLM
Directions: Using the graphic organizer (view literacy strategy descriptions) provided in the Quadrilateral Family BLM, fill in the names of the quadrilaterals so that each of the following is used exactly once: 

· PARALLELOGRAM



· SQUARE



· QUADRILATERAL

· TRAPEZOID





·  RECTANGLE

· ISOSCELES TRAPEZOID



· RHOMBUS

· KITE

Explanation:  

· Following the arrows: The properties of each figure are also properties of the figure that follows it. 

· Reversing the arrows: Every figure is also the one that precedes it.

Have students complete the graphic organizer given in the Quadrilateral Family BLMs, and then lead a class discussion to summarize how different quadrilaterals are related to one another. Students should be able to identify a square as being a rectangle, rhombus, parallelogram, and quadrilateral and justify their reasoning. 

	Activity - Specific Assessment

The students will complete a Venn diagram to demonstrate understanding of the properties of the parallelograms discussed in class. See the example at the end of this unit. This example is only a guide and may be expanded to include trapezoids, isosceles trapezoids, and kites by drawing a larger rectangle around the Venn Diagram shown and eliminating the requirement that properties be listed by numbers (e.g., isosceles trapezoids have congruent diagonals and are not parallelograms so they would have to be drawn within a quadrilateral set and outside the parallelogram set. As a result, the congruent diagonal characteristic would need to be repeated.)
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