4, Mathematics Curriculum @

GEOMETRY ¢ MODULE 1

Table of Contents’

Congruence, Proof, and Constructions

IMIOUIE OVEIVIEW ..ottt ettt e e e st e e bt e e s abe e e bt e e s abe e s bt e e sabeesabe e e sseesabeeesabeesabeeeanteesabeeennnes 3
Topic A: Basic Constructions (G-CO.A.1, G-CO.D.12, G-CO.D.13) ........coooiiiiiiiee et 7
Lessons 1-2: Construct an Equilateral Triangle. ...t e 8
Lesson 3: Copy and BiSECt @N ANGI......cocuuiiii ettt e e e e e e e et a e e e e nareeas 21
Lesson 4: Construct @ Perpendicular BiSECTON .......civuiiei ittt e e 30
LesSON 5: POINTS Of CONCUITENCIES .....veeueeieeniieiiieite et et ettt sttt ettt et s e s sen e s reereesreesaeesane e 37
Topic B: UNKNOWN ANZIES (G-CO.C.9) ....c.uviiiieiie ettt ete ettt ete e et e e et e e et e e sbaeesbeeestaeesabeesbaeesaseesnseaensseesseeesnnes 42
Lesson 6: Solve for Unknown Angles—Angles and Lines at @ PoiNt........cccceeeeeiiieicciiee e, 43
Lesson 7: Solve for Unknown Angles—Transversals ........cceecocuieeieeiiee et 55
Lesson 8: Solve for Unknown Angles—Angles in @ THangIe .......ueeeeccieeiecciee e 63
Lesson 9: Unknown Angle Proofs—WHriting Proofs .........ccceieieieeiiiiiie ittt 69
Lesson 10: Unknown Angle Proofs—Proofs with Constructions.........ccccccveviiiiiiie e, 76
Lesson 11: Unknown Angle Proofs—Proofs of KNnOWN Facts........ccccccviiiiiiiiiiciiie e 83
Topic C: Transformations/Rigid Motions (G-C0O.A.2, G-CO.A.3, G-CO.A.4, G-CO.A.5, G-CO.B.6, G-CO.B.7,
[Tl o 2N ) TS U PP TP 91
Lesson 12: Transformations—The NeXt LEVE] .......c.coiiiiiiiiiiieiieeeeeeeeeee e e 93
LeSSON 131 ROTATIONS...coiiiiiiiiiiiiiii e et 102
LeSSON 141 REFIECTIONS ..ottt st sttt b e s s sn e e e neenee 111
Lesson 15: Rotations, Reflections, and SYMmMELry .......coooiiiiiiiiiii e 118
LeSSON 16: TranSIatioNS ..c...ccueiiiieieeieeitee ettt ettt ettt b e bt she e st e et e et e e sb e e sbeesaeesate et e e beenes 125
Lesson 17: Characterize Points on a Perpendicular BiSECIOr.........coocuiieieiiiie ettt 133
Lesson 18: Looking More Carefully at Parallel LINeS ......c.coovveeiieeeiieeeee ettt 139
Lesson 19: Construct and Apply a Sequence of Rigid MOtiONS ........cceeeeeciiiiiiiiiie e 149
Lesson 20: Applications of Congruence in Terms of Rigid MOtiONS ........cccceeeiiciiieeiiiiiee e 153

! Each lesson is ONE day, and ONE day is considered a 45-minute period.

COMMON Module 1: Congruence, Proof, and Constructions n
CORE engage"’

ORE Date: 10/10/14

) This work is licensed under a
© 2014 Common Core, Inc. Some rights reserved. commoncore.org E:c BY-NC-SA Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.



http://creativecommons.org/licenses/by-nc-sa/3.0/deed.en_US
http://creativecommons.org/licenses/by-nc-sa/3.0/deed.en_US
http://creativecommons.org/licenses/by-nc-sa/3.0/deed.en_US

NYS COMMON CORE MATHEMATICS CURRICULUM Module Overview m

GEOMETRY
Lesson 21: Correspondence and Transformations.........oucveeiiiciiee e s 159
Mid-Module Assessment and RUDKIC ...........cocoiiiiiiiiii e 164
Topics A through C (assessment 1 day, return 2 days, remediation or further applications 3 days)
Topic D: Congruence (G-CO.B.7, G-CO.B.8).........ccooiriiiiiiiie ettt e e e e e et e e e e eta e e e e saa e e e esasaeeaeanaaeeeean 178
Lesson 22: Congruence Criteria for Triangles—SAS .......cccuiii i e e e 179
Lesson 23: Base Angles of 1SOSCEIES TriangIeS ....uuiiicuiiii ittt et e e 189
Lesson 24: Congruence Criteria for Triangles—ASA and SSS .......coovciiieiiiiiie e e 197
Lesson 25: Congruence Criteria for Triangles—AAS and HL.........ccovcviiiiiiiiie e 204
Lessons 26—27: Triangle CONGrueNnCY Proofs ........iiiiciiiiiiiiee ettt 211
Topic E: Proving Properties of Geometric Figures (G-CO.C.9, G-CO.C.10, G-CO.C.11) ..........cccvvreeirirreecnneennn. 221
Lesson 28: Properties of Parallelograms .........cc.ueeeiiiiii ittt et e et e e e eanes 222
Lessons 29—-30: Special LINeS iN Trangles.......cccveiiieiiei ettt e e e evae e e eaae e e e eanes 231
Topic F: Advanced Constructions (G-CO.D.13).......ccceeiiiiiiieeiiie et et e estte e e tee e stee e steesbeeesareesraessaeesnseeanns 241
Lesson 31: Construct a Square and a Nine-Point Circle.......ccovoviiiiiciiie et 242
Lesson 32: Construct @ Nine-Point CirCle.....coouiiiiiiiiiieniieeieceee ettt 247
Topic G: Axiomatic Systems (G-CO.A.1, G-CO.A.2, G-CO.A.3, G-CO.A.4, G-CO.A.5, G-CO.B.6, G-CO.B.7,
G-CO.B.8, G-C0.C.9, G-C0.C.10, G-CO.C.11, G-CO.C.12, G-CO.C.13) ....cceeeiiiiriiiirieeieeieenee e 251
Lessons 33—34: Review of the ASSUMPLIONS........oiiiiiiiii it e et e e aae e e e eaees 253
End-of-Module Assessment and RUBFIC...........c.coiiiiiiiiiiiii e e 264
Topics A through G (assessment 1 day, return 2 days, remediation or further applications 3 days)
EgKEMON gn;:l:le 1: gg;lg(;;le;ce, Proof, and Constructions eng.ag.e ny

This work is licensed under a

© 2014 Common Core, Inc. Some rights reserved. commoncore.org (r.:c) BY-NC-SA Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.



http://creativecommons.org/licenses/by-nc-sa/3.0/deed.en_US
http://creativecommons.org/licenses/by-nc-sa/3.0/deed.en_US
http://creativecommons.org/licenses/by-nc-sa/3.0/deed.en_US

NYS COMMON CORE MATHEMATICS CURRICULUM Module Overview m

GEOMETRY

Geometry ® Module 1
Congruence, Proof, and Constructions

OVERVIEW

Module 1 embodies critical changes in Geometry as outlined by the Common Core. The heart of the module
is the study of transformations and the role transformations play in defining congruence.

Students begin this module with Topic A, Basic Constructions. Major constructions include an equilateral
triangle, an angle bisector, and a perpendicular bisector. Students synthesize their knowledge of geometric
terms with the use of new tools and simultaneously practice precise use of language and efficient
communication when they write the steps that accompany each construction (G.CO.A.1).

Constructions segue into Topic B, Unknown Angles, which consists of unknown angle problems and proofs.
These exercises consolidate students’ prior body of geometric facts and prime students’ reasoning abilities as
they begin to justify each step for a solution to a problem. Students began the proof writing process in Grade
8 when they developed informal arguments to establish select geometric facts (8.G.A.5).

Topics C and D, Transformations/Rigid Motions and Congruence, builds on students’ intuitive understanding
developed in Grade 8. With the help of manipulatives, students observed how reflections, translations, and
rotations behave individually and in sequence (8.G.A.1, 8.G.A.2). In high school Geometry, this experience is
formalized by clear definitions (G.CO.A.4) and more in-depth exploration (G.CO.A.3, G.CO.A.5). The concrete
establishment of rigid motions also allows proofs of facts formerly accepted to be true (G.CO.C.9). Similarly,
students’ Grade 8 concept of congruence transitions from a hands-on understanding (8.G.A.2) to a precise,
formally notated understanding of congruence (G.CO.B.6). With a solid understanding of how
transformations form the basis of congruence, students next examine triangle congruence criteria. Part of
this examination includes the use of rigid motions to prove how triangle congruence criteria such as SAS
actually work (G.CO.B.7, G.CO.B.8).

In Topic E, Proving Properties of Geometric Figures, students use what they have learned in Topics A through
D to prove properties—those that have been accepted as true and those that are new—of parallelograms and
triangles (G.CO.C.10, G.CO.C.11). The module closes with a return to constructions in Topic F (G.C0O.D.13),
followed by a review of the module that highlights how geometric assumptions underpin the facts established
thereafter (Topic G).

Focus Standards

Experiment with transformations in the plane.

G-CO.A.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.
Module 1: Congruence, Proof, and Constructions n
CQMMON | T o engage™

) This work is licensed under a
© 2014 Common Core, Inc. Some rights reserved. commoncore.org (r.:c) BY-NC-SA Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.



http://creativecommons.org/licenses/by-nc-sa/3.0/deed.en_US
http://creativecommons.org/licenses/by-nc-sa/3.0/deed.en_US
http://creativecommons.org/licenses/by-nc-sa/3.0/deed.en_US

NYS COMMON CORE MATHEMATICS CURRICULUM Module Overview m

G-CO.A.2

G-CO.A.3

G-CO.A4

G-CO.A.5

GEOMETRY

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).

Given a rectangle, parallelogram, trapezoid, or regular polygon, describe the rotations and
reflections that carry it onto itself.

Develop definitions of rotations, reflections, and translations in terms of angles, circles,
perpendicular lines, parallel lines, and line segments.

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.

Understand congruence in terms of rigid motions.

G-CO.B.6

G-CO.B.7

G-CO.B.8

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.

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.

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

Prove geometric theorems.

G-C0.C.9

G-C0.C.10

G-CO.C.11

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.

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.

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.

2 prove and apply (in preparation for Regents Exams).

COMMON
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Make geometric constructions.

G-C0.D.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.

G-C0O.D.13 Construct an equilateral triangle, a square, and a regular hexagon inscribed in a circle.

Foundational Standards

Understand congruence and similarity using physical models, transparencies, or geometry
software.

8.G.A.1 Verify experimentally the properties of rotations, reflections, and translations:
a. Lines are taken to lines, and line segments to line segments of the same length.
b. Angles are taken to angles of the same measure.
c. Parallel lines are taken to parallel lines.

8.G.A.2 Understand that a two-dimensional figure is congruent to another if the second can be
obtained from the first by a sequence of rotations, reflections, and translations; given two
congruent figures, describe a sequence that exhibits the congruence between them.

8.G.A.3 Describe the effect of dilations, translations, rotations, and reflections on two-dimensional
figures using coordinates.

8.G.A5 Use informal arguments to establish facts about the angle sum and exterior angle of
triangles, about the angles created when parallel lines are cut by a transversal, and the
angle-angle criterion for similarity of triangles. For example, arrange three copies of the
same triangle so that the sum of the three angles appears to form a line, and give an
argument in terms of transversals why this is so.

Focus Standards for Mathematical Practice

MP.3 Construct viable arguments and critique the reasoning of others. Students articulate steps
needed to construct geometric figures, using relevant vocabulary. Students develop and
justify conclusions about unknown angles and defend their arguments with geometric
reasons.

MP.4 Model with mathematics. Students apply geometric constructions and knowledge of rigid
motions to solve problems arising with issues of design or location of facilities.

MP.5 Use appropriate tools strategically. Students consider and select from a variety of tools in
constructing geometric diagrams, including (but not limited to) technological tools.

Date: 10/10/14
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GEOMETRY

MP.6 Attend to precision. Students precisely define the various rigid motions. Students
demonstrate polygon congruence, parallel status, and perpendicular status via formal and
informal proofs. In addition, students will clearly and precisely articulate steps in proofs and
constructions throughout the module.

Terminology

New or Recently Introduced Terms

= Isometry (An jsometry of the plane is a transformation of the plane that is distance-preserving.)

Familiar Terms and Symbols®

= Transformation
= Translation

= Rotation

= Reflection

= Congruence

Suggested Tools and Representations

= Compass and straightedge
=  Geometer’s Sketchpad or Geogebra Software
= Patty paper

Assessment Summary

Assessment Type Administered Format Standards Addressed

G-CO.A.1, G-CO.A.2, G-CO.A .4,
After Topic C Constructed response with rubric | G-CO.A.5, G-CO.B.6, G-CO.C.9,
G-C0.D.12

Mid-Module
Assessment Task

G-CO.A.2, G-CO.A.3, G-CO.B.7,
After Topic G Constructed response with rubric | G-C0O.B.8, G-CO.C.10,

G-CO.C.11, G-CO.D.13

End-of-Module
Assessment Task

* These are terms and symbols students have seen previously.
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