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Middle School Unit Plan – Geometry

Subject: Mathematics (Geometry)






Grade level: 7th Grade
Unit: Geometry
Content Standards: 
Draw, construct, and describe geometrical figures and describe the relationships between them.
Geometry
1. Solve problems involving scale drawings of geometric figures, including computing actual lengths and areas from a scale drawing and reproducing a scale drawing at a different scale. 
2. Draw (freehand, with ruler and protractor, and with technology) geometric shapes with given conditions. Focus on constructing triangles from three measures of angles or sides, noticing when the conditions determine a unique triangle, more than one triangle, or no triangle.

3. Describe the two-dimensional figures that result from slicing three-dimensional figures, as in plane sections of right rectangular prisms and right rectangular pyramids. 

Solve real-life and mathematical problems involving angle measure, area, surface area, and volume. 

4. Know the formulas for the area and circumference of a circle and use them to solve problems; give an informal derivation of the relationship between the circumference and area of a circle. 

5. Use facts about supplementary, complementary, vertical, and adjacent angles in a multi-step problem to write and solve simple equations for an unknown angle in a figure. 

6. Solve real-world and mathematical problems involving area, volume, and surface area of two- and three- dimensional objects composed of triangles, quadrilaterals, polygons, cubes, and right prisms. 

Literacy Standards

Writing 4 – Produce clear and coherent writing in which the development, organization, and style are appropriate to task, purpose, and audience. 

Speaking and Listening 1 – Prepare for and participate effectively in a range of conversations and collaborations with diverse partners, building on others’ ideas and expressing their own clearly and persuasively. 
Speaking and Listening 4 – Present information, findings, and supporting evidence such that listeners can follow the line of reasoning and the organization, development, and style are appropriate to task, purpose, and audience. 

Language 4 – Determine or clarify the meaning of unknown and multiple-meaning words and phrases by using context clues, analyzing meaningful word parts, and consulting general and specialized reference materials, as appropriate. 
	Student Outcomes:

Students will:


	Assessments

	-Work collaboratively with others.

-Discover the Distance Formula through experimenting with points and lines in the Cartesian Plane. 

-Illustrate the connections between the Distance Formula and coordinate geometry (I.e. points in the Cartesian Plane).

-Apply the Distance Formula to real-life scenarios.
-Discover the geometric theorem that if two sides of a triangle are congruent, then the angles opposite those sides are congruent.  

-Discover the converse of the preceding geometric theorem to be true as well (i.e. if two angles of a triangle are congruent, then the sides opposite those angles are congruent). 

-Apply the newfound theorems to the real-life scenarios of length and angle measurement.
-Implement protractors to construct meaning about supplementary angles.

-Articulate the distinguishing characteristics of supplementary angles.

-Apply the newfound knowledge to the real-life scenarios of angle measurement and classification.

- Construct angles using a protractor (Nanuet).

- Find missing angles in quadrilaterals (Nanuet).
 
- Identify parts of a circle (Nanuet). 
- Find area, perimeter, volume and surface area using the appropriate formulas (Nanuet). 
 
- Apply the concepts of area, perimeter, volume and surface area to solve problems (Nanuet). 
	-Reflection on previous knowledge and work with isosceles triangles. The reflection will be done both individually and talking with other students. A discussion will then ensue over the responses.

-Reflection on a focus question posed during the class. The reflection will be done both individually and talking with other students. A discussion will then ensue over the responses.

-Implementing the use of a protractor to find unknown angle measurements. The results of the problem solving activity will be discussed as a class (direct instruction). 

-Applying the results from the direct instruction to construct an isosceles triangle and ascertain the unknown length and angle measurements. The results of the problem solving activity will be discussed as a class (guided practice). 

-Exit slip with the student’s own example of the isosceles triangle theorems (closure).  

-Further application of the isosceles triangle theorems using the established theorems from class (independent practice).  

-Reflection on previous work with distances both within and outside the context of the Cartesian Plane. The reflection will be done both individually and talking with other students. A discussion will then ensue over the responses.

-Applying the Pythagorean Theorem several times to find the distance of a hypotenuse in the Cartesian Plane and looking for patterns in the constructed examples. The results of the problem solving activity will be discussed as a class (direct instruction). 

-Applying the results from the direct instruction to ascertain the distance between any two points in the Cartesian Plane without the use of a drawing. The results of the problem solving activity will be discussed as a class (guided practice). 

-Exit slip with the student’s own example of applying the Distance Formula (closure).  

-Further application of the Distance Formula using the established definition from class (independent practice). 
-Reflection on previous knowledge and work with angles. The reflection will be done both individually and talking with other students. A discussion will then ensue over the responses.

-Applying the results from the direct instruction to construct a straight line and ascertain the unknown angle measurements. The results of the problem solving activity will be discussed as a class (guided practice). 

-Exit slip with the student’s own example of supplementary angles (closure).  

-Further application of supplementary angles utilizing the knowledge established in class (independent practice).  
Problem solving activities.

-Individual reflection and group discussion

-Homework will be assigned regularly as a formative assessment to check for student understanding and misconceptions.
-Written - Unit Test/Quiz (Nanuet) 

	Timeline

Week 1
Week 2

Week 3

Week 4


	Major Concepts
- Formulas for area and perimeter (Nanuet)
-Scale drawings (Nanuet)
- Recognize polygons and parts of circles (Nanuet)
-Circumference and area of a circle (Nanuet)
-The distance formula

-Isosceles Triangle Theorems

-Types of angles

-Formulas for volume and surface area (Nanuet)
	Resources

http://nufsd-public.rubiconatlas.org/Atlas/Browse/View/Map?YearID=2012&SchoolID=4&CourseType=&strkeys=&CurriculumMapID=19&
Page 43 of the New York State P-12 Common Core Learning Standards for Mathematics under the description of the “Geometry” unit.

Nanuet Public School District

www.regentsprep.org 

New York State P – 12 Common Core Learning Standards for English Language Arts & Literacy

Observed lessons at St. Gabriel School in the Bronx

Chapters 3, 4, and Activity 20.13 of Elementary and Middle School Mathematics: Teaching Developmentally Eighth Edition by John A. Van De Walle, Karen S. Karp, and Jennifer M. Bay-Williams

http://www.regentsprep.org/regents/math/geometry/GCG3/PracDistance.htm
http://www.regentsprep.org/regents/math/geometry/GCG3/Ldistance.htm
Robert Fiore and Thomas Leyden’s EDUC 378-01 Midterm Unit Plan

Robert Fiore’s EDUC 403-01 Vocabulary Lesson Plan

http://www.regentsprep.org/regents/math/geometry/GP6/Lisosceles.htm
http://www.regentsprep.org/Regents/math/algtrig/MultipleChoiceReview/Measurement.html
Robert Fiore and Thomas Leyden’s EDUC 378-01 Learning Experience Plan #3

Robert Fiore and Thomas Leyden’s EDUC 378-01 Learning Experience Plan #4

Robert Fiore and Thomas Leyden’s EDUC 378-01 Learning Experience Plan #5

http://www.regentsprep.org/regents/math/geometry/GP5/PAngles.htm
http://www.regentsprep.org/regents/math/geometry/GP5/LAngles.htm

	Integration with other subjects

-Modeling physical phenomena

Integration with other subjects

-Some of the discoveries made in geometry can be traced back thousands of years to ancient civilizations, which would be of interest to someone who enjoys social studies.

-Different structures in fields such as architecture, engineering, and construction make use of figures, points, lines, angle measurements, and geometric figures in the Cartesian Plane. 

-Determining the meaning of key concepts (e.g. a formula, theorem, definition, etc) is critical to any content area. 

-The content from the unit ties into later work at the high school level with coordinate geometry, transformational geometry, and constructing the knowledge needed for a unit on congruence.

-The unit ties into mathematical content with algebra and equation solving.

	Real World Experience/Field Experience
-The unit plan was developed based on observed lessons at St. Gabriel School in the Bronx. 
-An impossible problem can be made possible by starting with what you already know (Nanuet). 


- Mastering the procedure is not the same as understanding the concept (Nanuet).
 
- Mathematicians develop intuition from experience and experience through exploring intuition (Nanuet). 

- Standard units of measure allow us to describe objects and interpret events (Nanuet). 

- The problem in front of you is a member of a family of problems (Nanuet). 
- There are lots of ways to solve problems, but some are more efficient than others (Nanuet). 

- Problem solving involves creativity, flexibility, and reflection (Nanuet). 
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Learning Experience Plan #3

Subject: Mathematics






Grade Level: 7th Grade

Unit: Geometry (As outlined on page 43 of the New York State P – 12 Common Core Learning Standards for Mathematics) 

Day/Periods: Lesson is being adapted from an observed lesson on Friday March 23rd, 2012 – 45 minutes – lesson designed for one period. 

Topic: The Distance Formula 

Content Standards:

Draw, construct, and describe geometrical figures and describe the relationships between them. 

1. Solve problems involving scale drawings of geometric figures, including computing actual lengths and areas from a scale drawing and reproducing a scale drawing at a different scale. 

2. Draw (freehand, with ruler and protractor, and with technology) geometric shapes with given conditions. Focus on constructing triangles from three measures of angles or sides, noticing when the conditions determine a unique triangle, more than one triangle, or no triangle. 
Solve real-life and mathematical problems involving angle measure, area, surface area, and volume. 
6. Solve real-world and mathematical problems involving area, volume, and surface area of two- and three-dimensional objects composed of triangles, quadrilaterals, polygons, cubes, and right prisms. 

Literacy Standards:
Writing 4 – Produce clear and coherent writing in which the development, organization, and style are appropriate to task, purpose, and audience. 

Speaking and Listening 1 – Prepare for and participate effectively in a range of conversations and collaborations with diverse partners, building on others’ ideas and expressing their own clearly and persuasively. 
Speaking and Listening 4 – Present information, findings, and supporting evidence such that listeners can follow the line of reasoning and the organization, development, and style are appropriate to task, purpose, and audience. 

Language 4 – Determine or clarify the meaning of unknown and multiple-meaning words and phrases by using context clues, analyzing meaningful word parts, and consulting general and specialized reference materials, as appropriate. 

	Learning Experience Outcomes

Students will:  
-Work collaboratively with others.

-Discover the Distance Formula through experimenting with points and lines in the Cartesian Plane. 

-Illustrate the connections between the Distance Formula and coordinate geometry (I.e. points in the Cartesian Plane).
-Apply the Distance Formula to real-life scenarios.
	Learning Experience Assessments

-Reflection on previous work with distances both within and outside the context of the Cartesian Plane. The reflection will be done both individually and talking with other students. A discussion will then ensue over the responses.

-Reflection on a focus question posed during the class. The reflection will be done both individually and talking with other students. A discussion will then ensue over the responses.

-Applying the Pythagorean Theorem several times to find the distance of a hypotenuse in the Cartesian Plane and looking for patterns in the constructed examples. The results of the problem solving activity will be discussed as a class (direct instruction). 

-Applying the results from the direct instruction to ascertain the distance between any two points in the Cartesian Plane without the use of a drawing. The results of the problem solving activity will be discussed as a class (guided practice). 

-Exit slip with the student’s own example of applying the Distance Formula (closure).  

-Further application of the Distance Formula using the established definition from class (independent practice).  

	Differentiation

	Approaching
The students under the “approaching” category exemplify difficulty grasping the discovery and/or application of the Distance Formula. Such indicators could include difficulty with the sponge activity, anticipatory set, and/or answers provided in class or on homework that are inaccurate or incomplete. The teacher will point out specific areas that the student has problems understanding or accurately executing, and work with him or her from there. Perhaps a different type of strategy would work more effectively to construct meaning about the Distance Formula. Identifying the most appropriate strategy strongly depends on the learning style of the student. Identifying the misconceptions immediately will be critical before the student is able to master concepts that come later in the unit. 
	On-level

The students under the “on-level” category illustrate an appropriate understanding and competency with the concepts of the Distance Formula. Possible indicators may include work with the sponge activity, anticipatory set, and/or answers both on homework assignments and in class. The teacher can help identify any misconceptions that the individual student may potentially have. These students are also invited to seek additional assistance outside of the classroom as needed. 
	Beyond

The students under the “beyond” category demonstrate an exceptional understanding of the concepts behind the Distance Formula. Possible indicators could include exceptional work on the sponge activity, anticipatory set, and/or answers in class and on the homework that indicate a profound understanding and insight. Students under the “beyond” category should be monitored carefully for the purposes of ascertaining if a higher placement is more suited to their mathematical understanding and abilities. A placement in an honors course the following academic year is another possibility to consider for these students. In high school these students may be considered for the Intensive Geometry course. Perhaps these students can be challenged to come up with other methods of helping students under the “approaching” category to develop a better understanding of the Distance Formula. 

	Curriculum Integration
-Some of the discoveries made in geometry can be traced back thousands of years to ancient civilizations, which would be of interest to someone who enjoys social studies.
-Modeling physical phenomena
-Different structures in fields such as architecture, engineering, and construction make use of points, lines, and geometric figures in the Cartesian Plane. 

-Determining the meaning of key concepts (e.g. a formula) is critical to any content area. 

-The content from the following lesson ties into later work at the high school level with coordinate geometry, transformational geometry, and constructing the knowledge needed for a unit on congruence. 

	Materials/

Resources
	Procedures/Strategies 

	-Chalk
-Chalkboard

-Eraser for the chalkboard
-Graphing paper

-Rulers for graphing (one for each student)
	Day 1

Sponge Activity Students will be asked to reflect upon the following questions which will be communicated verbally by the teacher: Considering both within and outside the Cartesian Plane, what are different ways that you know a length or distance? Do you know any ways of finding an unknown length or distance? Students should provide a written answer to the questions in their notebooks and then take a minute to reflect on them and see if they want to add anything else. The students will then discuss their responses for a minute or two with those sitting near them. The teacher will walk around the room and listen for the different student responses. Students will then be asked to verbally share their responses, and those responses will be discussed.

Anticipatory Set Students will be asked to consider the following focus question which will be written on the chalkboard: How do you find the distance between any two points in the Cartesian Plane? Students should provide a written answer to the question in their notebooks and then take a minute to reflect on it and see if they want to add anything else. The students will then discuss their responses for a minute or two with those sitting near them. The teacher will walk around the room and listen for the different student responses.

Activating Prior Knowledge The teacher will call on different students to provide a response to the focus question. After all the responses have been provided, the teacher will start inquiring to find out what the students have found through the preceding reflections. Student responses should convey that in a problem they were frequently given a certain length or distance. Another possibility is that the students utilized the Pythagorean Theorem to ascertain an unknown length or distance. However, students are probably not familiar with the abstract case of finding the distance between any two points. The teacher will then question students to see what information would help them to answer the focus question. Student responses should indicate that there would need to be some formula in order to determine a distance. These responses will help with the transition to the next part of the lesson. 
Direct Instruction Students will be provided with graph paper and a ruler. The students will draw a standard Cartesian Plane with the four quadrants. Students will then be asked to draw a line connecting any two points in one quadrant such that the connecting line will not be horizontal or vertical. Students will then construct a right triangle using the preceding line as the hypotenuse. Students should notice that the vertex where the right angle is formed shares one coordinate with each end point. The Pythagorean Theorem will then be applied to find the distance of the hypotenuse. The students will do two to four more examples of the same exercise, with the teacher prompting the students to notice any patterns between the completed examples. The teacher will walk around and glance at the responses being put on the graph paper. Students are allowed to raise their hand and ask questions, from which the teacher can provide hints. The teacher should observe what the students are getting and pay close attention to any common mistakes that need to be addressed. Next, the teacher will ask the students what they notice about the length of the hypotenuse. Students should have noticed that there is a direct relationship between how far away the points of the hypotenuse are and the length of the hypotenuse. In other words, the farther apart two endpoints on a line are placed, the greater the length of the hypotenuse. These results will help with the transition to the next section. 

Guided Practice Students will be asked to look over all of the calculations that they performed in the direct instruction. Specifically, students should be prompted to examine the relevance of the two endpoints and how those coordinates were utilized. In turn, students will be engaged by using the calculations to obtain the distance between any two points without using a picture. The teacher will walk around and glance at the responses being put on the graph paper. Students are allowed to raise their hand and ask questions, from which the teacher can provide hints. The teacher should observe what the students are getting and pay close attention to any common mistakes that need to be addressed. Once again, the teacher will call on different students to see what their observations are about the lengths/distances. Through observing the consistent patterns between the endpoints, students should have constructed a formula that shows how to find a distance between any two points. In turn, the teacher will explain how the students have just constructed the Distance Formula, and write it out formally on the chalkboard. 

Closure The teacher will recap how the students used problem solving activities to construct the Distance Formula, which can be implemented to find the distance between any two points in the Cartesian Plane. Moreover, the teacher will note how different structures in fields such as architecture, engineering, and construction make use of points, lines, and geometric figures in the Cartesian Plane. Lastly, students will be asked to write up an exit slip that will be handed to the teacher on the way out. The exit slip will contain an example of the Distance Formula. Students are allowed to include a visual if they wish. The exit slip that is properly completed should include a rewriting of the formula and the appropriate application of the formula to a pair of coordinate points. 

Independent Practice Students will be given two problems for homework that involve further application of the Distance Formula established in class. The responses must be justified with the appropriate formula, substitutions, and reasoning. The students are to work alone and submit their own work. The homework will be collected at the beginning of the next lesson. The work students submit will help facilitate with differentiation and instruction for future lesson plans.


Sponge Activity - Examples of appropriate student responses to the sponge activity questions can include the following:

Considering both within and outside the Cartesian Plane, what are different ways that you know a length or distance? 

A length or distance can be given to us such as in a diagram.
Do you know any ways of finding an unknown length or distance?

The Pythagorean Theorem can be applied to find an unknown length or distance

Anticipatory Set – Examples of appropriate student responses to the focus question include the following:

How do you find the distance between any two points?

The distance between any two points depends on the coordinates of the two endpoints. We would need some kind of formula to find the distance between any two points. 

Direct Instruction and Guided Practice – These are examples of learning experiences that can be incorporated into the problem solving activities. 

The right triangle drawn in the fourth quadrant would be an example of drawing a right triangle in the Cartesian Plane for the direct instruction. The student would then apply the Pythagorean Theorem to find the hypotenuse to be 5. Other right triangles can be drawn in a similar manner to assist with taking note of any relevant patterns.

[image: image1.png]



Students should ultimately use their calculations to derive the following formula: [image: image2.png]d =\, —x) +(, -0




One possible derivation of the theorem can be accomplished without a visual by implementing the Pythagorean Theorem. In the following derivation please note that EF functions as the hypotenuse of some arbitrary right triangle. Here (x1, y1) and (x2, y2) represent two coordinate points in the Cartesian Plane. 

[image: image3.png]EF* =(x,—x) '+ (v -n)

EF = ( Y+(n-n)





Exit Slip – The following is an example of an exit slip that contains all the necessary components:

[image: image4.png]



(Visual is optional)
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(Formula and substitution is essential)

Independent practice

Directions: For each question, show all work including the appropriate formula, substitutions, and reasoning. The following problems are to be completed on your own. The homework will be collected at the beginning of class tomorrow. Appropriate student responses are provided below.
1.) The coordinates of rectangle ABCD are A (0, 2), B (4, 8), C (7, 6) and D (3, 0). Show that the diagonals are equal in length.

	The lengths of the diagonals are represented by
AC and BD.

	A(0,2) and C(7,6)
So AC = 
[image: image9.png](T-0+(6-2)°
74




	B(4,8) and D(3,0)
So BD =
[image: image10.png]Jres
J6s





	The diagonals are both equal to the same value; therefore they are equal to each other.


[image: image11.png]



Independent Practice Continued

2.) Two birds are flying toward a birdhouse that is halfway between them.  The birds are at coordinates A (-4, 4) and B (10, -2). What are the coordinates of the birdhouse? How far will each bird fly (to nearest tenth of a foot) to arrive at the birdhouse, if each grid on the graph represents 100 feet?
[image: image12.png]



	Two birds are flying toward a birdhouse that is halfway between them.  The birds are at coordinates A (-4, 4) and B (10, -2).

What are the coordinates of the birdhouse?  ANS. (3,1)
[image: image13.png]7] [€XY;





	How far will each bird fly to arrive at the birdhouse?
ANS.  
[image: image14.png]d=(g-3) "+, -n)
AB = J10—(—4) + (-2—4)
AB =147 + (-6)* =





Each bird will fly 
[image: image15.png]575 grid =761.575 feet




ANS. 761.6 feet


Resources: 

· Page 43 of the New York State P-12 Common Core Learning Standards for Mathematics under the description of the “Geometry” unit.

-     New York State P – 12 Common Core Learning Standards for English Language Arts &   
Literacy

· Observed lesson at St. Gabriel School in the Bronx

· http://www.regentsprep.org/regents/math/geometry/GCG3/PracDistance.htm
· http://www.regentsprep.org/regents/math/geometry/GCG3/Ldistance.htm
· Robert Fiore’s EDUC 378-01 Midterm Unit Plan

· Robert Fiore’s EDUC 403-01 Vocabulary Lesson Plan

· Chapters 3, 4, and 20 of Elementary and Middle School Mathematics: Teaching Developmentally Eighth Edition by John A. Van De Walle, Karen S. Karp, and Jennifer M. Bay-Williams
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Learning Experience Plan #4

Subject: Mathematics 






Grade Level: 7th Grade

Unit: Geometry (As outlined on page 43 of the New York State P – 12 Common Core Learning Standards for Mathematics)
Day/Periods: Lesson is being adapted from an observed lesson on Tuesday April 3rd, 2012 – 45 minutes – lesson designed for one period. 

Topic: Isosceles Triangle Theorems

Content Standards: 
Draw, construct, and describe geometrical figures and describe the relationships between them. 

2. Draw (freehand, with ruler and protractor, and with technology) geometric shapes with given conditions. Focus on constructing triangles from three measures of angles or sides, noticing when the conditions determine a unique triangle, more than one triangle, or no triangle. 
Literacy Standards: 

Writing 4 – Produce clear and coherent writing in which the development, organization, and style are appropriate to task, purpose, and audience. 

Speaking and Listening 1 – Prepare for and participate effectively in a range of conversations and collaborations with diverse partners, building on others’ ideas and expressing their own clearly and persuasively. 

Speaking and Listening 4 – Present information, findings, and supporting evidence such that listeners can follow the line of reasoning and the organization, development, and style are appropriate to task, purpose, and audience. 

Language 4 – Determine or clarify the meaning of unknown and multiple-meaning words and phrases by using context clues, analyzing meaningful word parts, and consulting general and specialized reference materials, as appropriate. 
	Learning Experience Outcomes

Students will:  
-Work collaboratively with others.

-Discover the geometric theorem that if two sides of a triangle are congruent, then the angles opposite those sides are congruent.  

-Discover the converse of the preceding geometric theorem to be true as well (i.e. if two angles of a triangle are congruent, then the sides opposite those angles are congruent). 
-Apply the newfound theorems to the real-life scenarios of length and angle measurement. 
	Learning Experience Assessments

-Reflection on previous knowledge and work with isosceles triangles. The reflection will be done both individually and talking with other students. A discussion will then ensue over the responses.

-Reflection on a focus question posed during the class. The reflection will be done both individually and talking with other students. A discussion will then ensue over the responses.
-Implementing the use of a protractor to find unknown angle measurements. The results of the problem solving activity will be discussed as a class (direct instruction). 

-Applying the results from the direct instruction to construct an isosceles triangle and ascertain the unknown length and angle measurements. The results of the problem solving activity will be discussed as a class (guided practice). 
-Exit slip with the student’s own example of the isosceles triangle theorems (closure).  

-Further application of the isosceles triangle theorems using the established theorems from class (independent practice).  

	Differentiation

	Approaching

The students under the “approaching” category exemplify difficulty grasping the discovery and/or application of the isosceles triangle theorems. Such indicators could include difficulty with the sponge activity, anticipatory set, and/or answers provided in class or on homework that are inaccurate or incomplete. The teacher will point out specific areas that the student has problems understanding or accurately executing, and work with him or her from there. Perhaps a different type of strategy would work more effectively to construct meaning about the isosceles triangle theorems. Identifying the most appropriate strategy strongly depends on the learning style of the student. Identifying the misconceptions immediately will be critical before the student is able to master concepts that come later in the unit. 
	On-level

The students under the “on-level” category illustrate an appropriate understanding and competency with the concepts of the isosceles triangle theorems. Possible indicators may include work with the sponge activity, anticipatory set, and/or answers both on homework assignments and in class. The teacher can help identify any misconceptions that the individual student may potentially have. These students are also invited to seek additional assistance outside of the classroom as needed. 
	Beyond

The students under the “beyond” category demonstrate an exceptional understanding of the concepts behind the isosceles triangle theorems. Possible indicators could include exceptional work on the sponge activity, anticipatory set, and/or answers in class and on the homework that indicate a profound understanding and insight. Students under the “beyond” category should be monitored carefully for the purposes of ascertaining if a higher placement is more suited to their mathematical understanding and abilities. A placement in an honors course the following academic year is another possibility to consider for these students. In high school these students may be considered for the Intensive Geometry course. Perhaps these students can be challenged to come up with other methods of helping students under the “approaching” category to develop a better understanding of the isosceles triangle theorems. 

	Curriculum Integration

 -Some of the discoveries made in geometry can be traced back thousands of years to ancient civilizations, which would be of interest to someone who enjoys social studies.

-Modeling physical phenomena
-Different structures in fields such as architecture, engineering, and construction make use of geometric figures, lengths, and angle measurements.  

-Determining the meaning of key concepts (e.g. a theorem) is critical to any content area. 
-The content from the following lesson ties into later work at the high school level with coordinate geometry, transformational geometry, and constructing the knowledge needed for a unit on congruence. 


	Materials/

Resources
	Procedures/Strategies 

	-Chalk

-Chalkboard

-Eraser for the chalkboard

-Rulers (one for each student)

-Protractor for measuring angles (one for each student)
	Day 1

Sponge Activity Students will be asked to reflect upon the following questions which will be communicated verbally by the teacher: What do you remember from your previous experience or work in mathematics about isosceles triangles? How do you know when you are dealing with an isosceles triangle? Students should provide a written answer to the questions in their notebooks and then take a minute to reflect on them and see if they want to add anything else. The students will then discuss their responses for a minute or two with those sitting near them. The teacher will walk around the room and listen for the different student responses. Students will then be asked to verbally share their responses, and those responses will be discussed.

Anticipatory Set Students will be asked to consider the following focus question which will be written on the chalkboard: What is the relationship between the sides and angles of an isosceles triangle? Students should provide a written answer to the question in their notebooks and then take a minute to reflect on it and see if they want to add anything else. The students will then discuss their responses for a minute or two with those sitting near them. The teacher will walk around the room and listen for the different student responses.

Activating Prior Knowledge The teacher will call on different students to provide a response to the focus question. After all the responses have been provided, the teacher will start inquiring to find out what the students have found through the preceding reflections. Student responses should convey that in a problem they were often told explicitly if they were dealing with an isosceles triangle. Another possibility is that the students were directly told if two sides of a triangle were equal, thus indicating an isosceles triangle. However, students are probably not familiar with the relationship that follows between the sides and angles of an isosceles triangle. The teacher will then question students to see what information would help them to answer the focus question. Student responses should indicate that taking an isosceles triangle and measuring the angles would help with answering the focus question. These responses will help with the transition to the next part of the lesson. 
Direct Instruction Students will be provided with a ruler and protractor. The students will be given a handout that contains several drawn angles. Students will then be asked to measure the angles utilizing the protractor. There will likely be a group of students who have had experience with protractors, while others will be unfamiliar with the tool. Consequently, the teacher will need to demonstrate on the chalkboard by drawing an angle and then illustrating the use of the protractor to ascertain the unknown angle. Students will then model the illustration by completing the examples on the handout. The teacher will walk around and glance at the responses being put on the handout. Students are allowed to raise their hand and ask questions, from which the teacher can provide hints. Another possibility is to have the students under the “beyond” category assist the students under the “approaching” category with any difficulties encountered, since the teacher can only work at one desk at a time given the nature of the exercise and work with the protractor. The teacher should observe what the students are getting and pay close attention to any common mistakes that need to be addressed. Next, the teacher will ask the students what they notice about the preceding problem solving activity. Student reactions should indicate that the preceding exercises were an effective way to practice with the protractor and to demonstrate in general how to find an unknown angle measurement. Going back to the focus question, the students will now want to focus on angle measurements involved with an isosceles triangle. These results will help with the transition to the next section. 
Guided Practice Students will be asked to turn to a blank page in their notebooks. The students will then be prompted to construct an isosceles triangle by taking the ruler provided and drawing two sides equal in length. These two sides must be connected to each other. The third side will then be constructed with the ruler by connecting the base of the two sides just drawn. Afterwards, the students should utilize the protractor to measure the base angles of the triangle. The students will then repeat the preceding process in reverse. In other words, the students will construct two angles on another line drawn in their notebooks. The angles must be equal in measure. The students will then construct a triangle by extending the two sides (not the base) until they meet each other. Students will then use the ruler to measure the two sides just drawn. The teacher will walk around and glance at the responses being put in the notebooks. Students are allowed to raise their hand and ask questions, from which the teacher can provide hints. The teacher should observe what the students are getting and pay close attention to any common mistakes that need to be addressed. Once again, the teacher will call on different students to see what their observations are about the lengths and angles. Students should have noticed that when they drew two congruent sides and completed the triangle, the base angles opposite those sides were equal in measurement. Conversely, when two angles equal in measure were drawn, the constructed sides opposite those angles were equal in length. In turn, the teacher will explain how the students have just constructed two theorems about isosceles triangles, and write them out formally on the chalkboard.  

Closure The teacher will recap how the students used problem solving activities to construct two isosceles triangle theorems which can be implemented to find various unknown lengths and angles. Moreover, the teacher will note how different structures in fields such as architecture, engineering, and construction make use of lengths, angles, and geometric figures. Lastly, students will be asked to write up an exit slip that will be handed to the teacher on the way out. The exit slip will contain an example of one of the two isosceles triangle theorems. Students may choose to complete an applied problem or a visual. 
Independent Practice Students will be given two problems for homework that involve further application of the isosceles triangle theorems established in class. The responses must be justified with the appropriate theorem, work, and reasoning. The students are to work alone and submit their own work. The homework will be collected at the beginning of the next lesson. The work students submit will help facilitate with differentiation and instruction for future lesson plans.


Sponge Activity - Examples of appropriate student responses to the sponge activity questions can include the following:
What do you remember from your previous experience or work in mathematics about isosceles triangles? 

An isosceles triangle is a special type of triangle that has two equal sides. An isosceles triangle has three sides and three angles that add up to 180 degrees. 
How do you know when you are dealing with an isosceles triangle?

In certain problems we are told directly that we are dealing with an isosceles triangle. Other times we are told in a problem that in a triangle two of the sides are equal, which indicates the triangle is isosceles. 

Anticipatory Set – Examples of appropriate student responses to the focus question include the following:

What is the relationship between the sides and angles of an isosceles triangle?

The measure of the angles of an isosceles triangle depends on the lengths of the three sides. We would need some general rule to know a relationship between the sides and angles of an isosceles triangle. 

Direct Instruction and Guided Practice – These are examples of learning experiences that can be incorporated into the problem solving activities. 

A distributed worksheet during the direct instruction will have several examples such as the one below. An angle is formed from the two connecting lines drawn in red. 
Students would utilize the protractor and find that the measurement of unknown angle AOB is 45 degrees. 
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The two responses below are possible student examples for what should be found during the guided practice portion of the lesson.
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Exit Slip – The following is an example of an exit slip that contains all the necessary components:

	Theorem:


	
	If two sides of a triangle are congruent, the angles opposite them are congruent.
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Independent Practice

Directions: For each question, show all work including the appropriate formula, substitutions, and reasoning. The following problems are to be completed on your own. The homework will be collected at the beginning of class tomorrow. Appropriate student responses are provided below.
Recall the two theorems established in class today:

	Theorem:


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


	Theorem:
(converse)


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


	1.
	Find x.
[image: image23.png]6x-8 Ax+2

2x+2




 
	Solution:
If two angles of a triangle are congruent, the sides opposite them are congruent.
Set:  6x - 8 = 4x + 2
              2x = 10
                x = 5
Note:  The side labeled 2x + 2 is a distracter and is not used in finding x.

	2.
	Find the measures of angles 1, 2, 3, 4.
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	Solution:
If two sides of a triangle are congruent, the angles opposite them are congruent.
So m<1 = m<2       and       m<3 = 40 degrees.
180 - 50 = 130                   180 - (40 + 40) = 100
m<1 = 65 degrees               m <4 = 100 degrees
m<2 = 65 degrees        


Resources: 

· Page 43 of the New York State P-12 Common Core Learning Standards for Mathematics under the description of the “Geometry” unit.

-     New York State P – 12 Common Core Learning Standards for English Language Arts &   
Literacy

· Observed lesson at St. Gabriel School in the Bronx

· http://www.regentsprep.org/regents/math/geometry/GP6/Lisosceles.htm
· http://www.regentsprep.org/Regents/math/algtrig/MultipleChoiceReview/Measurement.html
· Robert Fiore and Thomas Leyden’s EDUC 378-01 Learning Experience Plan #3

· Chapters 3 and 4 of Elementary and Middle School Mathematics: Teaching Developmentally Eighth Edition by John A. Van De Walle, Karen S. Karp, and Jennifer M. Bay-Williams
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Learning Experience Plan #5

Subject: Mathematics 






Grade Level: 7th Grade

Unit: Geometry (As outlined on page 43 of the New York State P – 12 Common Core Learning Standards for Mathematics)

Day/Periods: Lesson is being adapted from an observed lesson on Wednesday April 4th, 2012 – 45 minutes – lesson designed for one period. We are using the following lesson for our final teaching demonstration on Monday April 30th, 2012.
Topic: Supplementary Angles

Content Standards: 

Geometry

Solve real-life and mathematical problems involving angle measure, area, surface area, and volume.

5. Use facts about supplementary, complementary, vertical, and adjacent angles in a multi-step problem to write and solve simple equations for an unknown angle in a figure. 
Literacy Standards: 

Writing 4 – Produce clear and coherent writing in which the development, organization, and style are appropriate to task, purpose, and audience. 

Speaking and Listening 1 – Prepare for and participate effectively in a range of conversations and collaborations with diverse partners, building on others’ ideas and expressing their own clearly and persuasively. 

Speaking and Listening 4 – Present information, findings, and supporting evidence such that listeners can follow the line of reasoning and the organization, development, and style are appropriate to task, purpose, and audience. 

Language 4 – Determine or clarify the meaning of unknown and multiple-meaning words and phrases by using context clues, analyzing meaningful word parts, and consulting general and specialized reference materials, as appropriate. 

	Learning Experience Outcomes

Students will:  

-Work collaboratively with others.

-Implement protractors to construct meaning about supplementary angles.

-Articulate the distinguishing characteristics of supplementary angles.

-Apply the newfound knowledge to the real-life scenarios of angle measurement and classification.
	Learning Experience Assessments

-Reflection on previous knowledge and work with angles. The reflection will be done both individually and talking with other students. A discussion will then ensue over the responses.

-Reflection on a focus question posed during the class. The reflection will be done both individually and talking with other students. A discussion will then ensue over the responses.

-Implementing the use of a protractor to find unknown angle measurements. The results of the problem solving activity will be discussed as a class (direct instruction). 

-Applying the results from the direct instruction to construct a straight line and ascertain the unknown angle measurements. The results of the problem solving activity will be discussed as a class (guided practice). 

-Exit slip with the student’s own example of supplementary angles (closure).  

-Further application of supplementary angles utilizing the knowledge established in class (independent practice).  

	Differentiation

	Approaching

The students under the “approaching” category exemplify difficulty grasping the discovery and/or application of supplementary angles. Such indicators could include difficulty with the sponge activity, anticipatory set, and/or answers provided in class or on homework that are inaccurate or incomplete. The teacher will point out specific areas that the student has problems understanding or accurately executing, and work with him or her from there. Perhaps a different type of strategy would work more effectively to construct meaning about supplementary angles. Identifying the most appropriate strategy strongly depends on the learning style of the student. Identifying the misconceptions immediately will be critical before the student is able to master concepts that come later in the unit. 
	On-level

The students under the “on-level” category illustrate an appropriate understanding and competency with the concepts of supplementary angles. Possible indicators may include work with the sponge activity, anticipatory set, and/or answers both on homework assignments and in class. The teacher can help identify any misconceptions that the individual student may potentially have. These students are also invited to seek additional assistance outside of the classroom as needed. 
	Beyond

The students under the “beyond” category demonstrate an exceptional understanding of the concepts behind supplementary angles. Possible indicators could include exceptional work on the sponge activity, anticipatory set, and/or answers in class and on the homework that indicate a profound understanding and insight. Students under the “beyond” category should be monitored carefully for the purposes of ascertaining if a higher placement is more suited to their mathematical understanding and abilities. A placement in an honors course the following academic year is another possibility to consider for these students. In high school these students may be considered for the Intensive Geometry course. Perhaps these students can be challenged to come up with other methods of helping students under the “approaching” category to develop a better understanding of supplementary angles. 

	Curriculum Integration

 -Some of the discoveries made in geometry can be traced back thousands of years to ancient civilizations, which would be of interest to someone who enjoys social studies.

-Modeling physical phenomena

-Different structures in fields such as architecture, engineering, and construction make use of angle measurements.  

-Determining the meaning of key concepts (e.g. a definition) is critical to any content area. 

-The content from the following lesson ties into later work at the high school level with coordinate geometry, transformational geometry, and constructing the knowledge needed for a unit on congruence. 

-The given lesson ties into mathematical content with algebra and equation solving.


	Materials/

Resources
	Procedures/Strategies 

	-Chalk

-Chalkboard

-Eraser for the chalkboard

-Rulers (one for each student)

-Protractor for measuring angles (one for each student)
	Day 1

Sponge Activity Students will be asked to reflect upon the following questions which will be communicated verbally by the teacher: What do you remember from your previous experience or work in mathematics about angles? What have we done with protractors and the angles of an isosceles triangle? Students should provide a written answer to the questions in their notebooks and then take a minute to reflect on them and see if they want to add anything else. The students will then discuss their responses for a minute or two with those sitting near them. The teacher will walk around the room and listen for the different student responses. Students will then be asked to verbally share their responses, and those responses will be discussed.

Anticipatory Set Students will be asked to consider the following focus question which will be written on the chalkboard: What is the relationship between angles that form a straight line? Students should provide a written answer to the question in their notebooks and then take a minute to reflect on it and see if they want to add anything else. The students will then discuss their responses for a minute or two with those sitting near them. The teacher will walk around the room and listen for the different student responses.

Activating Prior Knowledge The teacher will call on different students to provide a response to the focus question. After all the responses have been provided, the teacher will start inquiring to find out what the students have found through the preceding reflections. Student responses should convey that they are familiar with acute, right, and obtuse angles. Depending on the differentiation level of the student, some students may already be familiar with ideas such as complementary angles, adjacent angles, vertical angles, and/or corresponding angles. A straight line has 180 degrees. In turn, some students may have a mathematical intuition that angles that form a straight line consequently add up to 180 degrees. The teacher will then question students to see what information would help them to answer the focus question. Student responses should indicate that drawing a straight line and measuring the angles would help with answering the focus question. These responses will help with the transition to the next part of the lesson. 

Direct Instruction Students will be provided with a ruler and protractor. On the chalkboard the teacher will draw a straight line containing arbitrary points A, B, and C. The points should be drawn such that point B falls somewhere in between points A and C. Students will then be prompted to copy down the drawing in their notebooks. Then the students will take the rulers and draw a straight line extending in one direction from point B. Students will thus create two angles. Students will then be asked to find the measurement of these two angles forming a line and see what they notice. The teacher will walk around and glance at the responses being put in the notebooks. Students are allowed to raise their hand and ask questions, from which the teacher can provide hints. Another possibility is to have the students under the “beyond” category assist the students under the “approaching” category with any difficulties encountered, since the teacher can only work at one desk at a time given the nature of the exercise and work with the protractor. The teacher should observe what the students are getting and pay close attention to any common mistakes that need to be addressed. Next, the teacher will ask the students what they notice about the preceding problem solving activity. Going back to the focus question, student reactions should indicate that the angles that form a straight line add up to 180 degrees. The teacher will then convey to the students that they have just created a definition for the mathematical term “supplementary angles.” In turn, students should now be able to identify supplementary angles as two angles whose sum is 180 degrees. These results will help with the transition to the next section. 

Guided Practice Students will be asked to turn to a blank page in their notebooks. The students will then be prompted to construct a straight line with the points A, B, and C as they did in the direct instruction. The students will then once again draw a straight line in one direction from point B, consequently forming two angles. Afterwards, the students should utilize the protractor to measure one of the angles. The students will then use the knowledge from the direct instruction to obtain the measurement of the second angle without using the protractor. The teacher will walk around and glance at the responses being put in the notebooks. Students are allowed to raise their hand and ask questions, from which the teacher can provide hints. The teacher should observe what the students are getting and pay close attention to any common mistakes that need to be addressed. Once again, the teacher will call on different students to see what their observations are about the preceding activity. Student reactions should indicate that using the knowledge from the direct instruction, having one of the supplementary angles easily allows one to find the measurement of the other angle. In addition, the instructor can expand upon these results by mentioning how the angles can be classified according to their measurements.  

Closure The teacher will recap how the students used problem solving activities to construct a definition and knowledge about supplementary angles. Moreover, the teacher will note how different structures in fields such as architecture, engineering, and construction make use of angles. Lastly, students will be asked to write up an exit slip that will be handed to the teacher on the way out. The exit slip will contain an example of a line containing supplementary angles. Students may choose to complete an applied problem or a visual. 
Independent Practice Students will be given two problems for homework that involve further application of the knowledge about supplementary angles established in class. The responses must be justified with the appropriate work and reasoning. The students are to work alone and submit their own work. The homework will be collected at the beginning of the next lesson. The work students submit will help facilitate with differentiation and instruction for future lesson plans.


Sponge Activity - Examples of appropriate student responses to the sponge activity questions can include the following:

What do you remember from your previous experience or work in mathematics about angles? 

Angles are measured in degrees. The three major types of angles are acute angles, obtuse angles, and right angles. An angle involves two rays. An angle is the union of two rays at a common point called a vertex. A central angle is formed by two radii of a circle. 

What have we done with protractors and the angles of an isosceles triangle?

We have used protractors to find that the base angles of an isosceles triangle are congruent (equal in measure). 

Anticipatory Set – Examples of appropriate student responses to the focus question include the following:

What is the relationship between angles that form a straight line?

There are 180 degrees in a straight line. The angles that form a straight line add up to 180 degrees. 

Direct Instruction and Guided Practice – These are examples of learning experiences that can be incorporated into the problem solving activities. 

The following is an example of what could be drawn during the direct instruction and/or guided practice. Students will then work with the protractor as outlined in the lesson plan to discover that < 1 and < 2 add up to 180 degrees. 
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< 1 and < 2 form a linear pair.
The line passing through points A, B, and C is a straight line.

< 1 and < 2 are supplementary.

Exit Slip – The following is an example of an exit slip that contains all the necessary components:
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	< 1 and < 2 form a linear pair.
The line passing through points A, B, and C is a straight line.

< 1 and < 2 are supplementary.


Independent Practice

Directions: For each question, show all work including the appropriate work and reasoning. The following problems are to be completed on your own. The homework will be collected at the beginning of class tomorrow. Appropriate student responses are provided below.

1.) Two supplementary angles measure x and 75°. How many degrees are there in x?

x + 75° = 180°

So x = 105° (final answer)

2.) Two supplementary angles measure (5x - 30) and (x + 90) degrees.  What is the value of x?

5x – 30 + x + 90 = 180
6x + 60 = 180

6x = 120

So x = 20 degrees (final answer)

Resources: 

· Page 43 of the New York State P-12 Common Core Learning Standards for Mathematics under the description of the “Geometry” unit.

-     New York State P – 12 Common Core Learning Standards for English Language Arts &   
Literacy

· Observed lesson at St. Gabriel School in the Bronx

· http://www.regentsprep.org/regents/math/geometry/GP5/PAngles.htm
· http://www.regentsprep.org/regents/math/geometry/GP5/LAngles.htm
· Chapters 3 and 4 of Elementary and Middle School Mathematics: Teaching Developmentally Eighth Edition by John A. Van De Walle, Karen S. Karp, and Jennifer M. Bay-Williams

· Robert Fiore and Thomas Leyden’s EDUC 378-01 Learning Experience Plan #4
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