Draft-Geometry Unit 1: Congruence, Proof and Constructions      

	 Geometry
Unit 1 Snap Shot

	Unit Title
	Cluster Statements
	Standards in this Unit

	Unit 1
Congruence, Proof and Constructions
	· Experiment with transformations in the plane.

· Understand congruence in terms of rigid motions.

· Prove geometric theorems.

· Make geometric constructions.

	· G.CO.1
· G.CO.2
·  (
supporting
)G.CO.3
· G.CO.4
· G.CO.5
· G.CO.6
· G.CO.7
·  (
major
)G.CO.8
· G.CO.9
· G.CO.10
· G.CO.11
·  (
supporting
)G.CO.12
· G.CO.13
Note: This represents all of the standards in the Congruence Domain



PARCC has designated standards as Major, Supporting or Additional Standards.  PARCC has defined Major Standards to be those which should receive greater emphasis because of the time they require to master, the depth of the ideas and/or importance in future mathematics. Supporting standards are those which support the development of the major standards.  Standards which are designated as additional are important but should receive less emphasis.

Overview 
The overview is intended to provide a summary of major themes in this unit.

In previous grades, students were asked to draw triangles based on given measurements. Students also have prior experience with rigid motions: translations, reflections, and rotations and have used these to develop notions about what it means for two objects to be congruent. In this unit, students establish triangle congruence criteria, based on analyses of rigid motions and formal constructions. Students use triangle congruence as a familiar foundation for the development of formal proof. Students prove theorems—using a variety of formats—and solve problems about lines, angles, triangles, quadrilaterals, and other polygons. Students also apply reasoning to complete geometric constructions and explain why constructions work.


Enduring Understandings
Enduring understandings go beyond discrete facts or skills. They focus on larger concepts, principles, or processes.  They are transferable and apply to new situations within or beyond the subject.  Bolded statements represent Enduring Understandings that span many units and courses.  The statements shown in italics represent how the Enduring Understandings might apply to the content in 
Unit 1 of Geometry.

· Objects in space can be transformed in an infinite number of ways and those transformations can be described and analyzed mathematically.
· Congruence of two objects can be established through a series of rigid motions.


· Representation of geometric ideas and relationships allow multiple approaches to geometric problems and connect geometric interpretations to other contexts.
· Attributes and relationships of geometric objects can be applied to diverse context.
· Properties of geometric objects can be analyzed and verified through geometric constructions.


· Judging, constructing, and communicating mathematically appropriate arguments are central to the study of mathematics.
· Assumptions about geometric objects must be proven to be true before the assumptions are accepted as facts.
· The truth of a conjecture requires communication of a series of logical steps based on previously proven statements. 
· A valid proof contains a sequence of steps based on principles of logic. 










Essential Question(s)
A question is essential when it stimulates multi-layered inquiry, provokes deep thought and lively discussion, requires students to consider alternatives and justify their reasoning, encourages re-thinking of big ideas, makes meaningful connections with prior learning, and provides students with opportunities to apply problem-solving skills to authentic situations. Bolded statements represent Essential Questions that span many units and courses.  The statements shown in italics represent Essential Questions that are applicable specifically to the content in Unit 1 of Geometry.


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

· How does geometry explain or describe the structure of our world?
· How do geometric constructions enhance understanding of the geometric properties of objects?

· How can reasoning be used to establish or refute conjectures?
· What are the characteristics of a valid argument?
· What is the role of deductive or inductive reasoning in validating a conjecture?
· What facts need to be verified in order to establish that two figures are congruent?













Possible Student Outcomes 
The following list provides outcomes that describe the knowledge and skills that students should understand and be able to do when the unit is completed. The outcomes are often components of more broadly-worded standards and sometimes address knowledge and skills related to the standards. The lists of outcomes are not exhaustive, and the outcomes should not supplant the standards themselves.  Rather, they are designed to help teachers “drill down” from the standards and augment as necessary, providing added focus and clarity for lesson planning purposes. This list is not intended to imply any particular scope or sequence.
G.CO.1 Know precise definitions of angle, circle, perpendicular line, parallel line, and line segment, based on the undefined 
             notions of point, line, distance along a line, and distance around a circular arc. (supporting)

The student will:
· know and use  undefined terms ( point, line, distance along a line, and distance around a circular arc) to verbally, symbolically, and pictorially define angle, circle, perpendicular lines, parallel lines, and line segment.

G.CO.2 Represent transformations in the plane using, e.g., transparencies and geometry software; describe transformations 
             as functions that take points in the plane as inputs and give other points as outputs. Compare transformations that 
             preserve distance and angle to those that do not (e.g., translation versus dilatations). (supporting)


The student will:
· produce drawings that illustrate rigid motion transformations using a variety of tools.
· 
draw a transformed figure using a given rule. i.e. 
· write a rule to describe a transformation.
· compare rigid to non-rigid transformations.

G.CO.3 Given a rectangle, parallelogram, trapezoid, or regular polygon, describe the rotations and reflections that carry it 
              onto itself. (supporting)
 
The student will:
· describe the rotational and/or  reflection symmetry of a given  rectangle, parallelogram, trapezoid, or regular polygon.




G.CO.4 Develop definitions of rotations, reflections, and translations in terms of angles, circles, perpendicular lines, parallel 
             lines, and line segments. (supporting)


The student will:
· define transformations using 
· translation - distance and direction
· reflection - line of reflection
· rotation – center of rotation, angle measure, direction (clockwise or counter clockwise)
· develop definitions of rotations, reflections, and translations in terms of angles, circles, perpendicular lines, parallel lines, and line segments.

G.CO.5 Given a geometric figure and a rotation, reflection, or translation, draw the transformed figure using, e.g., graph paper, 
              tracing paper, or geometry software. Specify a sequence of transformations that will carry a given figure onto 
              another. (supporting)

The student will:
· draw the result of a sequence of rotation, reflection, or translation transformations that will carry a given figure onto another.
· specify a sequence of transformations that will carry a given figure onto another.

G.CO.6 Use geometric descriptions of rigid motions to transform, figures and to predict the effect of a given rigid motion on a
             given figure; given two figures, use the definition of congruence in terms of rigid motions to decide if they are 
             congruent.  (major)

The student will:
· predict the effect of a given rigid motion on a given figure.
· decide if two figures are congruent based on the definition of congruence in terms of rigid motion. 





G.CO.7 Use the definition of congruence in terms of rigid motions to show that two triangles are congruent if and only if 
              corresponding pairs of sides and corresponding pairs of angles are congruent. (major)

The student will:
· describe a finite sequence  of rigid motions that will map a first triangle onto an second triangle and use the
results to determine  if all corresponding angles and corresponding sides are congruent thus proving congruence. 


G.CO.8 Explain how the criteria for triangle congruence (ASA, SAS, and SSS) follow from the definition of congruence in 
             terms of rigid motions. (major)

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


G.CO.9 Prove theorems about lines and angles. Theorems include: vertical angles are congruent; when a transversal crosses 
             parallel lines, alternate interior angles are congruent and corresponding angles are congruent; points on a 
             perpendicular bisector of a line segment are exactly those equidistant from the segment’s endpoints. (major)

The student will:
· prove vertical angles are congruent.
· prove that when parallel lines are cut by a transversal that:
· alternate interior angles are congruent.
· corresponding angles are congruent.
· prove that any point on the perpendicular bisector of a line segment  is equidistant from the endpoints of the line segment. 
· use theorems about lines and angles to prove claims about geometric figures.


G.CO.10 Prove theorems about triangles. Theorems include: measures of interior angles of a triangle sum to 180°; 
               base angles of isosceles triangles are congruent; the segment joining midpoints of two sides of a triangle is 
               parallel to the third side and half the length; the medians of a triangle meet at a point. (major)

The student will:
· prove that the sum of the measures of the interior angles of any triangle is 180 degrees.
· prove that the base angles of an isosceles triangle are congruent.
· prove that the segment joining the midpoints of two sides of a triangle is parallel to the third side and half the length 
of the third side.
· prove that the medians of a triangle meet at a point.
· use theorems about triangles to prove claims about geometric figures.


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

The student will:
· prove that the opposite sides of a parallelogram are congruent.
· prove that the opposite angles of a parallelogram are congruent.
· prove that the diagonals of a parallelogram bisect each other.
· prove that if a quadrilateral has both pairs of opposite sides congruent then the quadrilateral is a parallelogram.
· prove that if a quadrilateral has both pairs of opposite angles congruent then the quadrilateral is a parallelogram.
· prove that if a quadrilateral has diagonals that bisect each other then the quadrilateral is a parallelogram.
· prove that rectangles have congruent diagonals.
· use theorems about parallelograms to prove claims about geometric figures.





G.CO.12 Make formal geometric constructions with a variety of tools and methods (compass and straightedge, string, 
               reflective devices, paper folding, dynamic geometric software, etc.). Copying a segment; copying an angle; 
               bisecting a segment; bisecting an angle; constructing perpendicular lines, including the perpendicular bisector
               of a line segment; and constructing a line parallel to a given line through a point not on the line. (supporting)


The student will:
· copy a given line segment.
· copy a given angle.
· bisect a line segment.
· bisect an angle.
· construct a line perpendicular to a given line through a given point .
· construct the perpendicular bisector of a line segment.
· construct a line parallel to a given line through a point not on the line.
· construct geometric figures using a variety of tools and methods.

G.CO.13 Construct an equilateral triangle, a square, and a regular hexagon inscribed in a circle. (supporting)


The student will:
· construct an equilateral triangle.
· construct a square.
· construct  a regular hexagon inscribed in a circle.







Possible Organization/Groupings of Standards
The following charts provide one possible way of how the standards in this unit might be organized.  The following organizational charts are intended to demonstrate how some standards will be used to support the development of other standards.  This organization is not intended to suggest any particular scope or sequence.
	Geometry

	Unit 1:Congruence, Proof and Constructions

	Topic #1
Experiment with Transformations in the Plane
Cluster Note: Build on student experience with rigid motions from earlier grades. Point out the basis of rigid motions in geometric concepts, e.g., translations move points a specified distance along a line parallel to a specified line; rotations move objects along a circular arc with a specified center through a specified angle.

	Major Standard  to 
Address 
Topic  #1
	G.CO.2      Represent transformations in the plane using, e.g., transparencies and geometry software; describe 
                    transformations as functions that take points in the plane as inputs and give other points as outputs. 
                    Compare transformations that preserve distance and angle to those that do not  (e.g., translation versus
                    horizontal  stretch) (supporting)

	The standard listed to the right should be used to help develop 
G.CO.2
 
	G.CO.1      Know precise definitions of angle, circle, perpendicular line, parallel line, and line segment, based
                  on the undefined notions of point, line, distance along a line, and distance around a circular arc. 
                  (supporting)


	Major Standard  to 
Address 
Topic #1
	G.CO.3     Given a rectangle, parallelogram, trapezoid, or regular polygon, describe the rotations and 
                 reflections that carry it onto itself. (supporting)


	
	 

	Major Standard  to 
Address 
Topic #1 
	G.CO.4     Develop definitions of rotations, reflections, and translations in terms of angles, circles, 
                 perpendicular lines, parallel lines, and line segments. (supporting)

	The standard listed to the right should be used to help develop G.CO.4
	G.CO.1     Know precise definitions of angle, circle, perpendicular line, parallel line, and line segment, based 
                 on the undefined notions of point, line, distance along a line, and distance around a circular arc.
                 (supporting)


	Major Standard  to 
Address 
Topic  #1 
	G.CO.5     Given a geometric figure and a rotation, reflection, or translation, draw the transformed figure using,
                 e.g., graph paper, tracing paper, or geometry software. Specify a sequence of transformations that 
                 will carry a given figure onto another. (supporting)

	Unit 1:Congruence, Proof and Constructions

	Topic #2
Understand Congruence in Terms of Rigid Motions
Cluster Note:
Rigid motions are at the foundation of the definition of congruence. Students reason from the basic properties of rigid motions (that they preserve distance and angle), which are assumed without proof. Rigid motions and their assumed properties can be used to establish the usual triangle congruence criteria, which can then be used to prove other theorems.

	Major Standard  to 
Address 
Topic  #2
	G.CO.6     Use geometric descriptions of rigid motions to transform figures and to predict the effect of a given 
                 rigid motion on a given figure; given two figures, use the definition of congruence in terms of rigid 
                  motions to decide if they are congruent. (major)

	
	

	Major Standard to address 
Topic #2
	G.CO.7     Use the definition of congruence in terms of rigid motions to show that two triangles are congruent 
                 if and only if corresponding pairs of sides and corresponding pairs of angles are congruent. (major)

	
	    

	Major Standard to address 
Topic  #2
	G.CO.8     Explain how the criteria for triangle congruence (ASA, SAS, and SSS) follow from the definition of 
                 congruence in terms of rigid motions. (major)


 







	Unit 1:Congruence, Proof and Constructions

	Topic #3
Prove Geometric Theorems
Cluster Note:
Encourage multiple ways of writing proofs, such as in narrative paragraphs, using flow diagrams, in two column format, and using diagrams without words. Students should be encouraged to focus on the validity of the underlying reasoning while exploring a variety of formats for expressing that reasoning.

	Major Standard  to 
Address 
Topic  #3
	G.CO.9     Prove theorems about lines and angles. Theorems include: vertical angles are congruent; when a 
                 transversal crosses parallel lines, alternate interior angles are congruent and corresponding angles 
                 are congruent; points on a perpendicular bisector of a line segment are exactly those equidistant 
                 from the segment’s endpoints. (major)
 

	
	

	Major Standard to address 
Topic #3
	G.CO.10     Prove theorems about triangles. Theorems include: measures of interior angles of a triangle sum 
                   to 180°; base angles of isosceles triangles are congruent; the segment joining midpoints of two 
                  sides of a  triangle is parallel to the third side and half the length; the medians of a triangle meet at 
                  a point. (major)

	
	

	Major Standard to address 
Topic #3
	G.CO.11     Prove theorems about parallelograms. Theorems include: opposite sides are congruent, opposite 
                   angles are congruent, the diagonals of a parallelogram bisect each other, and conversely, 
                   rectangles are parallelograms with congruent diagonals. (major)


 
 



	Geometry

	Unit 1:Congruence, Proof and Constructions

	Topic #4
Make Geometric Constructions

	Major Standard to address
Topic # 4
	G.CO.12     Make formal geometric constructions with a variety of tools and methods (compass and 
                   straightedge, string, reflective devices, paper folding, dynamic geometric software, etc.). 
                   Copying a segment; copying an angle; bisecting a segment; bisecting an angle;  constructing 
                   perpendicular lines, including the perpendicular bisector of a line segment; and constructing a 
                   line parallel to a given line through a point not on the line. (supporting)

	.
	 

	Major Standard  to 
Address 
Topic #4
	G.CO.13    Construct an equilateral triangle, a square, and a regular hexagon inscribed in a circle.    
                  (supporting)
 

	
	    


 

 










Connections to the Standards for Mathematical Practice
This section provides examples of learning experiences for this unit that support the development of the proficiencies described in the Standards for Mathematical Practice.  These proficiencies correspond to those developed through the Literacy Standards. The statements provided offer a few examples of connections between the Standards for Mathematical Practice and the Content Standards of this unit. The list is not exhaustive and will hopefully prompt further reflection and discussion.

In this unit, educators should consider implementing learning experiences which provide opportunities for students to:

1. Make sense of problems and persevere in solving them.
· Determine if sufficient information exists to conclude that two triangles are congruent.
· Analyze given information and select a format for proving a given statement – including diagrams without words (For example, the Pythagorean theorem can be proven with manipulatives.), flow diagrams, paragraphs, and two-column proofs.
· Solve multi-layer problems that make use of basic theorems.

2. Reason abstractly and quantitatively
· Use diagrams of specific triangles, quadrilaterals and polygons as an aid to reason about all such triangles, quadrilaterals and polygons. For example, one specific isosceles triangle can be used to reason about all isosceles triangles. 
· Prove statements using more than one method.


3. Construct Viable Arguments and critique the reasoning of others.
· Write proofs in a variety of formats for lines and angles, triangles and parallelograms.
· Complete a proof or find a mistake in a given proof about lines and angles, triangles and parallelograms.
· Critique the reasoning used in a proof completed by another student.

4. Model with Mathematics
· Apply theorems about lines and angles, triangles and quadrilaterals to the construction of architectural structures.

5. Use appropriate tools strategically
· 
Identify and use an appropriate tool for a specific geometric construction.  For example, students may choose to use a compass and straight edge,or patty paper to bisect angles  
· Use geometric software or internet resources to form conjectures about lines and angles, triangles, quadrilaterals and other polygons

6. Attend to precision
· Create and test definitions for completeness and precision.  For example, students start with a general impression about congruent triangles and then develop the actual configurations of side lengths and angles that will guarantee congruency.
· Use appropriate vocabulary and symbolism when completing geometric proofs.


7. Look for and make use of structure.
· Add auxiliary lines to figures in order to develop additional geometric theorems, for example, prove the polygon sum theorem by drawing diagonals from a given vertex.


8. Look for and express regularity in reasoning
· Recognize that constructions work because points on a circle are equidistant from the center of the circle and because points on a perpendicular bisector of a segment are equidistant from the endpoints of the segment.





















Content Standards with Essential Skills and Knowledge Statements, Clarifications /Teacher Notes 
The Content Standards and Essential Skills and Knowledge statements shown in this section come directly from the Geometry framework document. Clarifications and teacher notes were added to provide additional support as needed. Educators should be cautioned against perceiving this as a checklist.  
Formatting Notes
· Red Bold- items unique to Maryland Common Core State Curriculum Frameworks
· Blue bold – words/phrases that are linked to clarifications
· Black bold underline- words within repeated standards that indicate the portion of the statement that is  emphasized at this point in the curriculum or words that draw attention to an area of focus
· Black bold- Cluster Notes-notes that pertain to all of the standards within the cluster
· Green bold – standard codes  from other courses that are referenced and  are hot linked to a full description

	Standard
	Essential Skills and Knowledge
	Clarifications/Teacher Notes

	Cluster Note: Build on student experience with rigid motions from earlier grades. Point out the basis of rigid motions in geometric concepts, e.g., translations move points a specified distance along a line parallel to a specified line; rotations move objects along a circular arc with a specified center through a specified angle.

	G.CO.1 Know precise definitions of angle, circle, perpendicular line, parallel line, and line segment, based on the undefined notions of point, line, distance along a line, and distance around a circular arc. (supporting)











	· Ability to  accurately use mathematical vocabulary


	When forming definitions, be sure to include appropriate notation, symbols and labels associated with those terms.

	G.CO.2 Represent transformations in the plane using, e.g., transparencies and geometry software; describe transformations as functions that take points in the plane as inputs and give other points as outputs. Compare transformations that preserve distance and angle to those that do not  (e.g., translation versus horizontal  stretch) (supporting)
	· Ability to compare and contrast function  transformations (F.BF.3) and geometric transformations
· Knowledge that rigid  transformations preserve the size and shape of a figure  

	· There are three types of rigid transformations: reflections, rotations and translations.
· Non-rigid transformations would include dilations, stretches and shrinks

· An image is determined by applying a transformation rule to the pre-image. See example below.











In the example above  is the pre-image

of  image .  The points that form this image were determined by applying the transformation rule 

to the pre-image.
·  Appropriate tools for creating the image in a transformation might also include protractors, rulers, patty paper, and/or MIRAS™.
· Introduce the term congruent based on the knowledge that rigid transformations preserve the shape and size of a figure.

	G.CO.3 Given a rectangle, parallelogram, trapezoid, or regular polygon, describe the rotations and reflections that carry it onto itself.
(supporting) 
	· Ability to use appropriate vocabulary to describe rotations and reflections
· Ability to use the characteristics of a figure to determine and then describe what happens to the figure as it is rotated (such as axis of symmetry, congruent angles or sides….)
	· In rotating geometric figures, be sure to recognize degree, direction and the center of rotation.
· In reflecting geometric figures, be sure to recognize the line of symmetry when appropriate.


	G.CO.4 Develop definitions of rotations, reflections, and translations in terms of angles, circles, perpendicular lines, parallel lines, and line segments. (supporting)
	· Ability to construct a definition for each term based upon a synthesis of experiences 

	

	G.CO.5 Given a geometric figure and a rotation, reflection, or translation, draw the transformed figure using, e.g., graph paper, tracing paper, or geometry software. Specify a sequence of transformations that will carry a given figure onto another. (supporting)

	· Ability to interpret and perform a given sequence of transformations and draw the result
· Ability to accurately use geometric vocabulary to describe the sequence of transformations that will carry a given figure onto another
	

	Cluster Note: Rigid motions are at the foundation of the definition of congruence. Students reason from the basic properties of rigid motions (that they preserve distance and angle), which are assumed without proof. Rigid motions and their assumed properties can be used to establish the usual triangle congruence criteria, which can then be used to prove other theorems.

	G.CO.6 Use geometric descriptions of rigid motions to transform figures and to predict the effect of a given rigid motion on a given figure; given two figures, use the definition of congruence in terms of rigid motions to decide if they are congruent. (major)

	· Ability to recognize the effects of rigid motion on orientation and location of a figure
· Ability to use rigid motions to carry one figure onto another
· Ability to use the definition of congruence as a test to see if two figures are congruent
	· Two figures are congruent if they can be copied onto one another by a finite sequence of rigid transformations.

	G.CO.7 Use the definition of congruence in terms of rigid motions to show that two triangles are congruent if and only if corresponding pairs of sides and corresponding pairs of angles are congruent.
(major)

	· Knowledge of vocabulary corresponding parts and the connection to the given triangles
· Ability to identify the corresponding parts of two triangles



	· At this point it is necessary to show that all corresponding angles and all corresponding sides of two triangles are congruent in order to establish that two triangles are congruent.  This must be completed through a description of the rigid motions that must occur in order for the first triangle to be exactly superimposed on the second triangle. 

	G.CO.8 Explain how the criteria for triangle congruence (ASA, SAS, and SSS) follow from the definition of congruence in terms of rigid motions. (major)

	· Ability to recognize why particular combinations of corresponding parts establish congruence and why others do not


	· It is important to stress the importance of the placement of an  included angle (in SAS) as well as an included side (in ASA).
· There are combinations of corresponding parts that establish congruence (AAS and HL) and there other combinations that do not. (AAA and SSA).

	Cluster Note: Encourage multiple ways of writing proofs, such as in narrative paragraphs, using flow diagrams, in two column format, and using diagrams without words. Students should be encouraged to focus on the validity of the underlying reasoning while exploring a variety of formats for expressing that reasoning.

	G.CO.9 Prove theorems about lines and angles. Theorems include: vertical angles are congruent; when a transversal crosses parallel lines, alternate interior angles are congruent and corresponding angles are congruent; points on a perpendicular bisector of a line segment are exactly those equidistant from the segment’s endpoints. (major)

	Note: This is an overarching standard that will be revisited throughout the course.

1. Ability to construct a proof using one of a variety of methods.

	· Students will base this new learning on what they know about :
a. linear pairs 
b. supplementary and complementary angles
c. Parallel lines cut by a transversal 
· This is an opportunity to also discuss properties of same side interior (consecutive) angles and alternate exterior angles in the theorems from parallel lines.

	G.CO.10 Prove theorems about triangles. Theorems include: measures of interior angles of a triangle sum to 180°; base angles of isosceles triangles are congruent; the segment joining midpoints of two sides of a triangle is parallel to the third side and half the length; the medians of a triangle meet at a point. (major)

Note: Implementation of this standard may be extended to include concurrence of perpendicular bisectors and angle bisectors as preparation for G.C.3 in Unit 5.

	· Ability to construct a proof using one of a variety of methods


	

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


	· Ability to construct a proof using one of  a variety of methods

	· Students will base this new learning on what they know about the relationships that exist between the angles formed when parallel lines are cut by a transversal.


	Cluster Note: Build on prior student experience with simple constructions. Emphasize the ability to formalize and explain how these constructions result in the desired objects. Some of these constructions are closely related to previous standards and can be introduced in conjunction with them.


	G.CO.12 Make formal geometric constructions with a variety of tools and methods (compass and straightedge, string, reflective devices, paper folding, dynamic geometric software, etc.). Copying a segment; copying an angle; bisecting a segment; bisecting an angle;  constructing perpendicular lines, including the perpendicular bisector of a line segment; and constructing a line parallel to a given line through a point not on the line. (supporting)


	· Ability to use understanding of geometric concepts to establish a rationale for the steps/procedures used in completing a construction

	

	G.CO.13 Construct an equilateral triangle, a square, and a regular hexagon inscribed in a circle. (supporting)

	· Ability to use understanding of geometric concepts to establish a rationale for the steps/procedures used in completing a construction

	· A regular hexagon is formed by six equilateral triangles.

















Vocabulary/Terminology/Concepts
The following definitions/examples are provided to help the reader decode the language used in the standard or the Essential Skills and Knowledge statements.  This list is not intended to serve as a complete list of the mathematical vocabulary that students would need in order to gain full understanding of the concepts in the unit. 
	Term
	Standard
	Definition

	corresponding parts
	G.CO.7 (ES&K)

Knowledge of vocabulary corresponding parts and the connection to the given triangles

	Given two figures of the same shape, the corresponding parts are the angles and sides that are in the
 same position. 
e.g. shortest side corresponds to the shortest side, the longest side corresponds to the longest side etc.



 (
Corresponding angles
)


 (
Corresponding sides
)



[image: http://www.mrlarkins.com/geometry/InteractiveTextbook/Ch04/04-02/images/Ch04_Sec02_im002.gif]


















	horizontal stretch   
	G.CO.2 Represent transformations in the plane using, e.g., transparencies and geometry software; describe transformations as functions that take points in the plane as inputs and give other points as outputs. Compare transformations that preserve distance and angle to those that do not  (e.g., translation versus horizontal  stretch)
	A horizontal stretch or horizontal shrink occurs in the graphs of functions when the independent variable is multiplied by a number.
  
In coordinate geometry a similar phenomenon occurs. A horizontal stretch is created by multiplying the
 x- coordinates of each  of the vertices by a number greater than 1 as shown in the example below. 

Example:



In the example below the image    is a result of a horizontal stretch determine by applying the transformation rule to the vertices of  


















Another example of a geometric plane figure that has gone through a horizontal stretch is shown below. 

	



	rigid motion
	G.CO.6 Use geometric descriptions of rigid motions to transform figures and to predict the effect of a given rigid motion on a given figure; given two figures, use the definition of congruence in terms of rigid motions to decide if they are congruent.

	A rigid motion is any transformation that preserves size and shape such as rotations, translations and reflections. If a figure is dilated the motion is no longer a rigid motion. 
	
 Examples: on the graph below the shape of the arrow is unchanged but it’s location has changed through a
series of transformations. 
 	




















Progressions from the Common Core State Standards in Mathematics
For an in-depth discussion of overarching, “big picture” perspective on student learning of the Common Core State Standards please access the documents found at the site below. 

http://ime.math.arizona.edu/progressions/

To see what the Geometry standards in the Common Core State Curriculum Standards for High School mathematics progress from, refer to the document below.
http://commoncoretools.files.wordpress.com/2012/06/ccss_progression_g_k6_2012_06_27.pdf












Vertical Alignment
Vertical alignment provides two pieces of information:
· A description of prior learning that should support the learning of the concepts in this unit.
· A description of how the concepts studied in this unit will support the learning of other mathematical concepts.
	Previous Math Courses
	Geometry Unit 1

	Future Mathematics 

	Concepts developed in previous mathematics course/units which serve as a foundation for the development of the “Key Concept”
	Key Concept(s)
	Concepts that a student will study either later in Geometry or in future mathematics courses for which this “Key Concept” will be a foundation.

	In 8th grade, students:
· verify experimentally the properties of rotations, translations and reflections.
· describe effects of transformations in the coordinate plane.
In Algebra I, students:
· study linear, exponential and quadratic functions. 
·  describe how the graph of the parent function f(x) is transformed algebraically to create a new function.
Examples


	Experiment with transformations in the plane.

	In Algebra II and further mathematics, students will:
· study additional functions.  As each function is explored, students will be required to describe how the graph of the parent function f(x) is transformed algebraically to create a new function.
Examples



	In 8th grade, students:
· develop an understanding that figures created by a series of reflections, translations and rotations are in fact congruent.
	Understand congruence in terms of rigid motions.
	In further mathematics students will:
· apply their knowledge of rigid motion to the study of application problems which deal with volume of three dimensional shapes.

	In 8th grade, students:
· develop informal arguments regarding the angles in a triangle as well as angles formed by parallel lines cut by a transversal.

In 8th grade students :
· explain a proof of the Pythagorean Theorem but they were not actually required to prove the theorem. 

In Algebra I, students:
· use informal proofs to describe numerical relationships in when working with polynomials, linear equations and systems of equations.

	Develop and use the practice of  formal proof as a means of reasoning
	Throughout the geometry course, students will :
· continue to  prove geometric theorems. 
In later introductory statistics classes, students will:
· be asked to defend their answers in a similar fashion to geometric proof. 

Later in college, some students develop Euclidean and non-Euclidean geometries carefully from a small set of axioms.

In all other contents, students must defend their answers and this provides a discipline of structuring the defense.

	In 7th grade, students:
·  construct triangles with three given measures.
· draw geometric figures with given conditions.
	Make geometric constructions
	In future studies, students must understand concepts of congruence and how they are used by electronic tools to create congruent figures. (Engineering courses, construction courses etc.)










Common Misconceptions
This list includes general misunderstandings and issues that frequently hinder student mastery of concepts regarding the content of this unit.
	Topic/Standard/Concept
	Misconception
	Strategies to Address Misconception 

	Prove Geometric Theorems
	When interpreting diagrams students tend to assume relationships that don’t exist.
	· It’s not what it looks like; it’s only what’s marked or labeled. Provide multiple opportunities for students to mark and interpret a variety of diagrams that appear to have relationships that are not justifiable (appear to be parallel, perpendicular, congruent, etc).
· Pair/share – give a student a figure and have them describe the figure to another student verbally (using correct vocabulary), with enough detail that the second student could reproduce the figure correctly.

	Understand Congruence in Terms of Rigid Motions/G.CO.7 and G.CO.8
	Students frequently have problems when it comes to identifying corresponding parts of congruent triangles (CPCTC).
	· Ask students to use various color markers to highlight corresponding parts of congruent triangles.  For example, ask the students to use one color to highlight the shortest side of two triangles that are congruent. 
· To strengthen this skill it is important to provide a variety of examples with congruent triangles in different orientations. 
·  Students must attend to precision by using proper notation when naming the congruent triangles.  
· 

Provide practice with naming corresponding parts of congruent triangles from a congruence statement alone.  For example, given the statement  a student would identify that  .

	Understand Congruence in Terms of Rigid Motions/G.CO.7 and G.CO.8
	It is often difficult for students to identify the correct combination of corresponding sides and angles required to establish that two triangles are congruent. 

	The following activity provides a hands on method for having students investigate what combination of corresponding sides and angles will create two congruent triangles.
Activity
Materials Needed
· Straws – each pair of students will need:  two 3 inch straws; two 4 inch straws and two 5 inch straws
· Angle templates- each pair of students should receive 6 index cards with angles drawn on them in the following manor:  two right angles, two 36.8 degree angles and two 53.2 degree angles. 
Have students use the angles and straws to determine the fewest number of parts needed to construct identical triangles. Discuss how those parts need to be organized – SSS, SAS, ASA, etc. 

	Understand Congruence in Terms of Rigid Motions/G.CO.7 and G.CO.8
	When attempting to prove that two triangles are congruent students claim that the triangles are congruent by SSA or AAA.  They do not understand why some combinations do not guarantee triangle congruence. 


























	· Demonstrate or have students explore using the following scenario. 

Draw an angle such as  shown in the picture below. Place a point on one of the rays that formed this angle and label the point with the letter B.  You now have one side of fixed length and one angle of fixed measure.  Create a second side of fixed length with its endpoint at B using a physical object such as a strip of paper or a pencil. Demonstrate to the students or have them discover that the third side of the triangle can vary in length as shown in the picture below.  Thus proving SSA does not produce congruent triangles.  
 (
A
C
B
)








 (
C’
)
A similar activity can be used to prove AAA does not produce congruent triangles. Instruct students to draw a line segment of random length. Ask them to draw a specified angle measure at each end of their line segment. For example: Draw line segment AC of any length. Draw a 40o angle with its vertex at A and a 60o angle with its vertex  at C in such a manner that the 2nd side of angle C is on the same side of segment AC as the second side of angle A.  Extend the sides of both angles until they intersect at B. 

· Students should compare triangles and notice that even though all of the triangles created have the same angle measures (AAA) the side lengths are not congruent.  Thus establishing the fact that AAA is not a viable way to prove congruence of two triangles. A similar activity could be done for SSA. 

	Prove Geometric Theorems/G.CO.9
	Students frequently struggle when it comes to applying the proper vocabulary to the pairs of angles that are created when two lines are cut by a transversal.  This is a particular concern when studying the theorems associated with parallel lines that are mentioned in Standard G.CO.9. 
	· To help students become more adept at identifying alternate interior angles, corresponding angles, consecutive interior angles, vertical angles etc. try using the following activity. 
Activity
Use tape to create lines cut by a transversal on the floor (parallel and non-parallel). Have pairs of students move to specific locations – interior, exterior, alternating, same side, consecutive interior, consecutive exterior. 
· Ask students to use highlighters to shade pairs of related angles.  For example, provide two lines cut by a transversal and ask students to shade a pair of corresponding angles using the same color, etc. 

	Prove Geometric Theorems
	When creating a viable argument or completing a geometric proof, students fail to site all pertinent available information.  
	Share the following anecdote with students.  During a jury trial a lawyer fails to refer to a poster in the courtroom which displays key information that could prove that his client is innocent. The jury doesn’t hear this information. Therefore, important facts are not considered and the defendant is found guilty.

	Experiment with transformations in a plane/G.CO.3
	When students are asked to describe various transformations, they fail to use sufficient detail and proper vocabulary.
	As a common classroom practice, insist on thorough descriptions that make use of accurate mathematics vocabulary.  For example when a student is describing a rotation the student must include a center of rotation, whether the rotation is clockwise or counter clockwise and the number of degrees through which the object is to be rotated. 










Model Lesson Plan(s)
The lesson plan(s) have been written with specific standards in mind.  Each model lesson plan is only a MODEL – one way the lesson could be developed.  We have NOT included any references to the timing associated with delivering this model.  Each teacher will need to make decisions related to the timing of the lesson plan based on the learning needs of students in the class. The model lesson plans are designed to generate evidence of student understanding. 
This chart indicates one or more lesson plans which have been developed for this unit.  Lesson plans are being written and posted on the Curriculum Management System as they are completed.  Please check back periodically for additional postings. 
	Standards Addressed
	Title
	Description/Suggested use

	G.CO.6
G.CO.7
G.CO.8
	Discovering Triangle Congruence
	This lesson plan focuses on the concept of congruence and its connection to rigid motion.  (i.e. Objects in space which can be transformed in an infinite number of ways and describing/analyzing those transformations.)





Lesson Seeds
The lesson seeds have been written particularly for the unit, with specific standards in mind.  The suggested activities are not intended to be prescriptive, exhaustive, or sequential; they simply demonstrate how specific content can be used to help students learn the skills described in the standards. They are designed to generate evidence of student understanding and give teachers ideas for developing their own activities. 
This chart indicates one or more lesson seeds which have been developed for this unit.  Lesson seeds are being written and posted on the Curriculum Management System as they are completed.  Please check back periodically for additional postings.

	Standards Addressed
	Title
	Description 

	G.CO.2
	Flash Mob Dance

	Practice Activity
Students who learn best through kinesthetic means will have the opportunity to move while reviewing what they know about various transformations.

	G.CO.2
	Transformation Sort

	Developmental Activity
Students will compare and contrast rigid transformations and transformations that are not rigid as well as the various specific types of transformations.

	G.CO.5
G.CO.6
	Flip and Slide

	Practice Activity
This is a computer game that could be used to provide practice on transformations to students who respond well to using technology.

	G.CO.6.

	Finding What Doesn’t Change

	Investigation
This investigation can be used in direct instruction or with students in small groups or partners.  Students answer the questions provided, while investigating rotational transformations on the computer.

	G.CO.9
	Special Angle Pair Theorems

	Warm-Up/Intervention 
In 8th grade students use informal arguments to establish facts about the angles created when parallel lines are cut by a transversal. This activity helps to bring this knowledge back to the forefront. This information is needed to prove theorems about lines and angles.  

	G.CO.10
	Triangle Congruence

	Practice Activity
The problems found in this document should not be used all at one time.  The problems should be used one or two at a time to provide distributed practice over time.

	G.CO.10
	Using Triangle Congruence in Proofs

	Practice Activity
This activity will provide students with practice on completing proofs using a variety of formats. It is highly recommended that these problems be used one or two at a time for distributed practice over time to help student maintain skills.

	G.CO.10
	Triangle Sum Theorem

	Practice Activity
This lesson seed describes an activity which requires students to complete a flow chart proof and a two-column proof while proving the Triangle Sum Theorem and the Exterior Angle Theorem.

	G.CO.10
	What’s My Angle

	Investigation
Introduce this activity after proof of the interior angle sum theroem  for triangles.  Students will use sum of the interior angles of a triangle to determine the sum of the interior angles of any convex polygon.

	G.CO.10
	Midsegments of Triangles and Trapezoids

	Investigation/Carousel Practice Activity 
The beginning of this lesson seeds provides an investigation which helps students develop conjectures about midsegments.  The activity can be followed with a class discussion to solidify these geometric relationships.


	G.CO.9
G.CO.10
G.CO.11
	Logical Order
	Developmental Activity
This activity could be used to help students begin thinking about how the logical order of a sequence of statements is necessary for a process to make sense.  Completing this activity could serve as motivation for a lesson which targets proofs.

	G.CO.12
	Constructions Manual

	Resource
This lesson seed serves as a resource rather than an activity.  It provides step-by-step directions to make geometric constructions using a compass and straightedge. Students may elect to refer to this document as needed when required to make formal geometric constructions. 


	G.CO.9
G.CO.12
	Perpendicular Bisectors

	Investigation
This lesson seed describes three different activities which allow students to first construct a perpendicular bisector of a segment and then discover that all points on the perpendicular bisector of a segment are equidistant from the endpoints of the segment.

	G.CO.12
	Finding a Buried Time Capsule
	Application
This lesson seed could be used as an application after students have studied the Perpendicular Bisector Theorem.




Sample Assessment Items
The items included in this component will be aligned to the standards in the unit.

	Topic
	Standards Addressed
	Link
	Notes

	Rigid Motion
	G.CO.12
	http://illustrativemathematics.org/illustrations/31

	This task is a reasonably straight-forward application of rigid motion geometry, with emphasis on ruler and straightedge constructions, and would be suitable for assessment purposes.

	Triangle Congruence 
	G.CO.8
	http://illustrativemathematics.org/illustrations/340

	The triangle congruence criteria, SSS, SAS, ASA, all require three pieces of information. It is interesting, however, that not all three pieces of information about sides and angles are sufficient to determine triangle congruence. In this problem, we considered SSA. 



















Resources
This section contains links to materials that are intended to support content instruction in this unit.
	Topic
	Standards Addressed
	Link
	Notes

	Triangle congruence in terms of rigid motion
	G.CO.8
	http://illustrativemathematics.org/illustrations/109

	For two given triangles, three reflections are necessary to express how to move from ABC to DEF. Sometimes, however, one reflection or two reflections will suffice. Since any rigid motion will take triangle ABC to a congruent triangle DEF, this shows the remarkable fact that any rigid motion of the plane can be expressed as one reflection, a composition of two reflections, or a composition of three reflections. 

	Construction of Incenter
	G.CO.12
	http://illustrativemathematics.org/illustrations/507

	This task can be implemented in a variety of ways. For a class with previous exposure to the incenter or angle bisectors of a triangle, part (a) could be a quick exercise in geometric constructions. Alternatively, this could be part of a full introduction to angle bisectors, culminating in a full proof that the three angle bisectors are concurrent.

	All Topics
	All Standards
	http://www.mathematicsvisionproject.org/
	This is a link to resources developed by the Mathematics Vision Project in conjunction with the Utah State Department of Education.  The resources were developed for the Integrated pathway but many have application in the traditional pathway.

	All Topics
	All Standards
	www.toondoo.org
	Teachers could use Toondoo as a means to have students create an exit ticket or summary activity.  Using Toondoo students can show what they know or have learned in a fun, pictorial way by creating a cartoon through Toondoo. UDL CONNECTION (Provide Multiple Means of Representation):

	All Topics
	All Standards
	http://www.mathopenref.com/index.html

	The Math Open Reference website is a resource that can be used to present, explore and develop understanding of many geometric topics.

	All Topics
	All Standards
	Transformations 
http://mdk12.org/instruction/clg/public_release/geometry/G2_E1_I3.html

Congruence
 http://mdk12.org/instruction/clg/public_release/geometry/G2_E2_I1.html

Constructions
http://mdk12.org/instruction/clg/public_release/geometry/G2_E1_I4.html

Proofs
http://mdk12.org/instruction/clg/public_release/geometry/G2_E2_I3.html
	The following links provide access to the Maryland Geometry Public Released H.S.A. items that may be used with Common Core Geometry content in this unit.


	All Topics
	All standards
	http://www.ccsstoolbox.org/

	Check this site periodically for new additions
Click on:
· Resources for Implementation
· PARCC Prototyping Project
· High School Tasks
· Name of the task

	All Topics
	All standards
	http://nsdl.org/commcore/math?id=HS.F

	This is a link to the NSDL Math Common Core Collection. The collection contains digital learning objects that are related to specific Math Common Core State Standards. 

	All Topics
	All standards
	https://www.desmos.com/

	This is a link to an online graphing calculator that has many different types of applications

	All Topics
	All standards
	http://insidemathematics.org/index.php/high-school-geometry


	This link will take you to a collection of many different resources aligned to CCSS Geometry.  Check back periodically for new additions to the site. 



	All Topics
	All standards
	http://www.parcconline.org/samples/mathematics/high-school-mathematics

	This is a link to the PARCC Prototype items. Check this site periodically for new items and assessment information. 

	All Topics
	All standards
	http://www.parcconline.org/sites/parcc/files/PARCCMCFMathematicsNovember2012V3_FINAL.pdf

	This is a link to the PARCC Model Content Frameworks.  Pages 39 through 59 of the PARCC Model Content Frameworks provide valuable information about the standards and assessments. 




PARCC Components

Key Advances from Grades K–8 
According to the Partnership for Assessment of Readiness for College and Careers (PARCC), these standards highlight major steps in a
progression of increasing knowledge and skill. 

PARCC cited the following areas from which the study of the content in Geometry Unit 1 should progress:

Whereas concepts such as rotation, reflection, and translation were treated in the grade 8 standards mostly in the context of hands-on activities, and with an emphasis on geometric intuition, high school Geometry will put equal weight on precise definitions. 

Fluency Recommendations
According to the Partnership for Assessment of Readiness for College and Careers (PARCC), the curricula should provide sufficient supports and opportunities for practice to help students gain fluency. PARCC cites the areas listed below as those areas where a student should be fluent. 

G-CO.12. Fluency with the use of construction tools, physical and computational, helps students draft a model of a geometric phenomenon and can lead to conjectures and proofs.
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