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Instructional Design

7th Grade Math
Geometry Subunit
This subunit is an introductory Geometry unit with lessons covering the following areas:
1.  Triangle Classification

2.  Triangle Properties

3.  Quadrilateral Classification

4.  Polygon classification

5.  Similar and Congruent Figures
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Lindsay Cieply

EDTL 7100
June 21, 2009
Rationale

The infamous math question, “Why do I need to know this?” is one of the most common questions asked in most math courses. I remember asking this question myself and I have heard it on the other end of the spectrum as the teacher. The fact that students are not given a reason as to learning mathematics makes it difficult for them to want to learn mathematics.  There is a challenge that students are not interesting in math and therefore it makes it difficult to get students to understand and learn the subject. Being in an era of high-stake testing and public accountability, students and teachers are trying to find ways to meet these new challenges. Math is one of the most challenging subjects for students to grasp and understand.  In 2008, on the Ohio Math Achievement tests, an average of 68% of seventh grade students passed with a proficient rating or higher. This percentage is lower than the reading and writing scores. According the NCLB Act, schools are required to have a 100% passing rate in reading and math scores by the year 2012. That means an average of a 10% increase a year (Ohio Department of Education, 2008).  This goal seems quite unreachable to many teachers in the state of Ohio. There is definitely a need to for change in the way that math is being taught to students. Schools are struggling with trying to find a way to meet the needs of their students, while improving test scores.  With schools trying to reform their math curricula to mimic the state tests, what is happening is that this reform is becoming more teaching to the test.  This reform is basically a rote memorization of facts and formulas.  While it may look a little better on paper, this material only stays with students for a short period of time.  Students tend to lose it and as fast as they receive it and therefore it is almost like a new starting point for the next grade level of teachers. For students to become lifelong learners, they need to learn math in a way that helps them to relate it to their everyday lives.  Schools need to develop a reform that includes a development of cognitive processes, which teaches students to become skilled at using the scientific method, problem-solving and decision-making strategies, and critical thinking skills (Chiarelott, 2006).

One possible change that could help students to understand the purpose of learning math concepts and its relation to the real world is a process that takes time.  Time is an issue in a current forty minute math class.   One problem with math curricula is that teachers are feeling rushed to prepare students for the standardized state tests.  Therefore, we as teachers are trying to shove a whole year of math concepts into a 7-8 month time period in order to get the concepts taught in time for these tests.  What is happening is that students are missing out on the concept of discovery learning and problem solving skills that is necessary in order to continuity of previous knowledge to build upon.  This time crunch is hindering our students learning, rather than creating life-long learners.  Students are not being provided the time for hands-on activities that will aid in the learning process for mathematics. Students must have time to become engaged in mathematics that promotes reasoning and fosters communication between teachers and students and among students.  Students need time to develop and practice skills and procedures for solving a wide range of problems.  According to the NCTM (National council of Teachers of Mathematics), it is essential that middle school not be a time of short-duration mathematics classes because what was once considered high school mathematics content is increasingly found now in the middle school, where courses in algebra and geometry are now commonplace (Math Takes Time, 2006).

Therefore I am proposing to create a double-block math course that will take place each school day for the seventh grade math curriculum at Fassett Middle School in Oregon, OH.  According to the NCTM an hour of mathematics instruction each day gives students 50 percent more times with mathematics than 40-minute periods do, therefore receiving nearly 180 hours of instruction a year.  In the Oregon City School District, only an average of 69% of students in the seventh grade passed with a proficient rating or higher. We have been looking at ways to improve this score, as it is our lowest score each year out of the Reading, Writing, and Math Achievement Tests. At Fassett Middle School, our middle school language arts classes are double blocked.  Reading and Writing are the two essential parts of the language arts curriculum and go hand-in-hand with each other, which is why it is integrated into one class, that is double blocked.  Our reading and writing scores are predominantly much higher than our math scores.  I feel that if we mimic this idea in our math classes, then students will be provided with more class time. Students will be able to get a deeper understanding of concepts and skills that are required and would be provided adequate time to teach and learn.  In a study reported in the NASSP Bulletin, approximately a little over 8,000 sixth grade students in five middle schools over a six year time period participated in this study.  The study that was conducted was the transition of a traditional middle school schedule into a block schedule, which students had double blocks of math either every other day, or every day.  Many factors were taken into account and proved that there weren’t any other significant changes that could affect the study.  The study results showed that in all five middle schools, students achieved much better after the transition from a traditional schedule to a block schedule (Mattox, Hancock, & Queen, 2005; Mattox, Hancock, & Queen, 2005). I think that an implementation of an everyday double block mathematics course will help students to become better learners and will provide an opportunity of discovery learning.

In order to propose my idea, I will be creating an introductory unit on Geometry. My lessons will reflect the timing needed for a block schedule math course made up of two class periods.  Therefore, my lessons will be built around a 60 minute time frame. The reason that it will 60 minutes and not 80 minutes is because to keep our school schedule on track with lunches, students will still be given a 20 minute Academic Assist period. I am choosing to use a geometry unit because I feel geometry is an important aspect of mathematics that students will need in the future.  Geometry is an area of math that is extremely contextualized as students will be using it in the real world at one time or another.  I will be showing students how geometry relates to the real world and explain “why” they need to know this information.  I will be providing students with real world problems and project based assessments throughout this whole unit.  The geometry and measurement unit that I will be teaching is actually a 3-4 week unit. The reason that I have geometry and measurement together is because shapes and measurement go hand in hand. After students complete the first part of the unit, they will then move on to area and perimeter of two dimensional shapes, with properties of three dimensional shapes to follow.  I will be providing the first five lessons of this unit with a post-assessment to follow before students move on to the next part of the geometry unit.  
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Unit Outcomes
Geometry and Spatial Sense

· Students will use proportional reasoning to describe and express relationships between parts and attributes of similar and congruent figures. (Application)

· Students will determine sufficient properties that define a specific two-dimensional figure or three-dimensional object. (Analysis)

· Students will determine when one set of figures is a subset of another. (Analysis)

· Students will use and demonstrate understanding of the properties of triangles. (Synthesis)

· Students will use Pythagorean Theorem to solve problems involving right triangles. (Application)

· Students will use triangle angle sum relationships to solve problems. (Application)

· Students will determine necessary conditions for congruence of triangles. (Analysis)

· Students will apply properties of congruent or similar triangles to solve problems involving missing lengths and angle measures. (Synthesis)

· Students will perform translations, reflections, rotations, and dilations of two-dimensional figures using a variety of methods. (Synthesis)

Measurement

· Students will select appropriate units for measuring derived measurements. (Knowledge)

· Students will convert units of area and volume within the same measurement system using proportional reasoning and a reference table when appropriate. (Application)

· Students will estimate a measurement to a greater degree of precision that the tool provides. (Evaluation)

· Students will solve problems involving proportional relationships and scale factors. (Application)

· Students will analyze problem situations involving measurement concepts, select appropriate strategies, and use an organized approach to solve narrative and increasingly complex problems. (Analysis, Evaluation, Application)

· Students will use strategies to develop formulas for finding areas of composite shapes using the areas of triangles, parallelograms, circles and sectors. (Synthesis)

· Students will understand the difference between surface area and volume and demonstrate that two objects may have the same surface area, but different volumes or may have the same volume, but different surface areas. (Comprehension)

· Students will describe what happens to the surface area and volume of a three-dimensional object when the measurements of the object are changed. (Comprehension)

Name _________________________


Date ___________
Pre-Assessment
Directions:  Using a protractor, measure the following angles to the nearest degree and label each angle as acute, obtuse, straight, or right.
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3.  






4. 
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Directions:  Find the missing angle measure.
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5.  






6.  
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Directions:  Solve the following proportions
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7.  

8.  

Directions:  Find the square of each number.

9.  8



10.  20





Directions:  Find the square root of each number.

11.  √100


12.  √441




Directions: Solve for x. 

13.  What value for x makes the equation true? 


14.  What value for x makes the equation true? 

x2 = 169

Directions: List what you know about the following terms:

15. Triangle ____________________________________________________________________________________________________________________________________________________________

16. Square ____________________________________________________________________________________________________________________________________________________________

17. Rectangle ____________________________________________________________________________________________________________________________________________________________
18. Parallelogram 

____________________________________________________________________________________________________________________________________________________________
19. Quadrilateral 

____________________________________________________________________________________________________________________________________________________________

20. Polygon  

____________________________________________________________________________________________________________________________________________________________

Pre-Assessment Scoring Guidelines

	Ready for Instruction


	· Accurately uses a protractor to measure angles and describes the type of angle. 

· Accurately understands how to find a missing angle measure, based on prior knowledge of straight and right angles.

· Accurately solves proportions.

· Accurately understands the definitions of square root and squaring a number.



	Monitor during Instruction
	· Includes two to three incorrect answers or no attempt on one or more of the questions.

· Provides evidence of partial understanding of the use of a protractor to measure angles and describes the type of angle. 

· Provides evidence of partial understanding of how to find a missing angle measure, based on prior knowledge of straight and right angles.

· Provides evidence of partial understanding of solving proportions.

· Provides evidence of partial understanding of the definitions of square root and squaring a number.



	Intervention Needed
	· Answers four or more questions incorrectly or no attempt on three or four problems.

· Provides little or no evidence of using a protractor to measure angles and describes the type of angle. 

· Provides little or no evidence of how to find a missing angle measure, based on prior knowledge of straight and right angles.

· Provides little or no evidence of solving proportions.

· Provides little or no understanding of the definitions of square root and squaring a number.


Classifying Triangles
Lesson 1

Lesson Summary:

In this lesson, students use a protractor to measure angles and sides of different triangles that have different angle measures and different side lengths.   Students compare and contrast their discoveries to conclude that these triangles include specific characteristics that make up an isosceles, scalene, and equilateral triangle.  Students will also look at the angles of triangles to classify as a right, obtuse, or acute triangle.  Through this activity, they discover that all three triangles’ angles add up to 180 degrees each time.  Students apply this information to find missing interior angle measures in triangles.  This lesson concludes with a post-assessment handout.

Lesson Outcomes:
· Students will use protractors to measure angles and sides of different triangles. (Application)
· Students will identify and classify triangles by their sides and angles. (Knowledge)
· Students will use and demonstrate understanding of the properties of triangles. (Comprehension)
· Students will define an isosceles, equilateral, and scalene triangle. (Knowledge)
· Students will define an acute, obtuse, and right triangle. (Knowledge)
· Students will use triangle angle sum relationships to solve problems. (Application)
· Students will justify the sum of all angles in a triangle always equal 180 degrees. (Evaluation)
· Students will be able to find the missing angle in a triangle, provided two other angles. (Application)
Materials:

· Classroom set of Attachments A-E

· Use of SmartBoard or overhead projector

Time Allotted: 60 minutes
Instructional Procedures:
Introductory Activity: 20 minutes
· Review the terms of angles (acute, obtuse, and right) with the students

1.  “What is the difference between these angles?”
· Review how to use a protractor to measure angles and to measure straight lines.
· Begin the lesson by giving each student the What’s with these triangles? (Attachment A) handout.

· Students will be working individually at first.

· Instruct students to use their protractor to measure all three angles in each triangle and record measures record findings in the provided box.  

· Tell students to do the same when measuring the sides of each triangle.

· Once students have recorded their information, have them get with their partner (use appointment clocks that students already have, tell them to work with 9 o’clock partner) and compare answers.  

· As a whole group, discuss students’ discoveries.  Let students know that we can classify triangles two ways:  by their sides and by their angles.

Developmental Activity: 25-30 minutes
Part 1
· Pass out Classifying Triangles (Attachments B and C).

· Have students look back at the first handout.  Inform them that each one of those triangles represents a scalene, isosceles, or equilateral triangle.  Let students know that these terms are used to classify triangles by sides.

· Have students determine the definitions of the three terms by matching up the triangles from the first handout and the triangles next to each term on Attachment B and C.

· Students will work individually and will be allowed to compare answers with their partner.  As students are working, the teacher should walk around the room and check students’ definitions and explanations.

· After students have had time to discuss their answers, bring them back to a whole group.  Have students share their discoveries, while the teacher records their explanations on the SmartBoard or on a transparency.

· After students have had a chance to explain their discoveries, reveal the actual definitions:  

1. Scalene Triangle is a triangle with no congruent sides.

2. Isosceles Triangle is a triangle with two sides congruent.

3. Right Triangle is a triangle with all sides congruent.

· Make sure students record the correct definition, if incorrect, on the notesheets, Attachments B and C.

· Next, as a whole class, complete questions 1-3 on Attachment B.  

· Explain that all triangles have at least two acute angles and that triangles can be classified by their third angle.  The three classifications by angles are: acute, right, and obtuse.   Have students look at Attachment C.   As a group, define the three terms in relation to triangles.

1.  Right triangle contains one right angle.  Triangle ABC is an example.

2. Acute triangle contains all acute angles.  Triangle DEF is an example.

3. Obtuse triangle contains one obtuse angle.  Triangle GHI is an example.

· As a whole group, complete question 1-3 on Attachment C.

Part Two:

· Have students refer back to Attachment A What’s with these triangles?
· Let students know that we will now be looking at the angle measures of triangles.

· Lead a discussion on their discoveries about the sum of a triangle’s angles on Attachment A.  All three triangles’ interior angles have a sum close to 180 degrees.

· To prove this theory, instruct students to take out a piece of paper.  Tell them to make three dots anywhere on their paper.  Connect the dots using the straightedge of their protractor.  Find each angle measure using the protractor.  Find the sum of the angles.  

· Walk around to make sure students are following directions and to guide any struggling students.

· Pose the question, “Is there anyone who did NOT get a sum of 180 degrees?”

· Inform students that some answers may not be as accurate based on some angle measures not being as accurate.

· Explain to students that ALL angles in a triangle always add up to 180 degrees.

· Put the following examples on the SmartBoard and complete as a whole class.

· Show students how they can find the missing angle of triangle by setting up an equation:

55 + 103 + x = 180

Example #1




x = 22°

Example # 2:

A triangle has angle measures of 2x +3°, 4x°, and x.  What is the measure of the smallest angle?






x = 25.29°

Closure: 5-10 minutes
· Review the different ways to classify triangles
· Review the sum of interior angles of triangles

· Distribute Attachment D and Attachment E.

· Read over the directions as a whole group.  

· Instruct students to work individually.
· Students can begin working on these handouts in class.  Whatever is not finished will be homework.  Make sure to walk around as students are working.
Evaluation:

Students will be evaluated on their homework assignments, Attachment D and E.  Students will also have been observed throughout the class period.
Scoring Guidelines for Attachment D
	Meets Expectations
	· Correctly labels all angles as acute, right, or obtuse.

· Correctly labels all triangles as scalene, isosceles, or equilateral.

· Understands that triangles are classified by both their angles and sides.

· May have 1-2 minor errors, but do not effect overall outcome

	Approaching Expectations
	· Provides evidence of partial understanding of triangle classifications.

· Includes two or more incorrect labels or no attempt on one or two of the questions.

	Requires Support or intervention
	· Provides little or no evidence of understanding triangle classifications.

· Includes three or four mislabeled triangles or no attempt on three or four problems.


Scoring Guidelines for Attachment E
	Meets Expectations
	· Provided adequate evidence of understanding triangle concepts.

· Correctly answers all questions.  May have 1-2 minor calculations (rounding), but not in process of solving.

	Approaching Expectations
	· Provides evidence of partial understanding of triangle concepts.

· Includes two or three incorrect answers or no attempt on one of the questions.

	Requires Support or intervention
	· Provides little or no evidence of understanding triangle concepts.

· Includes four or more incorrect answers or no attempt on three or four problems.


Classifying Quadrilaterals

Lesson 2
Lesson Summary:

This unit on quadrilaterals is designed to have students discover the properties of quadrilaterals.  Students will compare quadrilaterals to discover how they are the same and how they are different.  Students will use a variety of visuals to help to distinguish the difference between specific quadrilaterals.  Students will use their prior knowledge of triangles and squares to determine the sum of all the angles in any quadrilateral.

Lesson Outcomes:
· Students will determine sufficient properties that define a specific quadrilateral. (Analysis)
· Students will determine when one set of figures is a subset of another. (Analysis)
· Students will identify & describe polygons. (Knowledge,  Comprehension)
· Students will solve problems using the sum of interior angles of a quadrilateral. (Application)
· Students will know and use properties of parallelograms, rectangles, rhombi & squares. (Knowledge, Application)
· Students will prove that a quadrilateral is a parallelogram or special parallelogram. (Evaluation)
Time Allotted: 60 minutes
Materials:
· Classroom copies of Attachments A, B, D, E, F, G
· Access to a SmartBoard or an overhead projector

· 5 envelopes, each containing one copy of the Attachment C, “I have, who has?” game

· Student Appointment Clocks for partner activity (Should be in students’ math notebooks)
Instructional Procedures:
Introduction Activity: 10 to 15 minutes
· Review the difference between parallel and perpendicular lines.  Also review the term congruent.
· Present the following situation to the class:

“Suppose a friend tells you that he’s designing a school flag shaped like a parallelogram. Can you tell which of these shapes his flag would be?”
· Ask students to use their definitions of parallel lines to try to define what they think a parallelogram is.
· Place the following diagram on the SmartBoard, or projector, and guide discovery by asking students which of the following shapes could be his flag.


· Explain to students that his flag could be any of the shapes because the shapes are all parallelograms.
· Ask students to explain what I mean by that they are all parallelograms.

· Now explain to students that parallelograms fall under the category of a quadrilateral.

· Write quadrilateral on the SmartBoard and ask students to look at the prefix “quad” and see if they can figure out the definition. Let students give their definitions until it is defined that a quadrilateral is a 4 sided, enclosed figure.

· Explain that quadrilaterals can be looked at as a family.  “Some members of the family can also be classified in more than one way, for example, your cousin who is also your aunt’s son. Many quadrilaterals can be described using more than one name.”                                                          

· If students are confused on the term quadrilateral, direct them to the diagram on the board.  Have students find ONE characteristic that all four shapes have in common.  All the shapes have four sides.

· Ask students if they know any names of more specific quadrilaterals or may volunteer to put one on the board.

· Next, distribute The Quadrilateral Chart, Attachment A, to each student.  Read the names of the quadrilaterals out loud.  Explain to students to put a check in each box that is a characteristic of that shape.  Instruct them to use the picture of that shape to guide their answers.

· Walk around as students are working on the chart.  

· Pair students together by their Appointment clocks, 12 o’clock partner, and have them compare and contrast their charts.  

· Next, let each pair share their answers.  Record their answers on the teacher copy that will be projected on the overhead or SmartBoard.

Developmental Activity 30 to 40 minutes
· Distribute Quadrilateral Definitions, Attachment B.
· As a whole group, determine the definitions of all quadrilaterals, using Attachment A as your guide.  Students will be able to use this chart to distinguish between specific quadrilaterals.

· As a class, complete questions 1-4 on Attachment B.

· Next, divide students into groups of six students.   Give each group an envelope with six cards in each.  (Attachment C)

· Explain that each person will have one card.  Explain the rules for the game, “I have, Who has”.  The student, who begins the game in each group, is the student with the longest first name.  Make sure to walk around as students play the game.  When a group finishes, they may re-pick cards and play again.  The point of this game is help students to understand the differences between the quadrilaterals.
· After the groups have had a chance to play the game at least two times, have students return to their seats.
· Distribute Quadrilateral Web Attachment D.
· Explain to students that we will be filling in the web based on the definitions we just came up with.  Complete as a whole class.
· After the web is completed, provided students with some time to answer the multiple choice questions on the back of the web.  Provide about 4-5 minutes to complete. Then go over as a whole class. 
Scoring Guidelines for Attachment D
	Meets Expectations
	· Correctly labels the web and attempts to answer all questions.

· Provides evidence of understanding quadrilateral classifications



	Approaching Expectations
	· Provides evidence of partial understanding of quadrilateral classifications

· Includes two incorrect labels or no attempt on one or two of the questions.

	Requires Support or intervention
	· Provides little or no evidence of understanding quadrilateral classifications.

· Includes three or four incorrect labels or no attempt on three or four problems.


· Next tell students that we are going to look at the interior angles of a quadrilateral. First, review the sum of the angles of a triangle.

· Distribute Angles of Polygons Attachment E. Read directions together. Have students complete individually.  Students will discover that the angles of a quadrilateral add up to 360 degrees.

· Lead a discussion on the students’ discoveries.

· Ask students to predict if all quadrilaterals would have the same sum of interior angles. Have students write their predictions along with an explanation.
· Next, put a rectangle on the board (Attachment F).  Have students describe the characteristics of a rectangle. Lead a discussion about a rectangle being made up of four right angles.  Show students that 90 x 4 =360°.  Another way to prove this is to draw a diagonal line from one vertex of the rectangle to the other.  The line splits the rectangle into two triangles.   We know that a triangle’s angles add up to 180°.  Therefore two triangles equals 360°:  2 x 180 = 360°

· Complete the rest of the problems on Attachment F, as a whole class.

Closure: 3-4 minutes
· Review today’s concepts of quadrilaterals

· Distribute Attachment G.

· Read directions together.

· Let students know that they need to find 3 examples of quadrilaterals that they have found, other than rectangles and squares, and draw them.  Remind them to make sure that they tell what the quadrilateral is an example of.

· Instruct students to work individually.
· This will be a homework assignment.

Evaluation:

Scoring Guidelines for Attachment G
This rubric will be used for each quadrilateral.  Therefore, there is a total of 9 points all together for this assessment.

	3 Points

Meets Expectations
	· Provided adequate evidence of understanding quadrilateral concepts.

· Correctly classifies quadrilateral.

· Correctly finds missing angle measures.

	2 Points

Approaching Expectations
	· Provides evidence of partial understanding of quadrilateral concepts.

· Did not complete one section of the assignment.

· Includes one incorrect angle sum.

	1 Point

Requires Support or intervention
	· Provides little or no evidence of understanding triangle concepts.

· Includes two or more incorrect angle sums.

· Does not correctly label quadrilateral 


Classifying Polygons
Lesson 3

Lesson Summary:

In this lesson, students will be given an envelope with different shapes in it.  They begin the lesson by making conjectures about the different shapes.  Students will divide these shapes into two groups, polygons and non-polygons.  Students come to a consensus that polygons are closed figures, with no round sides.  Using this information, students classify polygons based on how many sides make up the polygon.  Students discover a relationship between the number of sides of a polygon and the number of triangles that the polygon can be divided into by drawing diagonals from a single vertex. They also discover a relationship between the number of triangles formed and the sum of the interior angles. Students find a formula for the sum of the interior angles of a polygon and use the formula to solve similar problems.

Lesson Outcomes:

· Students will use inductive reasoning to split shapes into two groups. (Application)
· Students will define the term polygon. (Knowledge)
· Students will classify polygons by their appropriate names, based on number of sides. (Application)
· Students will determine if a shape is a polygon, by definition. (Analysis)
· Students will identify polygons as regular or irregular. (Knowledge)
· Students will discover the formula to find the sum of interior angles of polygons using properties of triangles. (Synthesis)
· Students will find the missing angle measure in a polygon. (Synthesis)
Materials:
· Students copies of Attachments C thru E
· 12 copies of each Attachment A, each one cut up and put in an envelope

· 12 copies of Attachment B, Chart for Objects
· Access to a SmartBoard or overhead projector

· A class set of grouping cards, which will group students into groups of 3

Time Allotted: 60 minutes

Instructional Procedures:

Introductory Activity: 15 minutes
· As students walk into class, hand each person a colored card or numbered card, which will be used to group students together by threes.

· At the beginning of class, inform students that they will be given one envelope per group and one chart per group.  Instruct students to look at all the items in their envelope.  Students will need to compare and contrast the items and discuss some conjectures that they each come up with. Explain that these items can be divided into two groups, and only two groups.  Instruct students to write their explanation for their chart in the provided boxes.  Make sure to ask questions before students split into groups to clarify any misunderstandings.

· Have students get into their groups based on the color of their cards.

· Make sure monitor the groups and ask questions about their conjectures.  Make sure to pose questions to groups that are struggling to get them back on track.

· Have students share their discoveries with the whole class.

· After each group has reported their categories, respond to any groups that were relatively close or that were right on the mark.

· Using the SmartBoard, or overhead projector, show how you split the figures into groups, but do not give away your heading at first.  Lead a discussion to get students to label the groups as Polygons and Non-polygons.

Developmental Activity 30-40 minutes
· Distribute Attachment C, Polygons.  As a whole group, define the term “polygon” based on the information just discussed.

* Polygons: means many sided.  A polygon is an enclosed figure, with no overlapping, or curved edges.

· Have students use their prior knowledge of prefixes to come up with the names of different polygons.  Make sure students record this information in the chart on Attachment C.

· Next define that a regular polygon, which is what they are used to seeing, is only when all the sides and angles are congruent.  Ask students if they can think of any objects that are made up of a regular polygon.
· As a whole group, answer the rest of the questions on Attachment C.

· Next, tell students that just like with triangles and quadrilaterals, we now going to look at the sum of  interior angles of all different polygons.

· Distribute Attachment D, Angle Measure of a Regular Polygon.
· Remind students that every triangle’s interior angles total 180 degrees. Have groups divide the pentagon into triangles by connecting a single vertex to each of the other vertices using a straightedge.  In order to find the sum of all the angles, the students know that a triangle has 180º.  There for the sum of the interior angles will be:  3 triangles x 180 = 540. Have the students complete the rest of the handout individually.
· Guide students to find a relationship between the number of triangles in a polygon and the sum of the interior angles of that polygon.
	# of Sides: 
	4

	# of triangles formed
	2

	Sum of all angles
	360

	Measure of each angle
	360/4 = 90


Here is an example of the square we used in Lesson 2.
	# of Sides: 
	5

	# of triangles formed
	3

	Sum of all angles
	540

	Measure of each angle
	540/5 = 104



· Guide students to discover a rule for determining the sum of the interior angles of a polygon based on the number of its sides.

· Now lead students to see that a 20-sided polygon must have 20 interior angles. Ask: “In a 12-sided polygon, if each angle has the same measure, what must be the measure of each one, given the total (sum) of all the interior angles?”             

· Ask each team to report on how to determine the sum of the interior angles of a particular polygon (quadrilateral, pentagon, etc.). Ask them to explain how they discovered the rule they are using. Encourage different approaches.
· Bring students back to a whole group.  Lead a discussion to find that the formula for finding the sum of the interior angles of regular polygons is:  180(n – 2), where n represents the number of sides in a polygon.  Explain how in order to find the measure of just one angle; you divide by the number of sides.

· Use questions on Attachment D to reiterate these concepts. Complete on the SmartBoard together.
Closure: 5-10 minutes
· Review lesson objectives.
· Distribute Attachment E, Classification of Polygons.

· Instruct students to work individually and this will be collected the next day.
Evaluation:
Scoring Guideline for Attachment E
	5 Points

Meets Expectations
	· Correctly answers all or all but one, question correctly.
· Provides evidence of understanding how to calculate the measure of an interior angle of different polygons.


	3 Points

Approaching Expectations
	· Provides evidence of partial understanding how to calculate the measure of an interior angle of different polygons.

· Includes two or three incorrect answers or no attempt on one or two of the questions.

	1 Points

Requires Support or intervention
	· Provides little or no evidence of understanding how to calculate the measure of an interior angle of different polygons 
· Includes four or five incorrect answers or no attempt on three or four problems.


Lesson 4

Relationships for Congruency and Similarity

Lesson Summary:  

Students explore pairs of figures to discover relationships between the sides and angles for the pairs of figures.  They sort the pairs according to the relationships and classify them as congruent, similar or neither. Using these relationships, students solve problems to find missing lengths and angle measures. Extend the lesson to determine the minimal requirements needed to determine congruence and similarity. 
Lesson Outcomes

· Students will compare and contrast congruent and similar figures. (Analysis)
· Students will define similar figures. Students will use discovery learning to recognize the difference between similar and congruent figures. (Knowledge, Application)
· Students will apply properties of congruent or similar triangles to solve problems involving missing lengths and angle measures. (Application)
· Students will name corresponding sides and angles of polygons. (Knowledge)
· Students will use proportional reasoning to justify if two polygons are similar. (Application, Evaluation)
· Students will find missing length measures of a pair of similar figures, using the definition of similar figures. (Application)
Materials:

· Class set of Attachment A, E, F
· To prepare for the lesson, copy a set of Congruent Figures, Attachment B, Similar Figures, Attachment C and Pairs of Figures, Attachment D for each small group. Cut the sheets to separate the two pairs of figures.  Create sets of the 11 pairs of figures for each small group and place in an envelope. The pairs of figures are numbered randomly on the attachments so that students will not think the consecutively numbered pairs are the same (all congruent, similar, or neither).

· Access to SmartBoard or overhear projector

· Two small Styrofoam balls 

· One large beach ball

· A set of grouping cards for students in groups of 3
Time Allotted: 60 minutes
Instructional Procedures:

Introduction Activity: 15 – 20 minutes
· Start class by having students form a large circle in the classroom. The teacher will toss two Styrofoam balls of the same size and one bigger ball (beach ball) to three students in the class.  As the balls are being passed around the room, students will brainstorm characteristics of the balls, focusing on similarities and differences (other than color). 
· Call on students to provide ideas of similarity and write the ideas on the SmartBoard. The teacher and students will engage in a conversation about the ideas listed and develop a definition for the term similar.  At this stage, students will recognize similar as being objects of the same shape (look the same), but not necessarily the same in size.  
· Students will relate the term similar to prior knowledge about the word by thinking about what the term similar means outside of math class, objects found in the “real world” and discuss how similar figures are used in real life.  (Possible answers might be the photo enlargement/reducer machine, copy machines that alter the size of pictures, Christmas ornaments, bricks)
· The teacher will hold up objects of the same size and shape and have students write down characteristics of these objects.  After listing the characteristics, students will share and guess the definition to label objects of the same size and shape.  Students will understand this definition to be congruent.  

Developmental Activity 30-35 minutes
· Distribute Relationships for Congruency and Similarity chart, Attachment A, to each student. 
· Have students write down what they just learned about the terms congruent and similar.

· Now put students into groups of 3 using grouping cards.

· Distribute the sets of 11 pairs of figures. Have small groups discuss and describe the relationships within these pairs of figures and write the relationships in the box on the right.  Focus attention on the relationships between pairs of corresponding angles and sides. Assist students as needed asking directed questions to guide students. Sample questions include:

· Is there a relationship between sides of the figures?

· Is there a relationship between angles of the figures?

· Have groups sort and categorize the pairs of figures using the relationship descriptions.

· Ask the groups how they sorted the cards. Discuss the relationships and arrive at consensus about the categories (congruent pairs, similar pairs, neither) and the relationships which define each category. Create a three column chart on the SmartBoard. 

· Label the columns “congruent figures,” “similar figures” and “neither.

· Have groups compare and contrast congruent figures and similar figures. Select groups to share their thoughts. 

Ask questions about the relationship between congruent and similar figures. 

· How are congruent and similar figures alike?

· How are congruent and similar figures different?

· Pose the statement:

All congruent figures are similar, but not all similar figures are congruent.
Have students explain the meaning of the statement in their journal and provide examples to illustrate both parts of the statement.

· Draw and present a visual representation of two congruent triangles. Have students name the six pairs of corresponding congruent parts. Make sure that students understand what “corresponding parts” means before moving on.
· Now review ratio and proportions.  Students have already previously learned this information.
· What is the ratio between the corresponding side lengths?  Students should see that congruent figures should have a ratio of 1:1 because each side and angle should be the same in its corresponding part.
· Have students choose a pair of similar triangles presented in the previous activity. Allow partners name corresponding sides.  Have them do the same thing and write a ratio of each side measure to its corresponding side measure. Students should discover that all the ratios are the same and should not be a ratio of 1:1 or the figures would be congruent.  
· Now have students look at the angles of the similar figures.  “What do you notice about the angle measures?” Students should notice that the angle measures to not change, just the side lengths.  Inform students that this is the exact definition of similar figures.
· Students will recognize the definition of similar figures as two figures that have the same shape, corresponding, congruent angles, and having corresponding sides that are proportional in length.  Students will recognize that congruent figures have exactly the same side lengths and angle measurements.      
· Distribute Using Relationships to Solve Problems, Attachment E, to students.  Have pairs solve the problems to find the missing measurements. Have students discuss and write the reasoning used to find the missing measurement.
· Have pairs meet and compare their responses for the exercises. Observe discussions and clarify misconceptions or misunderstandings. Clarify concepts and reasoning used to solve the problems. 
Closure 5 -10 minutes
· Bring students back to whole group.

· Go over Attachment E as a whole group.

· Quick review over similar and congruent figures.  Students will answer the teacher directed questions:  What did we describe a similar figure to be?  Describe a congruent figure.  Are all congruent figures similar?  Are all similar figures congruent?  (Students will understand that similar figures are not always congruent because similar doesn’t always mean same size.  Students will understand that congruent figures are always similar because they have proportional lengths and angles.
Evaluation:
Scoring Guidelines:

Responses correctly identify the figures as similar, congruent, both or neither and provide the relationships of sides and angles to support their answers (e.g., the figures are congruent because all pairs of corresponding sides and corresponding angles are congruent). Students also provide the correct ratio of 1:1 for corresponding angles and the correct ratio for the corresponding sides (1:1 for congruent figures and the ratio for corresponding sides for similar figures).

Pythagorean Theorem

Lesson 5

Lesson Summary:   

Students discover the relationship between the lengths of the legs of a triangle and its hypotenuse. They use visual representations of area models to discover that the sum of the areas created by squaring the legs is equal to the area created when the hypotenuse is squared. The Pythagorean Theorem is introduced. Students apply this relationship to solve real-world problems.
Lesson Outcomes:

· Students will use Pythagorean Theorem to solve problems involving right triangles. (Application)
· Students will discover the formula for Pythagorean Theorem. (Synthesis)
· Students will explore methods of proving the Pythagorean Theorem to be true. (Evaluation)
· Students will define the hypotenuse of a right triangle. (Knowledge)
· Students will use the converse of the Pythagorean Theorem to find a missing leg measure, given the hypotenuse and other leg measure. (Application)
Materials:

· A class set of grid paper, Attachment A

· A class set of Attachment B-D
· Scissors for each student

· Access to SmartBoard or overhead projector

Time Allotted: 60 minutes
Instructional Procedures:

Introductory Activity: 15-20 minutes
· Review the terms of triangle classification with the students.  

· “How are triangles classified by their sides?” (scalene, isosceles, and equilateral)  

· “How are triangles classified by their angles?” (acute, right, and obtuse)

· Pass out unit grid paper (Attachment A) and What’s with all these squares?, Attachment B.   Have students work independently at the beginning of the lesson.
· Instruct the students to draw three squares, using the grid paper: one made up of 9 units, one made up of 16 units, and one made up of 25 units.  Label the first square A, the second square B, and the third square C.  Instruct students to put this information in the chart on Attachment B.

· Now inform students to cut out their three squares and to rearrange the squares so that they form a right triangle in the middle.

· Instruct students to make a conjecture about the length of the sides of the right triangle and the area of the squares.  Students should be noticing that the sum of the area of square A (9 units) and the area of square B (16 units) is equal to the area of square C (25 units).  Therefore, a² + b² = c².  
· Inform students that this is called the Pythagorean Theorem and that is only works with right triangles. 

· This time have students do the same thing, but they will cut out squares that are 12 x 12, 5 x 5, and 13 x 13.  Have students repeat the previous steps.  Discuss if the same outcome came about.

Developmental Activity 30-35 minutes
· Have students look at the right triangle they created in the middle of the squares.  Ask students which side is the longest.  Inform them that the longest side is called the hypotenuse and is always opposite the right angle.  Sides a and b are called legs and are both adjacent to the right angle. Have students fill in the diagram on Attachment B.
· Distribute and complete the example questions on Attachment C, as a whole class. Make sure to put a copy on the SmartBoard and go step by step to answer the questions together. Show students how to use the converse P.T. when the hypotenuse is given.
· Draw a picture of the room on the overhead or SmartBoard. Ask the students to provide possible methods for determining this length. Guide students to the conclusion that by drawing the diagonal a right triangle is created, then using the length of the two adjacent walls one is able to calculate the distance along the diagonal.

· Have the class brainstorm on how this could be useful in the real-world. Record their ideas on chart paper. Possible responses are construction, architecture, landscaping.

· Draw two random points on grid paper on the SmartBoard. Ask students how to find the distance between these two points. Focus the discussion on creating a right triangle between the points and using the Pythagorean Theorem.

· Have the students determine the distance between the two points, place other sets of points on the grid paper and determine the distance between them.

· Have the class brainstorm ways this could be useful in the “real-world”. Record their ideas on chart paper. Possible responses are distances on a map, flight of an airplane.

· Using the SmartBoard, access the following website and complete together:

http://www.geom.uiuc.edu/~hipp/app1b.html
Closure: 5-10 minutes
· Review the concepts of Pythagorean Theorem
· Review how this is only used for Right Triangles.
· Distribute Triangle Problems, Attachment D for homework. 
· Students may begin working on the handout until the end of the class. 
Evaluation:
Scoring Guidelines:

Use the rubric to assess student performance and determine intervention needs.
	Level
	Description

	Meets Expectations
	· Provides adequate evidence of understanding triangle concepts and the use of the Pythagorean Theorem.

· Correctly answers all the questions. May have 1-2 minor calculation errors but not in process.

	Approaching Expectations
	· Provides evidence of partial understanding of triangle concepts.

· Includes an inaccurate explanation, two or more incorrect answers or no attempt on one or two of the questions.

	Requires support or intervention
	· Provides little or no evidence of understanding of triangle concepts.

· Includes three or four incorrect answers, faulty explanations or no attempt made on three or four problems.


Post-Assessment
Name____________________________________

Date___________________

Directions: Classify each triangle by its sides and angles.
1. 





2.  

3.   

Directions: Classify each quadrilateral using the name that BEST describes it.

4.   




5. 



6. 

__________________________
_______________________

__________________
7.  

Directions: Find the missing angle measure

8. 






9.


10.  
11. A five sided polygon is a _____________________.

12. A seven sided polygon is a ______________________.

13. A six sided polygon is a ___________________________.

14. An eight sided polygon is a _________________________

15. A nine sided polygon is a _____________________________.

16. A ten sided polygon is a ________________________________.

17. True or False:  A polygon has three or more sides and equal number of angles.____________

	
	Regular Pentagon
	Regular Hexagon
	Regular

Heptagon
	Regular

Octagon

	Sum of interior angles
	18.

	20.
	22.
	24.

	Measure of each interior angle
	19. 
	21. 
	23.
	25.


26.  How many sides does a polygon have if each angle is 162°?

27. What is a polygon called if the each interior angle equals 60°?

28. What is the measure of each interior angle in a regular fifteen-sided polygon?

29. Right triangle ABC is similar to triangle XYZ because angle B is congruent to angle Y. Side AB equals 24 units, side BC equals 54 units, and side YZ equals 9 units. What is the length of side XY?


30.  Right triangle ABC is similar to triangle XYZ. If XY = 15 cm, YZ = 33 cm, and AB = 5 cm, then what is the length of line segment BC?

31. Suppose the Space Needle in Seattle, Washington, casts a 220-foot shadow at the same time a nearby tourist casts a 2 foot shadow. If the tourist is 5.5 feet tall, how tall is the Space Needle?
Directions: Find the missing measure of each right triangle.  Round to the nearest tenth if necessary.

32. 





33. 
34. COMPUTERS In a computer catalog, a computer monitor is said to be 19 inches. This distance is the diagonal distance across the screen. If the screen is 10 inches high, what is the width of the screen? Round to the nearest tenth.

35. In class, Darrell sits directly behind Terry, 6 feet away, and directly to the left of Marc, 4 feet away. What is the approximate distance, in feet, between Terry and Marc?
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