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OVERVIEW

In this unit students will:

1 use and understand definitionsamigles, circles, perpendiculanes, parallel lines, and
line segments based on the undefined terms of point, line, distance along a line and length
of an arc.

1 describe and compare function transformations on a set of points as inputs to produce
another st of points as outputs, inaing translations and horizontal or vertical
stretching

1 represent and compare rigid and size transformations of figures in a coordinate plane
using various tools such as transparencies, geometry software, interactive wiigeboar
waxed paper, tracing papenirrors and digital visual presenters.

1 compare transformations that preserve size and shape versus those that do not.

1 describe rotations and reflections of parallelograms, trapezoids or regular polygons that
map each figurento itself.

1 develop and undstand the meanings of rotation, reflection and translation based on
angles, circles, perpendicular lines, parallel lines and line segments.

T transform a figure given a rotation, reflection or translation using graph papegtrac
paper, geometric softwaoe other tools.

1 create sequences of transformations that map a figure onto itself or to another figure.

Although the units in this instructional framework emphasize key standards and big ideas at
specific times of the yearutine topics such as estirmat, mental computation, and basic
computation facts should be addressed on an ongoing basis. Ideas related to the eight practice
standards should be addressed constantly as well. This unit provides much needed content
informaton and excellent learning tdties. However, the intent of the framework is not to
provide a comprehensive resource for the implementation of all standanésuinit A variety

of resources should be utilized to supplement this unit. The tasks unthfeamework illustrate

the types of learning activities that should be utilized from a variety of sources. To assure that
this unit is taught with the appropriate emphasis, depth, and rigor, it is important that the
AStrategies f or @ eaddhe faskglisted nrdigrB.veiadenncne obé L earr
reviewed early in the planning process.

Webinar Information

A twoi hour course overview webinar may be accessed at
http://www.gpb.org/edecation/commoncore/2012/02/28/mathemati@hi grade

The unit byi unit webinars may be accessed at
https://www.qgeorgiastandards.org/ComrmGore/Pages/MathPLi Sessionsspx
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STANDARDS ADDRESSED IN THIS UNIT

Mathematical standards are interwoven and should be addressed throughout the year in as many
different units and activities as possible in order to emphasize the natural connectionstthat exis
among mathematical pecs.

KEY STANDARDS

Experiment with transformations in the plane

MGSEQ9i 12.G.CO.1Know precise definitions of angle, circlgerpendicular line, parallel line,
and line segment, based on the undefined notions of point, line, distance along a line, and
distance around a circular arc.

MGSEQ9i 12.G.CO.2Represent transformations in the plane using, e.g., transparencies and
geometrysoftware; describe transformations as functions that take points in the plane as inputs
and give other points as outputs. Conepaansformations that preserve distance and angle to
those that do not (e.g., translation versus horizontal stretch).

MGSES9i 12.G.CO.3Given a rectangle, parallelogram, trapezoid, or regular polygon, describe
the rotations and reflections that carry itoriself.

MGSES9i 12.G.CO.4Develop definitions of rotations, reflections, and translations in terms of
angles, circles, perpditular lines, parallel lines, and line segments.

MGSE9i 12.G.C0O.5Given a geometric figure and a rotation, reflection, or tediwsi, draw the

transformed figure using, e.g., graph paper, tracing paper, or geometry software. Specify a
sequence of transfmations that will carry a given figure onto another.

STANDARDS FOR MATHEMATICAL PRACTICE

Refer to the Comprehensive Coursee@iew for more detailed information about the
Standards for Mathematical Practice.

Make sense of problems apdrsevere in solving them.

Reason abstractly and quantitatively.

Construct viable arguments and critique the reasoning of others.
Model with mathematics.

Use appropriate tools strategically.

Attend to precision.

Look for and make use structure.

Look for and express regularity in repeated reasoning.

ONoOGORWNE
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ENDURING UNDERSTANDINGS

1 The concepts of congruence, similarity, apchmetry can be understood frahe
perspective of geometric transformation.

1 Fundamental are the rigidotions: translations, rotations, reflections, and combinations
of these, all of which are heassumed to preserve distance and angles (and therefore
shapesn general.

1 Reflectionsand rotations each explain a particular type of symmetry, and theetyias
of anobject ofer insight into its attributes.

ESSENTIAL QUESTIONS

1 What are the undefined terms essential to any study of geometry?

1 How doyou determine the type of transformation that has occurred?

1 What effects daransformations have on geometric figures?

f Cana transformati on c, lodentgienana/orszd?] ect 6s posi |
1 How do we define and create geometric transformations?

1 How dotransformatios of geometric figure andfunctionrs compare?

1 Whateffects do transformations have on geometric figuires

1  Which transformations create isometries?

1 How do we know which transformations have created the mapping of an image?
1 How do wetranslate geometric figures in the coordinate plane?

1 How do wereflect points in a coordinate plane?

1 How are reflections and rotations similar and different?

1 How can we describe / represent a transformation (or series of transformations) that take
place in the coordinate plane?

1 How can the coordinate plane help uralerstand propees of reflections, translations
and rotations?

Mathematics GSECoordinate Algebra Unit 5: Transformations in the Coordinate Plane
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1 What is the relationship between reflections, translations and rotations?
T How do | apply what |[tions ® figuresanrthe ecdrdirateo ut t r

plane?

CONCEPTS AND SKILLS TO MAINTAIN

It is expected that students will have prior knowledge/experience related to the concepts and
skills identified below. It may be necessary toi@ssess in order to determineiifié needs

to be spent on conceptual activities that fstljglents develop a deeper understanding of

these ideas.

1 plotting points on a coordinate plane

1 congruence of geometric figures and the correspondence of their vertices, sides, and
angles

1 recognking line and rotational symmetry
1 interpreting and sketching views from different perspectives
1 calculate the perimeter and area of fundamental georpédne figures

1 use the concepts of ratio, proportion, and scale factor to demonstrate the t@[agions
between similar plane figures

SELECTED TERMS AND SYMBOLS

The following terms and symbols are often misunderstood. These concepts araaolisare

list and should not be taught in isolation. However, dwsvidence of frequent difficulty and
misunderstanding associated with these concepts, instructors should pay particular attention to
them and how their students are able to explain aply dpem.

The definitions below are for teacher reference only and are not to be memorized by

the students.Students should explore these concepts using models and real life examples.
Students should understand the concepts involved and be able to zecuifor

demonstrate them with words, models, pictures, or numbers.

The websites below are interactive amclude a math glossary suitable fogh schoolstudents
Notei At the high school level, different sources use different definitions. Please prew
any website for alignment to the definitions given in the frameworks.

http://www.amathsdictionaryforkids.com/
This web site has activities to help students more fully understand andn@tauocabulary.
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http://intermath.coe.uga.edu/thary/homepg.asp
Definitions aml activities for these and other terms can be found on the Intermath website
Intermath is geared towards middind high school students.

1 Angle: A figure created by two distinct rays that share a common endpoint (alsm kno
as a vertex)] ABCorl Borl CBAindicate the same angle with vertgx

1 Angle of Rotation: The amount of rotation (in degrees) dfgure about a fixed point
such as the origin.

1 Bisector: A point, line or line segment that divides a segment oleantp two equal
parts.

1 Circle: The set of all points eqgistant from a point in a plane.

 Congruent: Having the same size, shape amgasure.] A @ B indicates thaangle A
is congruent to angle B.

1 Corresponding angles: Angles that have the sansative position in geometric figures.
1 Corresponding sides: Sides that have the same relative position in geometric figures.
1 Endpoint: The point atachend of a linesegment or at the beginning of a.ray

1 Image: The result of a transformation.

1 Inter section: The point at which two or more lines intersect or cross.

1 Isometry: a distance preserving map of a geometric figaranother location using a
reflection, rotation or translatioms — A’ indicates an isometry of the figure M to a

newlc ati on M©O. M and MO0 remain congruent.

1 Line: One of the undefined terms of geometry that represents an infinite set of points

with no thickness and its length continues in two opposite directions indefint&ly.
indicates a line that passisough points A and B.

1 Line segment: A part of a line between two points on the litgE indicates the line
segment between points A and B.
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1 Parallel lines: Two lines are parallel if they lie in the same plane and do not intersect.
AE || cp indicates that line AB is pdltal to line CD.

1 Perpendicular lines: Two lines are perpendicular if they intersect to form right angles.
AF 1 cp indicates that line AB is perpendicular to line CD.

1 Point: One of the basic undefined ternfgggometry that represents a location. A dot is
used to symbolize it and it is thought of as having no length, width or thickness.

1 Preiimage: A figure before a transformation has taken place.

1 Ray: A part of a line that begins at a point and continoesvier in one directionas

indicates a ray that begins at point A and continues in the direction of point B
indefinitely.

1 Reflection: Atr ansf or mati on of a figure that creat

1 Reflection Line (or line of reflection): A line that acts as a mirror so that corresponding
points are th same distance from the mirror.

1 Rotation: A transformation that turres figure about a fixed point through a given angle
and a given direction, such as @0ockwise.

1 Segmet: See line segment.

1 Transformation: The mapping, or movement, of all points of a figure in a plane
according to a common operation, such as translation, reflection or rotation.

1 Translation: A transformation that slides each point of a figure theesdistance in the
same direction

1 Vertex: The location at which two lines, line segments or rays intersect.

EVIDENCE OF LEARNING

By the conclusion of this unit, students should He &todemonstrate the following
competencies:

1 describe and compafenctiontransformations on a set of points as inputs to produce
another set of points as outputs, including translations and horizontal or vertical
stretching

1 represent and compare rigid and size transformations of figures in a coordinate plane
using varous toolssuch as transparencies, geometry software, interactive whiteboards,
waxed paper, tracing paper, mis@nd digital visual presenters

Mathematics GSECoordinate Algebra Unit 5: Transformations in the Coordinate Plane
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1 compare transformations that preserve size and shape versus those that do not.

T describe rotations andflecions of parallelograms, trepoids or regular polygons that
map each figure onto itself.

1 develop and understand the meanings of rotation, reflection and translation based on
angles, circles, perpendicular lines, parallel lines and line segments.

T transfom a figure given a rotation, reflection or translation using graph paper, tracing
paper, geometric software or other tools.

1 create sequences of transformations that map a figure onto itself or to another figure.

TEACHER RESOURCES

Thefollowing pages inlude teacher resources that teachers may wish to use to supplement
instruction.

1 Web Resources
9 Guided Notes: Rotations
M Practice: Reflections

Web Resources

The following list is provided as a sample of available resources and is for informational
purposs only. It is your responsibility to investigate them to determine their value and
appropriateness for your district. GaDOE does not endorse or recommeuuidine@se of or use
of any particular resource.

1 Transformational Geometry Applet
http://www.howé two.com/nctm/index.html
This page contains anations helpful for presenting and visualizing transformations. For
some of the applets on thisggayou may need a minute to familiarize yourself.

I Transformations in the Coordinate Plane
http://www.virtualnerd.om/middlé math/integerscoordinat@ plane/transformations
This link has helpful short videos on the different rigid motion transformations.

Mathematics GSECoordinate Algebra Unit 5: Transformations in the Coordinate Plane
July 200 - Paged of 87


http://www.howe-two.com/nctm/index.html
http://www.howe-two.com/nctm/index.html
http://www.virtualnerd.com/middle-math/integers-coordinate-plane/transformations
http://www.virtualnerd.com/middle-math/integers-coordinate-plane/transformations

Georgia Department ofEducation

Georgia Standards of Excelleneeamework
GSECoordinate Algebrg] Unit 5

M Learnist
http://learni.st/users/S33572/boards/Zid@a8nsbrmations ini thel coordinatéplané
commori cord standadi 9i 121 gi coi 2
This website links to many other helpful websites with notes on transformations.

1 Excerpt from Textbok on Transformations in the Coordinate Plane
www.gaston.k12.nc.us/schools/cramerton/faculty/kllasky/Course%200utline%20and%20Syl
labus/Textbook/Ch%2010/Text%2010.8%20Transformations%20Coordinate%20Plane.pdf
Thislink hasaparticalr t ext bookés appr oac Bformationd. he t opi c

1 Eschen Tesselation Creation
http:/Avww.howe two.com/nctm/eschersketch/eschersketch.html
This webpage has a java applet which allows students to create intricate tessellations and
geometric designs.
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Guided Notes: Rotations

Rotate around the origin.

Point A

_.
il | dof ral Al o] ) mo | =
~
o

Rotate 90 counterclockwise
Point Ab

Rotate 180 counterclockwise
Point Ao o

Rotate 270 counterclockwise
Point Aoda

Point B

—_
R N A
L0 N o T O S == s T I Y |
—_
n

Rotate 90 counterclockwise
Point Bo6

Rotate 180 counterclockwise
Point By ¢

Rotate 270 counterclockwise
Point Bodqg

A /‘B
| /
¢l
EERE

un
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&
[
—
o el Ol Lol Ll e oaln

Rotate90° counterclockwise.
Point ; Point Point

Rotate 180° counterclockwise.
Point Ao o Point Ba a Point @x a

Rotate 270%ounterclockwise.
Point Aoda Point Bodq Point Gdq
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Practice: Reflections
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FORMATI VE ASSESSMENT LESSONS (FAL)

Formative Assessmentessonsare intended tsupport teachers in formative assessment. They reveal and
devel op studentsd understanding of key mat hemat |
and students to mdnor in more detail their progress towards the targeteestandards. They assess
studentsé understanding of important concepts a
their students to wor k ef f ec hematieal rgasonimgdoenard.er t o |

More information on Formate Assessment Lessons may be found in the Comprehensive Course
Overview.

SPOTLIGHT TASKS

A Spotlight Task has been added to e@SEmathematics unit in the Georgia resources for middle and
high schod The Spotlight Tasks serve as exemplars for the Uged&tandards for Mathematical

Practice, appropriate unlevel Georgia Standards of Excellenemd researéiased pedagogical

strategies for instruction and engagement. Each task includes teasiraentary and support for
classroomimplementation.Some of the Spotlight Tasks are revisions of existing Georgia tasks and some
are newly createdAdditionally, some of the Spotlight Tasks aiieA8t Tasks based ori Act Problems

from Dan Meyer and Prédmi Based Learning from Robert Kapdiky.
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TASKS
The following tasks represent the level of depth, rigor, and complexity expected of all Coordinate Algebra

students. These tasks, or tasks of similar depth and rigor, should be used to demonstrateoévidence
learning. It is important thatlalements of a task be addressed throughout the learning process so that
students understand what is expected of them. While some tasks are identified as a performance task, the

may also be used for teaching andi@ag (learning/scaffolding task).

Task Name Task Type Content Addressed Standards
Grouping Strategy
Introduction to Learning Task Describe properties of G.C0O1,2
Reflections, Rotations, Individual/ Partner/ translations, reflections an
and Translations Whole Group rotations.
501 60 minutes
Exploring Reflections Learning Task Compare reflections and| G.CO1,2,3,4,5
and Rotations Individual/ Partner rotations.
501 60 minutes
Mirrored Mappings Performance Task Understandeflections in G.C0L,2,5
20i 30 minutes Partner/ Small Group the coordinate plane.
Programming Learning Task Program points to generat G.C0O1,2,5
Transformations Partner/ Small Group transformations
(Spotlight Task)
601 90 minutes
Coordinating Homework Task Translate objects and us¢ G.C0O1,2,4,5
Translations Individual/ Partner rules to map an input with
20i 30 minutes an output.
Transformations in the Learning Task Find general rules to G.C01,2,5
Coordinate Plane Partner/ Smdl Group | describegransformations in
501 60 minutes the plane.
Transformations Formative Assessment|  Rotating, reflecting, or G.C0O1,2,5
(FAL) Lesson translating a figure ithe
Partner/ Small Group coordinate plane
Representing and Formative Assessmen | Recognize and visualize| G.COl1,2,3,4,5
Combining Lesson transformations of 2D
Transformations Partner/ Small Group shapes.
(FAL) Translate, reflect, and rota
90i 120 minutes shapes, and combine theg
PDF transformations.
Transforming Shapes Culminating Task Explain and generalize | G.CO1,2,3,4,5
a 2 hours Individual / Partner transformations that
maintaincongruence.
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Introduction to Reflections, Translations, and RotationgLearning Task)
Back to Task Table

Introduction
Students will use the available resources to explore reflections, transformations and
rotations and report to tldass what they have learned from the activities on the
computer. Teachers can use this task to teach the vocabulary assoctated wi
transformations as students share their discoveries. Teachers may opt to have students do
each transformation separatelyall three together. Students should be somewhat
familiar with transformations from eighth grade so each exploration of adraregion
and discussion should only last about 30 minutes.

Mathematical Goals
1 Explore transformations in theordinate plane using appropriate tools.

Essential Questions
1 What effects do transformations have on geometric figures in a coordinate plane?

Georgia Standards of Excellence

MGSE9-12.G.CO.1Know precise definitions of angle, circlperpendicular line, parallel line, and line
segment, based on the undefined notions of point, line, distance along a line, and distance around a
circular arc.

MGSEQ9i 12.G.CO.2 Represent transformations in the plane using, e.g., transparencies and
geometrysoftware; describe transformations as functions that take points in the plane as inputs
and give other points as outputs. Compare transformations that presemecdistd angle

measures to those that do not (e.g., translation versus horizontal stretch).

Standards for Mathematical Practice
4. Model with mathematics.
Students represent transformations graphically.
5. Use appropriate tools strategically.
Students canse a variety of tools to help them perform the transformations.

Background Knowledge
1 Students need to have knowledge of basic transformations.
1 Previous knowledge afsingpat t y paper and MIRAGs is hel p

Common Misconceptions
M Studens s ometi mes confuse the terms nAtransfor

Materials
1 Computer and presenter (or multiple computers)
1 Optional variations include the use of: MIRAS, patty paper, graph paper, Geometer's
Sketchpad or another software

Mathematics GSECoordinate Algebra Unit 5: Transformations in the Coordinate Plane
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Grouping
1 Individual / partner / whole group task

Differentiation

Extension:

1 Challengest udents to Astumpo each other with th
cannot determine the steps to get back to the original polygon.

Intervention:

1 Resources such as patty papekiaras can help students perform transformations.

1 Folding paer can help with reflections:
Trace over the preimage with a graphite pencil, fold on the axis of reflection, and press
with your fingernail to transfer the graphite to the other side.

1 Using a small scrap of paper can help with rotations:
Trace the imagerdo a scrap of paper, and draw a small arrow pointing upward. Place
your pencil on the center of rotation, and spin your paper until the arrow is pointing the
new direction you want (e.g., paimg to the right for a 90° clockwise rotation).
Note: If students trace the preimage onto the baclthe front of the scrap of papar
the beginning ofthis process, they can rub with their fingernail to transfer the new image
onto the paper in its nearientation.

Formative Assessment Questions
1 Describe two dierent ways to use transformations to map a geometric figure back onto
itself.
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Introduction to Reflections, Translations, and Rotations Teacher Notes

Task Commens:
Teachers may want to noiduce their students to transformation using computer applets if
they have access. The activities athaional Library of Virtual Manipulativesffer
opportunities for students to experiment with various transformations.

Refledions
Have students vistheNational Library of Virtual Manipulativeto explore and describe
properties of reflection. Use the manipulative naméd29Geometry
ATransf 6Ranfalt @ ®tnisonso and click on AActi viti
1 Playing with Reflections
1 Hitting the Target
91 Describing Reflection

Direct Link: http://nlvm.usu.edu/en/nav/frames_asid_298 g_4 t 3.html?open=activities
Home Pagehttp://nlvm.usu.edu/en/nav/vlibrary.html

The introduction to reflections using this website may be done as a whole group with a
projector or in a computer lab individually or in pairs. After studeexplore with the
applet,theyshul d be prompted to check the AAxesoO
the coordinates of the vertices of objects and their reflected images. Students can move

the line of reflection on top of either the horizontal or eaitaxes. If the students work

onthe tasks as individuals or in pairs, prepare a list of questions for them to answer

whil e exploring the website, such as MfnAWhat
moved?0 or AWhat happeedsothatisaterseateddyedipfe i s p
reflection?06 Teachers should also prompt s
guestions provided on the site.

At the end of this session, whether the activity is done as a whole group, individually, or
in pairs, students should report to the waalass what they have learned. The purpose
of these activities is to provoke class discussion.

Translations
Have students visit thidational Library of Virtual Manipulativeto explore and describe
properties of translations. Use the manipulative edn8 12 Geometry
ATransf éomMfmabhsbasi onso and click on AActi vi
1 Playing with Translations
1 Hitting the Target
9 Describing Translations.

Direct Link: http://nlvm.usu.edu/en/nav/frames asid 302 g 4 t 3.html?open=activities
Home Pagehttp://nlvm.usuedu/en/nav/vlibrary.html
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The introduction to translations using this website maglbne as a whole group with a

projector or in a computer lab individually or in pairs. If the students work on the tasks

as individuals or in pairs, prepare a list of qtiess for them to answer while exploring

the website. For elxamptieon idVhat haftfrans| at:
patterns do you notice in the coordinates of the vertices when a polygon has a horizontal
transl ati on?0 and yoldshned thewwornedpahding eeptipes of the f
origin polygon aendbfthistsessian,maegherthé acthvity istddne as

a whole group, individually, or in pairs, students should report to the whole class what

they have learned.

Teachersshould offer guiding questions or prompt discussion of the parallel lines that
areimbedded in translations of polygons (a side and its translated image are parallel to
one another; the translation vectors of each vertex are also parallel to one another).
Teachers may choose to introduce the term vector however students are not éampected
formally know these terms until later in the curriculum.

Rotations
Have students visit thidational Library of Virtual Manipulativeto explore and describe
propertiesof rotation. Use the manipulative named1l®2 Geometry fAiTransf o
Rotaton® and click on AActivitieso to access |
1 Playing with Rotations
1 Hitting a Target
91 Describing Rotations

Direct Link: http://nlvm.usu.edu/en/nav/frames_as800 g _4 t 3.html?open=activities
Home Pagehttp://nlvm.usu.edu/en/nanibrary.html

The introduction to rotations using this website may be done as a whole group with a
projector or in a computeiab individually or in pairs. If the students work on the tasks

as individuals or in pairs, prepare a list of questionstfeem to answer while exploring

the web site. For example, AWhat dert er min
Al f tangleriseratated 908ounterclockwise, what happens to the coordinates of its
vertices?0 At t he dhedctiviyfisdonb ass wiwole graup,on, whe
individually, or in pairs, students should report to the whole class what they have

learned

Teachers familiar with Geometerod6s Sketchpa
activities that will introduce trasformations to their students.

Teachers may also choose to investigate the TransmoGrapher 2 at Interactivate
Activities: http://www.shodor.org/interactivate/activities/transform2/index.htmi
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Task Solutions:

Part |
1. On your graph paper draw and label a square. Describe its original posdisizan

Answers will vary

2. Rotate it 90 degreadockwise around any point

3. Translate it so that it is in the 4th quadrant.

4. Reflect it over a lingy ="a number"” so that the square is in the 1st quadrant.

5. Write 2 distinctlydifferent ways that you can get the shapelbin its original position.
Comment:
Students may want to use patty paper or a Mira to help with the transformations of
their figure.

Answers will vary.

Part Il
6. On your graph paper draw and label a wianDescribe its original position and size.

Answers will vary

7. Rotate, Translate, and Reflect the triangle so that the one side is touching an original side
in such a way that it forms a parallelogram. List your steps here:

Answers will ary
Part 11|
8. On your graph paper draw and label a parallelogram. esits original position and
size.
Answers will vary
9. Rotate, Translate, and Reflect the parallelogram several times, listing your steps here:

Answers will vary

10.Now, challenge a friend to get the parallelogram back into its origiosition! Are the
steps that your friend used the reverse of your steps, or are they different?

Answers will vary
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Learning Task: Introduction to Reflections, Translations, and Rotations

Name Date

Mathematical Goals
1 Explore transformations in the coordinate plane using appropriate tools.

Essential Questions
1 What effects do transformations have on geometric figuresaom@inate plae?

Georgia Standards of Excellence

MGSES9i 12.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 othepoints as outputsCompare transformations that preserve distance and angle
measures to those that do not (e.g., translation versus horizontal stretch).

Standards for Mathematical Practice
4. Model with mathematics.
5. Use appropriate tools strategically
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Learning Task: Introduction to Reflections, Translations, and Rotations

Name Date

Partl

1. On your graph paper draw and label a square. Describe its original position and size.

2. Rotate it 90tlockwise around any point.
3. Translate it so that it is in thé&'4uadrant.
4. Reflect it over a ling/ = "a number" so that theguare is in the 1st quadrant.

5. Write two different ways that you can get the shape back in its original position.

Part Il

6. On your graph paper draw and label a triangle. Desdshariginal position and size.

7. Rotate, tanslate, andr reflect the triangle so théte two trianglesreate a
parallelogram. List your steps here:
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Part il

8. On your graph papeiraw and label a parallelogrardescribe its original position and
size.

9. Rotatetranslateandor reflect the parallelogram sevetahes, listing your steps here:

10.Now, challenge a friend to get the parallelograankointo its original position!
(Dondét reveal your steps.)

11.Record your friendob6s steps here:

12. Are the steps that your friend used the reverse of your steps, or are they different?
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Exploring Reflections and Rotations(Learning Task) Back to Task Table

Introduction
Students will utilize Geometer's Sketchpad (or another geometry software program) to
determine thelefinitions of rotations and reflections. They will investigate patterns and
develop a general rulerfonapping an image with a reflection or rotation. In the
extension, students will determine when a reflection and a rotation can be the same and
how tomap one figure to another using a reflection and/or a rotation.

Mathematical Goals
1 Develop and demorrstte an understanding of reflections and rotations of figures in
general and on a coordinate plane.

Essential Questions
1 How are reflections andtations similar and different?

Georgia Standards of Excellence

MGSE9-12.G.CO.1Know precise definitions ofragle, circle, perpendicular line, parallel line, and line
segment, based on the undefined notions of point, line, distance along a lirdistande around a
circular arc.

MGSEQ9i 12.G.CO.2 Represent transformations in the plane using, e.g., transparandies
geometry software; describe transformations as functions that take points in the plane as inputs
and give other points as outputs. Camgptransformations that preserve distance and angle
measure to those that do not (e.g., translation versus hiadistnetch).

MGSEQ9i 12.G.CO.3 Given a rectangle, parallelogram, trapezoid, or regular polygon, describe
the rotations and reflections thatmgait onto itself.

MGSEQ9i 12.G.CO.4 Develop definitions of rotations, reflections, and translations in terms of
andes, circles, perpendicular lines, parallel lines, and line segments.

MGSES9i 12.G.CO.5 Given a geometric figure and a rotation, reflectiortramslation, 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.

Standards for Mathematical Practice
5. Use appropriate tools stegfically.
Students use computer software to demonstrate transformations.
7. Look for and make use of structure.
Students use the software to perform transformations, then try to generalize and
understand the transformation that has taken place.

Background Knowledge
T Students need to know how to use Geometer
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Common Misconceptions
1 Whenusing notation likex, y) A (i X, y), studentsnay believe thatx must always be
negative, when in fact it simply means that it has the opposite sign of
f Students someti mes confuse the terms fitran

Materials
1 Wireless laptps for each student or student group.
1 LCD projector linkedtoteaghr 6 s comput er
1 Paper/Pencil
1T Geometerds Sketchpad installed on each com
1 Student Worksheet or Alternative Version (see below)
1 translation_sketch.gsp fleome h | apt op (or available for s

http://www.georgiastandards.org/Comrni@ore/Documents/translation_sketch.gsp

Grouping
1 Individual / partner

Differenti ation
Extension:
1 See #1920 on student worksheet (or #1B onalternative version)In this extension,
students look for situations where rotation(s) are equivalent to reflection(s).

Intervention:
1 For rotations, connecting a vertex to the center ofiostatan help motivate the
connection between rotations and kire s . Consider the connecto

of awheel. Drawing the circle itdetnay be helpful as well for students who have
trouble visualizing this.

Formative Assessment Questions
1 Have students write two paragraphs on how reflections antbrigaaffect the position
of an object on a coordinate plane. Ask students to give examples to justify their
explanations.
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Exploring Reflections and Rotationsi Teacher Notes

Procedures

1. Prior to lesson, be sure to have the translation_sketch.gsp file availabledch
student or student group.

(I'f you do not have Geometero6s Sketchpad,
Cabri or any other Geometry software. You need the line2ad y=0.5X% 5 drawn

on the coordinate plane, along with a square with the coordinates (3, 0), (4, 1), (5,0)

and (4,1 1). You will also need the point B located at (2, §pu could also create a

couple of files with different coordinates of the squaia fstudents to use as a way to
differentiate or check for individual learning.An alternative version is provided to be

used if you do not have access to the technology.

2. Ask students what they believe the word 0t
Aftera bri ef discussion give students the dndof
is in mathematics.

3. Tell students that they will be experimenting with two differeppes of
transformations today. Be sure to note to students that these two transfioons are
not the ONLY ones (or they might believe they are). Introduce the terms rotation and
reflection. Ask students what they think each transformation would darnabject
and how someone would know what specifically to do.

4. Discuss with studentde concept of a line of reflection. Be careful not to go into too
much detail as the activity will allow them to discover specifics about this concept.

5. Discuss with studets the concept of a point of rotation and rotating a certain number
ofdegrees. Inbr m st udent $cltohcakk wifisceoou nitsert he posi t i
rotation and fAcl ockwised is the negative d

6. If this is the first time studentshave s e d Geomet er 6s Sketchpad,
go through some of the basics on hdavuse the program. Otherwise proceed to the
next step.

7. Pass out the student worksheets and tell students to open the translation_sketch.gsp
file. Tell students tdollow the directions on the worksheet in working with the file
they have.

8. Allow students207 30 minutes to work with the file and to answer the questions on the
worksheet.

9. After students have finished, bring the class together and have students didoeiss t
following concepts:

a) What is a transformation?

b) How does one perform a reflection?

c) How does one perform a rotation?

d) How is a reflection similar to a rotation?
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Task Solutions:

Reflections: )

1. Select the vertices of tregjuareand goto Display L a b e | Points. St art
yoursquared s vertices are | abeled C, D, E, & F.
C=(C__ »b=(C_,_ yE=(C__ yF=(C__)

Solution

oA w

C=(3,0;D=4,1);, E=(50); F=(4]1) Studentpoints wil be the same but may be
in different order depending on the point on which they start with C and if they
continue clockwise or counterclockwise.

Double click the linex=2. You should see an animation on the line. This mek2she

line of reflection (also called the line of symmetry).

Select the interior & the vertices of yoaguare Go to Transform Y Re
Select the vertices of the nequareand go t o Display Y Show La
How have the new points changed?

Solution:

The points have moved to the left of the line x=2. Thegordinates are still the same.

Double click on tle yi axis to change it to the line of reflection. Select the interior &
vertices of yousquare Go to Transform Y Reflect.
What has happened?

Solution:

The points have moved to the left of the line x=04yis). The X coordinates are now
the opposie and the ycoordinates are still the same.

Why is this reflection further away than the last one

Solution:

The line x=2 was closer to thgoints so they moved the same distance from the line.
Since the yaxis was further away from the square, they ptanrmoved the same
distance away which was much further than the previous reflection.

What effect did changing the reflection line have
Solution:

It changed the distance from the points and thus the distance that the points had to
move.
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Original Square Reflection ovex=2 Reflection over yaxis
C C . ) Co (P Co C . )
D () Do C ) Do (T
E C . ) EO (P EO C . )
F () FO C ) FO (T
Solution:
Original Square Reflection ovex=2 Reflection over yaxis
C (3,0) Cbo (1,0) Cbo (1 3,0)
D (4,1) Do (0,1) Do (14,1)
E (5,0) E O (i11,0) E O (15,0)
F (471) Fo (0,i1) Fo (14,11)

How far apart are the original square and the first reflection? Solution: 2 spaces

The original square and the second reflection? Solution: 6 spaces

How far is the original square frorx2 and how far is the first reflection froxs2?

Solution: 1 space

How far is the original square from théaxis and the second reflent and theyi axis?

Solution: 3 spaces

9. Delete the two reflections and their trees.

10.Double click the ling/ = 0.5¢7 5 to make it the new line of reflection. If you were to
reflect thesquareovery = 0.5 5, predict where would the new verticeg®

Original Square Prediction of Reflection over
y=0.X1 5

C ) Co )

D ) Do )

E ) Eb )

F ) Fo )

Solution: Student responses will vary.

11. After you have made your prediction, selectbetices and interior of thequare Go to

Transform Y Ref|

ect .

s@uaré aencdt

gtoh et ov eDritsipcl easy

Labels. How does your prediction compare with the actual reflection?

Solution:

Student responses will vary based upon their predictions. The reflection shoudd C 06

(5.79,i5. 6 3) ,

iD0630Y, EB., qF). ,01413).

(5.60,

12.Make a general conclusion about what happens to coordinates of a point when they are

reflected over a lie.
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Solution:
Students should see that the distance from the point to theramains the same for
the reflection over the line.

Rotations:

13. Delete the reflection so only the original square remains.

14.Using the Selection Arrow Tool, double click the pdst A brief animation should
show. Point B is now your point of rotation.

15. Select the interior & the vertices of yoaguare Go to Transform Y Ro
| abel ed fAiRotated should come up. Move the
sketch. You should see a lighter colored square that has appeared on your sketch.

Change the numberofdegreBdJ T D ONO T CLI CK ANNeingeT TONS
should change where it goes. Try different numbers of degrees (less than 360). Explain
what is happening to ¢hsquare and the points?

Solution:

The image of the square is being rotatadout the point B like it is moving on a circle.

16.Try negative degrees (once agaitthout clicking any buttons). What do you notice
about 90 an@270? 180 and180? 45 an@315?
Solution:
These pairs are creating the same image of the square asémee location.

Why do you think this is?

Solution:

This is a great preview for the unit circle! Theseeasures take different directions in
a circle and arrive at the same location.

Are there any other pairs of meassithat have the same phenoméhdt#ow could we
predict additional pairs?

Solution:

There are infinite pairs of these rotation measures. Alhgle A is a positive angle less
than 360, then Angle A and Angle {860) will create these pairs.

17.Type in 270 for the ode@aneds acdidlei dlowinhe h
coordinates and compare them to the old coordinates.

Original Square Rotatian around B

C ) Co )
D ) Do )
E ) EO )
F ) Fo )
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Solution:
Original Square Rotaton around B
C (3,0) Co (2,11)
D (4,1) D6 (3,12)
E (5,0) E O (2,13)
F (4,11) F o6 (1,12)

What relationship is there between the points of the two figures?
Solution:

The coordinates of the points are either 1 or 3 less, depending on theititotat the
start. All of the mapped points are the same distance from B, the poirdtation.

18.What conclusions can you make about what happens to coordinates when rotated?
Solution:

The points are rotated about a fixed point like points on a circlengared the center.

EXTENSION

19.1s there ever a time when a rotation is the sameaefbeation? Explain.
Solution:
Students should experiment and find that a reflection about a horizontal or vertical
line and a rotation of 180about a point closest tde object on the line of reflection

produces identical images. There are other rotations and reflections that come up with
the same image as well.

20Create an animation in a new Geomettoer 6s
number 19. Email youmémation to your teacher.
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Learning Task: Exploring Reflections and Rotations

Name Date

Mathematical Goals
91 Develop and demonstrate an understanding of reflectionsogattbns of figures in
general ad on a coordinate plane.

Essential Questions
M How are reflections and rotations similar and different?

Georgia Standards of Excellence

MGSE9-12.G.CO.1Know precise definitions of angle, circle, perpendicular line, paiatke, and line
segment, basednothe undefined notions of point, line, distance along a line, and distance around a
circular arc.

MGSEQ9i 12.G.CO.2 Represent transformations in the plane using, e.g., transparencies and
geometry software; describe transfations as functions that takeipts in the plane as inputs
and give other points as outputs. Compare transformations that preserve distance and angle
measure to those that do not (e.g., translation versus horizontal stretch).

MGSES9i 12.G.CO.3 Given a rectangle, parallelogram, trapezair regular polygon, describe
the rotations and reflections that carry it onto itself.

MGSEQ9i 12.G.CO.4 Develop definitions of rotations, reflections, and translations in terms of
angles, circles, perpendiculands, parallel lines, and line segments.

MGSE9i 12.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 aransformations that will carry a given figure onto aeoth

Standards for Mathematical Practice
5. Use appropriate tools strategically.
7. Look for and make use of structure.
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Learning Task: Exploring Reflections and Rotations

Name Date

Reflections:

1. Select the vertices of thequarea nd g o t olalliPeims. Stgrt with C so that
yoursquared s vertices are | abeled C, D, E, & F.

C( : ); D( , ), E( , ) F( , )

2. Double click the linex=2. You should see an animation on the line. This make?
the line of reflection (also called the line of symmetry).

3. Select the interior & the vertices of yaguare. Go to Transform Y Re

4. Select the verties of the nevequareand go t o Di splay Y Show La

5. How have the new points changed?

6. Double click on thei axis to change it to tHee of reflection. Select the interior &
vertices of yousquare Go to Treetnsform Y Ref|

7. What has happened?

Why is this reflection further away than the last one?

What effect did changing the reflection line have?
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8. Write out the codlinates of each square.

Original Square

Reflection ovex = 2

Reflection overi axis

c () ce(___) Co(___)
b (. ) bDo(_._ ) Do(_._ )
E ) EC(C ) EC(C )
F ) Fo(C ) Fe(C_._ )

How far apart are the original square and the first reflection?

The original square and the second reflection?

How far is the original square fror= 2 and how far is tharkt reflection fromx = 2?

How far is the original square from thieaxis and the second reflectiboom yi axis?

9. Delete the two reflections so that only your original square remains.

10.Double click the ling/ = 0.5¢7 5 to make it the new line of reflection. If you were to
uareovery = 0.5 1 5, predict where would the new vertices be?

reflect thesg

Original Square Prediction of Reflection
overy=0.5%15

C (__) Co(___)

D (__ ) Do(C_._ )

E (., ) EC(C_._ )

F ) Fe(C__ )
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11. After you have made your prediction, select the verticesraerior of thesquare. Go to
Transform Y Reflect. s@aréaencdt gtoh et ov eDritsipcl easy
Labels. How does your prediction compare with the actual reflection?

12.Make a geeral conclusion about what happens to coordinates of a point when they are
reflected over a line.

Rotations:
13. Delete the reflection so only the original square remains.

14.Using the Selection Arrow Tool, double click the point B. A brief animation should
show. PoinB is now yourcenterof rotation.

15. Select the interior antthe vertices of yousquare Go t o Transform Y Rot a
| abel ed ARot at @Move thébmxuavel to theside so yop st see
your sketch. You should see a lighter colatequare that has appeared on your sketch.
Change the number ofdegrd@aJ T D ONOG T C L BUTFONS Nlife image
should change where it goes. Try differangles(between 0° and 360°Explain what
is happemg to the square and the points.

16. Try negativeangles(once agairwithout clicking any buttons). What do you notice
about 90 andi 27(°P? 18 andi 180°? 4% andi 3157

Why do you think this is?
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Are thereany other pairs of meares that ive the same phenomer?ofdow could we
predict additional pairs?

17.Type in 2709 (clockwise)fortheangleand cl|l i ck t he but themewfr ot at
coordinates ashcompare them to the old coordinates.
Original Square Rotation around B
cC (., ) Co(_._ )
D (., ) Do( ., )
E (., ) EC(C . )
F ) Fo(C__ )

What relationsip is there between theerticesof the two figures?

18.What conclusions can you make about what happens to coordinates when rotated?

EXTENSION

19.1s there ever a time when a rotation is the same as a reflection? Explain.

20Create an animation in a new Geometerods Sk
number 19. Email your animation to your teacher.
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Learning Task: Exploring Reflections ard Rotations (Alternative)

Name

Reflections:

1.

Date

On a piece of graph paper, grapk following points to createjsare CDEF
C@3,0, D@41, E(GB0)F@4I

Draw the linex = 2.

Using either Mira, patty paper or a transparency reflect the square ower thine.

How have the new points changed?

Using the oiginal square, now reflect it over tlyéaxis.

What has happened?

Why is this reflection further away than the last one?

What effect did changing the reflection line have?

Write out the coordinates of each square.

Original Square | Reflecton overx = 2 | Reflection ovewi axis
c (_._) ce(__) co(__)
D (. ) Do(C_._ ) Do(C_._ )
E () EC(C__ ) EC(C__ )
F ) Fe(C_._ ) Fe(C_._ )
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How far apart are the oiiigal square and the first reflection?

The original square and the secoatlection?

How far is the original square fror= 2 and how far is the first reflection frox= 2?

How far is the original square from thieaxis and the second reflection and yhaxis?

8. Draw the liney = 0.5¢1 5. If you wee to reflect theriginal squareovery = 0.51 5,
predict wherethe new vertices woullde.

Original Square Prediction of Réflection
overy=0.X1 5

cC (., ) co(C ., )

D (., ) Do(_.,_ )

E (., ) EC(C_ ., )

F ) Fe(C __ )

9. After youhave made your prediction, utbee Mira, patty paper, or transparencyeflect
the original square over tlye= 0.5¢1 5 line. How does your prediction compare with the
actual reflection?

10.Make a general conclusion about what happens to coordinates of a point ishen
reflected over a line.
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Rotations:
11.Return to the original square.
12.Plot the point B(2,0). Point B is now yocgnterof rotation.
13. Experiment with rotating the square about point B using either patty paper or a

transparency. Try different numbers of degrees (less than 360) counter clockwise.
Explain what is happening to the square and the points.

14.Try rotating negative degrees (clockwise). What do you notice ab®ahéD270°?
18 andi 18(*? 4% andi 315?

Why do you think this is?

Are there any other pairs ofeasues that have the samegmomenofi How could we
predict additional pairs?

15. Rotatethe squar@bout point B, 270€lockwise Write down the new coordinates and
compare them tthe old coordinates.

Original Square Rotation around B
C (__) co(_._ )
D (_._ ) D6 (_._ )
E (. ) EC(C ., )
F ) Fe(C_._ )
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What relationship is there between the points of the two figures?

16.What conclusions can you make about what happens to coordinates when rotated?

EXTENSION

17.1s there ever a time when a rotation is the same as a reflection? Explain.

18. Create a sequencoé transformation$o support your answer to number 17.
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Mirrored Mappings (Performance Task) Back to Task Table

Introduction
This task is designed to develop a more formal definition tdatdn. Students should
develop the understanding that a reflection is not merely an ifmnagan action that
maps an object to another location on the plane. This should build upon previous
activities from earlier grades that introduced and discussethsyry, and teachers may
find it helpful to use addtitty omaperalEt i viti

Mathematical Goals
1 Develop and demonstrate an understanding of reflections of figures on a coordinate
plane.

Essential Questions
1 How do we reflect paits in a coordinate plane?

Georgia Standards of Excellence

MGSE9-12.G.CO.1Know 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 distamdeaa
circular arc.

MGSES9i 12.G.CO.2 Represent transformations in ghklane 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 toamations that preserve distance and angle
measure to those that do ifetg., translation versus horizontal stretch).

MGSEQ9i 12.G.CO.3 Given a rectangle, parallelogram, trapezoid, or regular polygon, describe
the rotations and reflections that carryntitself.

MGSE9i 12.G.C0O.4 Develop definitions of rotations, reflectisnand translations in terms of
angles, circles, perpendicular lines, parallel lines, and line segments.

MGSEQ9i 12.G.CO.5 Given a geometric figure and a rotation, reflection, or tedios, draw the
transformed figure using, e.g., graph paper, tracingmpap geometry software. Specify a
sequence of transformations that will carry a given figure onto another.

Standards for Mathematical Practice
5. Use appropriate tools strategiyal
Students use a variety of tools to perform and understffettions.
7. Look for and make use of structure.
Students generalize what they see with reflections into a formal definition of this
transformation.
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Background Knowledge
1 Previousknowledgef using patty paper neeesaryMl RAGS i s

Common Misconceptions
1 When using notation likex(y) A (i X, y), students may believe that must always be
negative, when in fact it simply means that it has the opposite sign of
f Students ometi mes confuse the terms fitransf or me

Materials
1 Graph Paper
1 Pencil
T MI RAOS
1 Patty Paper

Grouping
1 Partners / small group

Differentiation

Extension:

1 Investigate reflections across iborizontal and ndivertical lines.

1 Determine ayeneral rule for reflecting a path (polygon) across any line.

Intervention:

1 Encourage struggling students to fold their paper to see if the image amdage line
up. Discuss the crease as the axis of refledtime of symmetryand use symmetry to
derive properties of reflections

1 Folding paper can help draw reflections as well: Trace over the preimage with a graphite
pencil, fold on the axis of refttion, and press with your fingernail to transfer the
graphite to the other side.

Formative Assessmet Questions
1 How would you reflect the following points over tkieaxis, theyi axis, and the line
x=37? Explain your process. PointsA(2,4) B(5,2) C(3,i1)
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Mirrored Mappings i Teacher Notes

Antonio and his friend Brittany were atramer math camp where the counselors had drawn a
large coordinate plane on the gym floor. Antonio challenged Brittany to mirror him as he
walked in thefirst quadrant. Map both of their travels on the same coordinate plane.

Antonio began at (2, 1) and kad to (3, 5); Brittany decided to begin &2( 1), then tried to
mirror Antonio by walking toi(3, 5). Antonio jumped to (5, 5) and sidgepped to4, 3);
Brittany jumped toi(5, 5) then sidistepped toi(@, 3). Antonio returned to (2, 1) and Brittany
returned toi(2, 1).

1. Did Brittany mirror Antonio?
Comments:

Teachers should guide the discussion with questions such as: What does it mean to
mirror? What exactly is being mirrored? What happens to your image in a mirror if you
walk toward it? Or awayrom it? Do mirrored objects always have a reflection line? How
could you determine where the reflection line is?

Solution:

Yes, Brittany mirrored Antonio. The line of symmetry (line of reflection) is thewyis.

Students should recognize through a ctadiscussion thattheia x i s 1s a fAmirror
reflection line. ©me may argue that Brittany should have moved initially td (5), which

is moving the same distance and direction as Antonio and results in a translation.

2. If Brittany had instead begun &2(1), walked toi(4,3), sidé&stepped t0i(5,5), jumped to
(r3,5) and then returned t62,1), could she claim that she created a mirror image of
Antoniobs path? Justify your answer.

Solution:

Yes, the completed path is a mirror image. Studentsusth@rovide a justification for their
answer that can help them develop the definition of reflections. During whole group
discussions, teachers should use student justifications and debates aboutiélséians to
help students come to a consensus aboutarition that is not dependent upon the
particular movement of Brittany. Instead it is dependent upon creating a set of
corresponding points that are reflected across the line of reflection.
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points are reflected, including folding papers along the line ofleetion and verifying the
distance of corresponding mats from the reflection line. It is critical to discuss that

corresponding points with noinnteger coordinates are still equidistant from the reflection

line.

Antonio and Brittany decided to change the game and use some lettered blocks to mark points
they visited on the grid. Antonio placed blocks A, B and C as indicated by the points below, then

drew a chalk line between them.

5

3. Label the coordinates Antonised, and then construct the graph of where Brittany would

N

™

C

0

1

2 3

place her blocks if she correctlgf | ect ed

Solution:

4 5

Ant oni

oagis f i

gur e

The point (1,5) would be mapped to (15), the point (43) would be mapped tat(i 3),
and the point (3, 1) would be mapped to the pointi(B).

4. Describe how you determined where to placetBatn y 6 s b |

Solution:

ocks.

Flipping the blocks (points) over theiaxis means that they y coordinate now is the
negative of the point flippedraeflected.
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5. Each block Brittany placed corresponds to one that Antonio placed. List each pair of
coordinateghat correspond.

Solution:
3,1)- (3,il)and (4,3)- (4,13)

6. What can you observe about the distances bet
corresponding block Brittany placed?

Solution:
The distance is twice the y coordinate of the {gmint being reflected.

7. If Antonio walked 2 feet from his block A towahis block C, and Brittany mirrored his
movement by walking 2 feet from the blocks corresponding to A and C, would Brittany and
Antonio be the same distance from the reflectioritdow can you be certain?

Solution:

Yes, Brittany and Antonio would bhe same distance from the reflection line (théaxis)
because the actions are the same and would move both people closer ficatkis Ry a
little less than 2 feet. The same movemh maps a mirror image when they start at

mirrored locations.

8. How would you define a reflection now that you have analyzed some of the properties of
reflected images using the coordinate plane?

Solution:

A reflection flips a point over the line ofaflection so that the result looks like a mirrored
image, with thdine of reflection being the mirror.
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Performance Task: Mirrored Mappings

Name Date

Mathematical Goals
1 Develop and demonstrate an ursianding of reflections of figures on a coordinate
plane.

Essential Questions
1 How do we reflect points in a coordinate plane?

Georgia Standards of Excellence

MGSE9-12.G.CO.1Know precise definitions of angle, circle, perpendicular line, parallel lime liae
segment, based on the undefined notiongaift, line, distance along a line, and distance around a
circular arc.

MGSES9i 12.G.CO.2 Represent transformations in the plane using, e.g., transparencies and
geometry software; describe transformatiaasunctions that take points in the plane as mput
and give other points as outputs. Compare transformations that preserve distance and angle
measure to those that do not (e.g., translation versus horizontal stretch).

MGSE9i 12.G.CO.3 Given a rectanglggarallelogram, trapezoid, or regufaslygon, describe
the rotations and reflections that carry it onto itself.

MGSEQ9i 12.G.CO.4 Develop definitions of rotations, reflections, and translations in terms of
angles, circles, perpendicular lines, paralletdinand line segments.

MGSE9i 12.G.CO5 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 carryieen figure onto another.

Standardsfor Mathematical Practice
5. Use appropriate tools strategically.
7. Look for and make use of structure.
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Performance Task: Mirrored Mappings

Name Date

Antonio and his friend Brittany were atimmer math camp where the counselors had drawn a
large coordinate plane on the gym floor. Antonio challenged Brittany to mirror him as he
walked in the first quadrant. Map both of their travels on the same coordinage plan

Antonio began at (21) andwalked to (35); Brittany decided to begin atZ, 1), then tried to
mirror Antonio by walking toi(3, 5). Antonio jumped to (55) and sidéstepped to (43);
Brittany jumped toi(5, 5) then sidéstepped tdi 4, 3). Anton returned to (2]) and Brittary
returned toi(2, 1).

1. Did Brittany mirror Antonio?

a. If you answered no, identify the incorrect coordinates Brittany used and find the
correct coordinates. Explain your decision and identify the line of symmetry she
shouldhave used as a mirror. How did you know that this should have been the line
of symmety?

b. If you answered yes, identify the line of symmetry Brittany used as a mirror. How did
you know it was the line of symmetry?

2. If Brittany had instead beguat (' 2,1), walked toi(4,3), sidéstepped t0i(5,5), jumped to
(r3,5) and then returned (62,1), could she claim that she created agnimage of
Antoni o6s path? Justify your answer.
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Label the coordinates Antonio used, and then
construct the graph of where Brittany would place
her blocks if she correctly refledte Ant oni
across thei axis 1

Describe how you determined where to place
Brittanyods bl ocks.

Each block Brittany placed corresponds to one th |
Antonio placed. List each pair of coordinates that
correspond.

What can you observe about the distances
corresponding block Brittany placed?

If Antonio walked 2 feet from his block A toward his block C, and Brittany mirrored his
movement by walkin@ feet from the blocks eoesponding to A and C, would Brittany and
Antonio be the same distance from the reflection like®Rv can you be certain?

How would you define a reflection now that you have analyzed some of the properties of
reflected imagessing the coordinate plane?
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Programming Transformations (Spotlight Task) Back to Task Table

Georgia Standards of Excellence

MGSE9-12.G.CO.1Know precisedefinitions of angle, circle, perpendicular line, parallel line, ang lin
segment, based on the undefined notions of point, line, distance along a line, and distance around a
circular arc.

MGSEQ9i 12.G.CO.2Represent transformations in the plane using, gansparencies and
geometry software; describe transformations astfons 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 versaszontal stretch).

This standard is addressed by having studentehti@hsformations using coordinates. They

will take a given point or set of points and write a function that will transform the points
according to the translation, rotationreflection.

MGSEQ9i 12.G.CO.5Given a geometric figure and a rotation, refl@at 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 &gumto another.

This standard is addressed through use of the tools tohaaedquence that will map a figure to
a new location

STANDARDS FOR MATHEMATICAL PRACTICE

1. Make sense of problems and persevere in solving them. In this task, studemegaviid
make sense of the geometric transformations of shapes by applyebgaadgstrategies.
Students will need to persevere through the problem solving process in order to arrive at a
solution.

4. Model with Mathematics. It will be critical in thtask to make sense of a geometric concepts
by modeling them with algebraicdls. By applying coordinates to a geometric transformation,
students will be able to generalize what is happening to the shapes.

5. Use appropriate tools strategically. Studenmtll need to select appropriate tools (graph paper,
Desmos, Geogebra) inder to be successful at this task.

ESSENTIAL QUESTIONS
A How can | model a geometric transformation on the coordinate plane?
A How can | combine transformations to map a figure tuttser location?

MATERIALS REQUIRED
1 Copy of student handout
1 Graph paper
1 Desnos Graphing App or Website (could be done without, but this site helps visualize
the transformations)
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TIME NEEDED
1 60 90 minutes based on the depth of investigation

Thistask should be done near the beginning of unit 5 when talking about transforroations
geometric figures. The later parts of this task can be challenging, but encouraging students to
preserve will help them to better understand the material.

Introductian:

Begin the | esson by asking studenrtissoi.f tYhoeuy cha
even show a video showing how the game was played on the side of a skyscraper:

http://www.nytimes.com/video/technology/1000000028098&Hworlds biggest tetris
game.html

I n the game ATetriso, blocks are rotated and
made up of different arrangements cfqliares.

When a horizontal line is completed, the line disappears and thaf thetblocks shift down.

The blocks drop from the top of the screen and players must decide where to position the pieces
as to clear the most lines. The only moves altbimehe game are horizontal shifts and

rotations around the center of the figufer our purposes, we will mark the lower left hand

corner of each piece as a center for rotation. We will also explore reflections about horizontal
and vertical lines inmler to meet all of the standards.

The goal of this lesson is for students to wiritgeneric, variable terms the formulas for
transforming a figure. The context is stated as writing the computer code for a new variation of
Tetris, one that includes trslations, horizontal and vertical reflections, and rotations. The task is
3 fold:

1. Write the code that translates the pointb(ahorizontally in both directions and down
vertically.

2. Write the code that reflects the pointlggover a vertical line anaflects down over a
horizontal line.

Mathematics GSECoordinate Algebra Unit 5: Transformations in the Coordinate Plane
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3. Write the code that rotates the pointl{aclockwise around another point {),in
increments of 90 degrees.
To begin, the students should define the corners of a brick. The lower left corner of the brick is
definad as (a, b).

For example, the brick * would have the coordinates:
(@ b); (@+3,h)(a+3,b+1);(@+2,b+1);(@+2,b+2); (@a+l,b+2)(a+l,b+1);(a, b+1)
Translations:

In this portion, help students become familiar with using variablespr@sent points. The

Acodeo writing is not ditimdtoslidify preréqoigite skills sush s e c t
as defining variables and operations with variables and numbers. Also help students make the
connection that performing the satn@nslation on each vertex of the figure translates the entire

figure.

Their final @de should include defined variables and the operations necessary to complete the
translation.

Sample answer:
Let (a,b) be a point on the coordinate plane.
Let h and k béntegers

Translating (ab) in ahorizontal direction: (a+h, b h is positive, he point will translate h
units to the right. If h is negative, the point will translate h units to the left.

Translating (ab) in a vertical direction: (a, b+k) k canlg be negative, so the point will
translate down k units.

Reflections:

Inthisporton, students will write ficodedo to reflect
Encourage students to begin with a point and reflect it over either the x orandxsge if they

observe a pattern. They should observe that a reflection oveizartial line preserves thé x

coordinate, and a similar fact for the reflection over a vertical line.

In fact, the reflections over the axes are straightforward. (afléftex] over the kaxis becomes
(a,1b). (a, b) reflected over thé gxis becomes g, b)

The challenge becomes guiding students to write the code for the reflection over a line other than
an axis. The key idea is to think about translating theblaneg reflected over back to the x or y
axis, and perform the reflection, then transtzdek to the original line.
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For example, in order to reflect over the vertical line x = 2, translate the graph 2 units to the left
(a2, b), and then reflect (a 2), b), then translate the graph back to its original locatidai (
2)+2, b).

Donotspoilthst udent sé6 di scovery by revealing this r
experiment and discover on their own. Ask questions to guide them if they become stuck.

Sample questions:

What pattern do you observe by reflecting over the x or y axis?

How canyou slide the graph to make it easier to reflect?

Could using a translation help?

Sample Answer:

Let (a,b) be a point on a graph and the line x = h be a verticalflieélection
Then { (ai h)+h, b) is the reflection over the line.

Let (a,b) be a point oa graph and line y = k be a horizontal line of reflection
Then (aj (bi k)+K) is the reflection over the line.

Desmos.com option:

Have the students input tpheints and experiment with sliders to test their code:
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=  Untitled Graph = &
+- o

(a,b) )

© (—(a—h)+hb)

h= —1 .

Rotations:

This is the most challengiraspect of the task. Students must recognize the relationship between
rotated points. Students have been exposed to this id®aymade, but it needs telsolidified

and deepened in Coordinate Algebra. The core understanding behind rotationsvsrihat

rotation of a point lies on a circle centered at the center of rotation.

Allow students to demonstrate what they already know and build on their pdwiowledge.

If they have difficulty getting started, give them a point on freis and have #m draw a

circle centered at the origin and passing through that point. Then have them list the other 3
points that intersect the axes. Ask if they obsarwepatterns.

Follow this same line of inquiry by picking a point in the first quadrant and hawe draw a
circle centered at the origin and passing through that point. What other points does the circle
pass through? What pattern exists between thegioi

i For example, the circle centered at the origin and passing through (3, 4) also passkg4hroug
13), (3,14) and (4, 3). (It passes through other points, but these points match the pattern
discovered in the previous set of questions.)

Continue tis investigation until the students are comfortable with the pattern of a generic point
rotating aound the origin.

(a, b) rotated around the origin 90 degrees in a clockwise direction is the pomk (b,

Mathematics GSECoordinate Algebra Unit 5: Transformations in the Coordinate Plane
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(a, b) rotated around the origin 180 degreesdloekwise direction is the pointd,ib) (this is
equivalent to reflecting over theixaxis andhen the yi axis.)

(a, b) rotated 270 degrees in a clockwise direction is the pdanay

To finish the rotation code, students will need to considecdke of rotating around a point
other than the origin. As with the reflections, the key is tedimg) the center of rotation from
the origin to the given center of rotation.

Here is an example of the reasoning required to write the code: (do not &paihé student,
allow them to do the discovery)

Consider the point (2,4) rotated 90 degrees atheupoint (1, 2). First, translate both points so
that the center of the rotation is the origin.i (1), 41 2) rotated about the point (0, 0). Now
use the rules from rotating about the origin: (4,1 (27 (i 1))). Then translate it back to the
original point of rotation. ((4 2) + (11),1 (27 (i 1)) + 2). Thus the rotated point is (1,). Now
generalize it for point (a, b) around point (h, k)

Thus the final code should look something like this:

Let (a, b) be a point rotated around anothéntd, k).

Then (a)b) rotated clockwise 90 degrees ig K+h,T (ai h) +k)
(a, b) rotated clockwise 180 degrees i@{ h)+h,7 (b1 k) +k)
(a, b) rotatd clockwise 270 degrees is(lb i k)+h, ai h +k)

At this point, it is necessary to emphasizehi® teacher and the student that this exercise is not
designed to memorize formulas or steps. It is designed to have students moslatitreships

so that they will understand the relationships better. By associating the rotation around any point
as the rotation around a point translated from the origin, it will help the student to find the rotated
coordinates.

Now that the students /@ written the code for the moves, it is time to test their codes with other
students.

Have each pair of studentsteamuwi t h anot her pair of students
chooses a piece from one of the seven Tetris pieces for the other pairg¢ov@ar down the

Aboardo (graph paper). The other team then ¢
bottom. Tley should keep a list of the transformations performed and the input points and

out put points that resulted from using their

Students can try several pieces until they feel comfortable with all the transformations.
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Extension:

For students who mastthe content early in the lesson, allow them to investigate the rotations
further. There is a wealth of mathematics available invglequations of circles, the distance
formula, Pythagorean theorem, etc. that could be investigated. Here is a gnaph fro
Desmos.com involving the rotations discussed above.

(a.b) (—(b—=k)+ha—h+]

h=—1

L
I
)
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Programming Transformations Spotlight Task

"t

lHH_:H

= lguse

Tetris is a computer game that drops bricks in vertical columns. The player then uses rotations
and translations to place the bricks in order to ceteghorizontal lines. There are 7 different
bricks in the gme Tetris.

v mm oS
e e TEs

Write a code for each of the following transformations

The code to represent any two of the above pieces, beginning with the bottom left corner of the
piece as point (a, b). The pts should only be the corners of each piece.

The followingis one example of possible answers. There are many possible correct answers.

For example, the brick * would have the coordinates:
(a,b); (@a+3,b); (a+3,b+1);(a+2,b+1); (a+2,b+9;+1, b+ 2); (a +1, b +1); (a, b + 1)
Translate down a gen number of units

{Let c be the given number of units; then: (a,itc) translates ¢ units down}
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Translate left or right a given number of units

{Let c be the given number of units; then: (act, b) translates c units right, and (ac, b)
translates aunits left}

Reflect over a given vertical line

Let (a, b) be a point on a graph and the line x = h be a vertical line of reflection
Then (i (ai h)+h, b) is the reflection over the line.

Reflect down over a given horizontal line

Let (a, b) be a point on graph and line y = k be a horizontal line of reflection
Then (a,i (bi k)+K) is the reflection over the line.

Rotate 90 degrees clockwise around the point (h, k)

Let (a, b) be a point rotated arounchather point (h, k).

Then (a, b) rotated clockwise 90 degs is (b k +h, 7 (a1 h) +k)

Rotate 180 degrees clockwise around the point (h, k)

Let (a, b) be a point rotated around another point (h, k).

Then (a, b) rotated clockwise 180 degreesiia( h)+h,i (b1 k) +k)

Rotate 270 degrees clockwise aroundgbiat (h, k)

Let (a, b) be a point rotated around another point (h, k).

(a, b) rotated clockwise 270 degreesiif(i k)+h, ai h +k)

Be sure to clearly define any variables that you use.
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Programming Transformations (Spotlight Task) Student Version

"t

(D I
lines} 3
SCORD)

L laquit = pause

Tetris is a computer game that drops bricks in vertical columns. The player then uses rotations
and translations to place the bricks in order to complete horizontal lines. There are 7 different
bricksin the game Tetris.

I_I_U_IEIIH__
S gls Shy S

Write a code for each of the foling transformations

The code to represent any two of the above pieces, beginning with the bottom left corner of the
piece as point (a, b). The points should only be the corners of each piece.

Trandate down a given number of units

Translate left or righa given number of units

Reflect over a given vertical line

Reflect down over a given horizontal line

Rotate 90 degrees clockwise around the point (h, k)
Rotate 180 degrees clockwise around thetpbink)
Rotate 270 degrees clockwise around the paink)

Be sure to clearly define any variables that you use.
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Coordinating Translations (Homework Task) Back to Task Table

Introduction
In this lesson, students will work on their own to create a polygon, complege thre
translations and answer questions tt&honstrate their understanding of translations.

Mathematical Goals
1 Translate a geometric figure based on given directions and then explain the general rule.

Essential Questions
1 How do we translate a geometricuig in the coordinate plane?

Georgia Standards of Excellence

MGSE9-12.G.CO.1Know 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 disiandea
circular arc.

MGSES9i 12.G.C0O.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. Comparnesti@mations that preserve t#iace and angle

measure to those that do not (e.g., translation versus horizontal stretch).

MGSES9i 12.G.CO.4 Develop definitions of rotations, reflections, and translations in terms of
angles, circles, perpendicular lines, gl lines, and linsegments.

MGSE9i 12.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 thatlwarry a given figur@nto another.

Standards for Mathematical Practice
2. Reason abstractly and quantitatively.
Students connect graphical representations with the function (symbolic) representation of
translations.
8. Look for and express regularity iapeatedeasoning.
Students look for patterns in their results to develop a general rule for the symbolic
representation of translations.

Background Knowledge
1 Students need to understand that transformations can be represented using notation like
(x+4,yi 3)

Common Misconceptions
f Students someti mes confuse the terms Atr an
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Materials

T

Graph paper

1 Pencil
1 Ruler (optional)
1 Directions for students either on a haadt or using a projector

Grouping

T

Individual / partner

Differentiation
Extension:

)l
1

See #69 on student worksheet. These problems ask students to generalize the rules for
translations.

Compare series of translations to single equivalent translations. Use function

representations to prove the two atpliivalent. Fo e x amp | e : Aright 3,
upl, right 50 i s equbecaadexeWmA xtdy)yAri ght 6, do
x+3,yi A (x+371 2,yT1 A X+37T2,yi 4+1)A (x+31 2+5,y1 4+1)

= (x+ 6,yT 3), which is a shift right 6 ancbavn 3.

Intervention:

T

This task is already heavily scaffolded for students.

Formative Assessment Questions

T

Describe the transformation that takes place for each of the following rules:
xy)A (X7 5y+7)

YA (xyi4)

YA (x+2,y)
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Coordinating Translationsi Teacher Notes

Create any polygon you want on the coordinate plane, and then create polygons congruent to the
one you designed using the three directions described below. Use theosadieate plane for
all transformations.
1. For each vertex of your original polygon in the form Y), create its image at the
coordinatesX + 4, y).
2. For each vertex of your original polygon in the fofxny), create its image at the
coordinatesX, y 1 3).
3. For each vertex of your original polygamthe form(x, y), create its image at the
coordinatesXi 4,y +1).
4. What kind of transformations are these?

5. Can you create a translation 2,y + 2)? Is it necessary that the same number is added or
subtracted to the andy coordinates of the fygon? Why or Why not?

Comments:

Teachers should encourage students to use fairly simple polygons at first, but then move to
more complicated designs. Students should also recognize through class discussion that all
points, not merely integer coordinagevould be translated using the notation (x+h, y+k).

As an extension, teachers can use a variety of rational number coordinates.

Solution: Answers will vary.

EXTENSION:
6. (X+c,VY)

Solution: If c is positive, this moves each point c units to the rigparallel to the X axis).
7. (X, yT c)

Solution: If ¢ is positive, this moves each point ¢ units down (parallel to thaxys).
8. (X1 ¢y

Solution: If ¢ is positive, this moves each point ¢ units to the left.
9. (x,y+0¢)

Solution: If ¢ is postive, this moves each point ¢ units up
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Homework Task: Coordinating Translations

Name Date

Mathematical Goals
1 Translate a geometric figure based on given directions and then explain the general rule

Essential Questions
1 How do we translate a geometric figure in toerdinate plane?

Georgia Standards of Excellence

MGSE9-12.G.CO.1Know precise definitions of angle, circle, perpendicular line, parallel line, and line
segment, based on the undefinaations of point, line, distance along a line, and distaanmaind a
circular arc.

MGSES9i 12.G.C0O.2 Represent transformations in the plane using, e.g., transparencies and
geometry software; describe transformations as functions that take points in thagiaputs
and give other points as outputs. Comparestoamations that preserve distance and angle
measure to those that do not (e.g., translation versus horizontal stretch).

MGSE9i 12.G.CO.4 Develop definitions of rotations, reflections, and tramsfet in terms of
angles, circles, perpendicular lines, fletdines, and line segments.

MGSEQ9i 12.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 gewogtvare. Specify a
sequence of transformations that walrry a given figure onto another.

Standards for Mathematical Practice
2. Reason abstractly and quantitatively.
8. Look for and express regularity in repeated reasoning.
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Homework Task: Coordinating Translations

Name Date

Create any polygon you want on the coordinate plane, and then create polygons congruent to the
one you designed using the three directions described below. Use the sathireat® plane for
al transformations.

1. For each vertex of your original polygon in the foomyj, create its image at the coordinates
(x+4,y). Record your answers in the table below.

2. For each vertex of your original polygon in the fomny), create its image dhe coordinates
(x,y1 3). Record your answers in the table below.

3. For each vertex of your original polygon in the fornyj, create its image at the coordinates
(x71 4,y +1). Record your answers in the table below.

Original polyg o n #1 #2 #3
vertices
x.y) (x+4,y) (xyT 3) (xi4,y+1)

4. What kind of transformations are these?

5. Can you create a translation 2,y + 2)? Is it necessary that the same number is added or
subtratedto thex andy coordnates of the polygon? Why orwy not?
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EXTENSION:
Provide a description of each of the following translations, whegpresents a positive
number.

6. (X+cvY)

7. (X, y7c)

8. (X1 cy)

9. (x,y+¢
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Transformations in the Coordinate Plane(Learning Task) Back to Task Table

Introduction
In this activity,students will create six figures using ordered pairs on different coordinate
planes and compare the last five figures to the first figure. They will have to decide
which figures are corgent, similar or neither and create rules of how the coordinate
charged. Then students will take the first figure and create a list of transformations to
move it from its préimage to entirely located in Quadrant Ill, drawing a picture of each
step and witing the rule for the coordinates.

Mathematical Goals
1 Find rules todescribe transformations in the coordinate plane.

Essential Questions
1 How do we describe a transformation or series of transformations that take place in the
coordinate plane?

Georgia Standards of Excellence

MGSE9-12.G.CO.1Know precisedefinitions 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.

MGSES9i 12.G.C0.2 Represent transformations in the plane using, gansparencies 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 disiaanogl@io

those that do not (e.g., translation verkorizontal stretch).

MGSE9i 12.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 softwecdy &p
sequence of transformations that will carryieen figure onto another.

Standards for Mathematical Practice
1. Make sense of problems and persevere in solving them.
Students must visually make sense of the transformations that have taken glace an
represent those transformatiomsathematically.
4. Make sense of problems and persevere in solving them.
Students mathematically describe the transformations that have occurred.

Background Knowledge

9 Students should know the difference between transgtiotations, reflections, and
horizontal/ vertical stretches
Students need to draw transformations described in mathematical terms.
Students need to describe (in mathematical terms) transformations that map one given
figure onto another.

T
T
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Common Miscaceptions
f Students omet i mes confuse the terms fAtransf or me

Materials
1 Graph papefprovided after student worksheet)
1 Hand out
1 Pencil
i Straighi edge

Grouping
1 Partners / Small Group

Differentiation

Extension:

1 Provide an alreadyrandormed figureand ask students to describe the transformations
that carried Figure 1 onto the given figure. These can vary in difficulty.

Intervention:

1 If students are having difficulty identifying transformations visually, encourage them to
keep an orgamed table of coordinatde help them identify the types of transformations
that have occurred.

1 For #4 and #5, using fewer transformations will make it easier for students to transform
Figurel onto their new figure. Start by using just améwo transbrmations (perhaps
just translations), but be sure students go further than this stepping stone.

Formative Assessment Questions
1 Describe the transformation that takes place when the following rules are applied to a
point or a figure:
(% Y)A (4, 4y)
¥ A (X 2)
A (BxY)
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Transformations in the Coordinate Planei Teacher Notes

Plot the ordered pairs given in the table to make six different figures. Draw each figure on a
separate sheet of graph paper. Connect the points with line segméaiksves:

1 For Setl, connect the points in order.

Connect the last point itheset to the first point in the set.
1 For Set2, connect the points in order.

Connect the last point itme setto the first point in the set.
1 For Set 3, connect the pointsarder.

Do not connect the last point in the setthe first point in the set.
1

A

For Set 4, make adotateachpothitfn 6t ¢ @ointgect t he

FIGURE 1 FIGURE 2 FIGURE 3 FIGURE 4 FIGURE 5 FIGURE 6
sSetl
For Set 1, connect the points in order, and echthe last point to the first point in thet.
(6, 4) (12, 8) (18, 4) (18, 12) (6, 12) (8, 6)
(6,14) (12,78) (18,74) (18,112) (6,112) (8,12)
(16,1 4) (112,78) (r18,74) (118,7112) (16,112) (14,12)
(16, 4) (112, 8) (118, 4) (118, 12) (6, 12) (T4, 6)
Set?2
For Set 2, connect thmints in order, and connect the last point to the first point in the
1, 1) 2, 2) (3,1) (3, 3) 1, 3) (3,3)
1,71) (2,12) (3,11) (3,13) (1,73) (3,1)
(11,11) (12,12) (13,11) (13,13) (11,13) 1,1)
(i1, 1) (12,2 (13,1) (13, 3) (11, 3) (1,3)
Set3
For Set 3, connect the points in order, but DO NOT connect the last point to the first
(4,712) (8,14) (12,7 2) (12,76) (4,76) (6, 0)
(3,13) (6,16) (9,13) (9,719) (3,19) (5,11)
(r3,13) (16,16) (19,13) (19,19) (r3,19) (r1,711)
(i14,12) (i18,14) (112,i2) (112,i6) (14,16) (12,0
Set4
For Set 4, doinmsattall. connect t he
(4, 2) ‘ (8, 4) ‘ (12, 2) ‘ (12, 6) ‘ (4, 6) (6, 4)
(14, 2) (18, 4) (112, 2) (112, 6) (14, 6) (12,4)
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After drawing the six figuressompare Figure 1 to each of the other figureand answer the
following questions.

Comments

Source:Adapted from Stretching and Shrinking: Similarity, Connected Mathematics, Dale
Seymour Publications

Students willfind rules to describe transformations in the coordinate plane. Rules of the form
(nx, ny) transform a figure in the plane into a similar figure in the plane. This transformation

is called a dilation with the center of dilation at the origin. The coefficteof x and y is the

scale factor. Adding a number to x or y results in a translation of the original figure but does
not affect the size. Thus, a more general rule for dilations centered at the origin is

(nx + a, ny + b).

Students will also observe thaongruence is a special case of similarity (n=1). Congruent
figures have the same size and shape. As students learned in previous tasks, transformations
that preserve congruence are translations, reflections, and rotations.

Possible 8lutions:

The s@le used on the k and yf axes in the figures below is 2 units. Each square is 4 square
units (2 x 2).

Figure 1-
F'y
o L
< - >
N\ /|
v
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Figure 2:
A
O @
- o
b
Figure 3:
A
o ®
< ! ! >
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Figure 4:
A
O ®
-+ >
v
Figure 5:
A
® ®
< >
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Figure 0:
F'y
o o
L
Y

1. Describe any similarities and/or differences between Figure 1 and each of the other
figures.

Solution:

Figure 2is an enlargement oFigure 1. The figures have the same shape but different
sizes. The ratio of the lengths of the corresponding sides is 1 to 2. The corresponding
angles are equal in measure.

Figure 3is wider or longer than Figure 1. The figures areftérent shapes andiges.

The ratio of the lengths of the corresponding sides is not constant. For one dimension,
the ratio is 1 to 3; for the other dimension, the ratio is 1 to 1. The corresponding
angles are equal in measure.

Figure 4is an enlargemat of Figure 1. The fgures have the same shape but different
sizes. The ratio of the lengths of the corresponding sides is 1 to 3. The corresponding
angles are equal in measure.

Figure 5is taller than Figure 1. The figures have different shapes andes. The ratio

of the lengths of the corresponding sides is not constant. For one dimension, the ratio
is 1 to 3; for the other dimension, the ratio is 1 to 1. The corresponding angles are
equal in measure.

Figure 6is the same shape and sizekagure 1. Figure 1 is shifed (i.e., translated) up
and to the right to get Figure 6. The ratio of the lengths of the corresponding sides is 1
to 1. The corresponding angles are equal in measure.
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2. How do the coordinates of each figure comparthe coodinates of Figure 1?
Write general rules for making Figures®
Solution:
Figure 2: Both the x and y coordinates are multiplied by 2. (2x, 2y)

Figure 3: The x coordinates in Figure 3 are three times the corresponding x
coordinates in Figure 1; the y coordinates are the same, (8

Figure 4: Both the x and y coordinates are multiplied by 3. (3x, 3y)

Figure 5: The x coordinates in Figure 5 are the s&e as the corresponding x
coordinates in Figure 1. The y coordinates are three times the corresponding y
coordinates in Figurel. (x, 3y)

Figure 6: Two is added to both the x and y coordinates. (x + 2,y + 2)

3. Translate, reflet, and rotate (between 0cahi80°) Figure 1 so that it lies entirely in
Quadrant Il on the coordinate plane. You may perform the transformations imceny o
that you choose. Draw a picture of the new figure at each step and explain the procedures
you followed to get the new figur&se coordinates to describe the transformations you
used.

Solution: Student responses will vary.

4. Translate, reict, andotate (between 0 and Q8 Figure 1 so that it lies entirely in
Quadrant IV on the coordinate plane. You may performrtmesformations in any order
that you choose. Draw a picture of the new figure at each step and explain the procedures
you followed toget the new figure. Use coordinates to describe the transformations you
used
Solution: Answers will vary depending omé transformations that students use.

5. Describe the transformations necessary to take the figure you created in question #4 on to
Figure 6.

Solution: Student responses will vary.
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Learning Task: Transformations in the Coordinate Plane

Name Date

Mathematical Goals
1 Find rules to describe transformations in the coordinate plane.

Essential Questions
1 How do we describe a transformation or series of transformations that take gleee in
coordinate plane?

Georgia Standards of Excellence

MGSE9-12.G.CO.1Know precise definitions of angle, circle, perpendicular line, parallel line,iaed |
segment, based on the undefined notions of point, line, distance along a line, and distancea around
circular arc.

MGSEQ9i 12.G.CO.2 Represent transformations in the plane using, e.g., transparencies and
geometry software; describe transformationsuastions that take points in the plane as inputs
and give other points as outputs. Compare transtansathat preserve distance and angle to

those that do not (e.g., translation versus horizontal stretch).

MGSE9i 12.G.CO.5 Given a geometric figure andatation, reflection, or translation, draw the
transformed figure using, e.g., graph pap@agGing paper, or geometry software. Specify a
sequence of transformations that will carry a given figure onto another.

Standards for Mathematical Practice
1. Make sense of problems and persevere in solving them.
4. Modelwith mathematics.
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Learning Task: Transformations in the Coordinate Plane

Name Date

Plot the ordered pairs given in the table to makelgferent figures.Draw each figure on a
separate sheet of graph paper. Connect the points with line segments as follows:
1 For Set 1, connect the points in order.
Connect the last point in the set be ffirst point in the set.
1 For Set2, connect thegints in order.
Connect the last point in the set to the first point in the set.
1 For Set3, connect the points in order.
Do not connect the last point in the set to the first point in the set.

A

1 ForSet4makeadotateachpoid6 ndé6t conhect the dots

FIGURE 1 FIGURE 2 FIGURE 3 FIGURE 4 FIGURE 5 FIGURE 6
sSetl
For Set 1, connect the points in order, and connect the last point to the first point in th
(6, 4) (12, 8) (18, 4) (18, 12) (6,12) (8, 6)
(6,14) (12,78) (18,74) (18,7112) (6,112) (8,12)
(16,14) (112,78) (r18,74) (118,7112) (16,112) (14,12)
(16, 4) (112, 8) (118, 4) (118, 12) (6, 12) (T4, 6)
Set?2
For Set 2, connect the points in order, and connect thpdatto the first point in the set.
1, 1) (2, 2) (3,1) (3, 3) 1, 3) (3,3)
1,71) (2,12) (3,11) (3,13) (1,13) (3,1)
(11,11) (12,12) (13,11) (13,13) (11,13) 1,1)
(i1, 1) (12,2 (13,1) (13, 3) (1,3 1,3)
Set3
For Set 3connect the points in order, but DO NOT connect the last point to thpdirgt
4,712) (8,14) (12,12) (12,16) (4,716) (6, 0)
(3,13) (6,76) (9,73) (9,79) (3,19) (5,71)
(13,13) (i16,16) (19,13) (19,19) (13,19) (11,11)
(14,12) (18,14) (112,i2) (112,76) (14,16) (12,0
Set 4
For Set 4, ddagaball connect th
(4, 2) ’ (8, 4) ‘ (12, 2) ’ (12, 6) ‘ (4, 6) ‘ (6, 4)
(4, 2) (18, 4) (112, 2) (112, 6) (T4, 6) (12, 4)
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After drawing the six figuressompare Figure 1 to each of thether figures and answer the
following questions.

1. Describe any similarities and/differences between Figure 1 and each of the other
figures.

2. Consider hovthe coordinates of each figure comparé® coordinates of Figure 1.
Write generatules for making Figuresi 3.

3. Translate, reflect, and rotate (betweérafd 18°) FHgure 1 so that it lies entirely in
Quadrant Il on the coordinate plane. You may perform the transformations in any order
that you chooseDraw a picture of the nefigure at each step and explain the procedures
you followed to get the new figure. Useotdinates to describe the transformations you
used.

4. Translate, reflect, and rotate (betweémd 18°) Figure 1 so that it lies entirely in
Quadrant IV orthe coordinate plane. You may perform the transformations in any order
that you choose. Drawgicture of the new figure at each step and explain the procedures
you followed to get the new figure. Use coordinates to describe the transformations you
used.

5. Describe the transformations necessary to take the figure you created in question #4 on to
Figure 6.
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Coordinating Translations: Graph Paper

Name Date
Figure 1 Figure 2
Figure 3 Figure 4
Figure 5 Figure 6
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Formative Assessment Lesson: Transformations Back to Task Table
Source: Georgia Mathematics Design Collaborative

This lesson isntended to help you assess how well students are able to:
1 Describe transformations that carry a figure otgelf
1 Rotate, reflect, or translate a figure in the coordinate plane

Georgia Standards of Excellence

MGSE9-12.G.CO.1Know precisedefinitions of angle, circle, perpendicular line, parallel line, and line
segment, based on the undefined notions of ptimg, distance along a line, and distance around a
circular arc.

MGSE.9-12.G.CO.3Given a rectangle, parallelogram, trapezoidyegular polygon, describe
the rotations and reflections that carry it onto itself.

MGSE.9-12.G.CO.5Given a geometric figre and a rotation, reflection, or translation, draw the
transformed figure using e.g., graph paper, tracing paper, or geometryreofyeecify a
sequence of transformations that will carry a given figure onto another.

Standards for Mathematical Practice
This lesson uses all of the practices with emphasis on:

Make sense of problems and persevere in solving them
Constructviable arguments and critique the reasoning of others
Model with mathematics

Use appropriate tools strategically

abkwpRE

TASK DESCRIPTION, DEVELOPMENT AND DISCUSSION:

Tasks and lessons from the Georgia Mathematics Design Collaborative are specifically designed
to help teachers effectively formatively assess their students. The way the tasks and lessons are
designed gives the teacher a cleaderstanding of what the students are able to do and not do.
Within the lesson, teachers will find suggestions and quegtampts that will help guide

students towards understanding.

The task;Transformationsis a Formative Assessment Lesson (FAL) that can be found on the
Georgia Mathmatics online professional learning community, edWeb.net. Once logged in, the task
can be found directly alittps://www.edweb.net/?14@ @.5ad26830
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Representing and Combining TransformationgdFormative Assessment
Lesson) Back to Task Table

Source: Formative Assessment Lessorelts from Mathematics Assessment Project
http://map.mathshell.org/lessons.php?unit=8310&collection=38

Task Comments and Introduction

Tasks and lessons from the Mathematics Assessment Project are specifically designed to help
teachers effectively formatively assess their students. The way the tasks ansl #&sstesigned

gives the teacher a clear understanding of what the studetsi@te do and not do. Within the
lesson, teachers will find suggestions and question prompts that will help guide students towards
understanding. For more information accsesMAP website:
http://www.map.mathshell.org/materials/background.php?subpage=formative

The taskRepresenting and Combining Transformatidesa Formative Assesgnt Lesson
(FAL) that can be found at the website:
http://map.mathshell.org/lessons.php?unit=8310&collection=8

The FAL document provides a clear lessesign, from the openingf the lesson to the closing
of the lesson.

The PDF version of the task can be found at the link below:
http://map.mathshell.org/lessons.php?unit=8310&cdection=8

Mathematical Goals
1 Recognize and visualize transformations idd Zhapes.
1 Translate, reflect, and rotate shapes, and combine these transformations.

Essential Questions
1 What effects do transformations have on geometric figures?
1 What is the relationship between refiens, translations and rotations?
1 How do you determine the type of transformation that has occurred?
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Georgia Standards of Excellence

MGSE9-12.G.CO.1Know precise definitions of angle, circlperpendicular line, parallel line, and line
segment, basednothe undefined notions of point, line, distance along a line, and distance around a
circular arc.

MGSEQ9i 12.G.CO.2 Represent transformations in the plane using, teamsparencies and
geometry software; describe transformations as functions thatdakse m the plane as inputs
and give other points as outputs. Compare transformations that preserve distance and angle
measure to those that do not (e.g., translateyaus horizontal stretch).

MGSES9i 12.G.CO.3 Given a rectangle, parallelogram, trapezar regular polygon, describe
the rotations and reflections that carry it onto itself.

MGSEQ9i 12.G.CO.4 Develop definitions of rotations, reflections, and translatinrierms of
angles, circles, perpendicular lines, parallel lines, and line segments.

MGSE9i 12.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 geomérgrsof Specify a
sequence of transformations that will carry a given figure onto anoth

Standards for Mathematical Practice

1. Make sense of problems and persevere in solving them.
Students must understand and apply the various typgesnsformations.

3. Construct viable arguments and critique the reasoning of others.
Studentsmustgut i fy their choices in the card sort
representations to their verbal descriptions.

5. Use appropriate tools strategically
Studentsuse transparencies, pins, etc., to help them physically model transformations.

Background Knowledge
91 Students should know how to apply translations, reflections, and rotations in the
coordinate plane.
1 Students should know how tiescribe transformations that map one figure onto another.

Common Misconceptions
1 Students may confuse the varioygds of transformations.
1 Students may struggle to use the correct center of rotation, especially if they have simply
memorized a rule (e.dX, ¥) A (v, 1X) for a 90° clockwise rotation works only if the
center of rotation is the origin.)

Materials
1 SeeRAL page.

Grouping
1 Individual / partner / small group
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Transforming Shapes(Culminating Task) Back to Task Table

Introduction
In this culminating taskstudents will create their own figure and describe the
transformation of a given rule. It is optional to allow studemisse graph paper to assist
them as they complete this and would be a good support for students who need it. Next
students will explen which transformations create similar or congruent figures and
generalize this to all transformations. Students wslb @enerate a rule for a rotation of
90 and explain how they reached their conclusion. Upon accurate completion of this
task, studets will have demonstrated a good understanding of transformations in the
coordinate plane.

Mathematical Goals
1 Demonstrat&knowledge of transformations according to rules given and create their own
rule for a transformation.

Essential Questions
f How do | apply what | 6ve | earned about tr
plane?

Georgia Standards ofExcellence

MGSE9-12.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.

MGSEQ9i 12.G.CO.2 Representransformations ithe 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
measue to those that doot (e.g., translation versus horizontal stretch).

MGSES9i 12.G.CO.3 Given a rectangle, parallelogram, trapezoid, or regular polygon, describe
the rotations and reflections that carry it onto itself.

MGSEQ9i 12.G.CO.4 Developdefinitions of rotations, reftdions, and translations in terms of
angles, circles, perpendicular lines, parallel lines, and line segments.

MGSE9i 12.G.CO.5 Given a geometric figure and a rotation, reflection, or translation, draw the
transformed figure sing, e.g., graph paper, tragipaper, or geometry software. Specify a
sequence of transformations that will carry a given figure onto another.
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Standards for Mathematical Practice

Make sense of problems and persevere in solving them.
Reasorabstractly and quantitatively.

Construct viable arguments and critique the reasoning of others.
Model with mathematics.

Use appropriate tools strategically.

Attend to precision.

Look for and make use of structure.

Look for and expressgularity in repeated reasoning.

Stuﬂents should use all eight SMPs when exploring this task.

ONOUTAWNE

Background Knowledge
1 Students will apply everything they have learned in this unit.

Common Misconceptions
1 Address misconceptions brought to light duringrést of the unit.

Materials
1 Pencil
1 Hardout
1 Graph paper (optional)
i Straight edge(optional)
1 Patty paper (optional)
Grouping
1 Individual / partner
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Transforming Shapesi TeacherNotes

Comments

This task assesses s teftedsohttarsiormiagaifiguie aicgordingto i d e n' t
a rule involving dilations and/or translations. Students will have different quadrilaterals but

all of the answers to the questions should still be the same.

Draw anoni squarerectangle oparallelogranor anisosceles trapezoid the coordinate plane
sothat portions of the shape are in each of the four quadrants. Explain what would happen to
your shape if you transformed it using each of the given rules.

y
X

1. (iIxy) 2. (xX1y)

Reflect across theiyaxis Reflect across kaxis
3. (x+3,y) 4. (X, y71 2)

Shift (translate) right 3 units Shift (translate) down 2 units
5. xi1,y+4) 6. (2x 2y)

Shift (translate) left 1 unit, up 4 units Dilate from the origin by a scale factor of 2
7. (ix1y) 8. (x+2,yi1)

Rotate 180° around the origin Horizontal stretchand shift,

(or reflect across botlaxes) and shift down 1 unit

Other acceptable solutions follow.
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PossibleAlternate Solutions to #1 8:

1. Reflection over theyaxis, theline x =0

2. Reflection over the kaxis, the liney =0

3. Translation tothe right 3 spaces

4. Translation down 2 spaces

5. Translation left 1 space and up 4 spaces

6. Dilation to create a similar shape that is twice each dimension of the figure. The area
inside is 4times as large as the original shape but it is still the same shawabse all
dimensions were multiplied by the same amount.

7. Reflection over the kaxis and y axis which is also a rotation through 180

8. The X coordinates are enlarged three times. Tihew figure is then translated right 2

spaces and down 1 space. The are#hree times the original area and the figures are
not the same shape any longer. Thus it is stretched horizontally three times.

9. Which of the transformed figures arengruent to the original figure? Explain.
Solution:

All of the figures are congrent except for number 6 and number 8. When figures are
reflected, rotated, or translated, they retain their shape which makes these rigid
transformations.

10.Which of the tansformed figures afdOT congruent to the original figure? Are any of these
figures similar? Explain.

Solution:

Number 6 and number 8 changes the original shape so are not congruent to the original.
Since all dimensions are multiplied by the same@mt in number 6, this creates a similar
figure because the sides are still in thensa proportion and corresponding angles are still
congruent. In number 8, the angles have changed and some of the side lengths have
changed making it a different shape ambt similar to the original shape.
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11.1f you make a new figure by adding 2 to thieandyi coordinate®f each side of your shape,
will the two figures be congruent or similar? Explain.

Solution:

Adding units to the coordinates of points tr
or shape. Therefore, adding 2 units to the xdap coordinates Wl maintain congruence to
the original.

12.Create a rule or set of rules to make ar@@ation of your figure. Explain how you decided
the rules for botlx andy coordinates.
Point in Quadrant I: ( : -0
Point in Quadrant II: ( : - X , )
Point in Quadrant lI: ( : -0 , )
Point in Quadrant IV: ( , -0 , )
In general, X, y) - ( : )

Solution:

Students should see a pattern from the four points of their quadrilaterals to generalize that
the rotation of 90 (counterclockwise) will map (x,y¥) (iy, X).

13.Will a 90 rotation of any shape create congruent or similar figures? Explain.
Solution:

Any rotation will create congruent figures because the size and shape of the original figure
IS maintained.

14.What general conclusion can be made determining which transfonsatill produce
congruent figures in the plane?

Solution:

Any rotation, translation or reflection will produce a congruent figure because the size or
shape of the figure is not changed.
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15. Describe at least one transformation (or a seriésnsformations) that will transform
your figure onto itself. Explain how you &w this will transform your figure onto itself.

Solution:

Answers will vary.Possible answers:

Noni RectangularParallelogram: no reflectionswill work
rotaion1 80U around fAcentero of parallelogra
several series of transformations possible

Noni SquareRectangle: two possible reflections will work
rotate 180U around ficentero of rectangl
several series of transformations possible

Isosceles Trapezoidnereflection will work
no rotations will work
several series of transformations possible

16. Describe a tnasformation that will make each side of the image parallel to the
corresponding side of the pimage. Explain why this results in parallel lines.

Solution:

Answers will vary. Possible answers:
Noni Rectangular Parallelogram: any translation
180° rotaton around any point
reflection across any line that is parallel to a side
Noni Square Rectangle: any translation
180° rotation around any point
reflection across any line that is parallel @ side orparallel to an angle
bisector
Isosceles Trapezoidany translation
180° rotation around any point
no reflections

17.Describe a transformation that will make each side of the ipegeendicular to the
corresponding side of the pimmage. Explain why this results in parallel lines.

Solution:

Answers will vary.Possible answers:

Noni Rectangular Parallelogram: rotation by 90° or 270° around any point

Noni Square Rectangle: rotation by 90° or 270° around any point
reflection across any line that is parallel to an
angle bisector

Isosceles Trapezoid: rotation by 90%r 270° around any point
no reflections
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Culminating Task: Transforming Shapes

Name Date

Mathematical Goals
1 Demonstrate knowledge of transformations according to rules given and create their own
rule for a transformation.

Essential Questions
f How do | apply what | 6ve | eatheceoddinaebout tr
plane?

Georgia Standards of Excellene

MGSE9-12.G.CO.1Know 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 distancea around
circular arc.

MGSEQ9i 12.G.CO.2 Represent transfmations 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. Compersformations that preserve distance and angle
measure to tse that do not (e.g., translation versus horizontal stretch).

MGSES9i 12.G.CO.3 Given a rectangle, parallelogram, trapezoid, or regular polygon, describe
the rotations and reflections that caitrgnto itself.

MGSEQ9i 12.G.CO.4 Develop definitions of rotains, reflections, and translations in terms of
angles, circles, perpendicular lines, parallel lines, and line segments.

MGSE9i 12.G.CO.5 Given a geometric figure and a rotation, reflectiortramslation, draw the
transformed figure using, e.g., graplpes tracing paper, or geometry software. Specify a
sequence of transformations that will carry a given figure onto another.

Standards for Mathematical Practice

Make sense of problems anerpevere in solving them.

Reason abstractly and quantitatiy

Construct viable arguments and critique the reasoning of others.
Model with mathematics.

Use appropriate tools strategically.

Attend to precision.

Look for and make usef structure.

Look for and express regularity in repeated oeasy.

N>R~ WNE
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Culminating Task: Transforming Shapes

Name Date

Draw arectangle, parallelogransquareor isosceles trapezoid the coordinate plane so that
portions of the shape are in each of the foadgants. Explain what would happen to your shape
if you transformed it using each of the given rules.

y
X
1. (iIxy) 2. (X, 1y)
3. x+3,y) 4. (X, y71 2)
5. (xi 1,y+4) 6. (2% 2)
7. (iIx,1y) 8. (x+2,yil)

9. Which of the transfioned figures are congruent to the original figure? Explain.
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10.Which of the transformed figures a¥T congruent to the original figure? Are any of these
figures similar? Explain.

11.1f you make a new figure by adding 2 to thieandyi coordinate®f each side of youshape,
will the two figures be congruergimilar, or neithe? Explain.

12.Create a ruler set of ruleso make a 90rotation of your figure.Explain how you decided
the rulesfor bothx andy coordinates.

Point in Quadrant I: ( : ) ( : )
Poirt in Quadrant II: ( : ) ( , )
Point in Quadrant Ill: ( : ) ( : )
Point in Quadrant IV: ( : ) ( : )
In general X, y) - ( : )

13.Will a 90 rotation ofany shapereate congruent or similar figures? Explain.

14.What general conclusion can be made determining which transformations will produce
conguent figures in the plane?
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15. Describeatransformation (or a series of transformations) il transform your figure onto
itself. Explain how you know this will transform your figure onto itself.

16. Describe a transformation that will ma&ach side of the image parallel to the corresponding
side of the pridmage. Explain whyhis results in parallel lines.

17.Describe a transformation that will make each side of the image perpendicular to the
corresponding side of the pimage. Explain why this results in parallel lines.
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