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Dear Teacher,

Thank you for choosing Amplify Math. Our team has worked hard to
ensure you have strong, easy-to-follow instructional supports that | /
get all students talking and thinking together about grade-level math. &

You can learn more about the program design in the pages that follow,
but we wanted to call out a few things that really drive our point home
about the student experience:

C.J’ Make math social
The student experience is social and collaborative. Your students
will have plenty of opportunities to talk through their reasoning and
work with their peers to come to new understandings. Thanks to
our partnership with Desmos, you can kick off these social math
experiences both offline and while logged in.

@ Power-ups

Your priority is teaching grade-level math to each and every student in
your classroom, every day. To help with that, we've developed Power-ups
to provide just-in-time support for your students.

/<\ Narrative

We kick off each sub-unit with a short, engaging narrative about
historical or current-day events or phenomena. That way, your students

can see the relevance of math in their everyday lives.

@ Featured Mathematicians

[t's important to us that students see themselves in our materials. To
that end, we've woven in the work of innovative mathematical thinkers.
We've also included some of their personal stories, so that students can
see themselves mirrored in the living history of mathematics.

We provide plenty of data to help you drive your instruction and talk
about student performance with your colleagues, as well as with
caregivers who may not have had the best experiences with math when
they were in school.

We hope you see the quality work of our team of editors and advisors
in the program.

Sincerely,
The Amplify Math Team
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Program Scope and Sequence

Grade 6
y

Grade 7
153 days total

Grade 8
145 days total

157 days total

Algebra 1

Grade 8

Area and
Surface Area

20 Instructional Days

3 Assessment Days

Scale Drawings

13 Instructional Days

2 Assessment Days

*x * i N
’ /ﬁ(\;g \ql
[A14)
Rigid
Transformation
and Congruence

18 Instructional Days

3 Assessment Days

21 days total

Linear Equations,

Inequalities,
and Systems

26 Instructional Days

3 Assessment Days

Volume 1

Introducing
Ratios

-----

20 Instructional Days

2 Assessment Days

Introducing
Proportional
Relationships

-----

17 Instructional Days

2 Assessment Days

Dilations and
Similarity

12 Instructional Days

2 Assessment Days

Data Analysis
and Statistics

-----

22 Instructional Days

3 Assessment Days

14 days total

Rates and
Percentages

15 Instructional Days

2 Assessment Days

Measuring
Circles

12 Instructional Days

2 Assessment Days

Linear
Relationships

19 Instructional Days

2 Assessment Days

Functions and
Their Graphs

22 Instructional Days

3 Assessment Days

21 days total

Dividing
Fractions

17 Instructional Days

3 Assessment Days

Percentages

13 Instructional Days

2 Assessment Days

Linear Equations
and Systems of
Linear Equations

17 Instructional Days

2 Assessment Days

19 days total

Introducing
Exponential
Functions

22 Instructional Days

3 Assessment Days



Arithmetic
in Base Ten

14 Instructional Days

2 Assessment Days

Rational Number
Arithmetic

20 Instructional Days

3 Assessment Days

Functions
and Volume
21 Instructional Days

3 Assessment Days

Introducing
Quadratic
Functions

23 Instructional Days

3 Assessment Days

Expressions
and Equations

19 Instructional Days

2 Assessment Days

Expressions,
Equations, and
Inequalities

23 Instructional Days

3 Assessment Days

Exponents
and Scientific
Notation

15 Instructional Days

2 Assessment Days

Quadratic
Equations

24 Instructional Days

3 Assessment Days

Rational
Numbers

19 Instructional Days

2 Assessment Days

Angles, Triangles,
and Prisms

18 Instructional Days

3 Assessment Days

Irrationals and
the Pythagorean
Theorem

16 Instructional Days

2 Assessment Days

Data Sets and
Distributions

17 Instructional Days

3 Assessment Days

Probability
and Sampling

17 Instructional Days

3 Assessment Days

Associations
in Data

9 Instructional Days

2 Assessment Days

Program Scope and Sequence  Vii



Volume 1

viii

Unit 1 Rigid Transformations
and Congruence

Students begin Grade 8 by joining talented architects, artists, and mathematicians in
the study of two-dimensional figures. Equipped with their geometry toolkits, students
manipulate familiar figures with new methods, and make key discoveries along the way.

{/ LAUNCH

a2 CAPSTONE

Grade 8

PRE-UNIT READINESS ASSESSMENT

1.02
1.03
1.04
1.05
1.06
1.07
1.08

1.09
110
111

112

113
114
115
116
117

1.01 Tessellations AA

Sub-Unit 1 Rigid Transformations ... .. 11
Moving on the Plane 12A
Symmetry and Reflection 19A
Grid Moves .. 27A
Making the Moves 34A
Coordinate Moves (Part 1) 40A
Coordinate Moves (Part 2) 48A
Describing Transformations 55A

MID-UNIT ASSESSMENT

Sub-Unit 2 Rigid Transformations

and Congruence 61
No Bending or Stretching 62A
What Is the Same? {69A
Congruent Polygons 76A
Congruence (optional) 83A

Sub-Unit 3 AnglesinaTriangle ... 91
Line Moves 92A
Rotation Patterns .98A
Alternate Interior Angles 105A
Adding the Angles in a Triangle 112A
Parallel Lines and the Anglesina Triangle ... . 118A

1.18 Creating a Border Pattern Using Transformations ... 125A

END-OF-UNIT ASSESSMENT

Unit Narrative:
The Art of
Transformation

8.G.A.1, MP3,7

8.G.A.1, MP6

8.G.A.1, MP3, 6,7
8.G.A.1, MP3, 5,7,
8.G.A.1, MP6, 7

8.G.A.3, MP7,8
8.G.A.3,8.G.A.1, MP6, 7,8

8.G.A.3,MPL,3,6,7

8.G.A.1.A, 8.G.A.1.B, MP5, 7
8.G.A.1,8.G.A.2, MP3, 6
8.G.A.2, MP3, 6

8.G.A.1.A,8.G.A.2, MP3, 6,7

8.G.A.1.A, 8.G.A.1.C, MP7

8.G.A.1.A,8.G.A.1.B,
8.G.A.1.C, MP7

8.G.A.5,8.G.A.1, MP7
8.G.A.5, MP7

8.G.A.5, MP1,7

8.G.A.1, 8.G.A.2, MP4

Sub-Unit Narrative:
How do you make a
piece of cardboard
come alive?

Pack your geometry
toolkits for a
transformational
journey into the
movement of figures.

Sub-Unit Narrative:
How can a crack
make a piece of art
priceless?
Something special
happens when

you perform rigid
transformations on
afigure.

Sub-Unit Narrative:
What’s got 10 billion
galaxies and goes
great with maple
syrup?

Construct a triangle
from a straight angle
and cut two parallel
lines to see what angle
relationships you notice.



Unit Narrative:
More Than
Meets the Eye

Unit 2 Dilations and Similarity

Students explore a new type of transformation, dilations, and practice using dilations
to create and recognize similar figures. Students’ understanding of the characteristics
of these similar figures, of similar triangles specifically, will serve as the foundation for
their study of the slope of a line.

PRE-UNIT READINESS ASSESSMENT

{/ LAUNCH 2.01 Projecting and Scaling ... 134A  wmP2
Sub-Unit 1 Dilations ! 141 Sub-Unit Narrative.
2.02 Circular Grids ... 142A  8.G.A,MP7 yg;uolfliri(;uef ut poison
2.03 Dilations ona Plane .. 1497 EEE S&Zrc‘?sagfﬂjeg%hthe
2.04 Dilations ona Square Grid ... 156A  8.G.A.3,MP6,7 ELaaan;r;?izE:’Ciyotf'ﬁe
2.05 Dilations With Coordinates ... 163A  8.G.A.3,MP3,6,8 figures you dilate.
Sub-Unit 2 Similarity 171 Sub.Unit Narrative:
2.06 Similarity 172A  8.G.A.4,8.G.A.2,MP3,6, ?guy ;:yr ?sil?y get what
2.07 Similar Polygons 179A  8.G.A4,MP3.6 tgfn“gahn‘;g:jsrzznaﬁons
2.08 Similar Triangles 185A  8.G.AS5MP3,7 e
2.09 Ratios of Side Lengths in Similar Triangles ... 192A  8G.A,MP3,7 Eiﬁ:fis”hg;ii,”kﬁftﬂgﬁfés
2.10 The Shadow Knows 199A  8.G.A,MP4
2.11  Meet SIope 206A  8.EE.B.6,MP3,7

[ CAPSTONE 212 Opticallllusions 212A  BOABGALEGAL

(1T
(1D

END-OF-UNIT ASSESSMENT

Table of Contents

ix



Unit 3 Linear Relationships

Students make connections between the rate of change, slope, and the constant of
proportionality, drawing on previous knowledge to explore an exciting new relationship:

the linear relationship.

PRE-UNIT READINESS ASSESSMENT

{/ LAUNCH

3.02
3.03
3.04
3.05
3.06

3.07
3.08
3.09

3.10
31
3.12
313
314

315

3.16
317
3.18

CAPSTONE 3.19

TN
1Y

3.01 Visual Patterns...

Sub-Unit 2 Linear Relationships

Sub-Unit 3 Linear Equations

Proportional Relationships

Sub-Unit 1 Proportional Relationships .

Understanding Proportional Relationships ... ..
Graphs of Proportional Relationships ...
Representing Proportional Relationships ...

Comparing Proportional Relationships ...

Introducing Linear Relationships ...

Comparing Relationships

More Linear Relationships ...

Representations of Linear Relationships ...

Writing Equations for Lines Using Two Points

Translatingtoy =maz + b ...

Slopes Don't Have to Be Positive ... .

Writing Equations for Lines Using Two Points,

Revisited ...

Equations for All Kinds of Lines

325

Solutions to Linear Equations

More Solutions to Linear Equations ...

Coordinating Linear Relationships

Rogue Planes ..

END-OF-UNIT ASSESSMENT

X Grade8

326A
333A
339A

Unit Narrative:

A Straight
Change

MP4

8.EE.B, MP4, 6

8.EE.B, MP6

8.EE.B.5, MP1

8.EE.B.5, 8.EE.B, MP1, 3,7

8.EE.B.5, 8.EE.B, MP4,7

8.EE.B, 8.F.B.4, MP8

8.EE.B, 8.F.A.3, 8.F.B.4, MP6

8.EE.B, 8.EE.B.6, 8.F.B.4,
8.F.A.3,MP1, 2

8.EE.B.6, 8.F.B.4, MP3, 4

8.EE.B.6,MP2,7,8

8.EE.B, 8.EE.B.6,8.G.A.1,
MP1, 2

8.EE.B.6, 8.F.B.4, MP2,6,7

8.EE.B.6, MP3, 6

8.EE.B.6, 8.F.B.4, MP1,6,7

8.EE.B, 8.EE.C.7, MP3

8.EE.C, 8.EE.B, 8.EE.C.8.A,
MP7

8.EE.B, 8.EE.B.6, MP1, 4,6

8.EE.B, 8.EE.B.6,
MPL,3,5,7

Sub-Unit Narrative:
How fastis a
geography teacher?
On your mark, get
set, go! Use your
understanding of
slope to show how a
geography teacher
shocked the world
with her record setting
speed.

Sub-Unit Narrative:
How did a coal mine
help build America’s
most famous
amusement park?

Use linear relationships
to collect as many coins
as you can at Honest
Carl's Funtime World
amusement park.

Sub-Unit Narrative:
How did a 16-year-old
take down a Chicago
Bull?

Create equations from
linear relationships and
find how a 16-year-old
was able to beat Michael
Jordanin a game of
basketball.



Unit 4 Linear Equations and

Systems of Linear Equations

Students begin this unit by developing algebraic methods for solving linear equations
with variables on both sides of the equation. They then use these algebraic methods,
along with graphs and tables, to solve systems of linear equations.

.
'

./

5o

LAUNCH

X+)Yy

CAPSTONE

iy,
1Y

PRE-UNIT READINESS ASSESSMENT

4.01 Number Puzzles ...

Sub-Unit 1 Linear Equations in
One Variable

4.02 Writing Expressions and Equations ...

4.03 Keeping the Balance ...

4.04

Balanced Moves (Part 1)

4.05 Balanced Moves (Part 2)

4.06 Solving Linear Equations

4.07 How Many Solutions? (Part 1)

4.08 How Many Solutions? (Part 2)

4.09 Strategic Solving

4.10 When Are They the Same? (optional) ...

Sub-Unit 2 Systems of Linear Equations .
411 Onor Off the Line?

412 On Both of the Lines

413 Systems of Linear Equations

4.14 Solving Systems of Linear Equations (Part1) ... .
4.15 Solving Systems of Linear Equations (Part2) ...
416 Writing Systems of Linear Equations ... ..

417 Pay Gaps )

END-OF-UNIT ASSESSMENT

JA26A

432A
438A
445A
452

465A

Unit Narrative:
The Path the
Mind Takes

MP4, 5

8.EE.C.7.B,MP1, 2, 3,4
8.EE.C, MP2,3
8.EE.C.7, MP2,7
8.EE.C.7.B,MP1, 3,7

8.EE.C.7.B, MP3,7

8.EE.C.7.A, 8.EE.C.7.B,
MP3, 6

8.EE.C.7.A, 8.EE.C.7.B,
MP3,7

8.EE.C.7,8.EE.C.7.A,
8.EE.C.7.B, MP3,7

8.EE.C.7,8.EE.C.8, MP2, 4

8.EE.C.8, MP1
8.EE.C.8,MP2, 3,4

8.EE.C.8.A, 8.EE.C.8.C, MP2

8.EE.C.8.A, 8.EE.C.8.B,
MP2,7

8.EE.C.8.B, MP3

8.EE.C.8.B, 8.EE.C.8.C,
MP1, 4,5

8.EE.C.8.C, MP4,7

Sub-Unit Narrative:
Who was the Father of
Algebra?

When traders in Sth
century Baghdad
needed a better system
for solving problems,

a mathematician
developed a new
method he called
“al-jabr" or algebra.

Sub-Unit Narrative:
How is anesthesia like
buying live lobsters?
Now that you have
practiced solving
equations, take a closer
look at how you can use
linear equations to solve
everyday problems.

Table of Contents

xi



Volume 2

Unit 5 Functions and Volume it
the Volume on

Functi
By the end of this unit, students will have derived the formulas for the volumes L

of cylinders, cones, and spheres. But it all starts with a deep dive into the
concept of what makes a relationship a function at the beginning of the unit. . D

PEBBLES
=

PRE-UNIT READINESS ASSESSMENT

“#f LAUNCH 5.01 PickaPitch oo A7AA  wpa7

Sub-Unit 1 Representing and Interpreting

Sub-Unit Narrative:

Functions 481 Who has the better
camera: you or your

5.02 Introduction to Functions A482A  8.FA.1 MP7 grandparents?
Learn how functions can

5.03 Equations for Functions 490A  8.FA.18FA2 MP28 help you tell stories.

5.04 Graphs of Functions (Part 1) 496A  8.F.A.1,8.FB.4,MP6,7

5.05 Graphs of Functions (Part 2) 502A  8.FB.5,8FA1 MPL2 4

5.06 Graphs of Functions (Part 3) 508A  8FB.5,MP3,4

5.07 Connecting Representations of Functions ... . 514A  8.FA.2,8FA3 MPL8

5.08 Comparing Linear Functions ... 520A fﬂ';‘é's' ERASBEES,

5.09 Modeling With Linear Functions 527A  8FB.4,MP4

5.10 Piecewise Functions 533A  8.F.B.58.F.B.4, MP2

MID-UNIT ASSESSMENT

Sub-Unit 2 Cylinders, Cones, and

Sub-Unit Narrative:

Spheres 539 Who invented the
waffle cone?

5.11 Filling Containers 540A  8.F.B,8.F.B.4, MP4 Use your prior
knowledge about

5.12 The Volume of a Cylinder ... 547A  8.6.C.9,MP2 finding the volume of
rectangular prisms

5.13 Determining Dimensions of Cylinders ... .. 553A  8.G.C9,MP3,7 to derive formulas for
finding the volumes of

5.14 The Volume of a Cone 559A  8.6.c.9,MP8 cylinders, cones, and
spheres.

5.15 Determining Dimensions of Cones 565A  8.6.c.9, MP3

5.16 Estimating a Hemisphere 571A  8.G.C,8.G.C.9, MP2

5.17 The Volume of a Sphere 578A  8.G.c.9,MP2

5.18 Cylinders, Cones, and Spheres 585A  8.6.c.9,8.G.C,MP2,3,7

i ; i i 8.F.A.1,8.F.A.3,8FB,
5.19 Scaling One Dimension (optional) ... 592A e
5.20 Scaling Two Dimensions (optional) ... 598A  8.6.C.9,8.FA.1,MP2,4
[ CAPSTONE 521 Packing Spheres 605A  8G.CO.MPL4

END-OF-UNIT ASSESSMENT

Xil Grade8



Unit Narrative:

Unit 6 EXpone ntS and From Teeny-Tiny to ' /\
4| 1 VAAVA
A
I\

Downright Titanic

Scientific Notation

AN ANRY A

This unit is about the numbers so large and so small that students must develop new ways ‘ NAAAAAN

of working with them. Students deepen their knowledge of exponents before exploring how
powers of 10 and scientific notation can be used to write and work with numbers as small as
the mass of a bacterium or as large as the number of atoms in the Universe.

PRE-UNIT READINESS ASSESSMENT

// LAUNCH 6.01 Create a Sierpinski Triangle .. 614A  wmP7
Sub-Unit 1 Exponent Rules 621 Sub-Unit Narrative.
H b
6.02 Reviewing EXponents ... 622A  8.EE.A.L MP7 ino;’vgr;;rel};fi;ezge

You probably already
know a thing or two
6.04 Dividing Powers . 636A  8.EE.AL MPS aboutexponents, but
what happens when
you multiply or divide

6.03 Multiplying Powers 629A  8.EE.A.1,MP2,7,8

6.05 Negative Exponents . ..643A  8.EE.A.1,MP7 expressions with
6.06 Powers of Powers } 650A  8.EE.A.1,MP7,8,2 exponents?
6.07 Different Bases, Same Exponent 657A  8.EE.A1,MP2,8
6.08 Practice With RationalBases ... 663A  8.EE.A.1,MP3
Sub-Unit 2 Scientific Notation ... 669 Sub-Unit Narrative.

. . Who should we call
6.09 Representing Large Numbers on the Number Line ..670A  8.EE.A.3,MP3,6 when we run out of

numbers?

You'll work with
numbers that are super

6.10 Representing Small Numbers on the Number Line .. 677A  8.EE.A.3,MP3,6

6.11 Applications of Arithmetic With Powersof 10 ... .. 683A  8.EE.A.3,MPL1,2,4 small and incredibly
6.12 Definition of Scientific Notation 689A  8.EE.A.3,8.EE.A.4,MP6 L?;ifégnggl;qzm;mg
K !
6.13 Multiplying, Dividing, and Estimating With 8.EE.A.1, 8.EE.A.3, 8.EE.A .4, pesty zeros
Scientific Notation ... (696A  MPL2

6.14 Adding and Subtracting With Scientific Notation .....703A ~ 3EE-AL8.EEA3SEEAS,

CAPSTONE 6.15 Isa Smartphone Smart Enough to Go to the Moon? ... 710A gzgg:ﬁzfj ,a'ng'A""'

—
R
58
=Q=

END-OF-UNIT ASSESSMENT

Table of Contents  Xiii



Unit 7 Irrationals and
the Pythagorean Theorem

Students study rational and irrational numbers using geometry and
expressions before exploring a proof of the Pythagorean Theorem.

E LAUNCH
‘ 4

s,

-
\/

CAPSTONE

v,
D [

-
N
=
=

Xiv Grade 8

PRE-UNIT READINESS ASSESSMENT

7.01 Sliced Bread ... 720A

Sub-Unit 1 Rational and Irrational

Numbers : : 727
7.02 The SquareRoot . ... 728A
7.03 The Areas of Squares and Their Side Lengths ... . 735A
7.04 Estimating Square Roots 741A
7.05 The Cube Root 747A
7.06 Rational and Irrational Numbers ... 753A
7.07 Decimal Representations of Rational Numbers . ... 760A
7.08 Converting Repeating Decimals Into Fractions ... 767A

Sub-Unit 2 The Pythagorean Theorem ... 773

7.09 Observing the Pythagorean Theorem ... .. 774A
710 Proving the Pythagorean Theorem . ... 781A
711  Determining Unknown Side Lengths ... 787A
712 Converse of the Pythagorean Theorem ... . 793A
713 Distances onthe Coordinate Plane (Part1) ... . 800A
714 Distances onthe Coordinate Plane (Part2) ... 806A
715 Applications of the Pythagorean Theorem ... . 812A
716 Pythagorean Triples ... . 818A

END-OF-UNIT ASSESSMENT

Unit Narrative:
The Mystery of
the Pythagoreans

MP6, 7

8.EE.A.2, MP2, 6

8.NS.A.2, 8.EE.A.2, MP2, 5

8.NS.A.2, MP6

8.EE.A.2, 8.NS.A.2, MP3, 6

8.NS.A.1,8.EE.A.2, MP2, 3

8.NS.A.1, MP3,7

8.NS.A.1, MP2,7

8.G.B.6, MP3, 8

8.G.B.6, MP1

8.G.B.7, MP1,6,7

8.G.B.6,8.G.B, MP1, 2,7

8.G.B.8, MP6, 7

8.G.B.8, MP7

8.G.B.7, MP1

8.G.B.7, MPL, 8

Sub-Unit Narrative:
How rational were the
Pythagoreans?

Find out if every number
can be represented by a
fraction.

Sub-Unit Narrative:
What do the President
of the United States
and Albert Einstein
have in common?

Uncover a special
property of right
triangles when you
explore one of the
nearly 500 proofs of the
Pythagorean Theorem.



Unit Narrative:

Unit 8 Associations in Data p—_——

Ozone Layer

What makes a cat logo consumer friendly? |s there a relationship between eye
distance and height for a species of krill? Are adults just as likely to ride a bike as
kids? Did the hole in the ozone layer have an association with skin cancer rates in
Australia? In this unit, students will grapple with these questions and more, as they
discover new ways to represent associations in data and build their data literacy.

PRE-UNIT READINESS ASSESSMENT

“#f LAUNCH 8.01 Creating a Scatter Plot 826A  8.SPA.L MP2.4

Sub-Unit 1 AssociationsinData . 833 Sub.Uni -
ub-Unit Narrative:

. . Who is the biggest
8.02 Interpreting Points on a Scatter Plot ... 834A  8.SPA1,MP2 FREET mel dhmlker i

the Antarctic Ocean?

8.03 Observing Patternsin Scatter Plots ... 841A  8.SP.A1,MP6 -
8.04 Fittinga Line to Data 849A  8.SPA.2,MP3,6 ;’vsr:nf Isézar:iirgpalgtasﬁt
8.05 UsingaLinear Model 857A zhsn.ﬁzp.,;x’1,73.sp.A.z, 8.SPA.3, ;:Zifif;:zztslggfas of
8.06 Interpreting Slope and y-intercept ... 864A aﬁz"-’"glv 8.SP.A.2,8.SP.A3, can have.
8.07 Analyzing Bivariate Data 871A ;3,|.§4P.A;.1. 8.SP.A.2,8.SP.A.3,
8.08 Looking for Associations 879A 8_5ij_4, MPL, 4

_E;E- CAPSTONE 8.09 Using Data Displays to Find Associations ... 887A | 8:SPA.4,MP3,4

END-OF-UNIT ASSESSMENT
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Get all students talking and
thinking about grade-level math.

Amplify Math was designed around the

idea that core math needs to serve 100% ]- Productive discourse

of students in accessing grade-level math made easier to facilitate
every day. To that end, the program delivers: and more accessible for
students

Clean and clear lesson design

The lessons all include straightforward “1, 2, 3 step”
guidance for launching and facilitating discussions
around the tasks. Thoughtful and specific differentiation
supports are included for every activity. Every lesson
ends with a summary and reflection moment, an Exit
Ticket, and a practice problem set.

(2
~

Narrative and storytelling

All students ask “Why do | need to know this? When am
| ever going to use this in the real world?" Amplify Math
helps students make the connections with math and
their everyday lives to help them see and appreciate
the relevance of the math they're figuring out in class.
Throughout the units, students will be introduced to
historical and current narratives that show the many
places mathematics inhabits in our world and how the
work they do in class connects to our history and their
own reality.

v

)
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2 Flexible, social problem-
solving experiences
online

Social learning experiences online

By partnering with Desmos, we've been able to
deliver digital lessons, which we call Amps, that get
students thinking, talking, revising, and celebrating
their ideas. As students work in the interactive slides,
new functionality may appear and they will often be
asked to justify their actions and thinking. All of this
is made visible to the teacher in real time.

Automatically differentiated activities

Our Power-ups automatically provide differentiated
activities to students who need pre-requisite

support, based on performance on past problems

and assessments. They're available in this Teacher
Edition, too. Phil Daro partnered with us on this feature
to ensure we were giving all students, even the ones
who might be three years behind in math, but only

15 minutes behind the day’s lesson, the chance to
experience success in math.

3 Real-time insights, data,

and reporting that inform
instruction

Teacher orchestration tools

Once a teacher launches an Amp, students will be
automatically moved to the lesson of the day and will
see the interactive screens. Teachers will have the ability
not only to pace the lesson the way they want to, but
also to see student work in real time. The orchestration
tools offer teachers ways to overlay student work to spot
misconceptions and also the ability to spotlight student
work anonymously to discuss with the class.

Embedded and standalone assessments

Amplify Math includes both a suite of standalone
assessments and embedded assessments that allow
teachers and leaders insights into where students are
and how they might best be supported. The full reporting
suite covers student and class performance based on
work done in lessons, Exit Tickets, and practice sets,
performance by standards, and performance on

Interim assessments.

Get all students talking and thinking about grade-level math  Xvii




Amplify Math resources

Student Materials

Student workbooks, 2 volumes Amps, our exclusive collection of Hands-on manipulatives (optional)
digital lessons powered by desmos

Teacher Materials

Teacher Edition, 2 volumes Digital Teacher Edition and Additional Practice and Assessment
classroom monitoring tools Guide blackline masters

Xviii Grade 8



Program architecture

Cou rse @ @ Interim Assesments @ @

UNIT UNIT UNIT UNIT UNIT UNIT UNIT UNIT
18 lessons 12 lessons 19 lessons 17 lessons 21 lessons 15 lessons 16 lessons 9 lessons

Note: Interim assessments may be administered according to your district/school’s timeline; this depiction is just one of many possible administrations.

Unit

@ Pre-Unit Readiness Assessment @ Mid-Unit Assessment End-of-Unit Assessment @

LAUNCH . CAPSTONE
. . ——— L
) . .
. . v, .
' /l m mm 5 ’= N
Lov : = = .

123456789101112;1314151617181920

Note: The number of sub-units and lessons vary from unit to unit; this depiction shows the general structure of a unit.

Lesson
O A A O O
Warm-up Activity 1 Activity 2 Summary Exit Ticket Practice
@ 5 min @ 15 min @ 15 min @ 5 min @ 5 min @ timing varies
Q RR &R &M R 8% ft M 2 8] 28 4 244 A A

Note: The number of activities vary from lesson to lesson; this depiction shows the general structure of a lesson. Key:

2 Independent 2% Small Groups

28 Pairs §§§ Whole Class

Program architecture  XiX



Navigating This Program

UNIT1 | LESSON 3

Symmetry and ';‘f'

Reflection I
Let’s describe ways figures reflect ——

on the plane.

Lesson goals, coherence

igor how conceptual understanding,

procedural fluency, and

Goal » Students build conceptual understanding of i .
oals how figures can be flipped or reflected on application are addressed
1. Language Goal: Describe the movement of figures informally and aplane. are included for each lesson.

formally using the terms reflection, line of reflection, image, and

) . . . . " Students build fluency in using precise
preimage. (Speaking and Listening, Reading and Writing)

mathematical vocabulary to describe

2. Language Goal: [dentify the features that determine a reflection. reflections.

(Speaking and Listening, Reading and Writing)

Standards @ ——————— The standards the lesson
e o

and building toward are

Addressin
* Today £ clearly outlined.
Students begin by studying different figures to review lines of symmetry 8.G.A.1
(MP7). They move into drawing and measuring reflected triangles, Verify experimentally the properties of
coming to understand that the line of reflection lies halfway between the rotations, reflections, and translations.
two triangles and is perpendicular to the line segments that connect the
corresponding vertices (MP6). Building On Building Toward
< Previously 4.G.A3 8.G.A.2
In Lesson 2, students described the features that identified translations ZGA B
and rotations. 8.G.A.4

> Coming Soon

In Lesson 4, students will translate, reflect, and rotate figures on a grid.

Lesson 3 Symmetry and Reflection  19A
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LESSON BRIEF

WARM-UP

ACTIVITIES SUMMARY

EXIT TICKET

PRACTICE

Suggested timing for the
lesson and each activity is
included for quick reference.

Pacing Guide

o

Suggested Total Lesson Time ~45 min @

O o o o

Warm-up Activity 1 Activity 2 Activity
@ 5min @ 15 min @ 8 min @ 8 min
A& Pairs A& Pairs 2& Pairs R& Pairs

MP7 MP6 MP6 MP6
4.G.A.3* 8.G.Al 8.G.A.l 8.G.A1l

3

o

Summary Exit Ticket
@ 5 min @ 5min
§§§ Whole Class & Independent

MP3
8.G.AL 8.G.AL

*In this Warm-up, students build on their understanding of symmetry from Grade 4.

Am PS powered by desmos

Activity and Presentation Slides

For a digitally interactive experience of this lesson, log in to Amplify Math at learning.amplify.com.

The benefits of teaching one
or more of the activities online
are outlined for each lesson.

Activity 1
Real-Time Reflections

Practice (Q. Independent
Materials Math Language
- Exit Ticket Development
+ Additional Practice New words
» geometry toolkits: rulers, » image

tracing paper, protractors
(optional)

Review words

+ corresponding points
» perpendicular

* symmetry

 vertex

When students adjust the line of reflection,
an animation shows the reflected image,

giving students an opportunity to revise their

response, if needed.

o.-->-o

CO. Amps

desmos

Every lesson pacing guide
includes modification
suggestions.

Building Math Identity and
Community supports for
teachers are included in
the Lesson Brief. Student
supports appear online and in
the printed Student Edition.

*Students may confuse preimage and image
throughout the unit when discussing the original
image and the transformed image. Highlight the
prefix pre in preimage indicates the original image.

@ Building Math Identity and Community

Connecting to Mathematical Practices

Students may not want to make the effort required to use precise units
and measuring tools to measure the exact distance of corresponding
points to the line of reflection (MP6). Ask them to identify what the
stumbling block is. By identifying the cause of their negative emotions,
students will be able to form a plan that will help them regulate their
behavior in response. For example, they might just need a peer to remind
them how to use and read measurements on a ruler.

19B Unit1 Rigid Transformations and Congruence

Modifications to Pacing

You may want to consider these
additional modifications if you are
short on time.

» InActivity 2, Problem choices D, E,
and F may be omitted.

+ Activity 3, Problem 1 may be omitted.

In this activity, students practice
drawing reflections. Students will
have other opportunities to practice
drawing reflections in the Practice.

Navigating This Program

Amps | Featured Activity
L
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Navigating This Program

—— The student-facing content is
presented to the left.

Activity 3 Drawing Reflections

& Pairs | @ 8min

MP6
8.G.A.1

Name: Date: Period:

Activity 3 Drawing Reflections

e

. Reflect Triangle ABC across line €. Use A, B’ and C" to indicate vertices
in the image that correspond to the points A, B, and C in the preimage.

N

. Reflect Polygon ABCD across line £. Use A’ B', (", and D'to indicate vertices
in the image that correspond to the points A, B, C, and D in the preimage.

Lesson3 Symmetry and Reflection 23

(2]

Students practice drawing reflections, strengthening their understanding of how the line of reflection @——————————— A short description of the
relates to the corresponding points in the preimage and image.

activity and its targeted goal
is outlined at the top.

Launch

Have students use a ruler to draw the reflection
of each figure and only use tracing paper to
check their work.

Easy 1-2-3 guidance for
teachers shortens the amount
of time required to plan. The
“look for” prompts are helpful
to scan while teaching.

Monitor @

Help students get started by having them draw
aperpendicular line from point A to the line £in
Problem 1, and then measure the distance from
point A to the line £ (MP6).

Look for points of confusion:

« Drawing a reflected point the same distance from
the line as point A, but not perpendicular to line £
in Problem 2. Use a protractor, or corner of an index
card or paper, to help students create a right angle
formed by line £ and point A.

Look for productive strategies:
« Using rulers to measure the distance from each
point in the preimage to the line of reflection.

«+ Only using tracing paper to check their reflected
image after it is drawn.

Connect
Display correct student drawings.

Have students share the strategies they used
for drawing each image.

Highlight that an image is determined by the
preimage and placement of the line of reflection.
The line of reflection may not always be strictly
vertical (as in Problem 1) or horizontal. The line
of reflection may be slanted (as in Problem 2).

—— @ Differentiated Support
A

If students need more processing time, have them focus on completing
Problem 1, and only work on Problem 2 as time allows.

ibility: Vary D: ds to Optimize Challenge

the given criteria.

+ Draw the reflection of a preimage in which the image overlaps the preimage.

Accessibility: Optimize Access to Tools

Provide access to tracing paper, should students wish to use it during
the activity.

XX Grade 8

Extension: Math Enrichment

Have students draw their own reflections and lines of reflections that satisfy

+ Draw the reflection of a preimage in which the image touches exactly one of
the vertices of the preimage.

+ Draw the reflection of a preimage in which the image touches exactly one of
the sides of the preimage.

@®——— Differentiation supports,
including our alternative
warm-ups called Power-ups,
provide practical guidance
for scaffolding or extending
the learning for all students.
Differentiation supports,
including our just-in-time
supports called Power-ups,
provide practical guidance for
scaffolding or extending the
learning for all students.

Lesson 3 Symmetry and Reflection 23



LESSON BRIEF WARM-UP

Each lesson ends with an
Exit Ticket which includes a
self assessment for students.

ACTIVITIES

Exit Ticket

dent | @ 5min

MP3
8.G.A.1

Students demonstrate their understanding of reflection by critiquing the work of another student and

constructing a viable argument (MP3).

Printable

Name: oate:

Exit Ticket

Period

Diego reflects Triangle A3C across line £ and draws Triangle A'B'C".

Did Diego reflect the triangle correctly? Explain your thinking.

v

9 Success looks like . . .

+ Language Goal: Describing the movement
of figures informally and formally using the
terms reflection, line of reflection, image, and
preimage. (Speaking and Listening, Reading
and Writing)

Language Goal: Identifying the features
that determine a reflection. (Speaking and
Listening, Reading and Writing)

SUMMARY

EXIT TICKET

PRACTICE

A targeted set of 4-6 practice
problems are included online
and in the print Student Edition.
Each setincludes at least one
spiral review problem and

one formative problem as a

» Explaining why the Diego’s reflection is incorrect.

prerequisite check for the
O Suggested next steps next lesson.

If students think that Diego's reflection is
correct, consider reviewing Activity 3.

2 are not equal,

Practice

& Independent

== -

[Py —
[ i .
o Peroa [l N owe per
. ®
L ReflectTiangle ABC actossline . Use . 1 and "o ndicteth vertices 3. Salactaltheways Trangle A can map nto Trang B
| 123 123 g ® Rotect Trangle Ascross vt e
© 1can draw arefecte figure. ghven C. Tonsate TiongeAto el
the preimage and line of reflection. D. Transiate Triangle A to the right.
123 e Ly T r—
. ot Trangle Aot ccutercoconse.
s Sty s Bucion
4. Wit an peratonnthe boxto make eachecuaton e,
® eew=2
R
Professional Learning
2. Polygon A isarefectonotPolygon ABCD. Drow thene fefection et
—— Math | andlabelt . Expsinyour kg ‘
s
This professional learning moment is designed to be completed independently Language » o
or i with your fellow ics educators. Prompts are provided informally »
so that you can reflect on this lesson before moving on to the next lesson. reflection
> Points to Ponder . .. Retectod T - Drovalnecomectedto
How hi
How did students attend to precision when describing reflections? mathe o
How are you helping students become self-aware of their progress figures »
and growth in this area? ¥
Sample ¢
What different ways did students approach drawing reflections? = pair of corresponding points.
What does that tell you about similarities and differences among \
your students? One triar| =
away tha

o

Additional Practice Available

In the Additional Practice book,

Practice Problem Analysis

students will find a worked Type Problem Referto  Standard(s) DOK For students who need
out example and four to eight 1 Activityl  8GAL 1 additional practice in
. this lesson, assign the
practice problems per lesson. On-lesson 2 Activity 2 8GAL 1 ot AT
3 Activity 2 8G.Al 2 Practice.
Spiral 4 Grade7 7NS.ALC 2
Formative® 5 o 4GA1 1

© Power-up: If students need additional support with the key prerequisite concept or skill
this problem addresses, consider assigning the Power-up in the next lesson.

25-26 Unit1 Rigid Transformations and Congruence
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Social, collaborative digital experiences

Digital lessons, when designed the right way, can be powerful in their ability to surface
student thinking and spark interesting and productive discussions. To bring our vision of what C@ A m p s
digital lessons can and should be to life, we've partnered with Desmos to create our complete

library of Amps—social, collaborative lessons powered by Desmos technology that recast desmos
technology from simply mirroring what can be done in a workbook to presenting captivating

scenarios where students work together and interact with the mathematics in real time.

] Launch

Teachers launch an activity and ensure students

understand what's being asked.

<

Teacher experience

Slide 2

Pacing
Slide 2
Pairs

10 minutes

© Launch

Setan tation for the amount of

time students will have to work in pairs
on the activity.

@ Monitor

Help students get started by activating
their prior knowledge. Ask, "What do
helpful directions sound like if you are
lost?

When you launch a lesson, you'll have access to easy-to-skim
teacher notes and all of the controls necessary to manage

the lesson.

XXiV Grade 8

? Monitor

Students interact with each other to discuss and work
out strategies for solving a problem.

[ e

—

v

oy f
s A7

After students have started working you can access the Class
Progress screen to see where students are in the lesson and
even control which problems they have access to.



When you launch an Amp, you will be kickstarting small group and whole class discussions
where students can see how their thinking can impact a situation and learn how their peers
are justifying their actions and decisions.

3 Connect 4 Review

Students construct viable arguments and critique After class, teachers can provide feedback on
each other’s reasoning, then synthesize with the submitted student work and run reports.
teacher at the end.

All student responses can be viewed easily on the All Students After students complete work that's ready for grading, you can
screen. You can often view a composite view of responses and head to Classwork to quickly provide feedback.

spotlight student work anonymously.
S . 4 Once students have completed an Exit Ticket, a practice problem

set, or an assessment, you can run reports at the class, student,
and standards levels to check in on student progress.

Social, collaborative digital experiences XXV



Connecting everyone in the classroom

The student experience is interactive and responsive. As students manipulate the
interactive elements of the Amps, they will be asked to justify their thinking, and often

they will get to see how their peers are thinking, too. All along the way, teachers can
monitor work in real time.

Student experience

The student experience is intuitive and engaging, offering students low floors and high ceilings
as they engage with the lesson content.

XXVi Grade 8



Many of the lessons feature rich, visual moments that students can interact with.
Amps are meant to feel intuitive, immersive, and sometimes even playful.

| think...

Warm-up: Notice and Wonder O
Watch the animation. ‘
What do you notice? What do you wonder? As students work, the slides

change, prompting students
I notice... each pair of scissors shows two angles @——-———— to describe their strategies.
that are marked as having the same measure. i
| wonder... why do both angles in each pair of work in real time and spotlight
scissors have the same measure? responses anonymously to
support in-class discussion.

Other students answered:

| notice that we can measure angles on two different
parts of the scissors.

| wonder if the two angles are related.

| wonder if the angle changes if you measure further
out on the scissor blades.

When working online, students
will sometimes see their peers’
thinking on their own screens.
These connection points are
great for sparking discussions
ahead of the synthesis moment
in the lesson.

Social, collaborative digital experiences  XXVii



Routines in Amplify Math

Routines help you and your students to maintain a sense of familiarity and structure
throughout the school year. As the year progresses, routines free up time you would
otherwise spend giving new directions for each activity.

Turn and Talk Turn and Talk can be done anytime, needs little preparation, and only takes a minute or two. Use anytime
Students turn and talk to their partner about another student’s thinking, eventually deciding students are
whether they agree or not and why. The students then switch roles. Eventually you will call on a

few students to say what they think, or report what their partner said. oy

Ask Three Before Me Do you find yourself responding to all of your students’ questions? This routine saves you time
and empowers your students’ agency and voice, while allowing them to view each other as
knowledgeable resources. The routine is simple: When a student has a question, let them know
they should ask three other students before they ask you.

Go Find a Good Idea When students are stuck and productive struggle has stalled, direct them to get up and walk
around the room to find a good idea in the written work of other students. Encourage them to
ask questions of other students and to explain their work. Then, they should bring a good idea
back and continue working with it, citing from whom they got it.

Notice and Wonder Students are shown some media or a mathematical representation. They are prompted with Warm-ups,
“What do you notice? What do you wonder?,” and are given a few minutes to think and share Activity launches
with a partner. Then you then ask several students to share what they noticed and wondered,
recording responses for all to see.

Note: Notice and Wonder and | Notice/I Wonder are trademarks of NCTM and the Math Forum and used in
these materials with permission.

Math Talks and Strings Typically, one problem is displayed at a time. Problems are purposefully chosen to elicit Warm-ups
different approaches, often in a way that builds from one problem to the next. These problems
could be numerical or algebraic in nature.

Give students a few moments to quietly think and give you a signal when they have an answer
and a strategy, then select some to share different strategies for each problem. Ask questions
like “Who thought about it a different way?”

Which One Students are asked “Which one doesn't belong?” when presented with several figures, Warm-ups
Doesn’t Belong? diagrams, graphs, or expressions. The best part is that every answer choice is correct! It's

the similarities and differences among the options that are mathematically meaningful here.

Prompt students to explain their rationale for deciding which option doesn’t belong, and give

them opportunities to make their rationale more precise.

Card Sort A card sort uses cards or slips of paper that can be manipulated and moved around. Activities
Individually, in pairs, or in small groups students put things into categories or groups based on
shared characteristics or connections.

Find and Fix Students are presented with the work of another hypothetical student whose work contains a Activities
flaw or error. They first identify any errors, then show or explain how to correct these errors, and
explain why the person may have made the error.

Group Presentations Instruct students—typically in groups—to create a visual display of their work, such as how Activities
and Gallery Tours they solved a problem with mathematical modeling, invented a new problem, designed a
simulation or experiment, or organized and displayed data.

In the Gallery Tour version of this routine, student work is captured on a piece of paper, a
poster, or on an assigned portion of the board. Students then move around the room to
observe, record notes or questions on their own paper, or write on each other's work (posing
clarifying questions, giving kudos, or identifying portions they may disagree with). You lead a
discussion, allowing students to respond to questions or critiques of their work.

Info Gap One partner receives a problem card with a math question that doesn’t have enough given Activities
information, and the other partner receives a data card with information relevant to the problem
card. Students ask each other questions, such as “What information do you need?” and “Why do
you need this information?” and are expected to explain what they will do with the information.
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Math language development

All students, including English Learners, benefit from math lessons that are designed
with strong math language development supports. Working in close partnership

with the English Learners Success Forum (ELSF), the Amplify curriculum writers
ensured the math language development strategies and supports in the program
were clear, useful, and appropriate for all students. This was achieved by infusing the
instruction with research-based Math Language Routines (MLRs) and by providing
sentence frames where appropriate, both in the teacher language provided for each
task and in the differentiation supports section. ELSF has helped review all student-
facing content to ensure it's developmentally appropriate and reflects the fact that
math is a new language students are mastering.

ENGLISH
LEARNERS
SUCCESS
FORUM

The math language development story starts at the unit level where teachers will see new vocabulary and a
correlation of MLRs to lessons listed in the unit planning materials. In the Unit Study materials, one of the

MLRs is highlighted under the Focus on Differentiated support section.

Embedded language development support
« Course level: The course design centers the development of communication skills.

 Unit level: Teachers will understand how language development progresses
throughout the unit.

 Lesson level: Each lesson includes definitions of new vocabulary and language goals.

 Activities: Math Language Routines support the development of new vocabulary
and activities often include additional supports based on language demands.

- Assessments: Suggested next steps offer guidance for teachers to support
students’ mathematical language development, based on their performance
on assessment items.

Sentence frames

Sentence frames can give a student a sensible jumping off point for verbalizing
or writing out an idea. Amplify Math leans on sentence frames that all serve one
or more language functions, including describing a topic, explaining it, justifying
thinking, generalizing, critiquing, representing, and interpreting ideas.

Math Language Routines

The Math Language Routines deployed
throughout the Teacher Edition:

MLR1: Stronger and Clearer Each Time
MLR2: Collect and Display

MLR3: Critique, Correct, Clarify
MLRA4: Information Gap

MLR5: Co-craft Questions

MLR6: Three Reads

MLR7: Compare and Connect

MLR8: Discussion Supports

Some routines adapted from Zwiers, J. (2014). Building academic language: Meeting Common Core Standards across disciplines,

grades 5-12 (2nd ed.). San Francisco, CA: Jossey-Bass.

Math language development
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Standards for Mathematical Content

The following correlations show the alignment of Amplify Math to the Standards for Mathematical Content for Grade 8.

8.NS The Number System Lesson(s)
8.NS.A Know that there are numbers that are not rational, and approximate them by rational nhumbers.
8.NS.A.1 Know that numbers that are not rational are called irrational. Understand informally Unit 7, Lessons 6-8

that every number has a decimal expansion; for rational numbers show that the decimal
expansion repeats eventually, and convert a decimal expansion which repeats eventually
into a rational number.

8.NS.A.2 Use rational approximations of irrational numbers to compare the size of irrational Unit 7, Lessons 3-5
numbers, locate them approximately on a number line diagram, and estimate the value of
expressions (e.g., 7). For example, by truncating the decimal expansion ofv'2, show that V2
is between 1 and 2, then between 1.4 and 1.5, and explain how to continue on to get better
approximations.

8.EE Expressions and Equations Lesson(s)

8.EE.A Work with radicals and integer exponents.

8.EE.A.1 Know and apply the properties of integer exponents to generate equivalent numerical Unit 6, Lessons 2-8,
expressions. For example, 32 x 3 —5=3 -3 = % = % 13-15

8.EE.A.2 Use square root and cube root symbols to represent solutions to equations of the form Unit 7, Lessons 2, 3,5, 6

2?2 = p and 2® = p, where p is a positive rational number. Evaluate square roots of small
perfect squares and cube roots of small perfect cubes. Know thatVv2 is irrational.

8.EE.A.3 Use numbers expressed in the form of a single digit times an integer power of 10 to Unit 6, Lessons 9-15
estimate very large or very small quantities, and to express how many times as much one
is than the other. For example, estimate the population of the United States as 3 times 108
and the population of the world as 7 times 109, and determine that the world population is
more than 20 times larger.

8.EE.A.4 Perform operations with numbers expressed in scientific notation, including problems Unit 6, Lessons 12-15
where both decimal and scientific notation are used. Use scientific notation and choose
units of appropriate size for measurements of very large or very small quantities (e.g., use
millimeters per year for seafloor spreading). Interpret scientific notation that has been
generated by technology

XXX Grade 8



8.EE.B

8.EE.B.5

8.EE.B.6

8.EE.C

8.EE.C.7

8.EE.C.7.A

8.EE.C.7.B

8.EE.C.8

8.EE.C.8.A

8.EE.C.8.B

8.EE.C.8.C

Understand the connections between proportional relationships, lines, and linear equations.

Graph proportional relationships, interpreting the unit rate as the slope of the graph.
Compare two different proportional relationships represented in different ways.

For example, compare a distance-time graph to a distance-time equation to determine
which of two moving objects has greater speed.

Use similar triangles to explain why the slope m is the same between any two distinct
points on a non-vertical line in the coordinate plane; derive the equation y = ma for a line
through the origin and the equation y = ma + b for a line intercepting the vertical axis at b.

Analyze and solve linear equations and pairs of simultaneous linear equations.

Solve linear equations in one variable.

Give examples of linear equations in one variable with one solution, infinitely many
solutions, or no solutions. Show which of these possibilities is the case by successively
transforming the given equation into simpler forms, until an equivalent equation of the
formz = a, a = a, 0or a = b results (where a and b are different numbers).

Solve linear equations with rational number coefficients, including equations whose
solutions require expanding expressions using the distributive property and collecting
like terms.

Analyze and solve pairs of simultaneous linear equations.

Solve linear equations with rational number coefficients, including equations whose
solutions require expanding expressions using the distributive property and collecting like
terms.

Solve systems of two linear equations in two variables algebraically, and estimate solutions
by graphing the equations. Solve simple cases by inspection. For example, 3z + 2y = 5 and
3z + 2y = 6 have no solution because 3x + 2y cannot simultaneously be 5 and 6.

Solve real-world and mathematical problems leading to two linear equations in two
variables. For example, given coordinates for two pairs of points, determine whether the line
through the first pair of points intersects the line through the second pair.

Unit 3, Lessons 4-6

Unit 2, Lesson 11

Unit 3, Lessons 9-15,
18,19

Unit 3, Lesson 16
Unit 4, Lessons 4, 9, 10

Unit 4, Lessons 7-9

Unit 4, Lessons 2, 5-9

Unit 4, Lessons 10-12

Unit 3, Lesson 17
Unit 4, Lessons 13, 14

Unit 4, Lessons 14-16

Unit 4, Lessons 13, 16,
17

Standards XXXi



Standards for Mathematical Content

XXXii

8.F
8.FA

8.FA.l

8.F.A.2

8.F.A3

8.F.B

8.FAA4

8.F.A5

Grade 8

Functions
Define, evaluate, and compare functions.

Understand that a function is a rule that assigns to each input exactly one output. The
graph of a function is the set of ordered pairs consisting of an input and the corresponding
output.

Compare properties of two functions each represented in a different way (algebraically,
graphically, numerically in tables, or by verbal descriptions). For example, given a linear
function represented by a table of values and a linear function represented by an algebraic
expression, determine which function has the greater rate of change.

Interpret the equation y = mz + b as defining a linear function, whose graph is a straight
line; give examples of functions that are not linear. For example, the function A = s*giving
the area of a square as a function of its side length is not linear because its graph contains
the points (1,1), (2,4) and (3,9), which are not on a straight line.

Use functions to model relationships between quantities.

Construct a function to model a linear relationship between two quantities. Determine the
rate of change and initial value of the function from a description of a relationship or from

two (z, y) values, including reading these from a table or from a graph. Interpret the rate of
change and initial value of a linear function in terms of the situation it models, and in terms
of its graph or a table of values.

Describe qualitatively the functional relationship between two quantities by analyzing a
graph (e.g., where the function is increasing or decreasing, linear or nonlinear). Sketch a
graph that exhibits the qualitative features of a function that has been described verbally.

Lesson(s)

Unit 5, Lessons 2-5,
19, 20

Unit 5, Lessons 3,7, 8

Unit 3, Lessons 8,9
Unit 5, Lessons 7, 8,19

Unit 3, Lessons 7-10,
13,15

Unit 5, Lessons 4, 8-11

Unit 5, Lessons 5, 6, 10



8.G Geometry Lesson(s)

8.G.A Understand congruence and similarity using physical models, transparencies, or geometry software.
8.G.A.1l Verify experimentally the properties of rotations, reflections, and translations: Unit 1, Lessons 1-5, 7,
10,15,18

Unit 2, Lesson 12
Unit 3, Lesson 12

8.G.A1LA Lines are taken to lines, and line segments to line segments of the same length. Unit 1, Lessons 9, 12-14
8.G.A1B Angles are taken to angles of the same measure. Unit 1, Lessons 9, 14
8.G.A1C Parallel lines are taken to parallel lines. Unit 1, Lessons 13, 14
8.G.A.2 Understand that a two-dimensional figure is congruent to another if the second can be Unit 1, Lessons 10-12, 18
obtained from the first by a sequence of rotations, reflections, and translations; given two Unit 2, Lesson 6

congruent figures, describe a sequence that exhibits the congruence between them.

8.G.A.3 Describe the effect of dilations, translations, rotations, and reflections on two-dimensional Unit 1, Lessons 6-8
figures using coordinates. U2 Leeses 3=l
8.G.A4 Understand that a two-dimensional figure is similar to another if the second can be Unit 2, Lessons 6, 7,12

obtained from the first by a sequence of rotations, reflections, translations, and dilations;
given two similar two-dimensional figures, describe a sequence that exhibits the similarity
between them.

8.G.A.5 Use informal arguments to establish facts about the angle sum and exterior angle of triangles, Unit 1, Lessons 15-17
about the angles created when parallel lines are cut by a transversal, and the angle-angle Unit 2, Lesson 8
criterion for similarity of triangles. For example, arrange three copies of the same triangle
so that the sum of the three angles appears to form a line, and give an argument in terms of
transversals why this is so.

8.G.B Understand and apply the Pythagorean Theorem.
8.G.B.6 Explain a proof of the Pythagorean Theorem and its converse. Unit 7, Lessons 9, 10, 12
8.G.B.7 Apply the Pythagorean Theorem to determine unknown side lengths in right triangles in Unit 7, Lessons 11, 15, 16

real-world and mathematical problems in two and three dimensions.

8.G.B.8 Apply the Pythagorean Theorem to find the distance between two points in a coordinate Unit 7, Lessons 13, 14
system.

8.G.C Solve real-world and mathematical problems involving volume of cylinders, cones, and spheres.

8.G.C.9 Know the formulas for the volumes of cones, cylinders, and spheres and use them to solve Unit 5, Lessons 12-21

real-world and mathematical problems.

Standards XXXxiii



Standards for Mathematical Content

Statistics and Probability Lesson(s)
8.SP.A Investigate patterns of association in bivariate data.
8.SP.A.1 Construct and interpret scatter plots for bivariate measurement data to investigate patterns of Unit 8, Lessons 1-3,5-7

association between two quantities. Describe patterns such as clustering, outliers, positive or
negative association, linear association, and nonlinear association.

8.SP.A.2 Know that straight lines are widely used to model relationships between two quantitative Unit 8, Lessons 4-7
variables. For scatter plots that suggest a linear association, informally fit a straight line,
and informally assess the model fit by judging the closeness of the data points to the line.

8.SP.A.3 Use the equation of a linear model to solve problems in the context of bivariate Unit 8, Lessons 5-7
measurement data, interpreting the slope and intercept. For example, in a linear model for
a biology experiment, interpret a slope of 1.5 cm/hr as meaning that an additional hour of
sunlight each day is associated with an additional 1.5 cm in mature plant height.

8.SP.AA4 Understand that patterns of association can also be seen in bivariate categorical data by Unit 8, Lessons 8,9
displaying frequencies and relative frequencies in a two-way table. Construct and interpret
a two-way table summarizing data on two categorical variables collected from the same
subjects. Use relative frequencies calculated for rows or columns to describe possible
association between the two variables. For example, collect data from students in your class
on whether or not they have a curfew on school nights and whether or not they have assigned
chores at home. Is there evidence that those who have a curfew also tend to have chores?

XXXiV Grade 8



Standards for Mathematical Practice

The following correlations show the alignment of Amplify Math to the Standards for Mathematical Practice for Grade 8.

MP1 Make sense of problems and persevere in solving them.

Mathematically proficient students start by explaining to themselves the meaning of a problem Unit 1, Lessons 8,17

and looking for entry points to its solution. They analyze givens, constraints, relationships, and Unit 3, Lessons 4, 5,9, 12, 15, 18, 19
goals. They make conjectures about the form and meaning of the solution and plan a solution

pathway rather than simply jumping into a solution attempt. They consider analogous problems, Unit 4, Lessons 2,5, 11,16
and try special cases and simpler forms of the original problem in order to gain insight into Unit 5, Lessons 5, 7, 21

its solution. They monitor and evaluate their progress and change course if necessary. Older Unit 6, Lessons 11, 13, 14
students might, depending on the context of the problem, transform algebraic expressions

or change the viewing window on their graphing calculator to get the information they need. Unit 7, Lessons 10-12,15,16
Mathematically proficient students can explain correspondences between equations, verbal Unit 8, Lesson 8
descriptions, tables, and graphs or draw diagrams of important features and relationships, graph

data, and search for regularity or trends. Younger students might rely on using concrete objects

or pictures to help conceptualize and solve a problem. Mathematically proficient students check

their answers to problems using a different method, and they continually ask themselves, “Does

this make sense?” They can understand the approaches of others to solving complex problems

and identify correspondences between different approaches.

MP2 Reason abstractly and quantitatively.

Mathematically proficient students make sense of quantities and their relationships in problem Unit 2, Lesson 1

situations. They bring two complementary abilities to bear on problems involving quantitative Unit 3, Lessons 9, 11-13
relationships: the ability to decontextualize—to abstract a given situation and represent it

symbolically and manipulate the representing symbols as if they have a life of their own, without Unit 4, Lessons 2-4, 10, 12-14
necessarily attending to their referents—and the ability to contextualize, to pause as needed Unit 5, Lessons 3, 5, 10, 12, 16-20
during the manipulation process in order to probe into the referents for the symbols involved. Unit 6, Lessons 3. 6,7 11 13, 15
Quantitative reasoning entails habits of creating a coherent representation of the problem at

hand; considering the units involved; attending to the meaning of quantities, not just how to Unit7 Lessons 2, 3,6, 8,12
compute them; and knowing and flexibly using different properties of operations and objects. Unit 8, Lessons 1,2, 5, 6

MP3 Construct viable arguments and critique the reasoning of others.

Mathematically proficient students understand and use stated assumptions, definitions, and Unit 1, Lessons 1, 3, 4, 8, 10-12
previously established results in constructing arguments. They make conjectures and build Unit 2, Lessons 5-9, 11

a logical progression of statements to explore the truth of their conjectures. They are able to

analyze situations by breaking them into cases, and can recognize and use counterexamples. Unit 3, Lessons 5, 10, 14, 16, 19
They justify their conclusions, communicate them to others, and respond to the arguments of Unit 4, Lessons 2-9, 12, 15
others. They reason inductively about data, making plausible arguments that take into account Ui 2 Lesseie 6,18, 15 78
the context from which the data arose. Mathematically proficient students are also able to

compare the effectiveness of two plausible arguments, distinguish correct logic or reasoning Unit 6, Lessons 8-10, 14

from that which is flawed, and—if there is a flaw in an argument—explain what it is. Elementary Unit 7, Lessons 5-7, 9
students can construct arguments using concrete referents such as objects, drawings,
diagrams, and actions. Such arguments can make sense and be correct, even though they are
not generalized or made formal until later grades. Later, students learn to determine domains
to which an argument applies. Students at all grades can listen or read the arguments of others,
decide whether they make sense, and ask useful questions to clarify or improve the arguments.

Unit 8, Lessons 4, 9
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Standards for Mathematical Practice

MP4 Model with mathematics.

Mathematically proficient students can apply the mathematics they know to solve problems
arising in everyday life, society, and the workplace. In early grades, this might be as simple

as writing an addition equation to describe a situation. In middle grades, a student might
apply proportional reasoning to plan a school event or analyze a problem in the community.
By high school, a student might use geometry to solve a design problem or use a function to
describe how one quantity of interest depends on another. Mathematically proficient students
who can apply what they know are comfortable making assumptions and approximations to
simplify a complicated situation, realizing that these may need revision later. They are able to
identify important quantities in a practical situation and map their relationships using such
tools as diagrams, two-way tables, graphs, flowcharts and formulas. They can analyze those
relationships mathematically to draw conclusions. They routinely interpret their mathematical
results in the context of the situation and reflect on whether the results make sense, possibly
improving the model if it has not served its purpose.

MP5 Use appropriate tools strategically.

Unit 1, Lesson 18

Unit 2, Lessons 10, 12

Unit 3, Lessons 1, 2, 6, 10, 18

Unit 4, Lessons 1, 2,10, 12, 16, 17
Unit 5, Lessons 1, 5, 6, 9,11, 19-21
Unit 6, Lesson 11

Unit 8, Lessons 1, 5, 7-9

Mathematically proficient students consider the available tools when solving a mathematical
problem. These tools might include pencil and paper, concrete models, a ruler, a protractor,

a calculator, a spreadsheet, a computer algebra system, a statistical package, or dynamic
geometry software. Proficient students are sufficiently familiar with tools appropriate for their
grade or course to make sound decisions about when each of these tools might be helpful,
recognizing both the insight to be gained and their limitations. For example, mathematically
proficient high school students analyze graphs of functions and solutions generated using a
graphing calculator. They detect possible errors by strategically using estimation and other
mathematical knowledge. When making mathematical models, they know that technology
can enable them to visualize the results of varying assumptions, explore consequences, and
compare predictions with data. Mathematically proficient students at various grade levels are
able to identify relevant external mathematical resources, such as digital content located on

a website, and use them to pose or solve problems. They are able to use technological tools to
explore and deepen their understanding of concepts.

Unit 1, Lessons 4, 9
Unit 2, Lesson 3
Unit 3, Lesson 19
Unit 4, Lessons 4, 16
Unit 7, Lesson 3

XXXVi

MP6 Attend to precision.

Mathematically proficient students try to communicate precisely to others. They try to use
clear definitions in discussion with others and in their own reasoning. They state the meaning
of the symbols they choose, including using the equal sign consistently and appropriately. They
are careful about specifying units of measure, and labeling axes to clarify the correspondence
with quantities in a problem. They calculate accurately and efficiently, express numerical
answers with a degree of precision appropriate for the problem context. In the elementary
grades, students give carefully formulated explanations to each other. By the time they reach
high school they have learned to examine claims and make explicit use of definitions.

Grade 8

Unit 1, Lessons 2, 3, 5, 7, 8, 10-12
Unit 2, Lessons 3-7

Unit 3, Lessons 2, 3,5, 8,13-15,18
Unit 4, Lessons 7

Unit 5, Lessons 4, 8

Unit 6, Lessons 9, 10, 12, 14

Unit 7, Lessons 1, 2, 4, 5,11, 13
Unit 8, Lessons 3, 4, 6



MP7 Look for and make use of structure.

Mathematically proficient students look closely to discern a pattern or structure. Young
students, for example, might notice that three and seven more is the same amount as seven
and three more, or they may sort a collection of shapes according to how many sides the
shapes have. Later, students will see 7 x 8 equals the well remembered

7 x 547 x 3, in preparation for learning about the distributive property. In the expression
2?4+ 9z + 14, older students can see the 14 as 2 x 7and the 9 as 2 + 7. They recognize the
significance of an existing line in a geometric figure and can use the strategy of drawing

an auxiliary line for solving problems. They also can step back for an overview and shift
perspective. They can see complicated things, such as some algebraic expressions, as single
objects or as being composed of several objects. For example, they cansee 5 — 3 (z — y)?as
5 minus a positive number times a square and use that to realize that its value cannot be more
than 5 for any real numbers z and y.

MP8 Look for and express regularity in repeated reasoning.

Unit 1, Lessons 1, 3-9, 12-17
Unit 2, Lessons 2, 4, 8,9, 11, 12
Unit 3, Lessons 6, 11,13, 15,17, 19
Unit 4, Lessons 4-6, 8,9, 14, 17
Unit 5, Lessons 1, 2, 4, 8,13, 18
Unit 6, Lessons 1-3, 5, 6

Unit 7, Lessons 1, 7, 8, 11-14

Unit 8, Lessons 5, 7

Mathematically proficient students notice if calculations are repeated, and look both for
general methods and for shortcuts. Upper elementary students might notice when dividing
25 by 11 that they are repeating the same calculations over and over again, and conclude they
have a repeating decimal. By paying attention to the calculation of slope as they repeatedly
check whether points are on the line through (1, 2) with slope 3, middle school students might
abstract the equation ((;’__12)) = 3. Noticing the regularity in the way terms cancel when expanding
(z=1) (x+1),(x—1) (@*+2+1),and (x — 1) (z* + 2> + = + 1) might lead them to the general
formula for the sum of a geometric series. As they work to solve a problem, mathematically
proficient students maintain oversight of the process, while attending to the details. They
continually evaluate the reasonableness of their intermediate results.

Unit 1, Lessons 6, 7
Unit 2, Lesson 5

Unit 3, Lessons 7,11
Unit 5, Lessons 3,7, 14
Unit 6, Lessons 3,4,6,7
Unit 7, Lessons 9, 16
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UNIT 1

Rigid Transformations
and Congruence

Students begin Grade 8 by joining talented architects, artists, and
mathematicians in the study of two-dimensional figures. Equipped
with their geometry toolkits, students manipulate familiar figures
with new methods, and make key discoveries along the way.

Essential Questions

+ What happens to a figure as you move it
around a two-dimensional plane?

+ What does it mean for two figures to be
“the same"?

» Do the measures of the interior angles of a
triangle really add up to 180°?

» (By the way, can you spot a fraudulent painting
of the Mona Lisa?)

2 Unit1 Rigid Transformations and Congruence




Key Shifts in Mathematics
‘Focus

Major Work

This unit addresses standards within the following cluster
from the Geometry (8.G) domain, targeting the major work of
the grade.

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

Connections to Mathematical Practices

Multiple Standards for Mathematical Practice are leveraged in
this unit, including:

MP5: Use appropriate tools strategically.
MP6: Attend to precision.
MP7: Look for and make use of structure.

These practice standards are relevant as students study

the movement of figures, choose tools from their geometry
toolkits, and precisely and persuasively draw conclusions
about the math they see. Using precise language, students
explain and interpret directions for transforming figures, apply
transformations to determine specific images, and compare
features of figures through transformations.

Coherence

© In this unit...

Students explore the properties of rigid
transformations — translations, rotations, and
reflections — and use these properties to reason
about plane figures. Students learn that angles and
distances are preserved when rigid transformations
are performed, and that two figures are congruent

if they can be mapped onto one another using rigid
transformations. With the understanding that lines
can also be transformed, students reason that

when two parallel lines are cut by a transversal, the
alternate interior angles formed are congruent. By
deconstructing a straight angle, students also discover
that the sum of the angle measures in a triangle is 180°.

8.G.A.1 8.G.A.2 8G.A3 8.G.A5

Previously . ..

Students began studying geometry in kindergarten and continued
exploring shapes throughout elementary school. Fast forward to Grade 7,
where students discovered that angle measures are preserved in scaled
copies. They also saw that areas increase or decrease proportionally to
the square of the scale factor. Their study of scaled copies was limited to
pairs of figures with the same orientation.

Coming soon. ..

In the next unit, students will study a new type of transformation:
dilations. With an understanding of dilations and scale factor, students
will develop informal arguments for proving similar triangles, arguments
they will build on in later years in high school. The study of dilations and
similarity provides background for understanding the slope of a line in
the coordinate plane.

In this unit, students engage in rich tasks that address one or more of these aspects of rigor. The following are examples of how each
pillar is addressed. See each Lesson Brief to learn more about how rigor is balanced throughout the unit.

Conceptual " Procedural Fluency » " ® Application

°. Understanding o

Students experiment with rigid
transformations to explore how and
why side lengths and angle measures
are preserved (Lesson 9). Students
discover why a triangle must be
composed of angle measures that

add to 180° (Lesson 16). toolkits.

Over the first part of the unit, through
Practice and Additional Practice,
students develop fluency as they
perform rigid transformations with (Lesson 18).
figures. They also gain valuable

practice measuring with precision

using tools from their geometry

T

Students examine different patterns
formed by tiling on an Omani mosque
and create their own border patterns
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The Art of Transformation

SUB-UNIT

1 Lessons 2-8

Rigid Transformations

without the added structure of a grid or coordinate
system. In later lessons, they use the precision of a
grid and coordinates to further their understanding of
translations, rotations, and reflections.

Narrative: The world’s first animated feature film was
created using geometric transformations.

3A Unit1 Rigid Transformations and Congruence

SUB-UNIT

2 Lessons 9-12

Rigid Transformations and Congruence

Equipped with their geometry toolkits, students explore
what it means for two objects or figures to be “the same”

— to precisely describe when two figures are “the same.”

Narrative: Spotting forgeries of artistic works
involves an understanding of congruent polygons.



‘4 Launch

Tessellations

Students create patterns with shapes, drawing inspiration from the tiles of an Omani palace, the artwork of

°
10000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000°

SUB-UNIT

3 Lessons 13-17

Angles in a Triangle

Turns out, lines and angles can also be transformed.

that are formed. They establish a framework that will
help them understand dilations, similarity, and slope in
upcoming units.

Narrative: Discover what the sum of the angles ina
triangle tells us about our Universe.

Lessonl

ﬂ Ca pStone Lesson 18

Creating a Border Pattern Using
Transformations

Students apply what they have learned about
transformations to study and create border patterns.

Unit 1 Rigid Transformations and Congruence
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Unit at a Glance

C S T

A Pre-Unit Readiness
Assessment

4.G.A1 5.G.A1l 4GA3 4MDC6
6.G.A.1 6.G.A3 7.G.B.5

8 Describing
Transformations
Create a drawing on a coordinate

plane of a transformed object
using verbal descriptions.

8.G.A.3
MP1 MP3 MP6 MP7

15 Alternate Interior
Angles

Calculate angle measures using
alternate interior, adjacent,
vertical, and supplementary angle
relationships.

8.G.A.1 8.G.A5
MP7

1 Tessellations

Create patterns using tessellations.

8.G.A.1
MP7

A Mid-Unit Assessment

8.G.A.1 8.G.A.1.A 8G.AlB
8.G.A.3

16 Adding the Anglesina
Triangle

@ Deconstruct a straight angle and

create a triangle to find the sum of
the measures of its interior angles.

8.G.A.5
MP7

3C Uunit1 Rigid Transformations and Congruence

2 Moving on the Plane »

Describe and identify translations
and rotations.

8.G.A.1
MP6

9 No Bending or
Stretching

Identify and draw sequences of
rigid transformations.

8.G.A.1.A 8.G.A11B
MP5 MP7

v

17 Parallel Lines and the
Angles in a Triangle
Argue why the sum of the interior

angle measures of any triangle
always adds to 180°.

8.G.A5
MP1 MP7

. Spoiler Alert: Translations, rotations, and reflections are all examples of
: rigid transformations, meaning they preserve a figure's shape and size
© when the figure is transformed.

Sub-Unit 1: Rigid Transformations

3 Symmetry and

Reflection ®

Describe and identify reflections.

8.G.A.1
MP3 MP6 MP7

10 What Is the Same?

Define the term congruent using
rigid transformations, side lengths,
and angle measures.

8.G.A.1 8.G.A.2
MP3 MP6

Capstone Lesson

\/ER\

18 Creating a Border

Pattern Using
Transformations

Study a tile pattern that adorns a
famous mosque. Then create one.

8.G.A1 8G.A.2
MP4



Lesson 5: Describe and perform a sequence of transformations.
Lesson 10: Define and determine congruence.
Lesson 16: Make a discovery about the interior angles of a triangle.

@ Key Concepts

4 Grid Moves

Perform translations, rotations, and
reflections on a grid by drawing and
labeling the resulting image.

8.G.A.1
MP3 MP5 MP7

11 Congruent Polygons

Determine whether two polygons
are congruent.

8.G.A.2
MP3 MP6

A End-of-Unit Assessment

8.G.A.1 8.G.A.2 8G.A5

Making the Moves

Explain the sequence of
transformations that maps one
image onto another.

8.G.A.1
MP6 MP7

12 Congruence (optional) ¢

Explore ideas of congruence with
other figures.

8.G.A.1.A 8.G.A.2
MP3 MP6 MP7

@) Pacing

18 Lessons: 45 min each
3 Assessments: 45 min each

Full Unit: 21 days
© Modified Unit: 18 days

Assumes 45-minute class periods per day. For block scheduling or

6 Coordinate Moves
(Partl)e
Generalize the process for reflecting

or translating any point on the
coordinate plane.

8.G.A.3
MP7 MP8

13 Line Moves

Rotate a line segment 180° using
centers of the midpoint, a point on
the segment, and a point not on
the segment.

8.G.A.1.A 8.G.A1l.C
MP7

©® Modifications to Pacing

other durations, adjust the number of days accordingly.

Coordinate Moves
(Part2)e

Perform coordinate moves, now
with rotations. Generalize the
process for rotating any point on
the coordinate plane.

8.G.A.1 8.G.A3
MP6 MP7 MP8

Sub-Unit 3: Angles in a Triangle

14 Rotation Patterns

Rotate angles to discover a new way
to show that vertical angles have the
same measure.

8.G.A.1.A 8.G.A1B 8.G.AlC
MP7

Lessons 2-3: Early lessons on transformations help students see the
movements without the restrictions of a grid. If pressed for time, you
may choose to combine Lessons 2 and 3 and have students work with
translations, rotations, and reflections in one lesson.

Lessons 6-7: Transformations with coordinates are intended to be taught
over two lessons so that students have time to internalize these concepts,
but if needed, these lessons can be combined into one.

Lesson 12: Lesson 12 may be omitted as no new standards are introduced.
Consider adding non-polygons from Lesson 12 to Lesson 11.

Unit 1 Rigid Transformations and Congruence 3D



Unit Supports
Pharias

Lesson New Vocabulary Every lesson includes:
1 tessellation (E) Exit Ticket
angle of rotation El Additional Practice
- Lot ARz g o ) A R =R u o) o T
rotation Additional required materials include:
translation
Lesson(s) Materials
image
1,10,17,18 colored pencils
line of reflection
orientation geometry toolkits
3 .
preimage ruler
prime notation 2-18 * protractor
reflection * tracing paper
+ index card
4 transformation
8 graph paper
5 sequence of transformations
1 pattern blocks
9 rigid transformation

PDFs are required for these lessons. Refer to

10 congruent 1.2,4,5,7,8, each lesson’s overview to see which activities
16, 18 .
require PDFs.

alternate interior angle
15 .

transversal 1,18 plain sheets of paper

exterior angle 1,16 scissors
17

Triangle Sum Theorem

Mathematical Language Routines (MLRs) support students’ language . .
development in the context of mathematical sense-making. Instructional Routines

Lesson(s) Mathematical Language Routines Activities throughout this unit include the following
instructional routines:

10 MLR1: Stronger and Clearer Each Time
L n Instructional Routin
1-3,5,7,9, 10, MLR2: Collect and Display esso (S) structio outines
13,15,16 1,2,15,18 Notice and Wonder
7 MLR3: Critique, Correct, Clarlfy 3 Which One Doesn’t Belong?
8 MLR4: Information Gap 4 True or False
12 MLR5: Co-craft Questions 6 Partner Problems
1,4-7,12-14, MLR7: Compare and Connect 8 Info Gap
16
. . 1,16,18 Gallery Tour
3,4,6,9,11, MLR8: Discussion Supports
12-15,17,18
3,10-12, 14, Poll the Class
16
6,7,9,12 Think Pair Share
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Each unitincludes diagnostic, formative, and summative assessment

l 'nit Assessments opportunities to gauge student understanding of the concepts and skills
taught in the unit. All assessments are available in print and digital formats.

Assessments When to Administer Standards
Pre-Unit Readiness Assessment 4.G.A1 5G.A.1 7.G.B.5
This diagnostic assessment evaluates students’ proficiency with Priorto Lesson1 4.G.A3 6.G.A.1
prerequisite concepts and skills they need to feel successful in this unit. 4.MD.C.6 6.G.A.3
Exit Tickets
Each lesson includes formative assessments to evaluate students’ End of each lesson See lesson pages.
proficiency with the concepts and skills they learned.
Mid-Unit Assessment
This summative assessment provides students the opportunity to After Lesson 8 8.G.A.1 8.G.A.1B
demonstrate their proficiency with the concepts and skills they learned 8.G.A.LA 8.G.A.3
in the first part of the unit.
End-of-Unit Assessment
This summative assessment allows students to demonstrate their
After Lesson 18 8.G.A.1 8.G.A.2 8.G.A.5

mastery of the concepts and skills they learned in the lessons
preceding this assessment. Additionally, this unit's Performance Task
is available in the Assessment Guide.

C@ A m PS Social & Collaborative Digital Moments

desmos

Featured Activity

Sides and Angles
Put on your student hat and work through Lesson 9, Activity 1:

Points to Ponder-. ..
What was it like to engage in this activity as a learner?
How might you pace your students through this activity?

What best practices might you employ for integrating
technology into your classroom? k

Other Featured Activities:
» Frog Dance (Lesson 2)
» Rotations in Different Directions (Lesson 7)
» Digital Tessellations (Lesson 1)

» Transformation Golf (Lessons 5-9)

Unit 1 Rigid Transformations and Congruence  3F



° This unit study is designed to be completed independently or
Unlt Study collaboratively with your fellow mathematics educators. Prompts are
: provided so that you can engage in a meaningful professional learning
experience to deepen your own understanding of this unit and employ

P rOfe S Sional Le arning effective pedagogical practices to support your students.

Anticipating the Student Experience With Fawn Nguyen

Sub-Unit 1 introduces three types of rigid transformations — translation, reflection, and rotation. Students learn to perform the different
transformations on a preimage based on given instructions. In turn, they are asked to describe the transformation, or sequence of
transformations, that would map a preimage to its image. Equip yourself to support your students with this concept by engaging in a brief
problem-solving exercise to deepen your own learning.

Do the Math
Put on your student hat and tackle these problems from Put your teacher hat back on to share your work with one or more
Lesson 7, Activity 2: colleagues and discuss your approaches.

Q Points to Ponder. ..

- What was it like to engage in this problem as a learner?

- Some students find rotations more challenging than other
rigid transformations. What strategy did you use to complete
this activity?

« What implications might this have for your teaching in this unit?

Focus on Instructional Routines

Notice and Wonder

Rehearse.. .. This routine . ..
How you'll facilitate the Notice and Wonder « Makes a mathematical task accessible to all students with these two
instructional routine in Lesson 15, Warm-up: approachable questions.

« Provides students with an entry point into the mathematics and/or
context of a problem.

+ Pigues students’ curiosity about the mathematics and/or context of
a problem.

« Helps students build their sense-making and observation skills.

Anticipate . ..

» What student statements will you be looking for as you monitor
student progress during the Warm-up? How will you determine how
to sequence those statements during the discussion?

» How can you help a student who does not know what to write for the
“I'notice...” or “l wonder..." prompts?

« If you haven't used this routine before, what classroom management
strategies might you need to put in place to help it run smoothly?

* What is the mathematical value of a good "I wonder . .." statement? + If you have used this routine before, what went well? What would you
How can you encourage students to think deeply about these? want to refine?

Q. Points to Ponder. ..

3G Unit1 Rigid Transformations and Congruence



Strengthening Your Effective Teaching Practices

Establish mathematics goals to focus learning.

This effective teaching practice. ..

» Establishes clear goals for both you and your students so that you
both know what the lesson is targeting. If you know the target, you
know whether or not you hit it.

* Provides a benchmark, which will help you to make instructional
decisions based on your students’ performance.

Math Language Development

MLR7: Compare and Connect
MLR7 appears in Lessons 1, 4-7,12-14, and 16.

» InLesson 6, have students share strategies for finding the
coordinates of images with the class, and then prompt students
to reflect on the strategies of their peers.

» InLesson 14, as students share what they noticed about the
rotation of a line, ask them to consider what changes and what
stays the same when 180° rotations are applied to the figures.
This will help them make deeper connections.

» English Learners: Use gestures to demonstrate what it looks like
to slide, turn, or flip an object or figure.

> Point to Ponder . ..

« How can you help students make connections or
comparisons to previous lessons or learnings that may be
challenging for students to recall at first?

Unit Assessments

Use the results of the Pre-Unit Readiness Assessment to
understand your students’ prior knowledge and determine
their prerequisite skills.

Look Ahead. ..

» Review and unpack the Mid- and End-of-Unit Assessments,
noting the concepts and skills assessed in each.

» With your student hat on, complete each problem.

Q Points to Ponder. ..
+ What concepts or skills in this unit might need more emphasis?

+ Where might your students need additional scaffolding
and support?

How might you support your students with performing and
describing transformations in this unit? Do you think your
students will generally:

» have more difficulty with one of the transformations over
the others?

» struggle to be precise with their language? Or struggle to
use their geometry toolkits effectively?

» be unable to identify which transformations are part of a
sequence of transformations?

» find it more challenging to perform transformations or
describe transformations?

2, Points to Ponder . ..

« How will understanding the target goals for each lesson or activity
help you when planning how to spend your instructional time?

+ How can you use the lesson goals to know whether you need to
redirect instruction or provide additional support?

Differentiated Support

Accessibility: Vary Demands to Optimize Challenge

Opportunities to vary the demands of a task or activity
appear in Lessons 1-18.

« Chunking a complex task into smaller, more manageable parts
allows students to focus on one part at a time.

» Providing pre-created copies of transformations instead of having
students perform the physical transformations themselves, if the
goal of the activity is to use the transformations to understand a
connected mathematical concept.

» Some students may benefit from more processing time. When
restricting the number of tasks or problems students need to
complete, consider allowing them to choose which problem(s) to
complete. Students are often more engaged when they have choice.

Q Point to Ponder-. ..

« As you preview or teach the unit, how will you decide when to
vary the demands of a particular task or activity? What clues
will you gather from your students?

Building Math Identity and Community

Throughout this unit, each lesson includes opportunities to
support your students’ capacity to build strong mathematical
habits of mind.

In this unit, pay particular attention to supporting students in
building their social awareness and self-management.

Q. Points to Ponder. ..

« Are students able to set goals that help them show whether
two figures are congruent? Can they stay focused on the task
at hand, controlling their impulses in order to achieve that
goal?

« Are students able to analyze each situation understanding
the results of each choice of transformation? Can they
evaluate their work to draw a conclusion about the
congruence of figures?

Unit 1 Rigid Transformations and Congruence 3H



UNIT1 | LESSON 1 - LAUNCH

Tessellations

Let’s discover patterns with shapes.

Goals

+ Students experiment with slides, flips, and
turns to build conceptual understanding of
1. Create tessellations using pattern blocks or triangles. patterns among shapes.

2. Language Goal: Describe patterns in tessellations. (Speaking and *  Students apply geometric patterns to artwork.

Listening, Writing)

——

* Today Addressing

Students look at historical examples to learn about tessellations. They 8.G.A.1

apply what they discover about tessellations by using pattern blocks Verify experimentally the properties of

to make their own tessellations. Working with a partner, students then rotations, reflections, and translations.

explore the relationship of triangles in tessellations as they consider that

any type of triangle can be used to make a tessellation. Building On Building Toward
< Previously 5.G.A 8.G.A.2

5.G.B

Students began their study of shapes in kindergarten, learning about
their names and attributes in later elementary grades. In Grade 5,
students began classifying two-dimensional shapes based on their
attributes. In Grade 6, students explored triangles in greater depth as
they learned how to find the area and its relation to a rectangle.

> Coming Soon

Students will more formally describe and perform transformations of
points, lines, and figures, discovering that some transformations create
congruent figures. They will analyze and determine whether two figures
are congruent by using rigid transformations or by measuring sides

and angles. At the end of the unit, students will explore the relationship
between intersecting lines and angles, and will consider the interior angles
of a triangle in greater depth, as well as determine that any triangle can be
used for a tessellation.

4A Unit1 Rigid Transformations and Congruence



PaCing Guide Suggested Total Lesson Time ~45 min @

O o @ o

Warm-up Activity 1 Activity 2 Summary Exit Ticket
@ 3 min @ 15 min @ 15 min @ 5 min @ 8 min
2 Independent £25 Small Groups 28 Pairs ééé Whole Class 2 Independent
MP7 MP7
8.G.A.1 8.G.A.l 8.G.A.l 8.G.A.l

AMmPS poweredbydesmos i Activity and Presentation Slides

For a digitally interactive experience of this lesson, log in to Amplify Math at learning.amplify.com.

H o 8 o
Practice 2 independent Amps i Featured Activity
Materials Math Language Activity 1

. Exit Ticket Development Digital Tessellations
« Additional Practice New word Students can create tessellations digitally

. . p using draggable pattern blocks on a virtual

plain sheets of paper tessellation canvas. Consider printing them to post

 colored pencils Review words around the classroom.
« pattern blocks or Pattern * polygon

Blocks PDF, pre-cut,
one per group

 quadrilateral

* scissors Oy -0
O~ Amps
desmos
Building Math Identity and Community ® Modifications to Pacing
Connecting to Mathematical Practices You may want to consider these

additional modifications if you are

Some students may compare themselves to their peers and think that _
short on time.

their tessellations are not as artistic or neat as others in their small group.

Announce beforehand that students will be entering these activities with a + Activity 1 may be omitted.
variety of artistic skills and interests. Point out that the goal of the lesson is - In Activity 2, have pre-cut triangles
for students to create their own unique tessellation, using the structure of ready for students to use.

the pattern blocks (MP7), that will not be judged on artistic ability, while still
encouraging students to be as creative and neat as they can.

Lesson1 Tessellations 4B



Warm-up Notice and Wonder

& Independent | @ 3 min
MP7

Students analyze a tessellation by M.C. Escher to build curiosity around the concept of tessellations
and patterns of geometric shapes.

Unit1 | Lesson1 - Launch

Tessellations

Let’s discover patterns with shapes.

Warm-up Notice and Wonder

The artwork shown was created by the
Dutch artist Maurits C. (M.C.) Escher
(1898-1972). What do you notice?
What do you wonder?

https://drive.google.com/
drive/u/0/folders/11Uf8IFQlEc
Ydyq33CZv75GMsXcMeu-wq

1. Inotice...
Sample responses:

There are repeated shapes or figures
in the painting.

The shapes look like birds.

Some birds look like they are flying
in one direction, and other birds are
flying in the opposite direction.

The birds fit tOgether perfeCt_Iy' M.C. Escher’s “Two Birds"© 2020 The M.C. Escher Company-
There are no gaps between birds and The Netherlands. All rights reserved. www.mcescher.com
no overlap.

2. lwonder...
Sample responses:
What inspired the artist to make this painting?
What other shapes or animals can fit a pattern like this?
Did the artist create any other drawings or paintings that are similar?

Log in to Amplify Math to complete this lesson online.

4 Unit1 Rigid Transformations and Congruence ©2023 Ampify Egucation, Inc. Al rights reserved.

E— e Differentiated Support |

Extension: Interdisciplinary Connections

Have students explore the M.C. Escher website created by the M.C. Escher Foundation
and The M.C. Escher Company. Have them read M.C. Escher’s biography and/or his
route to fame. Alternatively, you may wish to read these sections with students or
provide a summary. As time permits, allow them to explore the online gallery which
contains selected works by M.C. Escher. Particular ones students may be interested in
are the following categories: Most Popular, Mathematical, Impossible Constructions,
and Transformation Prints. Consider having them choose one of his works and
describe what they see, using their own words. (Art)

4 Unit1 Rigid Transformations and Congruence

0 Launch

Consider displaying other works by M.C. Escher
to introduce the artist to students and pique
curiosity. Conduct the Notice and Wonder
routine using the artwork shown.

g Monitor

Help students get started by asking them
what repeating object or animal they see in the
artwork.

Look for points of confusion:

* Not realizing the birds flying in either direction
are the exact same shape. Have students trace a
bird flying in one direction onto a sheet of paper and
overlay it on top of a bird flying in the other direction.

Look for productive strategies:
» Noticing all of the birds are the exact same shape.
» Noticing that the birds fit together perfectly.

» Extending their thinking by asking themselves what
other animals or objects could create similar patterns.

9 Connect

Display the image of M.C. Escher’s artwork.

Have students share what they noticed and
wondered about the artwork with a partner
before sharing with the whole class.

Highlight student responses that connected M.C.
Escher’s work to geometric shapes or patterns.
Then highlight student questions about the
pattern and methods used to make the pattern.

repeating shapes that completely covers a
plane, without any gaps or overlaps.

Ask, “How does M.C. Escher’s artwork show a
tessellation (MP7)? How do you know that there
are no gaps? No overlaps?”



228 Small Groups | @ 15min

MP7

Activity 1 Tessellate 8.G.A.1

Students experiment with pattern blocks to create a tessellation to understand how a pattern of shapes can
fill a plane without any gaps or overlaps.

Amps Featured Activity

0 Launch

e pere reret Distribute pattern blocks, plain pieces of paper,

Activity 1 Tessellate and colored pencils. If pattern blocks are not
available, distribute pre-cut shapes from the

You will be given a set of pattern blocks. Use them to create a Pattern Blocks PDF. Show students an example

tessellation of your own. of a completed tessellation using pattern blocks.

Draw a sketch of your tessellation here. Then show them a non-example, one with gaps or

Sample response shown. overlaps.

9 Monitor

Help students get started by having them
show you how they can outline a block as their
initial shape.

Look for points of confusion:

» Thinking they must use only one type of a shape
in their tessellations. Tell students that they can
use several different shapes and provide an example
of tessellation that uses a triangle and a rhombus.

* Not realizing that they can experiment with
the position or orientation of the shapes.
Show an example of sliding a shape, flipping a
shape, or rotating a shape to help students get
started thinking about the different ways they can
manipulate the shapes to create a tessellation.

g Connect

Display several examples of student tessellations.

Have students share how they created their
tessellations (MP7).

Highlight interesting strategies that were

used or patterns that were created. Highlight
ideas of shapes that have been “slid,” “flipped,”
or “turned.” Ask students to point out any
examples of symmetry among the patterns.

© 2023 Amplify Education, Inc. All rights reserved. Lesson1 Tessellations 5

Ask, “How can the pattern you made be used to
fill the whole plane?”

I e Differentiated Support Math Language Development ]

Accessibility: Vary Demands to Optimize Challenge, MLR7: Compare and Connect

Optlmlze Access to TGChnOIOgy Display multiple examples of students’ tessellations, and invite students to
Consider demonstrating how to create a tessellation using the share what they notice. During the discussion, amplify language students use to
pattern blocks for students to reference. Alternatively, have communicate about geometric features of tessellations, e.g., no gaps or overlaps,
students use the Amps slides for this activity, in which they can or the pattern can be extended by sliding the shapes to the right or left.

create tessellations digitally using draggable pattern blocks on a

virtual canvas. Consider printing student work to display around English Learners

the classroom.
Use gestures to amplify language as students discuss geometric features

) and patterns.
Extension: Math Enrichment P

Have students create a second tessellation that highlights a
different pattern among the pattern blocks.

Lesson1 Tessellations 5



&8 pairs | @ 15 min

8.G.A.1

Activity 2 Triangle Tessellations

Students create a tessellation using only triangles to see that any triangle can be used to create tessellations.

0 Launch

Distribute a sheet of plain paper to each student

Activity 2 Triangle Tessellations and a pair of scissors to each pair of students.

1. You will be given a plain sheet of paper and scissors. Draw a triangle Mon'tor
and cut it out. Exchange triangles with your partner, and create

a tessellation using your partner’s triangle. Draw a sketch of your
tessellation here.

Sample response shown.

Help students get started by having students
outline their partner’s triangle on their own paper.

Look for points of confusion:

* Not understanding how to create a tessellation
using their partner’s triangle. Have students
slide, flip, or turn the triangle until they can create a
shape made up of several triangles which then can
be repeated.

VANVANVANY

Look for productive strategies:

+ Attempting to create tessellations using different
kinds of triangles, e.g., acute, obtuse, right,
equilateral, isosceles, or scalene.

» Making a conjecture that any triangle can be used
to create a tessellation.

Collect and Display: As you
share your response, your
teacher will add the math
language you use to a class
display. You will continue to
add and refer to this display
throughout the unit.

Connect

2. Canyou think of a triangle that does not work for
making tessellations?

Sample response: No; regardless of what type of triangle
| draw, | can always find a way to make a tessellation.

Display students’ tessellations around the room,
and conduct the Gallery Tour routine so that
students can view each other’s tessellations.

Have students share the different strategies
they used to create their tessellations. Select

A®
Are you ready for more? i . . .
different students who used different strategies,

1. Draw aquadrilateral and cut it out. Exchange quadrilaterals with your partner, and

create a tessellation using your partner’s quadrilateral.

Can you think of a quadrilateral that does not work for making tessellations?

Sample response: No; regardless of what type of quadrilateral | draw, | can

such as sliding, flipping, or turning the triangle
to create different patterns.

Ask, “Can you think of a triangle that cannot be

always find a way to make a tessellation.

6 Unit1 Rigid Transformations and Congruence

used to create a tessellation?” If students claim
there is a triangle that cannot be used to create
a tessellation, have them draw it and ask the
class to attempt to create a tessellation.

©2023 Amplify Education, Inc. All rights reserved

Highlight that at the end of the unit, students
will have an opportunity to prove whether any
triangle can be used to create a tessellation.

e Differentiated Support Math Language Development m———

Accessibility: Vary Demands to Optimize Challenge MLR2: Collect and Display

As students share strategies used to create their tessellations, create a class
display to collect and display language used to describe sliding, flipping, and
turning the tesselations. Encourage students to refer to this class display in future
discussions about transformations in this unit.

Provide pre-cut triangles for students to manipulate and arrange
without having to draw their own triangles and cut them out.

Extension: Math Enrichment

Let students know that a shape that can create a tessellation on
its own, without gaps or overlaps, is a shape that can tessellate
the plane. Have students explore other shapes to determine if
they can tessellate the plane. Ask them to think of a shape that
cannot tessellate the plane. Sample response: A circle cannot
tessellate the plane because it is impossible to place circles next
to each other without gaps.

English Learners

Use gestures to emphasize what it looks like to slide, turn, and flip.

6 Unit1 Rigid Transformations and Congruence



Summary The Art of Transformation

éﬁ Whole Class | @ 5 min

8.G.A.l1

Review the curiosity and perseverance involved in creating tessellations, and pique student excitement
for the upcoming unit.

.

%,

L

2023 Amplify Education, Inc. All rights reserved.

Math Language Development e —

Narrative Connections 9

Unit 1 Rigid Transformations and Congruence

The Art of Transformation

Her name was Marijorie Rice, and she had a secret.

On the outside, she looked like any suburban housewife. She had a
home in San Diego, a husband, and five children. But while her husband
was at work, and the children were at school, Rice's other life emerged.

She'd already been caught several times, sketching at the kitchen
counter. But what might have been dismissed as idle doodling was
something more. Marjorie Rice was on the hunt for pentagons.

It began when she read an article in Scientific American on
could be tessellated had already been documented. But the article
announced the discovery of new tessellating pentagons uncovered
by a computer scientist living in California.

Inspired, and with barely any math education, Rice set off to work.

Over the 1975 holiday season, she worked tirelessly, at her kitchen
table, hiding her work from family and friends. In February 1976,
she wrote to the article's author, Martin Gardner, and showed

him her discoveries. Gardner then forwarded her findings to Dr.
Doris Schattschneider, a mathematician at Moravian College who
confirmed her work:

Marjorie Rice had found a new tessellating pentagon.

By 1977, Rice would discover three more tessellating pentagons,
and nearly 60 unique patterns for tiling them. Using her ingenuity
and intuition on how to use transformations to duplicate shapes,
Marjorie Rice shook the math world — reminding them there's
always room for an amateur.

Welcome to Unit 1.

MLR2: Collect and Display

W

Lesson1 Tessellations 7

As students formalize the new vocabulary for this lesson, ask them to refer to the class display

for this unit that you started in this lesson. Ask them to review and reflect on any terms and
phrases related to the term tessellation that were added to the display during the lesson.

9 Narrative Connections

Read the narrative aloud as a class or have students
read it individually.

Synthesize

Display the Summary from the Student Edition.
Have students read the Summary or have a
student volunteer read it aloud.

Have students share what they learned about
tessellations and the geometric figures used to
create tessellations. Then have them share what
they hope to learn more about in this unit.

Highlight that students will continue to explore
patterns with geometric shapes and figures in
this unit. Mention that students can turn in their
completed tessellations or continue working on
them outside of class. Consider posting them
around the room for the duration of this unit.

Reflect

After synthesizing the concepts of the lesson,
allow a few moments for student reflection. To
help students engage in meaningful reflection,
consider asking:

» “What strategies or tools did you find helpful today
when creating a tessellation?”

« “Were any strategies or tools not helpful? Why?"

Lesson1 Tessellations 7



& Independent | @) 8 min

Exit Ticket 8.G.A.1

Students demonstrate their understanding of tessellations by recreating a butterfly pattern from one of
Majorie Rice’s tessellations.

.
0 Success looks like . ..

Name: pate: Fertod « Goal: Creating tessellations using pattern
blocks or triangles.

o oo ]
Exit Ticket m » Recreating the tessellation pattern.

« Language Goal: Describing patterns in

Here is an example of the pentagon tessellations tessellations. (Speaking and Listening,
Marjorie Rice discovered and how it can be Writing)
used to make butterfly patterns.

O Suggested next steps

If students are unable to identify the pattern,
consider:

» Showing how the butterfly shape is
Haere fce composed of two tessellated pentagons.

* Reviewing Activity 2.

Recreate Marjorie Rice’s tessellation pattern
using this butterfly pattern started for you.
See students’ work.

I don't really I'm starting to I got it
getit getit
a | cancreate my own tessellation b Icancreate a tessellation from
using pattern blocks. any type of triangle.
(2R IR 2 RS
©2023 Amplity Education,Inc. Allrights reserved, Lesson1 Tessellations

Professional Learning
| . _______________________________________________________________________________________________________________________________________________________________________|

This professional learning moment is designed to be completed independently
or collaboratively with your fellow mathematics educators. Prompts are provided
so that you can reflect on this lesson before moving on to the next lesson.

Q_ Point to Ponder ...

What different strategies did your students use in creating
tessellations? Were some of your students more comfortable trying
new strategies? How can you encourage all of your students to try
new strategies and ideas?

8A Unit1 Rigid Transformations and Congruence



Practice .Q. Independent

u:’ Name: Date: Period Name: Date: Period: I]EI!
3 1. Imagine a friend, family member, or future student who has not yet 3. Compare each of the following values using the symbols >, =, or <. 3
g learned about tessellations. What would you do and say to teach them g
=4 about tessellations? @ 4 > —4 ® -s01 = -8 (=
8 Sample response: | would have them use a pattern block and make repeated ® 1 < 15 ® -25 _ _10 8

shapes that do not overlap and that touch on all sides. | would have them use ) - 4
many different colors. If multiple people were creating these tessellations, then 2 3
1 would have an art gallery tour so everyone could see each other's patterns. @ -1 =15 W =g B =
1 2
@ —(-6) = 6 o T ]
3 3
@ 801> 8 G Sy
2. Below is one example of the many complex tile patterns found in the
famous 14th century Moorish palace of Alhambra, located in Spain. 4. Rectangle ABCD is drawn on a coordinate plane.
M.C. Escher visited the palace before making many of his drawings . . .
d painti D ibe what @ Ifpoint Ais placed at (2, 3), point B at (4, 3), and point C at (4, —3),
and paintings. Describe what you see. what could be the location of point D?

Point D could be located at (2, —3).

. Find the length of segment C'D.
2 units

. Find the area and perimeter of Rectangle ABC'D.
The area is 12 square units, and the perimeter is 16 units.

5. Estimate the measure of each angle. Sample responses shown.

About 270°
Anneke Bart/SLU About 180°
Sampler | see some of rep use of a polygon, ,\Q—.
similar to a tessellation.
About 90°
8 Unit1 Rigid Transformations and Congruence ©2023 Ampify Education, Inc. Allrights reserved ©2023 Amplify Education, Inc. Allights reserved. Lesson1 Tessellations 9

Practice Problem Analysis Additional Practice Available

Type Problem Referto Standard(s)  DOK For students who need

1 Activity 1 8G.Al 2 additional practice in
On-lesson this lesson, assign the

2 Activity 1 8.G.A.l 2 Grade 8 Additional
3 Grade 6 6.NS.C.7 1 Practice.
4

Spiral
Grade 6 6.G.A.3 2

Unit1

Lesson 2 4.MD.C.6 1

Formative @ 5

© Power-up: If students need additional support with the key prerequisite concept or skill
this problem addresses, consider assigning the Power-up in the next lesson.

Lesson1 Tessellations 8—9






S“b'Unit 1 iii Whole Class

Rigid Transformations

Students begin by studying examples of transformations in the plane. Then, students attend to precision with
transformations using the structure of a grid and the coordinates of points.

SUB-UNIT Narrative Connections % %

Narrative Connections
Rigid Transformations
Read the narrative aloud

as a class or have students

How do you make a read it individually. Students
. will continue to see the
piece of cardboard connections between

animation and step-by-step,
geometric transformations in
the following places:

come alive?

» Lesson 2, Warm-up: Notice
and Wonder

Before Walt Disney, there was - Lesson 2, Activity 1: Frog
Lotte Reiniger. Dance

As agirl living in Berlin, Reiniger was clever with a pair of * Lesson 5, Activity 1: Make
scissors. She cut intricate figures out of the cardboard from that Move

old soap boxes. For many kids, this was a way to pass the

time. But for Reiniger, it was something more.

Her interest in puppets led her into the world of German
art and cinema. By the time she was twenty, she started
making her own films.

Her most famous achievement is The Adventures of Prince
Achmed. It was the world'’s first animated full-length feature
film — ten years before Disney's Snow White.

With a staff of just five people, Reiniger constructed
elaborate paper puppets. Then, using a camera of her own
invention, she would lay the puppets out and change their
position frame-by-frame. It was a long and tedious process,
but when you ran the images through a film projector, it
came out as a single fluid movement.

By changing the position of solid figures, Reiniger turned a
piece of cardboard into a flapping wing, a gesturing arm, or
a sorcerer casting a spell. With only a pair of scissors, her
imagination, and clever uses of geometric transformations,
Reiniger changed the world of animation forever.

1 Inc. All g Sub-Unit 1 Rigid Transformations 11
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UNIT1 | LESSON 2

Moving on
the Plane

Let’s describe ways figures
can move on the plane.

Goals

1. Language Goal: Describe the movement of figures informally and
formally using the terms clockwise, counterclockwise, translation,
and rotation. (Speaking and Listening, Writing)

2. Language Goal: Identify the features that determine a translation
or rotation. (Speaking and Listening, Writing)

Coherence

¢ Today

Students are introduced to movements of figures on a plane. They use

informal language to describe the movements, and then are introduced
to the formal mathematical language, translation and rotation. Students
attend to precision when describing these movements of figures (MP6).

< Previously

In Lesson 1, students created tessellations using pattern blocks

and triangles. They informally described the patterns found in their
tessellations, and in tessellations from works of art and famous math
historians.

> Coming Soon

In Lesson 3, students will learn the features that classify a reflection on a
plane and use precise mathematical language to describe the reflection.

12A Unit1 Rigid Transformations and Congruence

« Students build conceptual understanding of
how figures can slide or turn on the plane.

« Students build fluency in using precise
mathematical vocabulary to describe
translations and rotations.

Standards

Addressing

8.G.A.l1

Verify experimentally the properties of
rotations, reflections, and translations.

Building On Building Toward
7.G.A 8.G.A.2

8.G.A.3

8.G.A.4



PaCing Guide Suggested Total Lesson Time ~45 min @

O o @ o

Warm-up Activity 1 Activity 2 Summary Exit Ticket
@ 5 min @ 20 min @ 13 min @ 5 min @ 5min
2 Independent 28 Pairs 28 Pairs ééé Whole Class 2 Independent
MP6 MP6
8.G.A.l 8.G.A.l 8.G.A.l 8.G.A.l

AMmPS poweredbydesmos i Activity and Presentation Slides

For a digitally interactive experience of this lesson, log in to Amplify Math at learning.amplify.com.

Practice 2 independent Amps | Featured Activity

Materials Math Language Activity 2
« Exit Ticket Development Interactive Geometry
» Additional Practice New words Students view an animation of their predicted
. . . « angle of rotation response (translation or rotation), giving
Activity 1 PDF, one per pair g them a chance to reflect and revise as
* Activity 1 PDF, Translations - center of rotation needed.
and Rotations, for display - rotation
« geometry toolkits: rulers, . translation
tracing paper, protractors T
(optional) Review words ‘,1,_ -0
 clockwise

 corresponding

« counterclockwise

. vertex C@Amps

desmos
Building Math Identity and Community ® Modifications to Pacing
Connecting to Mathematical Practices You may want to consider this
In Activity 1, students may struggle to describe the precise moves of the modification if you are short on time.
Frog Dance using their developing math language (MP6). Have them * In Activity 1, have students work in
ask clarifying questions, consider their partner’s perspective, and be pairs, and choose one dance move
to describe.

aware of their partner's thoughts and feelings in order to strengthen the
effectiveness of communication.

Lesson 2 Moving on the Plane  12B



& Independent | @) 5min

Warm-up Notice and Wonder

Students watch an animation as an introduction to movement of figures on the plane.

0 Launch

Have students watch Lotte Reiniger's Prince Frog
1961 video. Conduct the Notice and Wonder
routine using the animation.

g Monitor

Help students get started by asking them what
part of the animation stands out to them.

Unit1 | Lesson 2

Moving on
the Plane

Let’s describe ways figures

can move on the plane. Look for productive strategies:

» Noticing the rigid movements of the objects in
the animation.

» Noticing the animation resembles a stop-motion or
Warm-up Notice and Wonder claymation video.

You will be shown a short animation. What do you notice? What do you wonder?

_ 9 Connect
1. Inotice...

Sample response: | notice that it looks like a stop-motion video. Have students share What they notice and
wonder. Record responses for all to see.

Ask, “What math do you see in the animation?”
How do you think Lotte Reiniger created her

animation?”
2. lwonder...
Sample response: | wonder how the animation was created. nghllght that Lotte Reiniger often used

silhouette movements in her animations. She
was able to use this technique because the
parts of the characters stay the same, but the
positions change. These types of moments are
made using different types of symmetry.

Log in to Amplify Math to complete this lesson online.

12 Unit1 Rigid Transformations and Congruence ©2023 Ampify Egucation, Inc. Al rights reserved.

— o Power-up
To power up students’ ability to estimating angles, have students complete:

Recall that a circle measures 360°, a straight line measures 180°, and a right angle measures 90°.
For each angle determine if it measures greater or less than 90°, then approximate its measure.

1. a Greater or less than 90°7? 2. a Greater or less than 90°?
Greater than 90° Less than 90°
b Approximate measure: b Approximate measure:
Sample response: Sample response:
About 135° About 55°

Use: Before Activity 2
Informed by: Performance on Lesson 1, Practice Problem 5 and
Pre-Unit Readiness Assessment, Problem 7

12 unit1 Rigid Transformations and Congruence



Activity 1 Frog Dance

&8 Pairs | @ 20 min

MP6
8.G.A.1

Students observe and describe movements of figures using informal language, and then are introduced to

the precise mathematical language: rotation and translation.

Name: Date: Period:

Activity 1 Frog Dance
Plan ahead: How will you
use this opportunity to
build a relationship with

You will be given a sheet with three sets of dancing your partner?

frog images.

1. Arrange the sheet so that you and your partner can both
see them right-side up. Choose one player to start the game.

« The starting player mentally chooses Dance A, B, or C and describes the dance
to the other player.

« The other player identifies the dance as Dance A, B, or C, based on the starting
player’s description.

2. After one round, trade roles. When you have described all three dances, come to an
agreement on the words or phrases you can use to describe the moves in each dance.

3. Complete the tables on this and the next page to write a final description of the moves

Launch

Distribute the Activity 1 PDF to each pair
of students.

Monitor

Help students get started by asking students
what words they can use to describe the
movement from Frame 1 to Frame 2.

Look for points of confusion:

* Not understanding what words they can use to
describe the movements. Ask them if they are
thinking from the perspective of an observer or

for each dance. from the perspective of the frog. Have them think
Sample responses are shown. of words from their everyday lives that describe
Dance A: movement, such as “move to the right,” “turn,” etc.

Description of moves * Not describing the movements with enough
detail. Ask them if the frog is facing the same
direction each time and where in the square the
frogis located (MP6).

Frame 1 Frame 2

The frog moves (or slides) to the right.

The frog turns (or rotates) to the side, so the crown

Frame 2 Frame 3 is facing the right.

Look for productive strategies:

» Using the words slide or turn to describe

The frog stays on its side, but moves or (slides) up. translations and rotations respectively

Frame 3 Frame 4

» Precisely describing how the frog is sliding

The frog moves (slides) to the left. .
or turning.

Frame 4 Frame 5

The frog turns (or rotates) to the side, so the crown

Frame 5 Frame 6 is facing up.

Activity 1 continued >

Lesson 2 Movingon the Plane 13

©2023 Amplify Education, Inc. Al rights reserved.

R e Differentiated Support Math Language Development |

Accessibility: Guide Visualization and Processing,
Optimize Access to Tools, Vary Demands to Optimize
Challenge

MLR2: Collect and Display

Collect and add to the class display the new vocabulary terms translation and
rotation. Connect these to the previously collected terms slide and turn.

Complete Dance A together as a class and demonstrate — or ask
a student volunteer to demonstrate — the frog's movements by
using hand gestures or an inanimate object. Provide access to
colored pencils or highlighters for students to mark the location
of the crown, or other identifier, to assist them in tracking the
frog's movements.

English Learners

When discussing the definition of a rotation, the term about is likely to be
unfamiliar in this context to many students. Highlight that rotating something
about a point means to rotate it around a point.

Lesson 2 Moving on the Plane 13



&8 pairs | @ 20 min

Activity 1 Frog Dance (continued) 8.GAL

Students observe and describe movements of figures using informal language, and then are introduced to
the precise mathematical language: rotation and translation.

. g Connect

Have pairs of students share their final

Activity 1 Frog Dance (continued) descriptions for each dance. Record phrases
that students used in two categories, those that

Dance B: describe translations and those that describe
‘ rotations.

Description of moves

Display the Activity 1 PDF, Translations and

Frame 1 Frame 2 The frog moves (or slides) to the right.

Rotations.
The frog turns (or rotates) to the side, so the crown Define a translation as a movement that slides a
Frame 2 Frame 3 is facing the right. i MO R i .
figure without turning it. Then define a rotation
The frog stays on its side, but moves (or slides) as amovement thatturns a f|gU re a certain

Frame3  Frame4 | o jett.

Frame 4 Frame 5 The frog moves (or slides) up.
Highlight that in a translation, each point in

the figure moves the same distance in the

same direction. The matching pointin the
original figure and translated figure are called
corresponding points. In a rotation, each point
Dance C: in the figure travels along a circle around the

| | center, forming the same angle. To describe a
rotation, students need to provide the direction,
Framel Frame2  The frog moves (or slides) to the right. clockwise or counterclockwise, the center of
rotation, and the angle of rotation, usually

The frog turns (or rotates) to the side, so the crown measured in degrees.
is facing the left.

Frame 5 Frame 6 The frog turns (or rotates), so the crown is facing up.

Description of moves

Frame 2 Frame 3

Frame 3 Frame 4 The frog moves (or slides) to the left.

Frame 4 Frame 5 The frog moves (or slides) up.

Frame 5 Frame 6 The frog turns (or rotates), so the crown is facing up.

14 Unit1 Rigid Transformations and Congruence ©2023 Ampiy Education, Inc. Allights reserved.
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Activity 2 How Did You Make That Move?

&~ Pairs | @ 13 min

MP6
8.G.A.1

Students identify and describe a translation or rotation to practice using precise language when describing

these moves.

Name: Date: Period:

Activity 2 How Did You Make That Move?

For each problem, determine if Figure A maps onto Figure B using a

tion or a rotation.

If the movement is a:

« Translation: Draw arrows to show the direction and corresponding vertices that
are translated. Then write the distance the figure is translated, in centimeters.

« Rotation: Determine if the figure is rotated clockwise or counterclockwise, mark
the center of rotation, and estimate the angle of rotation.

2.

i Sample responses:
3 cm *  90° clockwise rotation
A « 270° counterclockwise rotation

Translation up and to the left

Sample responses:
180° clockwise
180° counterclockwise rotation

©2023 Ampiy Egucation, Inc. Allrights reserved Lesson 2 Moving on the Plane 15

—— @ Differentiated Support

Launch

As students translate figures for the first time

in Problems 1 and 3, allow them to describe the
translations that include diagonal lines. In later
lessons, students will describe translations using
a combination of vertical and horizontal lines.
Provide access to geometry toolkits.

Monitor

Help students get started by having them
trace Figure A onto tracing paper. Then tell
them to move the tracing paper so that Figure A
maps onto, or matches, Figure B.

Look for points of confusion:

» Struggling to identify the center of rotation.
Have students use their pencil to hold down the
tracing paper and test different centers of rotation,
while turning the tracing paper in a circular motion
to map Figure A onto Figure B.

* Not understanding how to identify the angle
of rotation. Have students draw the angle using
corresponding points on Figure A and Figure B
and the center of rotation as the vertex. Then have
them estimate the angle or use their protractor to
find the exact angle.

Look for productive strategies:
» Noticing Problem 2 can be rotated 90° clockwise or
270° counterclockwise (MP6).

» Noticing an 180° clockwise rotation has the same
result as an 180° counterclockwise rotation (MP6).

Connect

Ask, “Can there be more than one response for
Problem 27 Problem 4?"

Highlight that when describing a translation,
both direction and distance need to be provided.
When describing a rotation, the direction, the
center of rotation, and the angle of rotation need
to be provided.

Accessibility: Vary Demands to Optimize Challenge Extension: Math Enrichment

If students need more processing time, have them focus on completing Have students draw figures that show both a translation and a rotation. Have
Problems 1and 2, and only work on Problems 3 and 4 as time allows. them trade papers with a partner and then record the precise language that
Additionally, to assist students with organizational skills, create a checklist describes each movement.

with the features needed to describe rotations and translations. Have students
refer to this checklist each time they need to describe these movements.

Lesson 2 Moving on the Plane 15



éﬁ Whole Class | @ 5 min

Summary 8.6.A.1

Review and synthesize the mathematical language used to describe how figures move on a plane
(translations and rotations).

G Synthesize

Have students share how they describe
Summary translations and rotations in their own words.
Some students may call translations “slides”

. and rotations “turns”.
In today’s lesson . ..

Ask:

+ “What do you need to include when describing a
translation?” distance and direction; For example,
translate a figure 3 units to the right.

You described how a figure moves in a plane.

Every point in the figure moves the same distance
in the same direction. A translation can be
described by two points.

For example, if a translation maps point T' onto
point L, it moves the entire figure the same
distance and direction as the distance and
direction from point 7 to point L. The distance
and direction of a translation can be shown by an
arrow.

+ “What do you need to include when describing
arotation?” direction, center of rotation, and
angle of rotation; For example, rotate a figure 90°
counterclockwise about point A.

Figure A was translated down and to the left, as
shown by the arrows. Figure B is a translation of
Figure A.

Display the Summary from the Student Edition.

Formalize vocabulary:

Aroi n turns a figure about a point, called the

. , + angle of rotation
along the path of a circle around the center of rotation B~ R P

to form the angl on. The rotation can be: « center of rotation
clockwise: traveling in the same direction as the hands ;
of aclock, or 45, : rotatlon
counterclockwise: traveling in the opposite direction as 1) .
the hands on a clock. + translation
. . ter
A rotation can be described by an angle, a center, and center . . . X
the direction of the rotation. of rotation Highlight that a translation or rotation changes
For example, Figure A was rotated 45° clockwise around the position ofa figu re without changing

the center of rotation shown. Figure C is a rotation of Figure A. . .
onsnown e | on ot its shape or size. Students can choose any

pair of corresponding points to describe the
movement.

Reflect: o Reflect

After synthesizing the concepts of the lesson,
allow students a few moments for reflection
on one of the Essential Questions for this unit.
Encourage them to record any notes in the
Reflect space provided in the Student Edition.

If one point on the original figure moves to another point on the new figure,
they are corresponding points.

16 Unit1 Rigid Transformations and Congruence ©2023 Ampiy Education,Inc. All ghts reserved.

A To help them engage in meaningful reflection,

consider asking:

» “What happens to a figure as you move it around a
two-dimensional plane?”

— Math Language Development . ___________________________________________________________________________________________________]

MLR2: Collect and Display

As students formalize the new vocabulary for this lesson, ask them to refer to the class display
for this unit, that you started in Lesson 1. Ask them to review and reflect on any terms and
phrases related to the terms angle of rotation, center of rotation, rotation, and translation that
were added to the display during the lesson.

16 unit 1 Rigid Transformations and Congruence



& Independent | @) 5min

Exit Ticket 8.G.A.1

Students demonstrate their understanding of translations and rotations by precisely describing each
movement of a figure.

Q Success looks like . . .

Name: pate: Fertod - Language Goal: Describing the movement
of figures informally and formally using
Exit Ticket m the terms clockwise, counterclockwise,
translation, and rotation. (Speaking and
Listening, Writing)

Several movements of a figure are shown. For each movement: o .
» Describing the movement from Figure 2 to

Decide whether it shows a translation or rotation. . R .
Figure 3 with appropriate vocabulary

Show or precisely describe the movement. Include the distance, in centimeters, .
and angle of rotation, if applicable. You will need a centimeter ruler. in Problem 2.

dem > + Language Goal: Identifying the features
that determine a translation or rotation.
(Speaking and Listening, Writing)

’ ‘ Q Suggested next steps

If students do not describe all of the
3em movements of the figure or do not include
4 the distance or angle measure, consider:

» Providing a checklist for students to use
1. Movement from Figure 1 to Figure 2: as areminder of what it means to precisely
Transiation; 4 em to the right describe a figure's movement

2. Movement from Figure 2 to Figure 3: + Assigning Practice Problem 3.

Rotation; 90° counterclockwise or 270° clockwise about the marked point .
» Reassessing after Lesson 4.

3. Movement from Figure 3 to Figure 4:
Translation; 3 cm down

N
SelfAssess ? I (V)
L]
I don’t really I'm starting to I got it
get it getit
a | candescribe how a figure slides b | know the difference between
and turns to move from one position a translation and rotation.
and/or location to another.
1 2 3
(IR 2 RS
©2023 Ampiity Education, Inc. Al rights reserved Lesson 2 Moving on the Plane

Professional Learning

Math Language Development s

]
This professional learning moment is designed to be completed independently or Language Goal: Describing the movement of figures
collaboratively with your fellow mathematics educators. Prompts are provided so informally and formally using the terms clockwise,
that you can reflect on this lesson before moving on to the next lesson. counterclockwise, translation, and rotation.
"> Points to Ponder . .. Reflect on students’ language development toward this
’ goal.

- What did students find frustrating about describing the movements

in the Frog Dance? What helped them work through this frustration? * How did students begin to informally describe the

movement of figures in this lesson? What language
- How did you encourage each student to listen to one another’s did they use?

e o
G eI »  How has their use of language progressed after being

introduced to the terms clockwise, counterclockwise,
translation, and rotation? How can you support them
in using their developing math language?

Lesson 2 Moving on the Plane 17A



Practice

.Q. Independent

Name: Date: Period:

1. You will need a centimeter ruler. The diagram shows several moves of
a figure. Determine if each statement is true or false.

=
o
2
2
3

e
o

@ From Figure 1to Figure 2, the figure is translated 3 cm up.
True

. From Figure 2 to Figure 3, the figure is rotated 90° counterclockwise.
False

. From Figure 3 to Figure 4, the figure is translated 4 cm to the right.
True

. From Figure 4 to Figure 5, the figure is rotated 180° clockwise.
True
2. For each movement from Figure A to Figure B:
« Decide whether it shows a translation or rotation.
« Show or precisely describe the movement. Include the distance, in
centimeters, and angle of rotation, if applicable.

—

,_ -

180° rotation
about the
marked point

90° clockwise or

270° counterclockwise
rotation about the
marked point

Translation up and
to the right

2023 Amplify Education, Inc. All rights reserved. Lesson 2 Moving onthe Plane 17

Practice Problem Analysis

Type Problem Refer to Standard(s)
1 Activity 1 8.G.A.l 2
On-lesson 2 Activity 2 8.G.A.l 2
3 Activity 2 8.G.A1 2
Spiral 4 Grade 7 7.NS.A.2 1
Formative © 5 Ee”;in 3 4G.A3 1

© Power-up: If students need additional support with the key prerequisite concept or skill
this problem addresses, consider assigning the Power-up in the next lesson.

17-18 unit 1 Rigid Transformations and Congruence
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Name: Date: Period:

3. You will need a centimeter ruler. Translate the triangle shown 2 cm down,
and then rotate the newly translated triangle 90° clockwise about point C.

4. Evaluate each expression.

@ —5.(-24) =12 ® -74+10 =-074

® f:(2 =2

5. Draw all the lines of symmetry for the figure shown.
How many total lines of symmetry are there?
4 lines

©2023 Amplity Education. Inc. Allights reserved.

Additional Practice Available

For students who need
additional practice in
this lesson, assign the
Grade 8 Additional
Practice.




UNIT1 | LESSON 3

Symmetry and
Reflection

Let’s describe ways figures reflect
on the plane.

Goals

1. Language Goal: Describe the movement of figures informally and
formally using the terms reflection, line of reflection, image, and
preimage. (Speaking and Listening, Reading and Writing)

2. Language Goal: Identify the features that determine a reflection.
(Speaking and Listening, Reading and Writing)

Coherence

¢ Today

Students begin by studying different figures to review lines of symmetry
(MP7). They move into drawing and measuring reflected triangles,
coming to understand that the line of reflection lies halfway between the
two triangles and is perpendicular to the line segments that connect the
corresponding vertices (MP6).

< Previously

In Lesson 2, students described the features that identified translations
and rotations.

> Coming Soon

In Lesson 4, students will translate, reflect, and rotate figures on a grid.

» Students build conceptual understanding of
how figures can be flipped or reflected on
aplane.

» Students build fluency in using precise
mathematical vocabulary to describe
reflections.

Standards

Addressing

8.G.A.1

Verify experimentally the properties of
rotations, reflections, and translations.

Building On Building Toward
4.G.A.3 8.G.A.2
7.G.A 8.G.A.3

8.G.A4

Lesson 3 Symmetry and Reflection 19A



PaCing Guide Suggested Total Lesson Time ~45 min @

O o o o o

Warm-up Activity 1 Activity 2 Activity 3 Summary Exit Ticket
@ 5 min @ 15 min @ 8 min @ 8 min @ 5 min @ 5 min
28 Pairs 28 Pairs 28 Pairs 28 Pairs ?2? Whole Class 2 Independent

MP7 MP6 MP6 MP6 MP3
4.G.A.3* 8.G.A.l 8.G.A.l 8.G.A.l 8.G.A.l 8.G.A.l

*In this Warm-up, students build on their understanding of symmetry from Grade 4.

AMPS poweredbydesmos i Activity and Presentation Slides

For a digitally interactive experience of this lesson, log in to Amplify Math at learning.amplify.com.

H e} S . .
Practice 2 independent Amps i Featured Activity
Materials Math Language Activity 1
. Exit Ticket Development Real-Time Reflections
» Additional Practice New words When students adjust the line of reflection,
. geometry toolkits: rulers, - image an gnlmatlon shows the reﬂepted mage, .
) giving students an opportunity to revise their
tracing paper, protractors + line of reflection response, if needed.
(optional)

* prime notation (% -0

Review words

* corresponding points

* perpendicular g@ Am PS

* symmetry desmos
* vertex

*Students may confuse preimage and image
throughout the unit when discussing the original
image and the transformed image. Highlight the
prefix pre in preimage indicates the original image.

Building Math Identity and Community ® Modifications to Pacing
Connecting to Mathematical Practices You may want to consider these
additional modifications if you are

Students may not want to make the effort required to use precise units
short on time.

and measuring tools to measure the exact distance of corresponding

points to the line of reflection (MP6). Ask them to identify what the + InActivity 2, Problem choices D, E,
stumbling block is. By identifying the cause of their negative emotions, and F may be omitted.
students will be able to form a plan that will help them regulate their + Activity 3, Problem 1 may be omitted.

In this activity, students practice
drawing reflections. Students will
have other opportunities to practice
drawing reflections in the Practice.

behavior in response. For example, they might just need a peer to remind
them how to use and read measurements on a ruler.

19B Unit1 Rigid Transformations and Congruence



28 pairs | @ 5min

MP7

Warm-up Which One Doesn’t Belong? 4.G.A3

Students compare four figures to review the characteristics and vocabulary that describe
reflection symmetry.

0 Launch

Conduct the Which One Doesn’t Belong?
routine. Because there is no single correct
response, attend to students’ explanations,
encourage use of math terminology, and ensure
the reasons given are mathematically sound.

9 Monitor

Help students get started by asking them to
choose any figure and identify what makes it
different from the other figures.

Name: Date: Period:

Unit1l | Lesson 3

Symmetry and
Reflection

Let’s describe ways figures
reflect on the plane.

Look for points of confusion:

Warm-up Which One Doesn’t Belong? + Not realizing that the figure in choice C does not
show the correct line of symmetry. Ask students

Study the figures. Which figure does not belong with the others? Explain your thinking. . )
v g g € painy & what would happen if they folded the figure along

A. B. C. /_7 D. \ this line.
* Look for productive strategies:
/ + ldentifying any one figure that is different. Each
: figure has at least one characteristic that makes it

Sample responses: different from the others (MP7).
+ Choice A is the only figure with multiple lines of symmetry. It is also the only figure

that appears to be an equilateral polygon. . Noticing that the dotted line shows the line of

Choice B is the only figure that is not a polygon. It is also the only figure that is a symmetry in choices A, B, and D and that choice C

photo of a real-world object.

Choice C is the only figure where the marked line of symmetry is not correct. does not show the correct line of Symmetry‘

Choice D is the only figure that has a horizontal line of symmetry, as the figures

are shown. 9 Connect

Have pairs of students share their responses.
Use the Poll the Class routine to see which figure
students chose as not belonging. Begin from
choices A, B, and D, and end with choice C. Have
students share their explanations for why their
chosen figure does not belong. If students do
not notice the incorrect line of symmetry drawn
Lesson3 Symmetry and Reflection 19 in choice C, ask themif all the lines of symmetry

A are drawn correctly on all o the figures,

Highlight that choices A, B, and D have
reflection symmetry because if students were
to fold the figures along the lines of symmetry,
each half of the figure looks exactly the same.

Log in to Amplify Math to complete this lesson online.

Math Language Development o Power-up

MLRS8: Discussion Supports To power up students’ ability to draw lines of symmetry, have
students complete:

To support student understanding of lines of symmetry, have them

demonstrate using folding gestures with their hands as they think about Recall that a line of symmetry is a line that divides a figure into two halves that
each figure. match up exactly when the figure is folded along the line.
Determine which lines are lines of symmetry ‘C dA -
in the given rectangle. Select all that apply. b\ << : - -
S~ V-7
A. Linea C. Linec <] —SWZ - - >
o717~
(B) Line b ©) Lined ale=" v "~o
" L \\
Use: Before the Warm-up \

Informed by: Performance on Lesson 2, Practice Problem 5 and Pre-Unit
Readiness Assessment, Problem 1

Lesson 3 Symmetry and Reflection 19




28 pairs | @ 15 min

Activity 1 Mirror Image 8.GAL

Students draw the reflection of a triangle to see how the line of reflection is related to the line segments
between corresponding points.

Amps Featured Activity Real-Time Reflections 0 Launch

Have students complete Problem 1 individually,

Activity 1 Mirror Image share their drawing with a partner, and then
complete Problem 2 with their partner. Provide
You will need tracing paper from your geometry toolkit. access to geometry toolkits for the duration of
the lesson.
1. Use the tracing paper to complete the following steps.
« Draw a vertical line in the middle of the paper, and label it £. On one side of the =
line, draw a triangle. 9 MonItOI‘
« Fold the paper along the line. Retrace the triangle on the other side of the line. .
+ Unfold the paper. You should now have two triangles that are mirror images Help students get started by modeling how to
of each other. draw the triangles and measure the distances
» Draw a dotted line segment to connect each of the corresponding points of . .
the two triangles. between corresponding points.
+ Measure and label the distance from each point on the original triangle to its
corresponding point on the new triangle. Look for points of confusion:

Sample response shown.
* Noticing the distances between the

corresponding dotted line segments and the
5cm 5cm line of reflection are the same, but not noticing
they are perpendicular. Have students use a
protractor to measure the angle formed by the line
of reflection and each dotted line segment (MP6).

5cm 5cm
9 Connect

Have students share how the line of reflection
is related to the dotted line segments they drew.

2.5cm 2.5cm

2. How is the line ¢ related to each dotted line segment you drew? flips each point across a line of reflection to a
Sampleresponses: e e e

« Line £is perpendicular to all of the dotted line segments, which represent the | ) .
distances marked from each point to line ¢. image describes the new figure created and the

Line ¢ is located halfway between the corresponding points. In other words, the points ioi 7 H i

on line £ are midpoints of the dotted line segments representing these distances. O_rlgmal flgure is called the Pre’mage To te'” the
figures apart, label the corresponding vertices
of the image using a tick mark; this notation

the vertices of the preimage as A, B, C and the
corresponding points in the image A", B/, C".
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Highlight that the line of reflection lies halfway
between the preimage and its image, and is
perpendicular to the line segments connecting
the corresponding points.

e Differentiated Support Math Language Development m———

Accessibility: Vary Demands to Optimize Challenge MLR2: Collect and Display

Instead of having students perform the physical actions Collect and add to the class display the new vocabulary terms reflection, line
described in Problem 1, consider providing pre-created of reflection, image, preimage, and prime notation. Connect reflection to the

copies to pairs and have them either begin with measuring the previously collected term flip.

distances or provide distances labeled and have them complete

Problem 2. The goal of this activity is for students to notice the English Learners

relationships between the line of reflection and the distances

marked between corresponding points, not to physically Use physical manipulatives, such as a mirror, to demonstrate how the mirror acts
perform the actions themselves. as aline of reflection. Use the mirrors reflection to discuss the preimage and image.

20 Unit 1 Rigid Transformations and Congruence



&8 Pairs | @ 8min

MP6

Activity 2 Flipping Figures 8.G.AL

Students identify the characteristics that determine a reflection, building understanding that a reflection
changes the orientation of a figure.

0 Launch

Activate students’ background knowledge by

Name: Date: Period:

Activity 2 Flipping Figures asking them to describe what is the same and
what is different when looking at a reflection of
Study each pair of figures. For each pair, determine whether one figure is a themselves in the mirror.

reflection of the other. Write yes or no. If yes, draw a line of reflection.

S il S 9 Monitor
Help students get started by reviewing the
characteristics of a line of reflection.

Look for points of confusion:

Yes

» Thinking that part d shows a line of reflection.
Have students use tracing paper and folding to
check their thinking.

» Thinking that part f shows rotation, not
reflection. Use tracing paper to show students that
a rotation of the preimage would result in the image
facing a different direction.

No

Look for productive strategies:

» Noticing translation or rotation in parts b, d, and e.

» Measuring the distances between corresponding
points to draw the line of reflection (MP6).

» Noticing that reflected figures are mirror images of
each other.

o Activity 2 continued >

Yes

©2023 Ampiy Egucation, Inc. Allrights reserved Lesson 3 Symmetry and Reflection 21

—— 6 Differentiated Support I

Accessibility: Vary Demands to Optimize Challenge

If students need more processing time, have them focus on completing parts a-c, and
only work on parts d—f as time allows.

Extension: Math Enrichment

Have students identify translations or rotations for parts b, d, and e. Ask them to
describe the movements using precise mathematical language.

Lesson 3 Symmetry and Reflection 21



Activity 2 Flipping Figures (continued)

&8 Pairs | @ 8min

MP6
8.G.A.1

Students identify the characteristics that determine a reflection, building understanding that a reflection

changes the orientation of a figure.

Activity 2 Flipping Figures (continued)

Q ; f %;
No Yes

22 Unit1 Rigid Transformations and Congruence ©2023 Ampiy Education. Inc. Allrights reserved.
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. 9 Connect

Have students share their strategies for knowing
which figures show a reflection.

Ask, “How can you differentiate a reflection from a
translation or a rotation?” A reflection changes the
direction of the figure, or the way it “faces.”

Define the term orientation as to how the relative
points on a figure are arranged. Have students
label the vertices of the preimage in part a as
A, B, C,and so on, going clockwise around
the figure. Then have them label the image’s
corresponding vertices using prime notation,
A’, B, C",and so on. Point out that the direction
of the corresponding vertices are reversed in the
image. This is an example of how the orientation
of the figure has been reversed.

Highlight that a rotation and a translation
preserve a figure's orientation, while a reflection
does not.



Activity 3 Drawing Reflections

&8 Pairs | @ 8min

MP6
8.G.A.1

Students practice drawing reflections, strengthening their understanding of how the line of reflection
relates to the corresponding points in the preimage and image.

Name: Date: Period:

Activity 3 Drawing Reflections

1. Reflect Triangle ABC across line £. Use A’, B’,and C” to indicate vertices
in the image that correspond to the points A4, B, and C'in the preimage.

4

2. Reflect Polygon ABCD across line €. Use A', B’, C’, and D' to indicate vertices
in the image that correspond to the points A4, B, C, and D in the preimage.

0 Launch

Have students use a ruler to draw the reflection
of each figure and only use tracing paper to
check their work.

9 Monitor

Help students get started by having them draw
a perpendicular line from point A to the line £in
Problem 1, and then measure the distance from
point A to the line £ (MP6).

Look for points of confusion:

Drawing a reflected point the same distance from
the line as point A, but not perpendicular to line £
in Problem 2. Use a protractor, or corner of an index
card or paper, to help students create a right angle
formed by line £ and point A.

Look for productive strategies:

» Using rulers to measure the distance from each
pointin the preimage to the line of reflection.

« Only using tracing paper to check their reflected
image after itis drawn.

9 Connect

Display correct student drawings.

Have students share the strategies they used
for drawing each image.

Highlight that an image is determined by the
preimage and placement of the line of reflection.
The line of reflection may not always be strictly

@ vertical (as in Problem 1) or horizontal. The line
of reflection may be slanted (as in Problem 2).

©2023 Ampity Education, Inc. Al rights reserved. Lesson 3 Symmetry and Reflection 23

—— e Differentiated Support

Accessibility: Vary Demands to Optimize Challenge

If students need more processing time, have them focus on completing
Problem 1, and only work on Problem 2 as time allows.

Accessibility: Optimize Access to Tools

Provide access to tracing paper, should students wish to use it during
the activity.

Extension: Math Enrichment

Have students draw their own reflections and lines of reflections that satisfy
the given criteria.

+ Draw the reflection of a preimage in which the image overlaps the preimage.

« Draw the reflection of a preimage in which the image touches exactly one of
the vertices of the preimage.

+ Draw the reflection of a preimage in which the image touches exactly one of
the sides of the preimage.

Lesson 3 Symmetry and Reflection 23



éﬁ Whole Class | @ 5 min

Summary 8.6.A.1

Review and synthesize the features of reflection and the mathematical language used to describe how
figures can be reflected in a plane.

G Synthesize

Have students share what reflection means,
Summary using their own words.

Ask:

+ “What do you need to include when describing a

reflection?” The line of reflection across which a

point on a figure to a point directly on the opposite side of the line of reflection. figure is reflected.

+ “How do the corresponding vertices of the
preimage and image compare to the line of
reflection?” They are located the same distance

A A to the line of reflection.

B 4 B

» “Does areflection change or preserve the
orientation of the preimage?"” A reflection changes
the orientation of the preimage. The orientation of

c c the image is reversed.

--------- Display the Summary from the Student Edition.

In the diagram, the vertices of the image are labeled using prime notation, A, B', Formalize vocabulary:
and C". This notation is read “A prime”, “B prime", and “C prime". These represent i
the vertices in the image and correspond to the vertices A4, B, and C'in the preimage. ° Image

« line of reflection

Reflect: + orientation

* preimage

* prime notation

- reflection

Highlight that a reflection across a line moves
each point to a point directly on the opposite
side of the line of symmetry. The new point is
the same distance from the line of symmetry as
the original point of the figure. Prime notation
can be used to label the image to clearly see
which points in the image correspond to the
points in the preimage.

o Reflect

After synthesizing the concepts of the lesson,
allow a few moments for student reflection.
Encourage them to record any notes in the
Reflect space provided in the Student Edition.

— Math Language Development s————— To help students engage in meaningful
reflection, consider asking:

24 Unit1 Rigid Transformations and Congruence ©2023 Ampiy Education, Inc. Al rights reserved.

MLRZ2: Collect and Display

As students formalize the new vocabulary for this lesson, ask them to refer to the class
display for this unit, that you started in Lesson 1. Ask them to review and reflect on any
terms and phrases related to the terms image, line of reflection, orientation, preimage,

prime notation, and reflection that were added to the display during the lesson. *+ "Were any strategies or tools not helpful? Why?"

+ “"What strategies or tools did you find helpful today
when identifying and drawing reflections? How
were they helpful?”

24 Unit1 Rigid Transformations and Congruence



Exit Ticket

& Independent | @) 5min

MP3
8.G.A.1

Students demonstrate their understanding of reflection by critiquing the work of another student and

constructing a viable argument (MP3).

Q Success looks like . . .

Name: Date: Period:

Exit Ticket m

Diego reflects Triangle ABC across line £ and draws Triangle A'B'C".
Did Diego reflect the triangle correctly? Explain your thinking.

No; Sample response: Although the orientation of the reflected image is correct,
the distances from corresponding points to the line of reflection are not equal.

[ seirassess S —— —— (Y

I don't really I'm starting to I got it
getit getit
a | candescribe how a figure can be b |candraw aline of reflection using
reflected across a line of reflection the distances between corresponding
to obtain a new figure. points of the image and preimage.
1 2 3 1 2 3
¢ |candraw areflected figure, given
the preimage and line of reflection.
1 2 3
©2023 Amplify Education, Inc. Allights reserved Lesson 3 Symmetry and Reflection

Professional Learning

Language Goal: Describing the movement

of figures informally and formally using the
terms reflection, line of reflection, image, and
preimage. (Speaking and Listening, Reading
and Writing)

Language Goal: Identifying the features
that determine a reflection. (Speaking and
Listening, Reading and Writing)

» Explaining why the Diego's reflection is incorrect.

O Suggested next steps

If students think that Diego’s reflection is
correct, consider:

Reviewing Activity 3.

Math Language Development s

]
This professional learning moment is designed to be completed independently or Language Goal: Describing the movement of figures
collaboratively with your fellow mathematics educators. Prompts are provided so informally and formally using the terms reflection,
that you can reflect on this lesson before moving on to the next lesson. line of reflection, image, and preimage.
& Points to Ponder Reflect on students’ language development toward this
goal.
How did students attend to precision when describing reflections? -+ How have students progressed in their use of
How are you helping students become self-aware of their progress mathematical vocabulary to describe the movement
and growth in this area? of figures, particularly related to reflections?
What different ways did students approach drawing reflections? Sample descriptions for the Exit Ticket problem:
What does that tell you about similarities and differences among Emerging Expanding
your students? - - -
One triangle is The distances from
farther away than corresponding points to the line
the other. of reflection are not equal.

Lesson 3 Symmetry and Reflection 25A



Practice .Q. Independent

Name: Date: Period: Name: Date: Period:

1. Reflect Triangle ABC across line m. Use A', B, and C’ to indicate the vertices 3. Selectall the ways Triangle A can map onto Triangle B.

in the image that correspond to the points A, B, and C, in the preimage. A.  Reflect Triangle A across a horizontal line.

Reflect Triangle A across a vertical line.

[=]
o
o
2
3

aonoead [

C. Translate Triangle A to the left.

D. Translate Triangle A to the right.
@ Rotate Triangle A 180° counterclockwise.

F.  Rotate Triangle A 90° counterclockwise.

4. Write an operation in the box to make each equation true.

@ 12[- -8 =20
® -17[-]9=-26
2. Polygon A'B'C'D’is areflection of Polygon ABCD. Draw the line of reflection © -14 18=4

and label it m. Explain your thinking.

- @ 2[+](-29)=-5
5. Draw aline connected to each line segment to form a right angle.
Sample responses shown.

L
Sample response: The line of reflection is located halfway between each
pair of corresponding points.

1
/ |~
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Practice Problem Analysis Additional Practice Available

Type Problem Refer to Standard(s)  DOK For students who need
1 Activity 1 8G.Al 1 additional practice in
this lesson, assign the
On-lesson 2 ACtIVIty 2 8.G.A1 1 Grade 8 Additional
3 Activity 2 8.G.A1 2 Practice.
Spiral 4 Grade 7 7NS.A.1.C 2
Formative O 5 unit1 4G.A1 1
Lesson 4

© Power-up: If students need additional support with the key prerequisite concept or skill
this problem addresses, consider assigning the Power-up in the next lesson.

25-26 Unit1 Rigid Transformations and Congruence



UNIT1 | LESSON 4

Grid Moves

Let’s transform some
figures on grids.

Goals

1. Language Goal: Describe the moves needed to perform a
transformation. (Speaking and Listening)

2. Draw and label the image and corresponding points of figures that
have been translated, reflected, or rotated.

3. Language Goal: Draw the image of a figure that results from
translations, rotations, and reflections in square grids, and justify
that the image is a transformation of the original figure.
(Speaking and Listening)

Coherence

¢ Today

Students perform translations, reflections, and rotations on a square
grid. Students may begin to notice how the structure of the grid helps
them draw images resulting from certain moves (MP7), but may choose
to continue to use tracing paper (MP5) to check their work. Students are
introduced to a new term — transformation — to describe the different
moves.

< Previously

In Lessons 2 and 3, students learned the names for the single moves of a
figure — translation, reflection, and rotation — and learned how to identify
and construct them. They also used prime notation to label images, such
as labeling the image of a point P as P".

> Coming Soon

In Lesson 5, students will perform a sequence of transformations on a
preimage to produce an image.

+ Students build conceptual understanding
of how the structure of a grid helps them
perform and identify transformations.

» Students build fluency in using precise
mathematical vocabulary to describe
transformations.

Standards

Addressing

8.G.A.1

Verify experimentally the properties of
rotations, reflections, and translations.

Building On Building Toward
7.G.A 8.G.A.2
8.G.A.3

Lesson 4 Grid Moves 27A



Pacing Guide

Suggested Total Lesson Time ~45 min @

O

@

@

Warm-up Activity 1 Activity 2
@ 5 min @ 15 min @ 15 min
% Independent % Independent % Independent
MP3 MP5, MP7 MP5, MP7
8.G.A1l 8.G.Al 8.G.A1l

Am PS powered by desmos

Activity and Presentation Slides

C

Summary Exit Ticket

@ 5min

% Independent

@ 5 min

288
288 Whole Class

8.G.A1 8.G.A1

For a digitally interactive experience of this lesson, log in to Amplify Math at learning.amplify.com.

Practice % Independent
Materials

« Exit Ticket

- Additional Practice

» Anchor Chart PDF,
Translations, Rotations, and
Reflections

« geometry toolkits: rulers,
protractors or index cards,
tracing paper

Math Language
Development

New word

Review words

* clockwise
 corresponding

» counterclockwise
* preimage

* image

reflection

* rotation

translation

Building Math Identity and Community

Connecting to Mathematical Practices

Students may feel lost as they transition to the coordinate plane, and
forget the tools available to them in their geometry toolkits (MP5).
Encourage them to use any of the available tools to help increase their
mathematical understanding, such as tracing paper or rulers.

27B Unit 1 Rigid Transformations and Congruence

Amps | Featured Activity

Activity 1

Formative Feedback for Students
Instead of just being told whether they

are correct or incorrect, students see the

consequences of their response, and can
work out for themselves any errors that need

corrected.
m e

o |

CO Amps

desmos

® Modifications to Pacing

You may want to consider these
additional modifications if you are
short on time.

* InActivity 1, Problem 1 may be
omitted.

» Assign Activity 2 to studentsin
groups of three, having each student
complete one transformation.



Warm-up True or False

& Independent | @) 5min

MP3
8.G.A.1

Students examine whether three movements each show a reflection, to strengthen

their understanding of the characteristics of reflections.

Name: Date: Period:

Unit1 | Lesson 4

Grid Moves

Let’s transform some figures on grids.

p

Warm-up True or False

Shawn thinks the following movements are all examples of reflections across the line
shown. Do you agree with Shawn? Be prepared to explain your thinking.

Movement A Movement B Movement C
Sample response: | do not agree with Shawn. While Movement B shows a reflection,
the other images cannot be made by only a reflection. Movement A is a rotation.

Movement C is a translation, but the image can also be made by reflecting the
preimage, and then translating it.

Log in to Amplify Math to complete this lesson online

©2023 Amplify Education. Inc. All rights reserved. Lesson 4 Grid Moves 27

—— @ Differentiated Support m—— o Power-up

0 Launch

Set an expectation for the amount of time
students will have to work individually on

the activity. Provide access to geometry toolkits
for the duration of the lesson.

Monitor

Help students get started by asking which
figures are mirror images of each other.

Look for points of confusion:

+ Thinking Movement C illustrates a reflection.
Have students use tracing paper or aruler to
determine that while the quadrilaterals are identical,
lines drawn between corresponding points are not
perpendicular to the line, indicating that a reflection
has not taken place.

Look for productive strategies:

» Using tracing paper or aruler to verify whether a
reflection has taken place.

Connect

Have students share their strategies for
determining which movement shows a
reflection. Include incorrect strategies, and
encourage student feedback on each other's
strategies (MP3).

Highlight that reflections maintain the same
distance between corresponding points and the
line of reflection.

Accessibility: Guide Visualization and To power up students’ ability to construct right angles, have students complete:

Processing, Optimize Access to Tools

Recall that a right angle is an angle that measures 90° and that it is formed by two perpendicular lines or rays.

Consider providing copies of each movement Using a protractor or the corner of an index card, connect a line to each segment to form a right angle.
in the Warm-up for students to physically Sample responses shown.
manipulate. For example, they could fold each 1. 2.

movement over the line of reflection to determine
if the movement is a reflection.

Use: Before Activity 1

Informed by: Performance on Lesson 3, Practice Problem 5

Lesson 4 Grid Moves 27



& Independent | @) 15 min

Activity 1 Transformation Information oAl

Students transform figures that are on a grid to see that the properties of a grid can help them
draw the transformed images. They are introduced to a new term: transformation.

Amps Featured Activity Formative Feedback for Students — o Launch

Note: The term transformation has not been

Activity 1 Transformation Information introduced yet. Have students complete
the activity individually, before sharing their
1. Translate Triangle ABC, so that point B maps onto point B’. Label the responses with a partner.

corresponding points on the image with A, B’, and C".

g Monitor
C c’

4| L7 | Help students get started by reviewing the
terms and characteristics of translations,
rotations, and reflections.

Look for points of confusion:

» Not translating all the points the same distance in
2. Translate Triangle ABC, so that point A maps onto point A" Label the Problem 2. Ask students to describe their reasoning
corresponding points on the image with A, B, and " for Problem 1, and how their answer would change
if they were to translate down instead. Say, “In
Problem 2, you need to move each point 1 unit down
- and 6 units to the left.” Remind students that they
- can use tracing paper to check their work.

B + Struggling to rotate the triangle in Problem 3.
B’ Have students estimate and draw a 90° angle from
each vertex of the triangle, using point O as the
center of rotation.

3. Rotate Triangle A BC 90° counterclockwise about point O. Label the + Struggling to reflect the triangle in Problem 4.
corresponding points on the image with 4, B’, and C". Have students find the distance from each vertex

to the line of symmetry and draw the reflected
vertex using the same distance. Students may
use a protractor or index card to construct lines
\ perpendicular to the line of reflection (MP5).

@]

B \ » Forgetting to label the image coordinates.
Remind students that each point in the image

A corresponds to a point in the preimage, and should
be labeled using prime notation.

Look for productive strategies:

28  Unit1 Rigid Transformations and Congruence 126123 Armpiny Ecucation e, Al ght resaras + Using the grid units to help decide where to draw
the transformed figures (MP7).

» Using aruler or counting units on the grid to
measure distance between corresponding points
for reflections.

Activity 1 continued >

— e Differentiated Support Math Language Development m————_—_—_—————

Accessibility: Vary Demands to Optimize Challenge, MLRS8: Discussion Supports

Activate Prior Knowledge To support student understanding of lines of symmetry, have them

If students need more processing time, have them focus on completing demonstrate using folding gestures with their hands as they consider each
Problems 1, 3 and 4, and only work on Problem 2 as time allows. Consider also figure.

beginning with a physical demonstration using tracing paper to perform each

type of transformation. This will support connections between what students English Learners

learned in prior lessons and transformations on grids in this lesson. As you perform the think-aloud and model the mathematical language used,

utilize gestures to connect the language to physical movements.

28 Unit1 Rigid Transformations and Congruence



& Independent | @) 15 min

Activity 1 Transformation Information (continued) Y

Students transform figures that are on a grid to see that the properties of a grid can help them
draw the transformed images. They are introduced to a new term: transformation.

9 Connect

Have students share the strategies they used

Name: Date: Period:

Activity 1 Transformation Information (continued) to transform the images. Focus on students who
used tracing paper and students who used the
4. Reflect Triangle ABC across line £. Label the corresponding points on grid units to draw the transformations.
the image with 4', B’, and C".
%, Ask:
C c’ » “How do the translations in Problems 1 and 2 differ?”
Al _— Y In Problem 1, the triangle is translated in

one direction (to the right). In Problem 2, the
triangle is translated in two directions
(down and to the right).

» “When rotating a figure, how does the orientation
of the image vertices compare to the orientation

:: Are you ready for more? of the preimage vertices, relative to the center of

rotation?” The orientation is reversed.

1. Reflect Triangle ABC across line £. Label the corresponding points on the image )
with A, B', and C". + “Can you think of one word that you can use to

describe any of these types of movements?”
Sample responses: move, change, transform

Define the term transformation as arule
for moving or changing figures on the plane.
5 c Translations, reflections, and rotations are all

examples of transformations.

I\

A’

Highlight how the structure of the grid can help

2. Rotate Triangle ABC 90° clockwise about point P. Label the corresponding points on s‘tudents perform eaCh tl’a nsformation .
the image with A", B, and C".

A
C
4 BT
B
c
©2023 Ampiity Education,Inc. Allights reserved Lesson 4 Grid Moves 29
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Activity 2 Identifying Transformations

& Independent | @) 15 min

MP5, MP7
8.G.A.1

Students identify how various transformations for some figures can result in the same image.

Activity 2 Identifying Transformations

Square ABCD is drawn on a grid, and a B c
transformation has been applied.

Kiran, Clare, and Noah each see different
transformations. For each student:
Label the vertices with the correct letters to
show why each response is correct. A D

Describe how each transformation maps
the original figure onto the new figure.

Be sure to include a line of reflection and
a center of rotation, when necessary.

1. Kiran: "l see a translation.”

B c B ' The square is translated 8 units
to the right.

A D A’ D’

2. Clare: "I see areflection.”

B cl 4 | B The square is reflected across
line £.

A D $¢ D A

3. Noah: "I see a rotation.”

B C D’ A Sample response: The square
is rotated 180° about point T.

30 Unit1 Rigid Transformations and Congruence (©2023 Ampity Education, Inc. Allrights reserved.

Differentiated Support

Accessibility: Guide Visualization and Processing,

Optimize Access to Tools

Have students assign a different color to each of the vertices of the preimage and use
colored pencils or highlighters to label the corresponding vertices in the image with

the same colors. Provide access to tracing paper, should students wish to use it during
the activity.

Extension: Math Enrichment

Challenge students to generate their own examples of an image that could be created
by performing more than one transformation of a preimage.

30 Unit1 Rigid Transformations and Congruence

. o Launch

Give students 1 minute to discuss strategies with a
partner before working individually on the activity.

9 Monitor

Help students get started by asking what kind
of transformation they see in the image.

Look for points of confusion:

+ Thinking Kiran's translation moves four units
to the right because point A’is four units to the
right of point D. Ask students to identify the pairs
of corresponding points, and then calculate the
distance between each pair.

» Struggling to visualize the center of rotation in
Problem 3. Model how to find the center of rotation by
holding tracing paper down with the point of a pencil
and spinning the tracing paper around that point.

+ Labeling corresponding points incorrectly in
Problems 2 and 3. Make sure students have
labeled vertices on their tracing paper.

Look for productive strategies:

» Finding multiple ways to describe a rotation for
Problem 3.

» Using tracing paper to help with labeling the image
or understanding the transformation (MP5).

6 Connect

Have individual students share their strategies.

Highlight that different transformations can
produce similar images. To understand the
specific transformation described, it is helpful
to label the coordinates of the image compared
to the preimage, any line of reflection, or center
of rotation (MP7).

Ask, “Are there other shapes besides a square
for which different transformations can produce
a similar image?” Sample responses: yes, a
regular octagon, a circle

Math Language Development se—_—_—

MLR?7: Compare and Connect

Have students share and compare their strategies for transforming
the square and connect these strategies for transforming any regular
polygon.

English Learners

Encourage students to use tracing paper to assist them as they label
each image.



éﬁ Whole Class | @ 5 min

Summary 8.6.A.1

Review and synthesize how grids can assist with performing or identifying transformations.

G Synthesize

Display the Anchor Chart PDF, Translations,
Summary Rotations, and Reflections for students to
reference throughout this unit.

In today’s lesson. ... Formalize vocabulary: transformation

You saw that translations, reflections, and rotations are all examples of Ask:

Name: Date: Period:

ofthegndtoperform a transformation and describe it. : What aresome |mpprtant thlngs‘ to keep I.n
mind when performing a translation, rotation, or

Quadrilateral ABCD is translated to

Quadrilateral AB'C'D’ 4 D reflection?” Sample responses: Translations can
+ The grid shows that each point is moved B A o occur in more than one direction. Reflections
to the right 4 units and down 1 unit. B reverse the orientation of a figure, and are always
e

across a line of reflection. Rotations are always
about a certain center of rotation.

+ “Whatis something new that you learned today

pe B | D about translations, rotations, or reflections?”
Sample response: | learned that these are all types
of transformations.

Hexagon ABCDEF is rotated 90°
counterclockwise about center P.

» The grid shows that the distance
between the center of rotation and
each vertex of the preimage is preserved in

~

s

b
Q

the rotated image. 3 D ;.3 E ) ) .
« Each of these distances forms a 90° angle, nghhght how the structure of the gl’ld can

in the counterclockwise direction. be used to perform and identify each type of
Pentagon ABCDE is reflected across T % transformation. Because the size of each grjd
line m. ™ square is the same, students can use the grid to
: l:cehgvrgtsehxotvgi 'Eza“t nt:i f::i@i;:om A o count the number of units a figure is translated or

in the preimage is maintained in the D ) the distance each corresponding point is to a line of

reflected image. B B reflection. Similarly, students can use the corners

C of grid squares to verify right angles. While not all

distances or angles can be counted or measured
using grid units, the grid is still a valuable tool for
Reflect: performing and identifying transformations.

o Reflect

After synthesizing the concepts of the lesson,
allow a few moments for student reflection.
Encourage them to record any notes in the
Reflect space provided in the Student Edition. To
help students engage in meaningful reflection,
consider asking:

© 2023 Amplify Education, Inc. All rights reserved. Lesson 4 Grid Moves 31

+ “How do transformations on a grid differ from
transformations that are not on a grid? How are
they similar?”

Math Language Development ]

MLR2: Collect and Display

As students formalize the new vocabulary for this lesson, ask them to refer to the class
display for this unit, that you started in Lesson 1. Ask them to review and reflect on any
terms and phrases related to the term transformation that were added to the display
during the lesson.

Lesson 4 Grid Moves 31



& Independent | @) 5min

Exit Ticket 8.G.A.1

Students demonstrate their understanding by identifying which figures represent
only a translation.

0 Success looks like . ..

Name: pate: Fertod + Language Goal: Describing the moves
needed to perform a transformation.
Exit Ticket 1.04 (Speaking and Listening)

» Explaining which translations of Triangle A are

not the result of a rotation or reflection.
Which of these triangles are translations of Triangle A, with no rotation
or reflection applied? Shade all that apply, and explain your thinking. « Goal: Drawing and labeling the image and

corresponding points of figures that have
been translated, reflected, or rotated.

« Language Goal: Drawing the image of a
figure that results from translations, rotations,
and reflections in square grids and justifying
r/ that the image is a transformation of the

C .. . . - .
N original figure. (Speaking and Listening)
Sample response: Triangles B and D are the only images that share the exact
features of Triangle A, and have not been rotated or reflected. Q suggeSted neXt Steps

If students have trouble identifying
Triangles B and D as translations, consider:

» Having them use tracing paper and point out
that the paper does not have to be turned or
flipped over to map Triangle A onto Triangle
BorD.

* Reviewing Problems 1 and 2 from Activity 1.

N
m ? I 1
I don't really I'm starting to I got it
get it get it
a | candecide which type of b Icandraw and label the image and
transformation(s) will map one corresponding points of figures that
figure onto another. have been translated, reflected, or
rotated.
1 2 3
¢ |canuse grids to transform figures. 138
1 2 3
©2023 Amplify Education,Inc. Allights reserved Lesson 4 Grid Moves

Professional Learning
| ______________________________________________________________________________________________________________________________________________________|]

This professional learning moment is designed to be completed independently or
collaboratively with your fellow mathematics educators. Prompts are provided so
that you can reflect on this lesson before moving on to the next lesson.

2> Points to Ponder . ..

+ How did students transition from working with transformations without grids
to working with grids in this lesson? Are your students comfortable with using
grids? How might you alter your instruction if they are not comfortable?

+ How are students progressing in their conceptual development of understanding
how to describe and perform translations, reflections, and rotations? Is one or
more of these more challenging to them? What strategies can you use to help
them further develop their understanding?

32A Unit1 Rigid Transformations and Congruence



Practice .Q. Independent

Il Name: Date: Period Name: Date: Period: I]EI!
3 1. Complete each of the transformations described. 2. Describe each transformation that has occurred. Draw any points or 3
o lines that are used in each transformation. 3
9._ . Draw the translated image of Pentagon ABC DE, so that point C' 9',
a' maps onto point C". Label the corresponding points on the image with . A . C a'
(] A B, C', D' \and E'. ~ 3
~NU.C B D
E
[~
AL —T"] E o 7
AL B 3
D — A E
B / B c'| N
™~ B ~ ‘
o ~ A
' 180° rotation about point P
A’ E'
. Draw the reflection of Pentagon ABC DE across line £. Label the . B
corresponding points on the image with A’, B, ", D', and E'. N / \
B’ D’
E| [¢t|E
D C
Al LT T~ A I A I Bl
fod
/ \ c
. . reflection across line ¢
B D D' A
~ L——1B'
c C’ D red
translation 5 units down
. Draw the rotation of Pentagon ABC DE clockwise 180° about point C'. 3. Match h . ith ivalent .
Label the corresponding points on the image with A", B’, C’, D', and E". - Match each expression with an equivalent expression.
Tracing paper and a ruler may be useful here. . . N
Expressions Equivalent expressions
£ @ -3:-7 b —0.9+57r
A LT 1
® -34+57+25 d. —56r—14)
B / ) © 1.82-59+39r €. 572 — 5.9
~ @ —3:+7 a (,Z,Ez)_z
7 2 2
CT~NB
D' . . . .
/ 4. Identify the single transformation that will map
Triangle P onto Triangle Q.
P
— 4 A. Translation | 7
o4
B. Reflection
C. Rotation
None of the above
32 unit1 Rigid Transformations and Congruence ©2023 Ampiy Ecucation. Inc. Allrights reserved. ©2023 Amplify Education. Inc. Alrights reserved. Lesson4 GridMoves 33

Practice Problem Analysis Additional Practice Available

Type Problem Refer to Standard(s)

For students who need

1 Activity 1 8G.Al 2 additional practice in
On-lesson . this lesson, assign the
2 Activity 2 8.G.A.l 2 Grade 8 Additional
Spiral 3 Grade 7 7EE.AL 1 Practice.
Formative © 4 Ui 8.G.A1l 2
Lesson 5

© Power-up: If students need additional support with the key prerequisite concept or skill
this problem addresses, consider assigning the Power-up in the next lesson.

Lesson 4 Grid Moves 32—33



UNIT1 | LESSON 5

Making the Moves

Let’s draw and describe translations,
reflections, and rotations.

Goals
1. Language Goal: Draw a transformation of a figure using information

given orally. (Speaking and Listening)

2. Language Goal: Explain the sequence of transformations that
maps one figure onto another. (Speaking and Listening)

Coherence

¢ Today

Students take turns providing verbal descriptions of transformations
that have occurred, and drawing images based on these verbal
descriptions (MP6). They come to understand that sometimes there is
no single translation, rotation, or reflection that will map one figure to
another, resulting in the need for a sequence of transformations.

< Previously

In Lesson 4, students were introduced to the term transformation and
began to explore transformations on a square grid.

> Coming Soon

In Lessons 6-7, students will perform transformations on the coordinate
plane, noticing what happens to the coordinates of transformed points.
They will be able to describe the effect of transformations on the
coordinates of the transformed points.

34A unit1 Rigid Transformations and Congruence

+ Students build conceptual understanding that
sometimes, a sequence of transformations is
necessary to map one figure onto another.

» Students build fluency in using precise
mathematical vocabulary to describe a
sequence of transformations.

Standards

Addressing

8.G.A.1

Verify experimentally the properties of
rotations, reflections, and translations.

Building On Building Toward
7.G.A 8.G.A.2
8.G.A3



PaCing Guide Suggested Total Lesson Time ~45 min @

O o @ o

Warm-up Activity 1 Activity 2 Summary Exit Ticket
@ 5 min @ 15 min @ 12 min @ 5 min @ 7 min
% Independent r‘%% Pairs % Independent éé? Whole Class % Independent
MP6 MP7 MP7
8.G.A.l 8.G.A.L 8.G.A.l 8.G.Al 8.G.A.L

AMmPS poweredbydesmos i Activity and Presentation Slides

For a digitally interactive experience of this lesson, log in to Amplify Math at learning.amplify.com.

Practice 2 independent Amps Featured Activity
Materials Math Language Activity 2

« Exit Ticket Development See Student Thinking

+ Additional Practice New word Students are asked to explain their thinking

- Power-up PDF, as needed - sequence of transformations behind mapping a preimage on'to an image,
............................................ e oplE s aeElHte v

» Power-up PDF (answers), as Review words digitally, in real time.

needed « clockwise

» Activity 1 PDF (teacher . counterclockwise

directions and demo card) .
. image I thlnk...
+ Activity 1 PDF (cards), one set _
of cards per pair * preimage %
+ geometry toolkits: rulers, * rotation
protractors or index cards, « reflection
tracing paper « transformation C@ Amps
* translation desmos
Building Math Identity and Community ® Modifications to Pacing

Connecting to Mathematical Practices You may want to consider these

Students may feel overly challenged as they describe the transformation additional modifications if you are

on their card in Activity 1; they may give up or feel stuck as they use their short on time.

developing mathematical language to provide precise verbal descriptions *  The Warm-up may be omitted as
(MP6). Help them practice taking control of their own impulses by asking students have had prior opportunities
them to identify what they know to be true about the figures, and use to practice drawing the line of reflection.

mathematical language to express their thoughts. * Activity 1 may be omitted. In this
activity, students come to understand

how the coordinate plane can provide
more specific information about
transformations than a square grid.

Lesson 5 Making the Moves = 34B



Warm-up Finding the Line of Reflection

& Independent | @) 5min

8.G.A.l1

Students analyze a preimage and image to determine the placement for a line of reflection.

Unitl | Lesson 5

Making the Moves

Let’s draw and describe translations,
reflections, and rotations.

Warm-up Finding the Line of Reflection

Triangle ABC has been reflected to create Triangle A’B'C".
Draw the line of reflection.

A

Q
[+

Log in to Amplify Math to complete this lesson online.

34 Unit1 Rigid Transformations and Congruence ©2023 Ampity Education,Inc. All ghts reserved.

— e Differentiated Support

Accessibility: Guide Visualization and Processing,
Optimize Access to Tools
Consider providing copies of Triangle ABC from the Warm-up for students to

physically manipulate. For example, they could experiment folding the grid to
determine where the line of reflection might be.

Extension: Math Enrichment

Ask students how they know the line of reflection does not intersect any of the
vertices or side lengths of Triangle ABC. If the line of reflection intersected a
vertex (or side) of Triangle ABC, then the image and preimage of that vertex
(or side) would be in the same location.

34 Unit1 Rigid Transformations and Congruence

o Power-up

0 Launch

Set an expectation for the amount of time
students will have to work individually on the
activity. Provide access to geometry toolkits for
the duration of the lesson.

g Monitor

Help students get started by asking them,
“Imagine folding a paper so that Triangle ABC
maps onto Triangle A’'B’C’". Where would that
fold line be?”

Look for points of confusion:

+ Thinking that lines of reflection must be
horizontal or vertical. Have students use tracing
paper to trace the image and preimage and then
fold the paper so the triangles are mapped onto one
another. By unfolding the paper, they should see the
line of reflection is slanted.

Look for productive strategies:

» Finding the distance between corresponding points
and finding the midpoints of these distances to
draw the line of reflection. Once two midpoints
are found, students can draw the line of reflection
connecting them.

9 Connect

Have individual students share their strategies
for finding the line of reflection.

Highlight how the grid allows for distances to be
observed without the need for a ruler or other
measurement tool.

Ask, “How many points do you need to
construct to find the line of reflection?

To power up students’ ability to describe transformations:

Provide students with a copy of the Power-up PDF.
Use: Before Activity 1

Informed by: Performance on Lesson 4, Practice Problem 4



Activity 1 Make That Move

28 pairs | @ 15 min

MP6
8.G.A.1

— 6 Differentiated Support

Name: Date: Period:

Activity 1 Make That Move

You will be given a set of cards. You and your partner will take turns describing and
drawing transformations. Decide which student will draw first. The other student will
describe the transformation on their card.

When describing . . . When drawing . ..

Your goal is to describe your «  Your goal is to listen carefully to your

transformation as accurately as possible partner, and recreate the transformation

using only your words. they describe.

You may offer verbal feedback to your «  Draw the transformation your partner

partner once they have completed their describes on the grid shown.

initial sketch.

C
B __—
v
1
7

Answers may vary, based on the card chosen from the Activity 1 PDF.

©2023 Ampiy Egucation. nc. Allights reserved. Lesson 5 Making the Moves 35

Accessibility: Vary Demands to Optimize Challenge

If students need more processing time, assign them Card Set 1A and 1B.

Accessibility: Clarify Language and Symbols

Remind students that they can refer to the class display or the Anchor Chart PDF,
Translations, Rotations, and Reflections, when providing directions to their partner.

Extension: Math Enrichment

Have students describe more than one method for achieving the transformation on

their card.

Students describe and draw transformations to understand limitations of a square grid
and to develop a need for the coordinate plane.

o Launch

Distribute the cards from the Activity 1 PDF
(cards). Specific directions and a demonstration
card can be found on the Activity 1 PDF (teacher
directions and demo card).

Note: The Activity 1 PDF needs to be distributed
for both print and digital lessons.

g Monitor

Help students get started by modeling the
routine for this activity using the demo card
provided.

Look for points of confusion:

» Struggling to use only words as they describe the
transformations. Encourage students to visualize
each movement and then choose the words that can
describe the movement. It may be helpful to display
words students use to describe the movements.

Look for productive strategies:

» Using precise descriptions, such as specific points,
lines, or angles (MP6).

» Responding to constructive feedback to revise
sketches.

g Connect

Ask:

+ “What elements of your partner’'s description were
helpful as you were sketching?”

» “What are some details or ideas that could have
helped you describe your transformation?” Listen for
student ideas that suggest the need for a coordinate
plane, such as specific locations of points.

Highlight how using precise mathematical
language can assist when performing certain
geometric actions, such as transformations.
Say, “In future lessons, you will learn how to
make your descriptions more clear.”

Math Language Development m——

MLRZ2: Collect and Display

As students describe the transformation of Triangle ABC, listen
for and collect vocabulary and phrases they use to describe
reflections, rotations, and translations.

English Learners

As you add to the class display, use gestures to highlight the
differences between each transformation.

Lesson 5 Making the Moves 35



— @ Differentiated Support

& Independent | @) 12 min

Activity 2 Ato Bto C e

Students practice describing transformations, leading them to see that in some cases,
multiple transformations are necessary to map one figure onto another.

Set an expectation for the amount of time

Activity2 AtoBto C students will have to work individually on the
activity before sharing their responses with a

Refer to Figures A, B, and C. For each 4 partner.

problem, describe a transformation that

could map each figure onto the other. T .

Draw any points or lines that are used g M on |t0r

in your transformation.

Help students get started by reminding them
to describe their transformations precisely.

S
b
=

1. Atransformation that maps Figure A
onto Figure B.
Sample responses:

A 4

Look for points of confusion:

Translate 6 units to the right, or
Reflect Figure A across line m. » Thinking there is no transformation that will map
Figure A onto Figure C. Allow students to think this
way at this point, because the concept of multiple

My
2. Atransformation that maps Figure B transformations has not been discussed yet. Make
onto Figure C. a note of this thinking, and encourage them to share
Sample responses: during the Connect.
Reflect Figure B across line ¢, or
Rotate Figure B 180° clockwise or counterclockwise around point R. Look for productive strategies:
« Thinking strategically about the properties of the
shape that indicate which transformation has taken
3. Atransformation that maps Figure A onto Figure C. place, such as identifying Corresponding segments
Sample responses: | (MP7)
Translate 6 units to the right, and then reflect Soo:rflz{iengag?ocbloe?seﬁ;”ter orangles :
across line £, or create a visual display of your « Identifying and drawing lines of reflection and
Reflect Figure A across line m, and then rotate chosen strategy or strategies. i K
around point R. Then compare your strategy centers of rotation on the grid.
Rotate Figure A 180° clockwise or with a partner. L. . . .
counterclockwise around point P. + Finding multiple ways to map Figure A onto Figure B,
Reflect Figure A across line m, and then reflect and Figure B onto Figure C.

across line £.

© connect

: Have students share different strategies for
mapping Figure A onto Figure B, Figure B onto
Figure C, and Figure A onto Figure C.

Describe a single transformation that maps Figure A directly onto Figure C.

Figure A can be rotated 180° clockwise or counterclockwise about
point P to map onto Figure C.

@ Highlight that there are many ways to map
Figure A onto Figure C, including a single
transformation or several transformations.

36 Unit1 Rigid Transformations and Congruence ©2023 Ampiy Education, Inc. Allights reserved.

will be formally defined in the Summary.

Math Language Development ]

Accessibility: Vary Demands to Optimize Challenge MLR7: Compare and Connect
Provide students with specific guidance for Problems 1 and 2. Ask them to Ask students to prepare a visual display of their chosen strategy or
describe a translation that can map Figure A onto Figure B in Problem 1. strategies. Then have students compare their strategy with a partner.

Then ask them to describe a reflection that can map Figure B onto

Figure Cin Problem 2. English Learners
B e e B e Provide §tudents time to formulate a response before sharing thgir strategy

with their partner. Display sentence frames to support conversation, such as:
Encourage students to find multiple sequences of transformations for

because...”
Problem 3.

» “Tomap Figure A onto Figure B, |

» “Inoticed ,sol...”

» |agree/disagree because..."

36 Unit1 Rigid Transformations and Congruence



éﬁ Whole Class | @ 5 min

Summary 8.6.A.1

Review and synthesize how sometimes more than one transformation is needed
to map one figure onto another.

G Synthesize
Display the Summary from the Student Edition.

Name: Date: Period:

Summary
Ask:
« “Canyouimagine a single translation, rotation, or
S reflection that would map one bird onto the other?”

No, a single transformation will not map one bird
onto the other. In this case, there needs to be a
translation and a reflection.

You described and performed transformations that map one figure onto another.

In some cases, mapping one image
onto another requires more than one

transformation. To map one bird onto N ’., />//' + “How does this compare with the image from

the Other bird in thefollgwmg 'mage. a \ ‘ > Activity 27" Each mapping in Activity 2 can be

reflection and a translation are needed. 0 “ ] 5 R . . L
NP ! 5) performed with a single transformation, which is

_Whenl,mgrte than c_’”et'a:;fotrma_t'on Q \ 3 o not possible with these birds.

is applied to a preimage, that series \ A\

of moves is called a sequence of @ f f .

transformations. Thore can be more than r( Highlight that to map one bird onto the other

one sequence of transformations that LW more than one transformation is needed. Define
maps a preimage to an image.

more transformations performed in a particular

order.

Reflect:
Formalize vocabulary: sequence of
transformations

@) Refiect
After synthesizing the concepts of the lesson,
allow a few moments for student reflection.
Encourage them to record any notes in the
Reflect space provided in the Student Edition.
To help students engage in meaningful
reflection, consider asking:
+ “Canevery preimage be mapped onto animage
using a single transformation?”
© 2023 Ampiity Education,Inc. Allrights reserved. Lesson 5 Making the Moves 37

Math Language Development ]

MLRZ2: Collect and Display

As students formalize the new vocabulary for this lesson, ask them to refer to the class display
for this unit, that you started in Lesson 1. Ask them to review and reflect on any terms and
phrases related to the term sequence of transformations that were added to the display during
the lesson.

Lesson 5 Making the Moves 37



& Independent | @ 7 min
MP7

Exit Ticket 8.G.A.1

Students demonstrate their understanding by describing a sequence of transformations.

0 Success looks like . ..

Name: Date: Period:

» Language Goal: Drawing a transformation
of a figure using information given orally.
Exit Ticket m (Speaking and Listening)
+ Language Goal: Explaining the sequence of
transformations that maps one figure onto

Describe a sequence of transformations that maps Quadrilateral ABCD

onto Quadrilateral A’'B'C'D". another. (Speaking and Listening)
c » Explaining the sequence that maps Quadrilateral
B ABCD onto Quadrilateral A'B'C'D’.
e

O Suggested next steps

\
— D \ If students struggle to identify or describe

A - a sequence of transformations, consider:
D ,
« Asking, “Do you think a translation may have
Sample responses: occurred? A reflection? A rotation? Why or
* Rotate Quadrilateral ABCD 90° clockwise about point D, and then Why not?"
translate the resulting image 2 units down and 3 units right.
« Translate Quadrilateral ABCD 6 units right and 3 units up, and then . Reviewing Activity 2.

rotate the resulting image 90° clockwise about point A.
+ Assigning Practice Problems 1and 2.

If students do not identify a center of rotation,
consider:

« Demonstrating the different images after
a 90° rotation using different centers

of rotation.
N
? —— A
I don’t really I'm starting to I got it
get it i

a | canuse the terms translation, b | can explain the sequence of
reflection, and rotation to precisely transformations that takes a
describe transformations. preimage to its image.
1 2 3 1 2 3

©2023 Amplity Education, Inc. All rights reserved. Lesson 5 Making the Moves
Professional Learning
| ______________________________________________________________________________________________________________________________________________|]

This professional learning moment is designed to be completed independently or
collaboratively with your fellow mathematics educators. Prompts are provided so that
you can reflect on this lesson before moving on to the next lesson.

<> Points to Ponder . ..

- How did students grapple with mapping Figure A onto Figure C in Activity 2?
Did they see a need for multiple transformations?

- How are students progressing in their ability to precisely describe
transformations? Are they leaving out important details, such as the line
of reflection or angle of rotation? How can you help them see the need for
precise and detailed descriptions?

38A Unit1 Rigid Transformations and Congruence



Practice ‘Q, Independent

) Name: Date Period Name: Date: Period: I]Ell
3 1. Describe a sequence of transformations that maps Polygon ABCDE 3. Selectall the sequences of transformations that would return a 3
g onto Polygon FGHIJ. triangle to its original position. g
(= (=
o b Reflect a triangle across line m, and then reflect the image across =3
(] line m again. o

Translate a triangle 1 unit to the right, then 4 units to the left, and then
< 3 units to the right.
Figure 2
B E . C. Reflectatriangle across line ¢, and then reflect the image across a
different line.
\x 2
Rotate a triangle 90° counterclockwise around point C, and then rotate
Figure|l the image 270° counterclockwise around the same point.
F
H, 4
I J 4. Solve each equation. Show your thinking.
Sample response: Rotate ABCDE 90° clockwise about point A @ 12+05:=215 ® —5(-2)=30
to create Figure 1. Reflect Figure 1 across line £ to create Figure 2. 12+40.52—12=21.5-12 —5(z —2) + (-5) =30 + (-5)
Translate Figure 2 left 4 units and down 3 units to create FGHIJ. 0.52=9.5 2—2=—-6
0.5z +0.5=9.5+0.5 rx—2+4+2=-6+2
2. Describe a sequence of transformations that maps Triangle ABC onto =19 r=—4
Triangle DEF.
5. Identify the coordinates of the points graphed y| A
5
\ on the coordinate plane. d
/ N
A / \\ @ PointA( =3 ., 2 )
// N figure 1 A
4 3 ® PointB( .2 ., 0. )
/ B
F , - 5 -
B c © PointC (..By.m2..) -5
C x
N A
>( @ PointD (ymd)
Figure 2 D
/ NFjsure
5,
E ) \
L
Sample response: Rotate Triangle A BC 90° counterclockwise about point C
to create Figure 1. Translate Figure 1 down 5 units to create Figure 2. Reflect
Figure 2 across line £ to create Triangle DEF.
38 unit1 Rigid Transformations and Congruence ©2023 Ampliify Education, Inc. All rights reserved. ©2023 Amplify Education, Inc. All ights reserved. Lesson 5 Making the Moves 39

Practice Problem Analysis Additional Practice Available

Type el B For students who need

1 Activity 2 8.G.A.l 2 additional practice in
On-lesson . this lesson, assign the

2 A 2 HERAT 2 Grade 8 Additional

3 tJnit 1 . 8GAL > Practice.
Sl esson

4 Grade 7 7.EE.B.3 1
Formative © 5 Slalfed) 8.G.A.1 1

Lesson 6

© Power-up: If students need additional support with the key prerequisite concept or skill
this problem addresses, consider assigning the Power-up in the next lesson.

Lesson 5 Making the Moves 38-39



UNIT1 | LESSON 6

Coordinate Moves
(Part 1)

Let’s transform some figures and see what
happens to the coordinates of the points.

Goals
1. Language Goal: Generalize the process to translate any point on the

coordinate plane. (Speaking and Listening, Reading and Writing)

2. Language Goal: Generalize the process to reflect any point on the
coordinate plane. (Speaking and Listening, Reading and Writing)

Coherence

¢ Today

Students continue to investigate the effects of transformations. They use
coordinates to describe preimages and their images under translations
and reflections on the coordinate plane. Students describe the effect of
translations and reflections using coordinates (MP7).

< Previously

Students used the structure of a grid to describe transformations and
sequences of transformations (MP7).

> Coming Soon

In Lesson 7, students will use coordinates to describe preimages and
their images under rotations on the coordinate plane. They will
describe the effect of rotations using coordinates (MP7). In Lesson 8,
they will develop coordinate notations to describe the effects of these
transformations (MP7).

40A Unit1 Rigid Transformations and Congruence

.

Students build conceptual understanding by
investigating the patterns among coordinates
for translations and reflections.

Students build fluency in describing
the effect of translations and reflections
using coordinates.

Standards

Addressing

8.G.A.3

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

Building On Building Toward
8.G.A.1 8.G.A.2



Pacing Guide

Suggested Total Lesson Time ~45 min @

O o o

Warm-up Activity 1 Activity 2
@ 5 min @ 10 min @ 15 min
2 Independent 2 Independent &8 Pairs
MP7 MP7
8.G.A.1 8.G.A.3 8.G.A.3

AMmPS poweredbydesmos i Activity and Presentation Slides

@

Activity 3

(optional)
@ 15 min
28 Pairs

MP7, MP8

8.G.A.3

o

Summary Exit Ticket
@ 5 min @ 5 min
999 Whole Class & Independent
8.G.A.3 8.G.A.3

For a digitally interactive experience of this lesson, log in to Amplify Math at learning.amplify.com.

Practice % Independent

Materials Math Language
« Exit Ticket Development
+ Additional Practice Review words
» geometry toolkits: rulers,  corresponding
tracing paper - coordinate plane
* image
* preimage

- reflection
 transformation

« translation

Building Math Identity and Community
Connecting to Mathematical Practices

Students may feel disengaged when asked to make predictions before
performing the transformations in Activities 1 and 2. Encourage them
to persist as they look for structure (MP7). For example, ask them to
examine the coordinates of the preimages and their corresponding
images, and look for any patterns that emerge.

Amps | Featured Activity

Activities 1 and 2
Interactive Graphs

Students can drag points to create
transformations of a preimage. You
can overlay student answers to provide
immediate feedback.

G
%

CO. Amps

desmos

® Modifications to Pacing

You may want to consider these
additional modifications if you are
short on time.

The Warm-up may be omitted as

it provides additional practice for
identifying corresponding points
after a reflection.

In Activity 2, have students complete
the task only for two points.

Optional Activity 3 may be omitted.

Lesson 6 Coordinate Moves (Part1) 40B



Warm-up Getting Coordinated

& Independent | @) 5min

8.G.A.l1

Students practice identifying corresponding points between a preimage and an image to further
see the need for a coordinate plane to help identify specific coordinates.

Unit1 | Lesson 6

Coordinate
Moves (Part 1)

Let’s transform some figures and
see what happens to the coordinates
of the points.

Warm-up Getting Coordinated

v
:
tlote wos oo

=

1- 203485 6 1

2 e

|-

L]
(]
S_E b

-

Figure ABCDE has been reflected. Label the corresponding points on

the image with A, B/, C’, D’,and E".

D C c’

40  Unit1 Rigid Transformations and Congruence

— o Power-up

D

Log in to Amplify Math to complete this lesson online.

©2023 Amplify Education, Inc. Allrights reserved

To power up students’ ability to identify coordinates,

have students complete:

Recall that in a coordinate pair (z, y), the z-value indicates the horizontal
(left/right) direction from the origin while the y-value indicates the
vertical (up/down) direction from the origin. Determine which point

matches each coordinate pair.

40 Unit1 Rigid Transformations and Congruence

0 Launch

Set an expectation for the amount of time
students will have to work individually on the
activity. Provide access to geometry toolkits for
the duration of the lesson.

Monitor

Help students get started by asking them to
name a pair of corresponding points.

Look for points of confusion:

+ Labeling the image of point E as B’ by thinking
the transformation is a translation. Ask them if
they can map the preimage onto the image by just
moving it to the right.

Look for productive strategies:

+ ldentifying corresponding points by drawing a line of
reflection, using tracing paper, or folding the page.

Connect

Have students share their strategies for
labeling the coordinates of the image.

Ask:

» “How can you tell thisis a reflection and not another
type of transformation?” The orientation of the
corresponding points is reversed.

+ “Where would the line of reflection be?” Halfway
between each pair of corresponding points,
perpendicular to the distances between them.

» “What might help you describe the position of
the line?” Sample response: If | knew the exact
coordinates of the vertices of the preimage and
image, | could find coordinates that the line of
reflection would pass through.

y’)
° _B_ 1,0
4 1
_C (0, -1
B
° i A 1y
1C

Use: Before Activity 1
Informed by: Performance on Lesson 5, Practice Problem 5 and
Pre-Unit Readiness Assessment, Problem 3



—— 6 Differentiated Support

& Independent | @ 10 min
MP7

Activity 1 Translating Points on the Coordinate Plane 8.G.A.3

Students translate points on the coordinate plane, and look for patterns in how

the coordinates of the point change.

Amps Featured Activity Interactive Graphs

Name: Date: Period:

o Launch

Activity 1 Translating Points on the Coordinate Plane

Refer to the graph showing points A, B, and C. A

(4]

Activate students’ prior knowledge by asking
how a coordinate of a point is written. Have
students conduct the Think-Pair-Share routine
for Problems 1-2, and then discuss

Problem 3 as a whole class.

1. Translate points A, B, and C to the left 4 units

and down 1 unit. Draw the image of these points A

in the graph. Label the points in the image as
A, B, and C’, respectively.

g Monitor

Help students get started by asking, “How can

&

you use the grid to translate point A 4 units to

the left?”

2. Write the coordinates of each point in the table.

Preimage coordinates Image coordinates
A (5,3) | A (1,2)
B (-1,1) B’ (-5,0)
(@ 4,0) c’ 0,-1)

3. Compare the coordinates of the original points with the coordinates of
their images. What do you notice?

Translating left 4 units resulted in subtracting 4 from each original
x-coordinate. Translating down 1 unit resulted in subtracting 1 from
each original y-coordinate.

Look for points of confusion:

» Confusing the order of the coordinates.
Remind students that coordinate pairs are written
inthe form (z, y), and they can remember this
by remembering that 2 comes before y, as in the
alphabet.

Look for productive strategies:

+ ldentifying a pattern and using it to predict the
coordinates of the image before graphing.

6 Connect

Display correct student work.

Highlight how moving left changes the

:: Are you ready for more?

How would the coordinates change if you translated the points
1 unit up and 4 units to the right instead?
The values of x and y would increase, instead of decrease. | would

need to add 1 to each y-coordinate and 4 to each z-coordinate,
instead of subtract.

x-coordinate, and moving down changes the
y-coordinate (MP7).

Ask:

+ “Where would the image of a point be if you
translate it 3 units up and 4 units down?” The image
would be located one unit down from the preimage.

©2023 Ampity Education, Inc. Al rights reserved. Lesson 6 Coordinate Moves (Part1) 41

Accessibility: Vary Demands to Optimize Challenge

If students need more processing time, have them focus on
translating points A and C. As time permits, and after they have
successfully completed Problems 1 and 2 for these two points, have
them complete the activity with the remaining point B.

» “Why do you subtract when moving left or down?"
Left is the negative direction along the z-axis, and
down is the negative direction along the y-axis.

Math Language Development ]

MLRS8: Discussion Supports

Support students in the whole class discussion for Problem 3. Provide time for them
to rehearse their responses before sharing. Ask students to annotate their table

in Problem 2 with directional phrases that indicate their movement and how the
z-coordinates changed or the y-coordinates changed. For example, for point A, have
students write move left; x changes and move down; y changes.

English Learners

Highlight, through the use of gestures, what movement along the axes looks like and
emphasize how the values change by subtracting when moving left and down.

Lesson 6 Coordinate Moves (Part1) 41



&8 pairs | @ 15 min

MP7

Activity 2 Reflecting Points on the Coordinate Plane 8.6.A.3

Students reflect points on the coordinate plane, and look for patterns in how

the coordinates of the point change.

Amps Featured Activity Interactive Graphs

Activity 2 Reflecting Points on the Coordinate Plane

Transforming points and figures using coordinates allows you to

be very precise. When they studied which shapes of billiard tables
resulted in special bouncing patterns for billiard balls, mathematicians
Alex Wright and Maryam Mirzakhani first transformed the tables using
multiple reflections.

1. Refer to the graph showing Points A, B, C, and D. Y. 9
5 7Y
a Reflect points A, B, C, and D across the y-axis. A
Plot and label the resulting points A’, B, C”,
and D', respectively.
B B/
3 [0]
T
b Write the coordinates of each point in the table. D' D
C|C
5

¢ Compare the coordinates of the

preimage points with the coordinates Prei':"age } Imgge
of their images. What do you notice? coordinates I coordinates
Reflecting a point across the ‘ ,
y-axis changes the sign of the A =44 A 49
x-coordinate. The z-coordinate of
the image has the opposite sign as B (-2,0) B’ 2,0)
the z-coordinate of the preimage.
The y-coordinate stays the same. C (0,-3) c’ 0,-3)
D 5,-2) D’ (-5, -2)
RS
¥ Featured Mathematician

Maryam Mirzakhani

Maryam Mirzakhani grew up in Iran, where she was the first female
student to earn a gold medal at the International Math Olympiad. She
moved to the U.S. to complete her graduate work, becoming a professor
at Princeton University and later Stanford University. She was awarded
the Fields Medal in 2014, one of the highest honors in mathematics, for
her study of moduli spaces. She and her colleagues used this work — along
with geometric transformations and precise coordinates - to prove that
certain quadrilateral shapes, such as billiard tables, have special “orbit
closures.” Mirzakhani died from breast cancer at the age of 40. Today,
numerous schools, prizes, and other establishments bear her name.

Jan Vondrak
42 Unit1 Rigid Transformations and Congruence ©2023 Ampiy Education, Inc. Allights reserved.

— @ Differentiated Support s Math Language Development wm @ Featured Mathematician m————————

Launch

Ask students to decide who will complete
Problem 1 and who will complete Problem 2. Set
an expectation for the amount of time students
will have to work individually on their problem,
and then have them compare their responses
with their partner.

Monitor

Help students get started by having them
measure the distance from each point to the
y-axis by counting the number of grid squares,
and then counting the same amount on the other
side of the y-axis to find the reflected point.

Look for points of confusion:

» Not knowing how to reflect point C in Problem 1
or point B in Problem 2. Ask students, “How far
from the y-axis is point C'in Problem 1? How far
away from the z-axis is point B in Problem 27"

Look for productive strategies:

» Noticing the pattern of changing the sign of the
z-coordinate in Problem 1 and the y-coordinate in
Problem 2.

Activity 2 continued >

Maryam Mirzakhani

Accessibility: Vary Demands to Optimize MLR?7: Compare and Connect

Challenge After students present their strategies for

If students need more processing time, have reflecting points, ask them to consider what is the
them focus on reflecting points 4, C, and D in same and what is different about the strategies
Problems1and 2. used. Draw their attention to the different

ways students reasoned to find the reflected
coordinates.

English Learners

Encourage students to use gestures when
reasoning about the reflected points.

42 Unit1 Rigid Transformations and Congruence

Have students read about featured
mathematician Maryam Mirzakhani,
who earned one of the highest honors
in mathematics for her study of moduli
spaces.



&8 Pairs | @ 15 min

Activity 2 Reflecting Points on the Coordinate Plane (continued) B.GAS

Students reflect points on the coordinate plane, and look for patterns in how
the coordinates of the point change.

e Connect

Have pairs of students share different

Name: Date: Period:

Activity 2 Reflecting Points on the Coordinate Plane strategies for finding the coordinates of the
(continued) image. Begin with students who used the
2. Refer to the graph showing points A, B, C, and D. Y| structure of the grid without using the axes of
A .
@ Reflect points A, B, C, and D across the z-axis. o4 the coordinate plane, followed by students who
Draw the image of these points in the graph. i i i
Labé the poutts i the age o A B-0r and . = notlcgd the pattern of changing the sign of a
respectively. B coordinate (MP7)
5 | B] |0
x - - . . g
D Highlight the similarities between the
%y . . .
f coordinates of the preimage and the image,
B Write the coordinates of each point in the table. and how the line of reflection affects which
coordinates are changed, and which coordinates
Preimage coordinates | Image coordinates .
3 remain the same.
A (-4,9 A (—4,-9)
Ask:
B (=2,0) B’ (-2,0)
» “How is reflecting on the coordinate plane similar to
©-3 © ©3 reflecting on a grid? How is it different?”
2 G,-2) ) ) + “Are some points more challenging to reflect than
others? Why or why not?”
¢ Compare the coordinates of the preimage points with the coordinates « “How did Changing the line of reflection affect the
of their images. What do you notice? i i o
Reflecting a point across the z-axis changes the sign of the coordinates of the Image:
y-coordinate. The y-coordinate of the image has the opposite “ . A
sign as the y-coordinate of the preimage. The z-coordinate » “Why does reflecting across the y-axis change the
stays the same. sign of the z-coordinate?” Reflecting across the
y-axis means the point is now on the other side of
the vertical y-axis. The z-coordinates on either
side of the vertical y-axis have opposite signs.
©2023 Amplify Education, Inc. Al rights reserved. Lesson 6 Coordinate Moves (Part1l) 43
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Optional

&8 pairs | @ 15 min

MP7, MP8

Activity 3 Partner Problems: Predicting Placement 8.6.A.3

Activity 3 Partner Problems: Predicting Placement

With your partner, decide who will complete Column A
and who will complete Column B. You each will work
on the problems in your column; however, you should
have the same responses as your partner. If you do
not have the same responses, rework your partner’s
problem and discuss any errors.

Plan ahead: In what ways
will you take on the
perspective of your partner
during this activity?

For each column, perform the transformation as described.
Then write the coordinates of the image.

Column A Column B

1. Translate point P to the right 2 units Point P’is the result of translating
and then up 4 units, and label the point P(1, —3) 2 units right and 4 units up.
resulting image as P’. What are the What are the coordinates of point P'?

coordinates of point P'?

y 5
P
0
T
P
5
PlloBi, dill) P8y i)
2. Point R'is the result of reflecting the Reflect point R across the y-axis and

point R(—4, —2) across the y-axis. label the resulting image as point R'.
What are the coordinates of point 2 What are the coordinates of point R'?

Y

5

@ R(oboo=2.) R m2.)

44 Unit1 Rigid Transformations and Congruence ©2023 Ampiy Education, Inc. Allights reserved.

Accessibility: Vary Demands to Optimize Challenge

If students need more processing time, suggest that they complete Column A if they
are more confident with reflections and Column B if they are more comfortable with
translations. Consider using intentional grouping to pair students so that one student

feels confident about reflections and can help assist their partner.

44 Uunit1 Rigid Transformations and Congruence

Students predict the coordinates of points that are translated or reflected to strengthen
understanding of the patterns they discovered in earlier activities of this lesson (MP8).

. o Launch

Conduct the Partner Problems routine.

Monitor

Help students get started by asking, “What
patterns did you notice during Activities 1 and 27"

Look for points of confusion:

» Thinking they have to complete both problems
from each column. Explain that if a student and
their partner arrive at the same response for their
respective problems, they can move to the next
problem. They only have to work on their partner’s
problem if they have different responses.

Look for productive strategies:

» Referencing patterns from previous activities to
make predictions about the coordinates after the
translations and reflections.

Connect

Have students share any problems in which
they did not have the same response as their
partner, and how they came to an agreement of
their final response.

Ask:

+ “Did anyone learn a new strategy from their partner?”

» “If you know the coordinates of a point and the
transformation that occurs, do you need to refer
to a graph to know the coordinates of the image?”
(MP7)

Highlight strategies students used to find the
coordinates without graphing.

— e Differentiated SUppOI"t ]



Qﬁ Whole Class | @ 5 min

Summary 8.G.A.3

Review and synthesize how the coordinates of a point changes after a translation
or reflection on the coordinate plane.

G Synthesize

Highlight the patterns that students generated
Summary during the course of the lesson.

Name: Date: Period:

Ask:

|
+ “What are some advantages to knowing the

coordinates of points when you are performing

You performed translations and reflections on the coordinate plane, and observed
how the coordinates of the transformed points changed under each of these types transformations?”

of transformations. . . .
» “How does translating a point to the left or right

You cgn use coordinates to descnbe the position of points and find patterns in the affect the coordinates of the point? Up or down?”
coordinates of transformed points.

You can describe a translation by expressing it as a sequence of horizontal and * "What changes.dld you See_wh’en reflecting points
vertical translations. across the z-axis? The y-axis?

+ “If the point (—8, —5) undergoes the following

Translating a point to the left or right ; .
transformations, what would be the coordinates of

. Translating a point up or down.. ..

changes the value of the z-coordinate. changes the value of the y-coordinate. the image’”
Example: Preimage: (3, —5) Example: Preimage: (3, —5) T lati lef . dd b .
If the point is translated to the left « Ifthe pointis translated up 2 units, » Translation lefta units an own b units
2 units, the image is (1, —5). the image is (3, —3). (-8-a,-5-b)
If the point is translated to the right « Ifthe pointis translated down 2 . . . .
2 units, the image is (5, —5). units, the image is (3, —7). » Translation right a units and up b units

(-8+a,-5+bh)

Reflecting a point across an axis changes the sign of one coordinate.

» Reflection across the x-axis (-8, 5)

Reflecting a point across the z-axis... | Reflecting a point across the y-axis . .. . .
‘ » Reflection across the y-axis (8, -5)
changes the sign of the y-coordinate. changes the sign of the z-coordinate.
The z-coordinate remains the same. The y-coordinate remains the same.
Example: Preimage: (3, —5) Example: Preimage: (3, —5) o Reflect
Image: (3, 5) Image: (=3, —5)

After synthesizing the concepts of the lesson,
allow a few moments for student reflection.

Reflect: Encourage them to record any notes in the
Reflect space provided in the Student Edition.
To help students engage in meaningful
reflection, consider asking:

« “How can knowing the coordinate of a point help
you translate or reflect it?”

©2023 Ampiy Education, Inc. Allrights reserved. Lesson 6 Coordinate Moves (Partl) 45
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& Independent | @) 5min

Exit Ticket 8.G.A.3

Students demonstrate their understanding of translations and reflections on the
coordinate plane by finding the missing coordinates of an image.

.
0 Success looks like . ..

Name: pate: Fertod + Language Goal: Generalizing the process to
translate any point on the coordinate plane.

Exit Ticket m (Speaking and Listening, Reading and

Writing)

» Determining the coordinates of a translated
image from the coordinates of the original image.

1. Triangle ABC is translated 5 units down and 'Y

2 units to the right to create Triangle A'B'C". A(2,5)

Label the coordinates of the image. s - Language Goal: Generalizing the process

to reflect any point on the coordinate plane.
00(3, ) A0 (Speaking and Listening, Reading and
® Writing)
B'(6,-2)
C'(5,—4) » Determining the coordinates of a reflected

image from the coordinates of the original image.

O Suggested next steps
2. Triangle DEF is reflected across the z-axis Y

to create Triangle D'E'F". D(-1,5) If students struggle with finding the
Label the coordinates of the image. W coordinates of the image in Problem 1,
E(1,3 .
consider:
F(0,1)

o) 1o - + Reviewing integer operations.

If students struggle with finding the
coordinates in Problem 2, consider:

E'(1,-3)
D'(-1,-5)
* Reviewing Problem 2 from Activity 2.

» Assigning Practice Problem 3.

? -—-—@

I don't really I'm starting to Igot it
getit getit
a |canapply translations to points on b I canapply reflections to points on
a grid if | know their coordinates. a grid if | know their coordinates.
1 2 3 1 2 3
©2023 Amplify Education,Inc. Allights reserved Lesson 6 Coordinate Moves (Part 1)

Professional Learning

This professional learning moment is designed to be completed independently or
collaboratively with your fellow mathematics educators. Prompts are provided so that
you can reflect on this lesson before moving on to the next lesson.

Q. Points to Ponder. ..

How well do your students understand the patterns of the coordinates for
translations and reflections? Do you need to review integer operations with
them to better understand the patterns for translations?

Are they able to explain why the z-coordinates change signs when reflecting
across the y-axis, and why the y-coordinates change signs when reflecting
across the x-axis? How can you help them see that this makes sense?

46A Unit1 Rigid Transformations and Congruence



Practice ‘Q, Independent

u:’, Name: Date: Period: Name: Date: Period: I]Ell
3 1. Points A(—6, 5), B(3,2), and C(0, —1) are Y 3. Pentagon P is reflected across the z-axis. Predict the coordinates of the image by 3
g plotted on the coordinate plane. What are the Y completing the table. Check your predictions by graphing the image. g
[=4 coordinates of A, B, and C after a translation A 5 ’ y [=4
] 4 units to the right and 1 unit up? Plot these 75 Preimage | Image 54 3

points on the grid, and label them A’, B’, and B[ coordinates coordinates
C" Include the coordinates of the images in (0 2,0 (-2,0)
your labels. Y 0 > ? ’ p
e = (=2,2) (=2,-2) - -
- (-1,3) (-1,-3) z
(1,3) 1,-3)
©,1) ©,-1) 5y
2. Points D(-3, 3), E(5, 0), F(2, —2), and G(0, 4) are plotted on the coordinate plane.
y| 4
5
G
D D (3/3) 4. For each statement, explain how you would find the measure of the missing angle.
’ . Two angles are complementary, and you are given the measure of one of these angles.
(=4, 0) (2.2 Subtracting the known angle from 90° would give the unknown
’ E complementary angle.
- o]
F - . Two angles are supplementary, and you are given the measure of one of these angles.
Subtracting the known angle from 180° would give the unknown
clo—4 supplementary angle.
5
y . . .
5. Triangle ABC is rotated 90° clockwise about Y
the origin to create Triangle A'B'C". In which Quadrant 11 Quadrant

. What are the coordinates of points D and E after a reflection across the y-axis?
Plot these points on the grid, and label them D’and E". Include the coordinates of
the images in your labels.

D@3, 3); E'(-5,0)

quadrant would point ¢ be located?
A.  QuadrantI A

B. QuadrantIl

(©) Quadrantn B L4 -
. What are the coordinates of points F and G after a reflection across the y-axis?

Plot these points on the grid, and label them F’and G”. Include the coordinates of D. QuadrantIV
the images in your labels. c
F'(2,2); G'(0, —4)
Quadrant I11 Quadrant IV
46 unit1 Rigid Transformations and Congruence ©2023 Ampiy Ecucation. Inc. Allrights reserved. ©2023 Amplify Education. Inc. Alrights reserved. Lesson 6 Coordinate Moves (Part1) 47

Practice Problem Analysis Additional Practice Available

Type Problem Refer to Standard

For students who need

1 Activity 1 8.G.A.3 2 additional practice in
this lesson, assign the
On-lesson 2 Activity 2 8.G.A3 2 Grade 8 Additional
3 Activity 3 8.G.A.3 2 Practice.
Spiral 4 Grade 7 7.G.B.5 1
Formative @ 5 Linne L 8.G.A.3 2
Lesson7

© Power-up: If students need additional support with the key prerequisite concept or
skill this problem addresses, consider assigning the Power-up in the next lesson.

Lesson 6 Coordinate Moves (Part1) 46—47



UNIT1 | LESSON 7

Coordinate Moves
(Part 2)

Let’s transform some more figures and
see what happens to the coordinates
of the points.

Goal

1. Language Goal: Generalize the process to rotate any point on the
coordinate plane. (Speaking and Listening, Reading and Writing)

Coherence

¢ Today

Students continue to investigate the effects of transformations. They
use coordinates to describe preimages and their images under rotations
on the coordinate plane. Students describe the effect of rotations using
coordinates (MP7).

< Previously

In Lesson 6, students learned how to translate and reflect figures or
points on the coordinate plane. In Lesson 4, students learned how to
rotate figures or points on a grid.

> Coming Soon

In Lesson 8, students will explore sequences of transformations on the
coordinate plane, and develop coordinate notations to describe the
effects of these transformations.

48A Unit1 Rigid Transformations and Congruence

» Students build conceptual understanding by
investigating the patterns among coordinates
for rotations.

» Students build fluency in describing the
effect of rotations using coordinates.

Standards

Addressing

8.G.A.3

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

Also Addressing: 8.G.A.1

Building On Building Toward
8.G.A.1 8.G.A.2



PaCing Guide Suggested Total Lesson Time ~45 min @

O @ o o

Warm-up Activity 1 Activity 2 Summary Exit Ticket
@ 5 min @ 12 min @ 20 min @ 5 min @ 7 min
28 Pairs % Independent 248 Pairs éé? Whole Class % Independent

MP7, MP8 MP6, MP7
8.G.A1 8.G.A.3 8.G.A.3 8.G.A.3 8.G.A.3

AMmPS poweredbydesmos i Activity and Presentation Slides

For a digitally interactive experience of this lesson, log in to Amplify Math at learning.amplify.com.

- o . - .
Practice & independent Amps | Featured Activity
Materials Math Language Activity 1
. Exit Ticket Development Using Work From Previous Slides
» Additional Practice Review words Students make observations about a
- Power-up PDF, as needed « clockwise rotation. .In the next slide, stu(.jents use their
observations to construct an image and
« Power-up PDF (answers), as « coordinate plane check their understanding. It's their work,
needed « corresponding so they get to hold onto it!
« Activity 2 PDF (for display) « counterclockwise
« geometry toolkits: rulers, . image
tracing paper o/o
&pap - preimage 18 -)w
ol o 0
* rotation
* origin
* transformation
COL Amps
desmos
Building Math Identity and Community ® Modifications to Pacing
Connecting to Mathematical Practices You may want to consider these
At first, students may feel lost if they do not make the connection between additional_ modifications if you are
the direction of the rotation and the effect on the coordinates in Activity short on time.
2. Encourage them to persist as they look for structure (MP7). For «  The Warm-up may be omitted
example, ask them to examine the coordinates of the preimages and their as it provides additional practice

identifying corresponding points

corresponding images, and look for any patterns that emerge. i
after a rotation.

* InActivity 2, students may work
in groups of three and complete
one part each from Problem 1.

* Inthe Exit Ticket, omit Problem 1.

Lesson 7 Coordinate Moves (Part2) 48B



— @ Differentiated Support

Warm-up Rotating Coordinates

22 Pairs | @ 5min

8.G.A.l1

Students will make observations about a square that has been rotated to strengthen their conceptual
understanding of rotation.

Unit1 | Lesson7

Coordinate
Moves (Part 2)

Let’s transform some more figures
and see what happens to the
coordinates of the points.

Warm-up Rotating Coordinates

Square ABCD has been rotated in such a way that the image
coincided with the preimage.

B C

A D

What could the angle of rotation be? Find as many possible answers as you can.

Sample responses: 90°, 180°, 270°, 360°

0 Launch

Conduct the Think-Pair-Share routine as
students work. Provide access to geometry
toolkits for the duration of the lesson.

@ Monitor

Help students get started by asking them to
identify a possible center of rotation.

Look for points of confusion:

» Struggling to visualize a possible rotation.
Encourage students to use tracing paper to create
animage.

+ Suggesting only one correct answer. Challenge
students to look for multiple angles of rotation.

Look for productive strategies:
» Finding multiple possible angles of rotation.

» Describing measurements of possible angles using
the formula 90k.

9 Connect

Have students share their strategies for finding
the center of rotation and possible angle of
rotation.

Highlight that when determining an angle of
rotation, many correct responses are possible,
but all of them are multiples of 90e°.

Log in to Amplify Math to complete this lesson online.

48 Unit1 Rigid Transformations and Congruence ©2023 Ampity Education,Inc. All ghts reserved.

Accessibility: Guide Processing and Visualization

Have students rotate their Student Edition until the preimage
isin the same orientation as the image, keeping track of

the movements of the vertices of the preimage. Consider
demonstrating for one angle of rotation, such as 90°, to

help students visualize the rotation. Ask them if there are
any other rotations. Note: At this point, students are not
expected to know the angles of rotations.

48 Unit1 Rigid Transformations and Congruence

o Power-up

To power up students’ ability to make sense of rotations:

Provide students with a copy of the Power-up PDF.
Use: Before the Warm-up

Informed by: Performance on Lesson 6, Practice Problem 5



& Independent | @) 12 min

Activity 1 Rotations of a Point N eaA3

Students will make observations about points that have been rotated, and use their observations to predict
a pattern in how the coordinates of the points are changed.

Amps Featured Activity Using Work From Previous Slides
.................................. o Launch
N, : Date: Period:
e - e Complete Problem 1 as a whole class, and
Activity 1 Rotations of a Point then have students complete Problem 2
independently.
1. Each of these points has been Point A Point B
o o 1y = Yy = -
rotated 90 clognterclockwse . Monltor
about the origin. Compare the 1.3
coordinates of the original points AR ) .
with the coordinates of their Help ;tudents get.started by askmg them.to
images. What do you notice? - o - AP - examine the coordinates of each pair of points
Sample responses: : given at the start of the activity and look for
The z- and y-coordinates are 5 5 similarities.
switched, and the z-coordinate
of the image has the opposite . . . .
sign of the y-coordinate of the Point C Point D Look for points of confusion:
preimage. Yl Y g . . . .
The a-coordinate of the image is (. 4) * Rotating first, and then recording the coordinates
the opposite of the y-coordinate of points in Problem 2. This problem is designed
of the preimage. The . . .
y-coordinate of the image is the for students to test whether their observations in
a-coordinate of the preimage. ° z C binlh T Problem 1 hold true for polygons. Have them make
ST o= their predictions first.

» Graphing the image incorrectly in Problem 2.

2. Use the pattern you noticed to predict the coordinates of Triangle A'B'C” after rotating HaYe students use their geometry toolkits to Che_Ck
Triangle ABC 90° counterclockwise about the origin. Record your predictions in the their work. Encourage students to mark the origin
table. Then check your predictions by plotting your points on the coordinate plane. to ensure correct alignment when rotating the

tracing paper.

I Y
Preimage | Image 5
coordinates |  coordinates Look for productive strategies:
A C
A (1,-2) A @1 + Checking their work using tracing paper or an
B (-2-4) B (4-2 : 0 - index card.
c ,-4) o 1) B - . » Noticing that 90° rotations about the origin move a
5 point to a neighboring quadrant (MP7).
e Connect
Critique and Correct: Highlight the pattern among the coordinates
e e e when rotating a point 90° counterclockwise
ETInS, GRS iy 1 about the origin. The z-coordinate of the image
incorrect and then correct it. . . .
is the opposite of the y-coordinate of the
Lesson7 Coordinate Moves (Part2) 49 preimage. The y-coordinate of the image is the
z-coordinate of the preimage (MP8).
Ask students if they think patterns exist for
other degrees and directions of rotations about
the origin.
[ @ Differentiated Support Math Language Development s———
Accessibility: Vary Demands to Optimize Challenge MLR3: Critique, Correct, Clarify
If students need more processing time, have them focus on rotating points During the discussion of Problem 2, display an incorrectly performed
Band Cin Problem 2. As time permits, and after they have successfully rotation. For example, provide the image coordinates for point C as
completed the rotation for each, have them rotate the remaining point A. (4, —1). Ask these questions:

»  Critique: "How do you know that these could not be the coordinates
of the reflection of point C'? Is the z-coordinate correct? Is the
y-coordinate correct?”

» Correct: "What should be the correct coordinates of the image?”

»  Clarify: Describe in your own words how a 90° counterclockwise
rotation about the origin affects the coordinates of a point.

Lesson 7 Coordinate Moves (Part2) 49



&8 pairs | @ 20 min

Activity 2 Rotations in Different Directions PYE

Students rotate a line segment using different angles of rotation and in different directions to look
for patterns and draw conclusions about the coordinates of the images.

o Launch

Have each partner choose three rotations each

Activity 2 Rotations in Different Directions to complete from Problem 1. Then have them
share their responses with each other before
1. Rotate line segment JK as directed, and record the coordinates of completing Problem 2 together.
the image in the table.
a 90° counterclockwise about the origin g Monitor
Y
5 Prei * 1 )
e co::lj?-naaths ‘ coo?&?r%jtes Help students get started by referring
- N 4,2 them back ‘Fo Activity l.and reminding
them of their observations about how the
8 0 & K @D K 1.3 coordinates changed when rotating a
— point 90° counterclockwise about the origin.
J| g
) Look for points of confusion:
B 180° counterclockwise about the origin + Struggling with rotating about the origin. Remind
o students that they may use their geometry toolkits
5 Preimage | Image as needed. They may find tracing paper to be

5 coordinates | coordinates

particularly helpful.

K J (=2,-4) J (2,9

» Thinking that the same pattern among the

3 Ky 0 5 K G.1) K 30D coordinates applies even when the angle of
rotation or direction changes. Have them test
their predictions by actually rotating each endpoint
using tracing paper to see that the direction and
angle of rotation affects the resulting coordinates of
the image (MP6).

€ 270° counterclockwise about the origin

c:;fgir:‘aa’t’;zs ‘ co;:;?f:tes » Not noticing when rotated points are in the wrong
J] : quadrant. Students may find it helpful to imagine
K 7 =24 7 =2 the entire plane rotating to become new quadrants.
0 K (3,1) K (1,-3) . .
il Look for productive strategies:
5 e » Predicting the quadrant placement of points before
7 plotting the rotated images.

+ Seeing the connection between a 90° rotation in
one direction and a 270° rotation in the opposite
direction (MP7).
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» Noticing that rotating a line segment 90° or 270°
produces perpendicular line segments, while
rotating 180° produces parallel line segments.
Highlight this concept in the Connect section.

Activity 2 continued >

— @ Differentiated Support Math Language Development m——

Accessibility: Vary Demands to Optimize Challenge MLR?7: Compare and Connect
If students need more processing time, have them complete Problems 1b and Have students compare different types of rotations. For example, how
le and only work on the others as time allows. does rotating 90° clockwise compare to rotating 90° counterclockwise?

Extension: Math Enrichment

Ask students to explain why rotating a point 180¢ either clockwise or
counterclockwise results in the same image. Sample response: A full circle
measures 360° and regardless in which direction a point is rotated, rotating it
180° will result in the image rotating halfway around a full circle.

50 Unit1 Rigid Transformations and Congruence



&8 pairs | @ 20 min

Activity 2 Rotations in Different Directions (continued) PYE

Students rotate a line segment using different angles of rotation and in different directions to look
for patterns and draw conclusions about the coordinates of the images.

e Connect

Have groups of students share similarities or
Activity 2 Rotations in Different Directions (continued) patterns they discovered among the coordinates
of the images for Problem 1.

Name: Date: Period:

d 90° clockwise about the origin
Sample responses:

Y
° c:;f(ngtzs cocl,':i?f:tes * I noticed that in Problems b and e, the image line
J] ! segments were both parallel to the preimage line
X T T 7 42 segments. The angle of rotation was the same,
0 o K (3,1) K (1,-3) 180°, even though the directions were different.
m + I noticed that each of the following problems
g g produced the same image:

Problems aand f
e 180°c

ockwise about the origin
Problemsbande

4s Preimage Image
7 coordinates | coordinates Problems cand d
. 0 R R -9 Display the Activity 2 PDF.
li¢ 0 K (3,1) K’ (=3,-1) . e . L . .
z Highlight that rotating 180° in either direction
produces parallel line segments. This will be
Ls helpful to students as they study parallel lines

in future lessons. Rotating 90° or 270° in either
direction produces perpendicular line segments.

f 270° clockwise about the origin

° Preimage image Students may notice that rotating 90° in one
= coordinates |  coordinates . . . . .
: direction results in the same image as rotating
K S 2-y s 6 270° in the opposite direction. This will be
0 5 K @,1) K (-1,3) discussed further during the Summary.
7
J 5

2. What observations can you make about the images and their coordinates?
Sample responses:

The 180° rotations have the same image coordinates, regardless of whether the direction
is clockwise or counterclockwise.

The 90° clockwise rotation has the same image as the 270° counterclockwise rotation. @
The 90° counterclockwise rotation has the same image as the 270° clockwise rotation.

©2023 Ampiy Education, Inc. Allrights reserved. Lesson 7 Coordinate Moves (Part2) 51
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iﬂ Whole Class | @ 5 min

Summary 8.G.A.3

Review and synthesize how the coordinates of points change after a rotation on the coordinate plane.

G Synthesize

Highlight the patterns that students generated
Summary during the course of the lesson.

In today’s lesson.. . .

Ask:

+ “What are some advantages to knowing

You performed rotations on the coordinate plane, and observed the effects of
these transformations on the coordinates of the transformed points.

You can use coordinates to describe points and find patterns in the coordinates
of transformed points. Rotating a point about the origin results in an image whose
coordinates are related to the coordinates of the preimage, as follows.

90° counterclockwise

or 270° clockwise

The z- and y-coordinates
switch places.

The z-coordinate of the
image has the opposite
sign of the y-coordinate
of the preimage.

Example:

Preimage: (-3, 2)

| 90° clockwise or
270° counterclockwise

The z- and y-coordinates
switch places.

The y-coordinate of the
image has the opposite
sign of the z-coordinate
of the preimage.

Example:

Preimage: (-3, 2)

3 180° in either

direction

The order of the z- and
y-coordinates of the
image stay in the same
place as the preimage,
but have opposite signs.

Example:

Preimage: (-3, 2)

the coordinates of points when performing
transformations?”

“When rotating 180°, does it matter whether
the rotation is clockwise or counterclockwise?”
No, the resulting image is the same no matter in
which direction the rotation occurred.

“What similarities did you see when rotating 90° in
one direction versus rotating 270° in the opposite
direction?” They have the same effect on the
preimage and produce the same image.

“If the point (—8, —5) undergoes the following
transformations, what would be the coordinates
of the image?” Note: You may find it helpful to
display a coordinate plane with the point

Image: (—2, —3) Image: (2, 3) Image: (3, —2) (—8, —5) plotted for students to reference.
» Rotation 90° clockwise (-5, 8)
» Rotation 270° counterclockwise (-5, 8)
Reflect:

» Rotation 90° counterclockwise (5, —8)
» Rotation 270° clockwise (5, —8)
» Rotation 180° clockwise (8, 5)

» Rotation 180° counterclockwise (8, 5)

o Reflect

After synthesizing the concepts of the lesson,
allow a few moments for student reflection.
Encourage them to record any notes in the
Reflect space provided in the Student Edition. To
help students engage in meaningful reflection,
consider asking:

52 Unit1 Rigid Transformations and Congruence ©2023 Ampiy Egucation, Inc. Allrights reserved.

« “"How can knowing the coordinates of points help
you rotate a point or figure?”

52 Unit1 Rigid Transformations and Congruence



& Independent | @) 7 min

Exit Ticket 8.G.A.3

Students demonstrate their understanding of rotations on the coordinate plane by describing the degree
and direction of rotations that have occurred.

.
0 Success looks like . ..

Name: pate: Fertod « Language Goal: Generalizing the process
to rotate any point on the coordinate plane.

Exit Ticket (Speaking and Listening, Reading and

Writing)

» Giving the degree, direction, and coordinates of
arotated image in Problems 1and 2.

The following triangles have been rotated about the origin. Indicate the degree and
direction of each rotation, and label the coordinates of the image.

- ! Sampleresponses 0 Suggested next steps

180° clockwise

A(=1,5) » 180° counterclockwise ) .
If students have trouble identifying the
B@3) rotation in Problem 1, consider:
el (—2,2)/\
5 « Reviewing Activity 2, Problems 1b and le.
s _3Ax c@-2) If students have trouble identifying the
' rotation in Problem 2, consider:

A’ (1,-5)

» Reviewing Activity 2, Problems 1c and 1d.

2. Y Sample responses:
F'(-3,6) « 90° clockwise
A *  270° counterclockwise

D(12,0)

o x
F(~6,-3)
E(9,-7)
E' (-7,-9)
D' (0,-12)
m ? e m——— (V]

I don’t really I'm starting to I gotit
getit getit

a | canapply rotations to points on a grid if | know their coordinates.

1 2 3

© 2023 Ampiy Education,Inc All rights reserved. Lesson 7 Coordinate Moves (Part 2)

Professional Learning

This professional learning moment is designed to be completed independently or
collaboratively with your fellow mathematics educators. Prompts are provided so
that you can reflect on this lesson before moving on to the next lesson.

Q_ Points to Ponder . ..

How well do your students understand the patterns of the coordinates
for rotations? Are they able to explain why a 90° rotation in one direction
results in the same image as a 270° rotation in the opposite direction?
How can you help reinforce this understanding?

Are students able to explain why a 180° rotation results in the same
image, regardless of the direction of the rotation?

Lesson 7 Coordinate Moves (Part2) 53A



Practice

‘Q, Independent

Name: Date: Period:

1. Points G(-1, 3), H(—4, 0), and I(3, —2) are plotted on the coordinate plane.
What are the coordinates of GG, H, and I after a rotation 180° about
the origin? Plot these points on the grid, and label them G’, H’, and I".
Include the coordinates of the images in your labels.

v| A
5
G
7'(13,p)
1T(4,0)
8 |m ° -
x
I
G(1,+3)
v
2. Point P(5, 3) is rotated 270° clockwise about the origin, and the image is
labeled P’. Which of the following are the coordinates of point P'?
A (=5,-3) B. (-3,-5) C. (3,-5) (-3.5)
3. Triangle XYZ has been rotated about the origin to create Triangle X'Y'Z".

The following table shows the coordinates of the vertices. Indicate the
degree and direction of the rotation that maps Triangle XYZ onto

Triangle X'Y'Z".
Preimage : Image
coordinates | coordinates
X (0,5) X (5,0)
Y (-2,1) Y’ 1,2)
z (4,3) z (3,-4)

90° clockwise rotation about the origin, or 270° counterclockwise rotation
about the origin

©2023 Ampity Education, Inc. Allrights reserve

Practice Problem Analysis

Type Problem Refer to Standard
1 Activity 2 8.G.A3
On-lesson 2 Activity 2 8.G.A3
g Activity 2 8.G.A.3
4 o 8.G.Al
Spiral esson
5 Grade 7 7.EE.A1
Formative @ 6 Sl 8.G.A.3
Lesson 8

Lesson7 Coordinate Moves (Part2) 53

[=]
o
o
2
3

© Power-up: If students need additional support with the key prerequisite concept or

skill this problem addresses, consider assigning the Power-up in the next lesson.

53-54 unit1 Rigid Transformations and Congruence
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Name; Date: Period:

4. Draw the image of Quadrilateral ABCD after each transformation indicated.

4a.
(translation)

. A translation that maps point 3 onto point D.

B Areflection across line segment BC.

5. Write five expressions that have a value of % according to the following criteria.
Sample responses shown.
(@ One expression must be a sum. % + %

One expression must be a difference. 1% — %
1

®

‘ One expression must be a product. 3« 5
@@ One expression must be a quotient. 6+ 10
©

One expression must involve at least two operations. Z(L 2 )

6. Maisays that Quadrilateral A’'B'C’'D’is the Y
image of Quadrilateral ABCD after a reflection
across the z-axis. Do you agree with Mai?
Explain your thinking.

D
Sampler No. The corr ding points
do not fit a reflection across the x-axis. The , 9 2
image is a translation. B
A”S c'
D

©2023 Amplity Education. Inc. Allights reserved.

Additional Practice Available

For students who need
additional practice in
this lesson, assign the
Grade 8 Additional
Practice.




UNIT1 | LESSON 8

Describing
Transformations

Let’s transform polygons on the
coordinate plane.

» Students build fluency in using precise
mathematical vocabulary to describe a
1. Language Goal: Create a drawing on a coordinate plane of a sequence of transformations.
transformed object using verbal descriptions. (Speaking and
Listening, Reading and Writing)

Goals

2. Language Goal: Identify what information is needed to transform Standards
a polygon and ask questions to elicit that information. (Speaking
and Listening)
Addressing

8.G.A.3
COherence Describe the effect of dilations, translations,

rotations, and reflections on two-dimensional
¢ Today figures using coordinates.

Students apply a sequence of transformations to a polygon on the

coordinate plane. They use the Info Gap routine to request information Building On Building Toward
from their partner (MP1), and explain why they need each piece of
information (MP3). Students also explore patterns and discover rules
for these transformations.

8.G.A.1 8.G.A.2

< Previously

In Lessons 6 and 7, students practiced applying individual
transformations and sequences of transformations to figures on the
coordinate plane.

> Coming Soon

In Lesson 9, students will begin to see that translations, rotations,
and reflections preserve lengths and angle measures, and lay the
groundwork for identifying congruent figures.

Lesson 8 Describing Transformations 55A



PaCing Guide Suggested Total Lesson Time ~45 min @

O o o o

Warm-up Activity 1 Activity 2 Summary Exit Ticket
@ 5 min @ 15 min @ 10 min @ 7 min @ 5 min
28 Pairs 28 Pairs 2 Independent éié Whole Class 2 Independent

MP1, MP3 MP7 MP6
8.G.A.3 8.G.A.3 8.G.A.3 8.G.A.3 8.G.A.3

AMmPS poweredbydesmos i Activity and Presentation Slides

For a digitally interactive experience of this lesson, log in to Amplify Math at learning.amplify.com.

Practice 2 independent Amps | Featured Activity
Materials Math Language Activity 1

« Exit Ticket Development Interactive Graphs

« Additional Practice Review words Students can drag points to create

transformations of a preimage. You

+ Power-up PDF, as needed * translation .
can overlay student answers to provide
+ Power-up PDF (answers), as * rotation immediate feedback.
needed « reflection
 Activity 1 PDF, pre-cut cards « transformation
* Activity 1 PDF (answers) « sequence of transformations L=ll=i=] .
* Info Gap Routine PDF « corresponding points Rl | | o—
(for display) 3
« geometry toolkits: rulers, : :
tracing paper
- graph paper (optional) @Amps
desmos
Building Math Identity and Community ® Modifications to Pacing
Connecting to Mathematical Practices You may want to consider these
Students may feel frustrated as they ask questions and receive limited additional modifications if you are
information in response; they may be unsure of how to plan a solution short on time.

pathway that helps them phrase their questions to receive the information

) ; *  The Warm-up may be omitted,
they need (MP1). Encourage them to reflect on what information would

as it provides additional practice

be necessary to perform the entire sequence of transformations, and understanding rotations and the
organize their thinking by recording their questions and the answers they center of rotation.
receive.

» InActivity 1, have students complete
only the first Problem and Data card.

55B Unit1 Rigid Transformations and Congruence



28 pairs | @ 5min

Warm-up Center of Rotation 8.G.A.3

Students examine a rotation on the coordinate plane, identifying the center of rotation and
understanding its importance in describing a rotation.

0 Launch

Have students work individually to complete
the Warm-up, and then have them share
responses with a partner. Provide access

to geometry toolkits for the duration of

the lesson.

@ Monitor

Help students get started by demonstrating
arotation using a center of rotation that is not
the origin.

Name: Date: Period:

Unitl | Lesson 8

Describing
Transformations

Let’s transform polygons on the
coordinate plane.

Look for points of confusion:

Warm-up Center of Rotation + Thinking that the center of rotation can only be
Andre performs a 90° counterclockwise rotation of Polygon P and at the origin. Hav? student§ rgtate the polygon
creates the image Polygon P’, but he does not indicate the center of inthe Warm-up using the origin as the center to
the rotation. What is the center of rotation? realize that the image is not the same as the image
shown.
Y A

5
=4

Look for productive strategies:

b

» Using tracing paper to perform the rotation and

p’ test possible locations where the center of rotation
- >~ would need to be for the preimage to be mapped
-5 0] 5 i
E onto the image.

» Drawing aline segment that connects two
corresponding points, and constructing a
perpendicular line through its center to locate
the center of rotation.

9 Connect

Have students share their strategies for
locating the center of rotation.

5
\J

The center of rotation is (2, 1).

Ask, “Why is it important that you know the
precise center of rotation?”

Log in to Amplify Math to complete this lesson online.

©2023 Ampify Education. nc. Al rights reserved Lesson 8 Describing Transformations 55

Highlight how moving the center of rotation

_ shifts the location of the image.

—— o Power-up

To power up students’ ability to identifying corresponding vertices:
Provide students with a copy of the Power-up PDF.
Use: Before Activity 1

Informed by: Performance on Lesson 7, Practice Problem 6

Lesson 8 Describing Transformations 55




Activity 1 Info Gap: Transformation Information

2R~ Pairs | @ 15 min

MP1, MP3
8.G.A.3

Students use the Info Gap routine to apply a sequence of transformations to a polygon (MP3).

Activity 1 Info Gap: Transformation Information

You will be given either a problem card or a data card.
Do not show or read your card to your partner.

If you are given the problem card:

If you are given the data card:

1. Silently read your card, and think about 1. Silently read your card.
what information you need to be able to
solve the problem.

. Ask your partner for the specific

information that you need.

. Explain how you will use the information

to solve the problem.

Continue to ask questions until you have

enough information to solve the problem.

. Share the problem card with your

partner, and solve the problem
independently.

. Read the data card your partner shares

with you. Discuss the reasoning each of
you used to solve the problem.

Ask your partner, “What specific
information do you need?” and wait for
them to ask for information.

Before sharing the information, ask,
“Why do you need that information?”

Listen to your partner’s reasoning, and
ask clarifying questions.

Read the problem card your partner
shares with you, and solve the problem
independently.

Share the data card with your partner.
Discuss the reasoning each of you used to
solve the problem.

Model the Info Gap routine and display the

Info Gap Routine PDF. Distribute pre-cut cards
from the Activity 1 PDF to each pair of students.
Start by distributing the first set and distribute the
second set after you have checked student work.

9 Monitor

Help students get started by explaining that
they may need several rounds of discussion to
determine the information they need (MP1).

Look for points of confusion:

« Asking questions that are not sufficiently precise.
Encourage them to find out which transformations
they need to perform, and then find out the
information they need for each transformation.

Look for productive strategies:

» Successfully determining or remembering to ask
which transformations were applied, the orderin
which the transformations were applied, and what
information is needed to describe a translation,
rotation, or reflection.

e Connect

Have pairs of students share the images they
produced for each problem card.

Pause here so your teacher can review your work. You will be given a new
set of cards to repeat the activity, this time trading roles with your partner.

:: Are you ready for more?

Sometimes two transformations, one performed after the other, can be described
as a single transformation. For example:

Translating a point 2 units up, followed by translating the image 3 units up can be
described as translating the original point 5 units up.

Rotating a point 20° counterclockwise about the origin, followed by rotating the ASk
image 80° clockwise about the origin can be described as rotating the original -

point 60° clockwise around the origin. “ . . .
+ “Was the order in which the transformations were

applied important? Why?"

Find a single transformation that gives the same result as reflecting a point across the
z-axis, followed by reflecting the image across the y-axis.

Rotating the original point 180° about the origin either clockwise or
counterclockwise.

» “If this same problem was placed on a grid without
coordinates, how would you talk about the points?”

56 Unit1 Rigid Transformations and Congruence ©2023 Ampiy Education,Inc. All ghts reserved.

» “How did using coordinates help in talking about
the problem?”

Highlight that one advantage of the
coordinate plane is that it allows students to
precisely communicate information about
transformations.

— 6 Differentiated Support Math Language Development |

Accessibility: Guide Processing and Visualization MLR4: Information Gap

Display prompts for students who benefit from a starting point, such as:

Display Problem Card 1. Use a think-aloud to model Steps 1 and 2 as if

you were the recipient of that card. Consider using the following . “Canyoutellme.. . (specific piece of information)?”
questions during the think-aloud. *  “Whydoyou needtoknow ... (that piece of information)?”
+  “lwonder what the transformation(s) were. | think | should ask if

English Learner
there was a specific kind of transformation. | will ask if there was a glish Learners

translation. If there was, then | will ask if the figure was moved up, Consider providing sample questions students could ask, such as:

down, left, or right, and how many units in these directions.” + Was there a translation? How many units and in what direction?

+  “lwonder if more than one transformation was performed. | think +  Wasthere arotation? What was the angle of rotation? What was the
| should ask if there were two transformations, and in what order they direction of rotation? What was the center of rotation?
were performed.” +  Wasthere areflection? Across which axis?

« Inwhat order were the transformations performed?

56 Unit1 Rigid Transformations and Congruence



& Independent | @) 10 min

Activity 2 Transformation Rules 8.0A3

Students explore patterns between transformations and the effects on coordinates, and find rules for
transformations on the coordinate plane.

0 Launch

Encourage students to look back at their notes

Name: Date: Period:

Activity 2 Transformation Rules and strategies from the previous two lessons,
as they will now collect all their findings in one
Complete the table with a partner. The first row has been completed for you. useful table.

Written description Transformation rule Example Note: In the digital version of this lesson, the
tableis replaced by a card sort.

TheEElELEm Ui e )= - @ B) S o
e b Umis U ! ! and 7 units upg 9 Monitor
Help students get started by reviewing the first
. ) 3,2) — (=8, 5 row of the table together.
Translation a units left (xyy) > (@—a,y—0) Tf'anslegte S(units |e)ft g

and b units down and 7 units down

Look for points of confusion:

» Writing descriptions that are sequences of
Rotation 60 counterclockuiee transformations. While these descriptions may be
about the origin (@ y) =y 2) s?:‘_";’f?;'f)& technically correct, they are not the most efficient.
During the Connect, compare these descriptions
with single transformations, and ask students to

make comparisons.
Rotation 90° clockwise

about the origin @9 = -2 (ff{" E'g)’if'ffgff;) Look for productive strategies:
+ Using notes and strategies from previous lessons
as areference when completing the table. Highlight
Rotation 180° about 1) — (1) Sample response: these notes and strategies during the Connect.
the origin =i %= (=9,-7)—>(9,7)

» Using grid paper to verify whether the rule or the
example they have written accurately depicts the
transformation.

Reflection across the z-axis (@, y) = (=, —y) Sample response:
Cram = 9 Connect

Have students share their table entries.

Reflection across the y-axis (@,y) = (=, 1) (@=1)=>(2%=10) Highlight that each rule can describe a single
@ transformation that maps the preimage onto the
image, and that these rules can be used to find
Lesson 8 Describing Transformations 57 the coordinates of an image without needing to

perform the transformation (MP7).

S e Differentiated Support Math Language Development L

Accessibility: Vary Demands to Optimize Challenge MLR7: Compare and Connect

Provide the written descriptions and have students focus on providing To address the point of confusion some students may have in writing out
the remaining rules and examples. Consider having students first only descriptions that are sequences of transformations, use this routine to
focus on the translation rows. After ensuring they understand, have them have students compare their descriptions to the single transformations.
complete the reflection rows next and the rotation rows last. Highlight how the descriptions connect to the notation for the

transformation rules.

Accessibility: Guide Processing and Visualization

Some students may find it challenging to remember the transformation English Learners

rules. Remind them that they can always determine or confirm the rule Model the transformations being described with visual examples.
by graphing a point, applying the transformation, and verifying how the
coordinates of the image compare to the preimage.

Lesson 8 Describing Transformations 57



Qﬁ Whole Class | @ 7 min

Summary 8.G.A3

Review and synthesize how coordinate notation can be used to describe the effect of transformations on
the coordinate plane.

G Synthesize

Display the table from the Summary of the
Summary Student Edition.

In today’s lesson. . ..

Ask:

« “Which of the transformation rules listed in the

You described transformations using coordinates. You also discovered rules to table do you find most challenging to understand?
describe the changes to coordinates created by these transformations. What can you do to help your understanding?”
Transformation * “Think of amomentin today's lesson in which your
) o ) : partner used precise language — what did they
Translation a units right and b units up (z,y) = (@ +a,y + b) - s
say? How did it help you?
Translation a units left and b units down (z,y) = (x —a,y =) “ S :
+ “Why do you think it might be helpful to use
Reflection across the a-axis (@ y) = (& ~y) coordinates to describe transformations?”
Reflection across the y-axis (#,9) = (=2, 9) + “Why isitimportant to be precise when
Rotation 90° clockwise about the origin (z,y) = (y, —2) communicating about transformations?”
Rotation 90° counterclockwise about the origin (2, 9) = (—y, x) nghhght that precise verbal and written
Rotation 180° about the origin (2, 9) = (=, —y) descriptions ensure that we are accurately
, , and effectively describing transformations.
When you perform a sequence of transformations, the order of the transformations . . .
can be important. Two translations may be performed in any order, and the image To describe a transformatlon, the foIIowmg
is the same. However, when performing a translation and a reflection, changing information is needed.
the order of the transformations will change the location of the image on the
coordinate plane. « Translation: the direction of the translation and how

many units to move in each direction

+ Rotation: the center of rotation, the angle of

Reflect: rotation, and the direction of the rotation

» Reflection: the line of reflection

o Reflect

After synthesizing the concepts of the lesson,
allow a few moments for student reflection.
Encourage them to record any notes in the
Reflect space provided in the Student Edition. To
help students engage in meaningful reflection,

58 Unit1 Rigid Transformations and Congruence ©2023 Ampiy Egucation, nc. Allrights reserved. consider aSklng-

A - “What strategies or tools did you find helpful

when applying and describing transformations
of a figure?”
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Exit Ticket

& Independent | @) 5min

MP6
8.G.A.3

Students demonstrate their understanding by providing the information necessary to perform a sequence

of transformations (MP6).

Name: Date: Period:

Q Success looks like . ..

» Language Goal: Creating a drawing on a

coordinate plane of a transformed object
Exit Ticket m using verbal descriptions. (Speaking and

Jada applies two transformations to a polygon on the coordinate plane.
One of the transformations is a translation, and the other is a reflection.

What information does Jada need to provide to communicate the
transformations she has used?

Jada needs to provide the horizontal and vertical distances for the translation,
the line of reflection, and the order in which the transformations should be
performed.

Listening, Reading and Writing)

+ Language Goal: Identifying what information
is needed to transform a polygon. Asking
questions to elicit that information.
(Speaking and Listening)

» Providing the information needed by Jada to
explain her transformations.

o Suggested next steps

If students do not identify all the
necessary information to communicate the
transformations used, consider:

* Reviewing Lesson 5.

» Assigning Practice Problem 3.

o
LS ? T </
I don't really I'm starting to Igotit
getit getit
a | canapply transformations to b | candescribe transformations on the

a polygon on a grid if | know the coordinate plane by using a rule that
coordinates of its vertices. changes the coordinates.

1 2 3 1 2 3

©2023 Amplify Education, Inc. Allights reserved Lesson 8 Describing Transformations

Professional Learning

This professional learning moment is designed to be completed
independently or collaboratively with your fellow mathematics
educators. Prompts are provided so that you can reflect on this
lesson before moving on to the next lesson.

Q' Points to Ponder-. ..

What worked and didn't work today? Where in your
students’ notes and discussions did you observe
evidence of them making sense of problems or
persevering in solving problems (MP1)?

- What did students find challenging about Activity 1?
What helped them work through the challenge? What
might you change the next time you teach this lesson?

Math Language Development m——

Language Goal: Identifying what information is needed to
transform a polygon. Asking questions to elicit that information.

Reflect on students’ language development toward this goal.

+  What are some examples of developing questions and how can you help
students be more precise in the questions they ask?

Sample questions for the Exit Ticket problem:

Emerging Expanding

How far did the polygon What are the horizontal and vertical distances
move? for the translation?

How was it reflected? What is the line of reflection?
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Practice

‘Q, Independent

Name: Date: Period:

1. Consider Trapezoid A.
Y

5

[=]
o
o
2
3

. Draw Trapezoid B, the reflection of Trapezoid A, using the y-axis as the
line of reflection.

. Draw Trapezoid C, the reflection of Trapezoid B, using the z-axis as the
line of reflection.

. Draw Trapezoid D, the reflection of Trapezoid C, using the y-axis as the line
of reflection.

N

. The point (—4, 1) is transformed using the following rules. Write the
coordinates of each image, and describe the transformation that
has occurred.

@ (29— (-y, )

(—1, —4); rotation 90° counterclockwise about the origin

B () > (-2,9)

(4, 1); reflection across the y-axis

© (@)= -5y+7)
(-9, 8); translation 5 units left and 7 units up

©2023 Ampiy Education. Inc. Al rights reserved. Lesson 8 Describing Transformations 59

Practice Problem Analysis

Type Problem Refer to

1 Activity 1 8.G.A.3 2
On-lesson 2 Activity 2 8.G.A3 2
8 Activity 1 8.G.A.3 2
Spiral 4 Grade 7 7.G.B.5 2
Formative © 5 lLJer:]sitsin 9 4.MD.C.6 1

© Power-up: If students need additional support with the key prerequisite concept or
skill this problem addresses, consider assigning the Power-up in the next lesson.

59-60 Unit1 Rigid Transformations and Congruence

aonoead [

Name; Date: Period:

3. Describe a sequence of transformations Y
that maps Triangle ABC onto
Triangle A'B'C".

Sample response: Rotate ABC 90°

counterclockwise about the origin, A(=6,3
then translate the image to the right (=6,3)
5 units and down 1 unit. C(0,2)

Vo[ cB N -

B(—4,-1)

B/(6,-5)

A(2,-7)

4. Line (is perpendicular to line m. Find the value of .
90 — 32 =58,58 +2=29,s0z =29°

5. Use your ruler and protractor to make some
measurements for the given triangle.

. What is the measure of angle A to the nearest degree?
45°

B What is the perimeter of the triangle, to the nearest
centimeter?
A
12cm
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Additional Practice Available

For students who need
additional practice in
this lesson, assign the
Grade 8 Additional
Practice.




Sub-Unit 2

Rigid Transformations and Congruence

éﬁ Whole Class

Equipped with their geometry toolkits, students explore what it means for two figures to be the same and

are formally introduced to the meaning of the term congruence.

SUB-UNIT Narrative Connections %

Rigid Transformations
and Congruence

How can a crack
make a piece of
art priceless?

As World War Il came to a close, American troops stormed
a Nazi-held salt mine. The mine was being used to store
the stolen art collection of the Nazi marshal, Hermann
Goering. Among Goering's most prized possessions was

a painting from the 17th century Dutch master Johannes
Vermeer.

The Allies traced the painting’s sale to a Dutch art dealer,
Han van Meegeren. Selling cultural treasures to the
Nazis was punishable by death. But after his arrest, van
Meegeren made an astonishing claim:

“It's not a Vermeer,” he said. “I painted it myself!”

He claimed he was a master forger. For years he'd been
passing off his own work as that of other artists, swindling
Goering to the tune of $7 million.

To test van Meegeren's claim, a commission of experts
examined the suspected forgery, studying the cracks on
the painting’s surface.

Over time, all paintings develop something called
craquelure. It is a network of cracks that form on the paint
as it dries. The chemicals in the paint, where the painting
was made, even the material of the canvas all affect how
the craquelure appears. This gives each painting its own
sort of fingerprint.

By examining the craquelure and comparing it to the
craquelure of authentic paintings from Vermeer's period,
the commission was able to confirm the Vermeer was
indeed a forgery. The courts dismissed van Meegeren's
treason charge. Instead he was sentenced to a year in
prison for committing forgery.

Sub-Unit 2 Rigid Transformations and Congruence 61

o

Narrative Connections

Read the narrative aloud as a
class or have students read

it individually. Students will
continue to explore whether
two different pieces of art or
graphical designs are “the
same” in the following places:

« Lesson 9, Warm-up: Can
You Spot the Fake?

» Lesson 10, Activity 1: Are
They the Same?

« Lesson 12, Activity 3:
Astonished Faces
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UNIT1 | LESSON 9

No Bending
or Stretching

Let’s compare measurements before
and after translations, rotations,
and reflections.

Goals

1. Language Goal: Comprehend that the term rigid transformation
refers to a transformation in which all pairs of corresponding
distances and angle measures in the preimage and the image are
the same. (Speaking and Listening)

2. Draw and label a diagram of the image of a polygon under a
rigid transformation, including calculating the side lengths and
angle measures.

3. Language Goal: Identify a sequence of rigid transformations given
a preimage and its image. (Speaking and Listening, Writing)

Coherence

Today

Students begin to see that translations, rotations, and reflections
preserve lengths and angle measures, and for the first time, they call
them rigid transformations. As students experiment with measuring
corresponding sides and angles in a polygon and its image, they use
the structure of the grid (MP7) as well as appropriate geometric tools,
including protractors, rulers, and tracing paper (MP5).

Previously

In earlier lessons, students talked about corresponding points of a
preimage and its image after a transformation.

Coming Soon

In Lesson 10, students will understand that they can call two
figures congruent if the figures can be obtained by a sequence of
rigid transformations.

62A Unit1 Rigid Transformations and Congruence

Students build conceptual understanding of
rigid transformations and their effects on
side lengths and angle measures.

Standards

Addressing

8.G.A.1

Verify experimentally the properties of
rotations, reflections, and translations:

8.G.A.1.A

Lines are taken to lines, and line segments to
line segments of the same length.

8.G.A.1.B
Angles are taken to angles of the same measure.

Building On Building Toward
4.MD.A 8.G.A.2



PaCing Guide Suggested Total Lesson Time ~45 min @

O & o o

Warm-up Activity 1 Activity 2 Summary Exit Ticket
@ 5 min @ 20 min @ 10 min @ 5 min @ 5 min
% Independent &8 Pairs % Independent ?éé Whole Class % Independent
MP7, MP5
8.G.A1.A,8G.A1B 8.G.A1.A,8G.A1B 8.G.A.1.A,8G.A1B 8.G.A1.A,8G.A1B

AMmPS poweredbydesmos i Activity and Presentation Slides

For a digitally interactive experience of this lesson, log in to Amplify Math at learning.amplify.com.

Practice 2 independent Amps Featured Activity
Materials Math Language Activity 1
. Exit Ticket Development Interactive Transformations
» Additional Practice New word Students manipulate polygons and measure
. geometry toolkits: rulers, - rigid transformation angles with interactive tools.
protractors, tracing paper, Review words
index cards
» corresponding
* reflection .'i' -0
* rotation
* translation
CO~ Amps
desmos
Building Math Identity and Community ® Modifications to Pacing
Connecting to Mathematical Practices You may want to consider this
In Activity 1, students may feel a range of confidence levels using the grid additional modification if you are
and selecting mathematical tools (MP5). Ask students to seek out other short on time.
students who are more comfortable working with these tools and who can «  Activity 2 may be omitted and used as
help them gain more confidence. practice at a later time.
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Warm-up Can You Spot the Fake?

& Independent | @) 5min

Students analyze the cracking patterns in the paint of two images to explain why one image is a fake.
This prepares them for thinking about how they can verify whether two figures are the same.

—

Unit1 | Lesson 9

No Bending
or Stretching

Let’s compare measurements
before and after translations,
rotations, and reflections.

Warm-up Can You Spot the Fake?

Art experts and historians are always on the hunt for counterfeit art.
One technique used to detect counterfeits is to study the craquelure,
the natural patterns created by paint cracking over time. It is very
difficult to fake craquelure!

Consider the two images of the famous Mona Lisa painting. The first image
is real, the second, a counterfeit. Focus your attention on the highlighted

polygons formed by the cracking of the paint. How can you tell the second

image is a counterfeit? Use any appropriate tool to support your claim.

Counterfeit

Di u UD \

Real

Public Domain

Sample response: | can see that one of the polygons in the second image has different side

lengths and different angle measures, which means it must not be the same.

Log in to Amplify Math to complete this lesson online.

62 Unit1 Rigid Transformations and Congruence

Math Language Development ms— o Power-up

Extension: Interdisciplinary Connections

Preview the online resource “Math Professor Helps Uncover

Art Fakes"” from NPR Morning Edition that highlights how a
college math professor has used mathematics and computer
programming to help determine art forgeries.The computer
program analyzes pen strokes and compares them to known pen
strokes of the Flemish artist Pieter Bruegel. Decide if you would
like to read the article together with your students or provide a
summary. Facilitate a class discussion on how Daniel Rockmore's
personal interest in art merged with his mathematical interests.
Ask students if they think that math can be related to any of their
interests, such as sports, music, nature, etc. (Art)

62 Unit1 Rigid Transformations and Congruence

Public Domain
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a Launch

Activate students' background knowledge

by asking, “What can be faked? In art, it is
particularly difficult to spot a fake. Why might
someone want to determine whether artwork is
a fake? Today, you will learn about one technique
used to identify fake art.” Provide access to
geometry toolkits for the duration of the lesson.

Monitor

Help students get started by pointing out a
pair of congruent polygons in the artwork and
asking, "How can you check to see if these are
the same?”

Look for points of confusion:

+ Writing a justification that is not sufficient.
Challenge students to use their geometry tools,
such as aruler or protractor, to be more precise
in their explanations.

Look for productive strategies:

» Students making use of rulers and protractors
to support their claims.

Connect

Display student work making use of
strategically-selected mathematical tools to
support their claim (MP5).

Have students share how they were able to
confirm that the image is a fake using their
geometry tools.

Highlight that precise measurements can help
confirm whether two shapes are the same
or different.

To power up students’ ability to measure with a protractor and a ruler,
have students complete:

Recall that acute angles measure less than 90° while obtuse angles measure greater
than 90°. For each angle, determine whether it is acute or obtuse, then use a protractor
to determine its angle measure.

1. Angle A A
a. Acute or obtuse? Obtuse  b. Angle measure? 105°
2. Angle B

a. Acute or obtuse? Acute b. Angle measure? 30°

Use: Before Activity 1
Informed by: Performance on Lesson 8, Practice Problem 5, and
Pre-Unit Readiness Assessment, Problem 8




&~ Pairs | @ 20 min

MP7, MP5

Activity 1 Sides and Angles 8.G.A.LA, 8.G.A.LB

Students perform a translation, a rotation, and a reflection to discover how each transformation affects the
side lengths and angle measures of the transformed image.

Amps Featured Activity Interactive Transformations o Launch

Name: Date: Period:

Say, “You will investigate how each
Activity 1 Sides and Angles transformation — translation, rotation, or
reflection — affects the side lengths and angle
1. Translate Polygon A so that point H maps onto point H'. In the image, measures of a figure. You will select your own
label each side with its length, in grid units. tools to use from your geometry toolkits.”

H 2 H'

2 e Monitor

! Help students get started by demonstrating

6 how to use a ruler to begin to translate

A 4 Polygon A to Polygon A’ in Problem 1. Show
students how to use tracing paper to rotate the
figure in Problem 2.

Look for points of confusion:

» Counting grid squares to find diagonal lengths
in Problem 3. Ask them if they think the length of
one diagonal of one grid square is the same length
as one side of the grid square. Demonstrate for

2. Rotate Triangle B 90° clockwise using point R as the center of rotation. students how to use their ruler to find accurate
In the image, label §ach angle with its measure, in degrees. Verify the diagonal Iengths.
angle measures using your protractor.

» Thinking the polygons in Problem 3 do not have

90° | 60} the same side lengths or angle measures due to
B / rounding errors or measuring inaccuracies. Have
30/’ students use tracing paper to trace one polygon

and map it onto the other to verify the side lengths
and angle measures are the same.

R 0 0
\\\1)0 Look for productive strategies:
» Selecting appropriate tools from their geometry
toolkits strategically (MP5).
» Mentioning corresponding side lengths and angle
Reflect: How did using tools measures in their explanations for Problem 4.
from your geometry toolkit help
deepen your understanding of
transformations? . .
rensiormations Activity 1 continued >
©2023 Ampiity Education. Inc. Allights reserved. Lesson 9 No Bending or Stretching 63

I e Differentiated Support Math Language Development s

Accessibility: Optimize Access to Extension: Math Enrichment, MLRS8: Discussion Supports
Technology Interdisciplinary Connections As students describe their approaches, connect
Have students use the Amps slides for Mention that rigid transformations are the terms corresponding sides and corresponding
this activity, in which they can manipulate also called isometries. An isometry is a angles to students’ explanations by using different
the polygons and measure angles using transformation that preserves distance. types of sensory inputs, such as demonstrating the
interactive tools. This will alleviate any risks The prefix iso- means same and metry transformation or inviting students to do so, using the
of measurement errors and allow students to means distance. Ask students how they images and using hand gestures.
notice the side lengths and angle measures could use the meaning of this prefix iso- to
of the transformed images, without having help remember what the properties of an
to physically measure them using rulers or isosceles triangle. Anisosceles triangle
protractors. has two sides that are the same length.

(Language Arts)
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&8 Pairs | @ 20 min

Activity 1 Sides and Angles (continued) 8.GALA B.OALS

Students perform a translation, a rotation, and a reflection to discover how each transformation affects the
side lengths and angle measures of the transformed image.

. 9 Connect

Display correct student work for Problems 1, 2,
Activity 1 Sides and Angles (continued) and 3.

Have pairs of students share how they
performed the given transformations for each
problem and what they found for their side

3. Reflect Polygon A across line £. In the image, label each side length, in
grid units. Then label each angle measure, in degrees.

A

¢ lengths and angle measurements (MP7). Have
2 2 the class share whether they agree after each
283 35 135"\ |5 0 253/ 185" [185° 283 explanation, before discussing What. conclusions
can be made about the transformations.
45° 45° 45° 45°
6 6

Ask, “Based on the measurements you found
for the corresponding sides and corresponding
angles, what conclusions can you make about
these three transformations?”

Highlight that the corresponding side lengths

4. What did you notice about the side lengths and angle measures of each and correspondlng angle measures are
transformed polygon in Problems 1, 2, and 3? What conclusions can preserved (kept the same) in each of the three
you make about the three types of transformations? transformations.

Sample response: The corresponding side lengths and corresponding angle
measures were the same after each translation, rotation, and reflection.
These three types of transformations keep corresponding side lengthsand I I R s et evecaacasanse

corresponding angle measures the same. that does not change any of the measurements
of afigure. Translations, rotations, and
reflections are all examples of rigid
transformations, as is any sequence of these.

64 Unit1 Rigid Transformations and Congruence ©2023 Arpiy Egucation, nc. Allights reserved.
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& Independent | @) 10 min

Activity 2 Rigid Transformations 8.G.A.LA,8.G.A.LB

Students determine whether a sequence of rigid transformations maps one figure onto another to further
their understanding about how rigid transformations preserve side lengths and angle measures.

o Launch

Have students conduct the Think-Pair-Share

Name: Date: Period:

Activity 2 Rigid Transformations routine by giving 4 minutes of quiet work time
and 2 minutes to discuss their responses
1. Isthere a sequence of rigid transformations that maps Triangle T onto with a partner.

Triangle T'? Explain your thinking.

g Monitor

Help students get started by asking what
T they notice about the angle measurements in
7 Triangle T compared to Triangle T'.

Look for points of confusion:

Sample response: No, there is no sequence of rigid transformations that maps Triangle T + Using insufficient justification in their

onto Triangle T". Rigid transformations result in images in which corresponding angles . i
have the same measure, but the corresponding angle measures on these two triangles explanatlons. Ask students to be specn‘lc n
are not the same. describing either the corresponding sides or

corresponding angles to support their thinking.

Look for productive strategies:

» Describing the sequence of transformations that
2. Isthere a sequence of rigid transformations that maps Pentagon C takes Pentagon Cto Pentagon C'in Problem 2.
onto Pentagon C? Explain your thinking. » Using measures of corresponding sides and
corresponding angles as evidence. Note: This
method will be further developed in Lesson 10.

e Connect

’ Display examples of student work.

[¢)

Have students share their thinking.

Ask, “You know that rigid transformations

ot e s oo et e o ety o e preserve side lengths and angle measures. Can
transformations are examples of rigid transformations. you also say that if two flgu res have the same
side lengths and angle measures, there must be
arigid transformation that maps one figure onto
@ the other?”
esson® NoBerding orStetching - 65 Highlight that for Problem 1, it is enough to say
that if the shapes are not the same size, there

is no rigid transformation that maps one figure
onto the other. For Problem 2, because students
can recreate the rigid transformations, they can
say the figures are the same.

—— @ Differentiated Support Math Language Development s——

Accessibility: Vary Demands to Optimize Challenge MLR2: Collect and Display

If students need more processing time, have them focus on completing Have students share their work with a partner. As they discuss
Problem 1, and only work on Problem 2 as they have time available. with a partner, listen for and collect the language they use to
Consider providing the side and angle measurements for each pair of describe each transformation. Record students’ words on a
figures so that students can focus on analyzing the measurements, as visual display and update it throughout the remainder of the
opposed to doing the measuring themselves. lesson.

English Learners

Include annotated drawings of the transformations on the class
display so that students can connect the descriptions, words, and
phrases to visual depictions of transformations.
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iﬁ Whole Class | @ 5 min

Su mmary 8.G.A.1.A, 8.G.A.LB

Review and synthesize how a rigid transformation preserves side lengths and angle measures of an image.

G Synthesize
Ask:

+ "By studying two figures, how could you tell
that one is not the image of the other under a

In today’s lesson . .. rigid transformation?” Sample response: If the

corresponding side lengths are not the same, or

Summary

You discovered that the translations, rotations, reflections, and sequences of these if the corresponding angle measures are not the
motions you have learned about so far are all examples of rigid transformations. same, then a rigid transformation has not occurred.
Arigid transformation is a move that does not change measurements — side

lengths or angle measures — from the preimage to the image. + “What are the three types of rigid transformations?”

Earlier, you learned that a preimage and its image have corresponding points. transiation, reflection, rotation

A preimage and its image also have corresponding sides and corresponding angles. - “Ifa figu re has undergone asequence of rigid
When a preimage is transformed using a rigid transformation, corresponding sides

have the same lengths and corresponding angles have the same measures. transformations to map onto another flgure, what

can you say about the two figures?” Sample
response: The two figures have the same side

lengths and the same angle measures.
Reflect:

Highlight when a preimage is transformed
using arigid transformation, corresponding
sides have the same lengths and corresponding
angles have the same measure. Translations,
rotations, and reflections are all examples of
rigid transformations. Sequences of these
transformations are also rigid transformations.

o Reflect

After synthesizing the concepts of the lesson,
allow a few moments for student reflection.
Encourage them to record any notes in the
Reflect space provided in the Student Edition.
To help students engage in meaningful
reflection, consider asking:

» “What strategies or tools did you find helpful today
when identifying a rigid transformation?”

66 Unit1 Rigid Transformations and Congruence ©2023 Ampiy Egucation, nc. Allrights reserved.

— Math Language Development C______________________________________________________________________________________________________|

MLR2: Collect and Display

As students formalize the new vocabulary for this lesson, ask them to refer to the class display
for this unit, that you started in Lesson 1. Ask them to review and reflect on any terms and
phrases related to the term rigid transformation that were added to the display during the lesson.

66 Unit1 Rigid Transformations and Congruence



& Independent | @) 5min

Exit Ticket 8.G.A.1.A, 8.G.A.1.B

Students demonstrate their understanding by determining the side lengths and angle measures of a
polygon after a rigid transformation has been performed.

.
Q Success looks like . ..

Name: Date: Period:

» Language Goal: Comprehending that
the term rigid transformation refers to
corresponding distances and angle measures

in the preimage and the image are the same.
Trapezoid A’B'C'D’ is the image of Trapezoid ABCD after a rigid (speaking and Listening)
transformation has been performed.

+ Goal: Drawing and labeling a diagram
of the image of a polygon under a rigid
2. Onboth figures, label all known side lengths and angle measures. transformation, including calculating the side
lengths and angle measures.

1. Label all the vertices on Trapezoid A'B'C'D".

» Labeling the side lengths and angle measures of
two trapezoids related by a rigid transformation.

» Language Goal: Identifying a sequence of
rigid transformations given a preimage and its
image. (Speaking and Listening, Writing)

Q Suggested next steps

If students do not label the corresponding
vertices correctly for Problem 1, consider:

» Reviewing strategies for rotating an object
from Activity 1, Problem 2.

If students mislabel angle or side measures
in Problem 2, consider:

» Reviewing Activity 2, Problem 2.

Self-Assess 7
- ? dontrealy ﬁ @ » Reviewing the definition of a rigid
e G transformation.

a | candescribe the effects of a rigid transformation
on the side lengths and angle measures of a polygon.

1 2 3

© 2023 Ampiy Education,Inc All rights reserved. Lesson 9 No Bending or Stretching

Professional Learning

This professional learning moment is designed to be completed independently or
collaboratively with your fellow mathematics educators. Prompts are provided so
that you can reflect on this lesson before moving on to the next lesson.

Q. Point to Ponder ...

How well do your students understand rigid transformations?
How well can they describe the effects of rigid transformations
on the side lengths and angle measures of transformed figures?

What might you change for the next time you teach this lesson?
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Practice .Q. Independent

Name: Date: Period:

Name: Date: Period:

1. Isthere arigid transformation that maps Rhombus P onto Rhombus Q? 3. For each shape, draw its image after performing the transformation.

Explain your thinking

[/ ,,

No. Rigid transformations result in images in which corresponding sides have the same
lengths, but these figures have different side lengths.

. Translate the preimage so that point A maps onto A".

[=]
o
o
2
3

aonoead [

2. For each of the following, determine whether a rigid transformation can ® Rotate the preimage 180° counterclockwise about point 3
map one figure onto the other. If so, explain how the rigid transformation ’
can be performed.

. . . . (© Reflect the preimage across the line shown.
Yes, this can be performed by rotating the image 180° about point X.
' |:F, rl:l
Yes, this can be performed by reflecting the image across a vertical line.
4. Determine the area and perimeter of the rectangle.
® ﬁ Show or explain your thinking.

Area: 8 sq. units; Sample response: There are 8 shaded
squares inside the rectangle so the area is 8 sq. units.
Perimeter: 12 units; Sample response: The side lengths
are2,4,2,and4.2+4+2+4=12.

No, a rigid transformation cannot be performed.

Lesson 9 No Bending or Stretching 67 68  unit1 Rigid Transformations and Congruence ©2023 Amplify Education, Inc. All ights reserved.
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Practice Problem Analysis Additional Practice Available

Type Problem Referto Standard(s)  DOK For students who need

1 Activity 2 Sgﬁié > ac:!ditional prac’Fice in

On-lesson S-G-A-l-A this lesson, assign the
o .G.A1A, Grade 8 Additional
2 Activity 1 2
8.G.A1B Practice.
. Unit1
Spiral g Lesson 4 8.G.A.l 1
Formative © 4 SIals ) 6.G.A.1 2
Lesson 10

© Power-up: If students need additional support with the key prerequisite concept or
skill this problem addresses, consider assigning the Power-up in the next lesson.
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UNIT1 | LESSON 10

What Is the Same?

Let’s decide whether shapes are the same. -

Goals » Students build conceptual understanding of
1. Language Goal: Use the term congruent to describe two figures what it means for two figures to be congruent.
that can be mapped onto each other by using a sequence of rigid
transformations. (Speaking and Listening, Reading and Writing)

2. Language Goal: Comprehend that congruent figures have
corresponding side lengths, corresponding angle measures, and Standards

areas that are equal. (Speaking and Listening, Reading and Writing)

3. Language Goal: Comprehend that figures with the same area and Addressing
perimeter may or may not be congruent. (Speaking and Listening,
Reading and Writing) 8.G.A.2

Understand that a two-dimensional figure

is congruent to another if the second can
Coherence be obtained from the first by a sequence of

rotations, reflections, and translations; given

* Today : _
two congruent figures, describe a sequence
Students explore what it means for shapes to be the “same” and learn that exhibits the congruence between them.
that the term congruent is a mathematical way to talk about figures being
the “same.” They understand that two figures are congruent if there Also Addressing: 8.G.A.1
is a sequence of rigid transformations that maps one onto the other
(MP6). They realize that figures that are congruent can have different Building On Building Toward

orientations, but corresponding side lengths and corresponding angle

measures are equal. 8.G.A.1 HSG.CO.B

< Previously

In Lesson 9, students learned that translations, rotations, and reflections
are examples of rigid transformations. They saw that rigid transformations
preserve side lengths and angle measures. In elementary grades, deciding
whether two shapes are the “same” usually involves making sure that

they are the same general shape and same size. As shapes become more
complex and students use new ways to measure their attributes, such as
side lengths and angle measures, this surfaces the need for a more precise
way to talk about shapes being the “same.”

> Coming Soon

In Lesson 11, students will build on their understanding of congruent
figures by testing whether two figures are congruent.

Lesson 10 What Is the Same?  69A



Pacing Guide

Suggested Total Lesson Time ~45 min @

O

Warm-up

@ 5 min

28 Pairs

8.G.A1

Am PS powered by desmos

@ o

Activity 1 Activity 2
@ 15 min @ 15 min
2 Independent 28 Pairs
MP3 MP6
8.G.A.1,8G.A.2 8.G.A.2

Activity and Presentation Slides

o

Summary Exit Ticket

@ 5min

% Independent

@ 5 min

288
288 Whole Class

8.G.A.2 8.G.A.2

For a digitally interactive experience of this lesson, log in to Amplify Math at learning.amplify.com.

Practice % Independent
Materials

« Exit Ticket

- Additional Practice

« colored pencils

» geometry toolkits: rulers,
protractors, tracing paper

Math Language
Development

New word

Review words

e corresponding

* orientation

* reflection

* rigid transformation
* rotation

* translation

Building Math Identity and Community

Connecting to Mathematical Practices

In Activity 1, students may act as though their explanation is the only
correct explanation and may not listen as actively to their peers’

arguments (MP3). Provide students a thinking question before they share,

such as, “As your classmates share, consider what your argument has in
common and listen for arguments that reach the same conclusion from a

different perspective.”

69B Unit1 Rigid Transformations and Congruence

Amps

Featured Activity

Activity 1
See Student Thinking

Students manipulate and compare figures

to determine if they are congruent and
explain their thinking. These explanations are
available to you digitally, in real time.

CO Amps

desmos

® Modifications to Pacing

You may want to consider these
additional modifications if you are
short on time.

*  The Warm-up may be omitted. It

serves to get students thinking about
the orientation of figures.

+ Activity 1 may be shortened to have
students analyze parts aandb.

» InActivity 2, Problem 5 may be omitted
and addressed later in Lesson 11.



&2 pairs | @ 5min
Warm-up Find the Right Hands 8.G.A.1

Students find all the matching right hands to reinforce the concept of orientation and mirror images.

0 Launch

Activate background knowledge by asking
Unit1 | Lesson 10 students what they notice about their left and
right hands.

9 Monitor

Help students get started by holding up both
of your hands and pointing out that a person’s
hands are mirror images of each other.

Name: Date: Period:

o

What Is the
Same?

Let’s decide whether shapes
are the same.

Look for points of confusion:

+ Thinking they should only see reflections. Point
out that the hands have also been rotated.

Warm-up Find the Right Hands + Shading some of the left hands because they

A person’s hands are mirror images of each other. In the diagram, a think the.palms can face up or down. As.k
left hand is labeled, where the palm of the hand is facing down. Shade students if the palms of the hands are facing up or
all of the right hands where the palm is facing down. down by having them reread the directions.

9 Connect

Display student work.

Have students share the ways in which the left
and right hands are the same, and the ways in
which they are different.

Ask, “Is the image of a left hand the same as the
image of a right hand? Are figures that are mirror
images of each other the same or different?”

Highlight that the side lengths and angles for
the left and right hands match up, but that a
left hand will only perfectly match a right hand
ifitis flipped, or reflected. Connect this to
what students learned in Lesson 9 — that rigid
Log into Amplify Math o complete i lesson online transformations, such as reflections, preserve
e Leszon 10 What|sthe Same? 69 side lengths and angle measures, even if the
orientation is reversed. Announce that in
today's lesson, students will build on this idea
of what makes two figures “the same” and give
mathematical meaning to the word “same.”

I o Power-up ________________________________________________________________________________________________________|

To power up students’ ability to determine the perimeter and the area of a
rectangle, have students complete:

Recall that the perimeter of a rectangle is the total length of the edges, while its area is the
number of square units that cover it.

Determine the perimeter and the area of the rectangle.

Perimeter: 14 units

Area: 12 square units

Use: Before Activity 2
Informed by: Performance on Lesson 9, Practice Problem 4,
and Pre-Unit Readiness Assessment, Problem 6

Lesson 10 What Is the Same? 69



Activity 1 Are They the Same?

& Independent | @) 15 min

MP3
8.G.A.1,8.G.A.2

Students decide whether pairs of figures are “the same,” leading them to see the need for a precise meaning
of what makes two figures “the same.” The term congruent is introduced.

Activity 1 Are They the Same?

For each pair of figures, decide whether they are the same.

Explain your thinking.

Are they
the same?

7~

70 Unit1 Rigid Transformations and Congruence

— 6 Differentiated Support ._____________________________________________________________________________________________________________]

Explain your thinking.

The figures are the same;

the figure on the right is the
image of the left figure after a
reflection and translation.

The figures are not the same;
they have congruent sides,
but the angle measures do not
match.

The figures are the same; the
figure on the right is the image
of the figure on the left after a
reflection.

The figures are not the same;
the figure on the left is larger
than the figure on the right.

©2023 Amplify Education, Inc. All rights reserved

Accessibility: Vary Demands to Optimize Challenge

If students need more processing time, have them focus on parts a and b and

only work on parts ¢ and d as time allows.

Extension: Math Enrichment

Explain to students that co- and con- in the term congruent is a Latin root which

means together. Have students come up with other words that have this same
root. The words do not have to be mathematical words. Sample responses:
converse, coordinate, corresponding, costar, coworker, connect

70 Unit1 Rigid Transformations and Congruence

Amps Featured Activity SeeStudentThmkmg_ o Launch

Provide access to geometry toolkits for the
duration of the lesson.

Monitor

Help students get started by showing how to
use tracing paper to determine whether the pair
of figures in part a are the same.

Look for productive strategies:

» Performing rigid transformations on the figures in
parts aand c to determine they are the same.

+ Noting the figures in part d are different sizes and,
therefore, not “the same.”

Connect

Display a student’s table showing the correct
responses for each pair of figures.

Have students share how they can explain why
the figures in parts a and c are the same and why
the figures in parts b and d are not the same (MP3).

Ask, “What do you mean by ‘the same'? Are
there any pairs of figures for which you found it
challenging to determine if they are ‘the same'?”
Answers may vary as students may not always
agree on what makes two figures “the same.”

can be mapped onto the other by a sequence of
rigid transformations. Let students know that
instead of using the phrase “the same,” they
will use the term “congruent” moving forward.
Introduce the congruent symbol (=) along with
an example of how it is used.

Highlight that one way to prove that two figures
are congruent is to describe the sequence of
rigid transformations that maps one figure onto
the other. Have students determine the rigid
transformations that produce the congruent
figures in partsaandc.



&8 pairs | @ 15 min

MP6

Activity 2 Area, Perimeter, and Congruence 8.6.A.2

Students investigate the areas and perimeters of a group of rectangles to discover that figures of the same
overall shape (e.g., rectangles) are not necessarily congruent.

Name: Date: Period:

0 Launch

Activity 2 Area, Perimeter, and Congruence

Study the rectangles shown. You will need access to your geometry toolkit.

3

2

1. Which of these rectangles have the same area as Rectangle R, but different
perimeters? Explain your thinking.

Rectangle R has an area of 6 square units and a perimeter of 10 units.
Rectangles B and C have the same area, 6 square units, but different
perimeters. Rectangles B and C both have perimeters of 14 units.

2. Which rectangles have the same perimeter as Rectangle R, but different
areas? Explain your thinking.

Rectangle R has an area of 6 square units and a perimeter of 10 units.
Rectangles D and F have the same perimeter, 10 units, but different
areas. Rectangles D and F both have areas of 4 square units.

3. Which have the same area and the same perimeter as Rectangle R?
Explain your thinking.

Rectangle R has an area of 6 square units and a perimeter of 10 units.
Rectangles A and E have the same perimeter and area.

Shade congruent rectangles with the same color.

Students should shade Rectangles A, R, and E the same color. They
should shade Rectangles B and C the same color. They should shade
Rectangles D and F the same color.

Let students know that they will investigate the
perimeters and areas of a group of rectangles in
which there may or may not be congruent figures.
Distribute colored pencils.

9 Monitor

Help students get started by asking them to
explain how to find the perimeter and area of
Rectangle R.

Look for points of confusion:

* InProblem 4, thinking that because all
rectangles have the same overall shape, they are
all congruent. Remind students of the definition of
congruent from Activity 1.

+ In Problem 5, thinking that if rectangles
with the same area and same perimeter are
congruent, then any two polygons with the same
area and same perimeter are congruent. Ask
students to see if they can produce a sequence of
rigid transformations that maps one of the figures
in Problem 5 onto the other.

Look for productive strategies:

» Organizing their work by finding and recording
the area and perimeter for each rectangle in
Problems 1-3.

Activity 2 continued >

© 2023 Amplify Education, Inc. All rights reserved. Lesson 10 What Is the Same? 71

—— e Differentiated Support

Accessibility: Vary Demands to Optimize Challenge

Provide the areas and perimeters already calculated so that
students can focus on comparing the rectangles. Consider also

chunking this task into smaller, more manageable parts. For example,

provide students with a subset of the rectangles with which to begin
and introduce the remaining rectangles once they have completed
their initial set.

Math Language Development |

MLR1: Stronger and Clearer Each Time

Provide students time to meet with 2—-3 students to share and receive feedback on
their responses. Display prompts for feedback that will help them strengthen their
ideas and clarify their language. For example:

« “How was a sequence of transformations used to .. .?”

» “What properties do the shapes share?”

+ “What was different and what was the same about each pair?”

English Learners

Strategically pair students with partners who speak the same primary language.

Allow students to share and receive feedback in their primary language.

Lesson 10 What Is the Same? 71



&8 Pairs | @ 15 min

MP6

Activity 2 Area, Perimeter, and Congruence (continued) 8.G.A.2

Students investigate the areas and perimeters of a group of rectangles to discover that figures of the same

overall shape (e.g., rectangles) are not necessarily congruent.

Activity 2 Area, Perimeter, and Congruence (continued)

5. These polygons have the same perimeter and the same area.
Are they congruent? Explain your thinking.

No, they are not congruent. One polygon cannot be mapped onto the other
polygon using rigid transformations, which means they are not congruent.

:: Are you ready for more?

Figure BDFH is a square. Points A, C, E, and
G are selected and marked so that the lengths
of the bold line segments are the same.

Is Figure ACEG also a square? Explain

your thinking. A
Sample response: Yes. Rotate Triangle ABC

90° clockwise using the center of

Square BDFH as the center of rotation.
Segment AC will map onto segment CE.

As the rotation continues about the center

of the square, segment AC will map onto
segment EG and then onto segment GA, [ [
proving that all four segments have the G

@ same length and all four angles are 90°.

72 Unit1 Rigid Transformations and Congruence ©2023 Ampiy Education. Inc. Allrights reserved.
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. g Connect

Ask:

» “Do congruent rectangles have the same perimeter?
Explain your thinking.” Sample response: Yes,
congruent rectangles will have the same perimeter
because their side lengths will be the same.

« “Do congruent rectangles have the same area?
Explain your thinking.” Sample response: Yes,
congruent rectangles will have the same area
because their side lengths will be the same.

« “Arerectangles with the same perimeter always
congruent? Why or why not?" Sample response:
No, Rectangles R, D, and F have the same
perimeter, yet Rectangle R is not congruent to
either Rectangle D or Rectangle F.

» “Arerectangles with the same area always
congruent? Why or why not?” Sample response:
No, Rectangles R, B, and C have the same area, yet
Rectangle R is not congruent to either Rectangle B
or Rectangle C.

« “If two figures have the same perimeter and same
area, are they congruent?” Sample response: Not
necessarily. The figures in Problem 5 have the same
perimeter and area, but one cannot be mapped
onto the other by using rigid transformations.

Display the figures in Problem 5.

Have students share whether they think the
figures are congruent by using the Poll the Class
routine. Have students share their thinking with a
partner before sharing with the class.

Highlight that measuring perimeter and area

is a strategy that can be used to show that two
figures are not congruent if these measures
differ. If these measures are the same, more work
is needed to decide whether the two figures are
congruent. Point out that polygons with the same
area and same perimeter are not necessarily
congruent, as shown in Problem 5 (MP6).
However, rectangles with the same area and
same perimeter will always be congruent.



Summary

éﬁ Whole Class | @ 5 min

8.G.A.2

Review and synthesize what it means for two figures to be congruent and how congruence is related to

rigid transformations.

Name: Date: Period:

Summary

In today’s lesson . ..

You explored what it means for two figures to be congruent. This is a new term for
if one figure maps onto the other figure exactly by using a sequence ofr|g|d ........
transformations. The congruence symbol = can be used to show two figures

are congruent. For example, AABC = ADEF means that the two triangles are
congruent. The statement is read “Triangle ABC'is congruent to Triangle DEF".

Here are some other facts about congruent figures:

You do not need to check all the measurements to prove two figures are congruent.
Instead, you can find a sequence of rigid transformations that maps one figure onto
the other. If you can find such a sequence, then the figures are congruent.

Two figures that are exact mirror images of each other are congruent. This means
there must be a reflection in the sequence of transformations that maps one figure
onto the other.

Because two congruent polygons have the same area and the same perimeter, one
way to show that two polygons are not congruent is to show that they have different
perimeters or different areas.

Reflect:

©2023 Amplify Education. Inc. All rights reserved. Lesson10 What Is the Same? 73

Math Language Development ]

MLRZ2: Collect and Display

As students formalize the new vocabulary for this lesson, ask them to refer to
the class display for this unit, that you started in Lesson 1. Ask them to review
and reflect on any terms and phrases related to the term congruent that were
added to the display during the lesson.

G

Synthesize

Have students share their best definition of the
term congruent.

Ask:

» “Areafigure and its mirror image congruent? Why
or why not?” Yes, the mirror image is a reflection
(rigid transformation) of the figure.

» “How can you determine whether two figures
are congruent?” Recreate a sequence of rigid
transformations, measure corresponding side
lengths, measure corresponding angles

+  “What are some ways to know that two figures
are not congruent?” If a sequence of rigid
transformations cannot map one figure onto the
other, if corresponding side lengths are not the
same, if corresponding angle measures are not
the same, if the figures have different areas or
perimeters

»  “What are some characteristics that are shared by
congruent figures?” Corresponding side lengths
are the same and corresponding angle measures
are the same.

Highlight that the term congruent does not
precisely mean “same shape, same size,”

but that figures are congruent when there

is a sequence of translations, rotations, and
reflections (rigid transformations) that map one
figure onto the other. Discuss the symbols used
to represent triangle and congruence.

Reflect

After synthesizing the concepts of the lesson,
allow students a few moments for reflection
on one of the Essential Questions for this unit.
Encourage them to record any notes in the
Reflect space provided in the Student Edition.
To help them engage in meaningful reflection,
consider asking:

* “What does it mean for two figures to be ‘the
same'?”

Lesson 10 What Is the Same? 73



& Independent | @) 5min

Exit Ticket 8.G.A.2

Students demonstrate their understanding by determining whether two figures are congruent.

.
Q Success looks like . ..

Name: Date: Period:

» Language Goal: Using the term congruent
to describe two figures that can be mapped
Exit Ticket onto each other by using a sequence of rigid
transformations. (Speaking and Listening,
Reading and Writing)

Are these figures congruent? Explain your thinking. )
You may want to use your geometry toolkit. » Language Goal: Comprehending that

) congruent figures have corresponding side
lengths, corresponding angle measures,
and areas that are equal. (Speaking and
Listening, Reading and Writing)

» Verifying whether the two figures are congruent.

« Language Goal: Comprehending that figures
with the same area and perimeter may
or may not be congruent. (Speaking and
Listening, Reading and Writing)

O Suggested next steps

If students do not describe rigid
transformations, side lengths, or angle
measures to determine congruence, consider:

Yes, these figures are congruent.

Sample response: + Reviewing strategies to determine
« Avreflection across line £ maps one figure onto the other, so the figures congruence from ACtIVIty 1

are congruent. .
* The corresponding side lengths and corresponding angle measures are . Assigning Practice Problem 3.

the same, which means the figures are congruent.

+ Asking, “How can you determine whether two

Self-Assess 2 R —— @ figures are congruent?”

Iy e Bt If students think the figures are not congruent
because the orientation is reversed, consider:

a | canuse rigid transformations or angle measurements and . Reviewing the Wa rm—up and reminding
side lengths to decide whether two figures are congruent. . . 2
1A s students that a reflection is a type of rigid

transformation.

© 2023 Amplify Education, Inc. All rights reserved. Lesson 10 What Is the Same?

Professional Learning

Math Language Development m———

This professional learning moment is designed to be completed independently Language Goal: Comprehending that congruent figures
or collaboratively with your fellow mathematics educators. Prompts are provided have corresponding side lengths, corresponding angle
so that you can reflect on this lesson before moving on to the next lesson. measures, and areas that are equal
Q' Points to Ponder. .. Reflect on students’ language development toward this goal.
+ How did your students transition from thinking about what it means « Do students’ responses to the Exit Ticket problem include
for two figures to be the “same” and congruent figures? Are they mathematical language, such as:
comfortable in using the term congruent moving forward? » ldentifying a reflection which is a rigid transformation?

+ What are the go-to strategies your students are using to determine

whether two figures are congruent? Are they thinking about rigid
transformations? » How can you help students be more precise in their justifications

as to whether two given figures are congruent?

» Indicating that corresponding side lengths and angle measures are equal?

74A Unit1 Rigid Transformations and Congruence



Practice ,Q, Independent

u:,, Name: Date Period: Name: Date: Period: I]Ell
3 1. If two rectangles have the same perimeter, do they have to be congruent? 4. Find the coordinates of the image of point A(2, —5) after each transformation. 3
o . L
0 Explain your thinking. @ Point A(2, —5) is reflected across the z-axis. What are the coordinates of the image? g
[=4 Sample response: No. A rectangle with a length of 3 cm and width of (2,5) [=4
8 2 cm will have the same perimeter as a rectangle with a length of 4 cm ’ 8

and awidth of 1 em. However, their corresponding sides do not have the @® Point A(2, —5) is reflected across the y-axis. What are the coordinates of the image?

same length, so the rectangles will not be congruent.
(=2,-5)

2. Draw two rectangles that have the same area, but are not congruent.
Sample response shown. —

5. Prove that Triangle A and Triangle B are congruent by describing a sequence of
rigid transformations that they could have used to map Triangle A onto Triangle B.
Explain your thinking.
3
Y
2 6 6] 6
A
N4 x|
! B
3. For each pair of triangles, decide whether the statement about congruence
is true or false. Explain your thinking.
_ Sample response: Reflect Triangle A across the y-axis. Then translate the

. AABC = ADEF figure down 4 units and to the right 1 unit.

A

\ E p
N V 6. A series of rigid transformations was used D
D to map one of these polygons onto the
True; Sample response: Triangle ABC can be reflected across segment BC other. Which of the following statement(s) A ¢
and translated to the right to map onto Triangle DEF. are true? Select all that apply.
A ZA=/LG
® OAABC=ADEF E
LA=LF 5

A B
@ Segment AD is congruent to
D segment FG. h
D. Segment AD is congruent to H
segment GH.
C E F G

@ Segment BD is congruent to
False; Sample response: Triangle ABC and Triangle DEF have different segment EG.
angle measures, so they cannot be congruent.

74 unit1 Rigid Transformations and Congruence ©2023 Ampiy Ecucation. Inc. Allrights reserved. ©2023 Amplify Education. Inc. Alrights reserved. Lesson 10 What Is the Same? 75

Practice Problem Analysis Additional Practice Available

Type i Al B For students who need

1 Activity 2 8.G.A2 2 additional practice in
this lesson, assign the
On-lesson 2 Activity 2 8.G.A2 2 Grade 8 Additional

3 Activity 1 8.G.A2 2 Practice.

Unit1

8.G.A.l 1

Lesson 3
Spiral Unit1
ni
5 Lesson 6 8.G.A1l 2
Formative @ 6 Unit 1 8.G.A.2 2
Lesson1l

@ Power-up: If students need additional support with the key prerequisite concept or
skill this problem addresses, consider assigning the Power-up in the next lesson.

Lesson 10 What Is the Same? 74=75



UNIT1 | LESSON 11

Congruent
Polygons

Let’s decide whether two figures
are congruent.

Goals

» Students continue to build conceptual
understanding of what it means for two
1. Language Goal: Compare and contrast side lengths, angle polygons to be congruent.
measures, and areas using rigid transformations to explain why
two figures are, or are not, congruent. (Speaking and Listening,
Reading and Writing)

" _ Standards
2. Language Goal: Critique arguments about whether two figures

with the same corresponding sides lengths may be non-congruent

figures. (Speaking and Listening) Addressing

3. Language Goal: Justify that two polygons on a grid are congruent 8.G.A.2
by describing a sequence of rigid transformations that maps one Understand that a two-dimensional figure
polygon onto the other. (Speaking and Listening, Writing) is congruent to another if the second can

be obtained from the first by a sequence of
rotations, reflections, and translations; given

Coherence two congruent figures, describe a sequence

that exhibits the congruence between them.

[ ]
Today Building On Building Toward

Students use rigid transformations that show two figures are congruent

and construct arguments for why two figures are not congruent 8.G.A.1 HSG.CO.B
(MP3). They come to understand that, for many shapes, simply having

corresponding side lengths that are equal will not guarantee the figures

are congruent (MP6).

< Previously

In Lesson 10, students defined what it means for two figures to be
congruent and began to apply this meaning to determine if two figures
are congruent.

> Coming Soon

In Lesson 12, students will apply their understanding of congruence to
different types of figures, such as ovals.

76A Unit1 Rigid Transformations and Congruence



Pacing Guide

Suggested Total Lesson Time ~45 min @

O

Warm-up

@ 5 min

28 Pairs

8.G.A1

Am PS powered by desmos

@

@

Activity 1 Activity 2
@ 15 min @ 15 min
2 Independent 28 Pairs
MP6 MP3
8.G.A.2 8.G.A.2

Activity and Presentation Slides

o

Summary Exit Ticket
@ 5 min @ 5min
999 Whole Class 2 Independent
8.G.A.2 8.G.A.2

For a digitally interactive experience of this lesson, log in to Amplify Math at learning.amplify.com.

Practice % Independent

Materials
« Exit Ticket
- Additional Practice

« geometry toolkits: rulers,
protractors, tracing paper

Math Language
Development

Review words

congruent
corresponding
orientation
reflection

rigid transformation
rotation

translation

Building Math Identity and Community

Connecting to Mathematical Practices

In Activity 1, students may feel defeated if they struggle to precisely
describe their thinking (MP6). Have them use their geometry tools
and consider assigning strategic partners so that students feel more
supported in accurately describing the rigid movements of congruent

figures.

Amps | Featured Activity

Activity 1
Digital Geometry Tools

Students use digital geometry tools to
determine whether two polygons are
congruent.

CO. Amps

desmos

® Modifications to Pacing

You may want to consider these
additional modifications if you are
short on time.

+  The Warm-up may be omitted. It
provides an opportunity for students
to think about figures that have
undergone more than one rigid
transformation.

* InActivity 1, you may omit parts c
and d as they are additional examples
of figures that may or may not be
congruent.

» In Activity 2, you may omit Problem 2.

Lesson 11 Congruent Polygons 76B



Warm-up Translated Images

28 pairs | @ 5min

8.G.A.l1

Students examine a set of congruent triangles to determine the type of transformation performed for
each triangle.

Unit1 | Lesson1l

Congruent
Polygons

Let’s decide whether two figures
are congruent.

Warm-up Translated Images

Study the triangles shown. All of these triangles are congruent to Triangle ABC,
and all of the triangles were translated. Some of the triangles were also rotated

o<

1. Label triangles that were also rotated as “Ro.”

2. Label triangles that were also reflected as “Re.”

Log in to Amplify Math to complete this lesson online.

76 Unit1 Rigid Transformations and Congruence

Differentiated Support

N

©2023 Amplify Education, Inc. All rights reserved

Accessibility: Vary Demands to Optimize Challenge,

Optimize Access to Tools

Use a think-aloud to model and demonstrate to students how you would
determine which triangles were only translations of Triangle ABC first.
Have students cross those triangles out so that they can focus on the
remaining ones. Then model how you would use tracing paper to determine
one triangle that is an example of a rotation and one that is an example of a

reflection. Have students determine the remaining ones.

o Power-up

To power up students’ ability to name corresponding part of
congruent polygons, have students complete:

0 Launch

Provide access to geometry toolkits for the
duration of the lesson.

g Monitor

Help students get started by selecting
a triangle and demonstrating how it was
transformed using tracing paper.

Look for points of confusion:

+ Thinking the triangles that were reflected
were actually rotated. Ask students if they can
demonstrate the reflection using tracing paper, and,
when they are not able to, ask what transformation
is needed to achieve the resulting triangle.

Look for productive strategies:
» Using tracing paper to note each transformation.

» Labeling corresponding vertices to determine
whether a reflection has occurred that reverses the
orientation of the triangle.

9 Connect

Display student work showing correct
responses.

Have students share their strategies for
determining the type(s) of transformations
performed for each triangle.

Ask, “Which transformation did you recognize
first? Which was the most challenging? Why?"

Highlight that if an image is translated, it will
have the same direction. Rotations usually
change the direction of an image and reflections
usually change the orientation of the image.
Being able to quickly recognize these three
types of transformations will be useful when
planning out a sequence of transformations to
prove congruence.

Trapezoid ABCD is translated to be Trapezoid EFGH. Fill in each blank with
the congruent, corresponding side or angle.

76 Unit 1 Rigid Transformations and Congruence

Use: Before Activity 1 B
Informed by: Performance on
Lesson 10, Practice Problem 6



& Independent | @) 15 min

Activity 1 Congruent Pairs 8.GA2

Students determine whether pairs of polygons on a coordinate plane are congruent to understand that both
side lengths and angle measures must be preserved for figures to be congruent.

Amps Featured Activit Digital Gébmetr Tools
P y gite ometry 100 0 Launch
reme oee peres Ask, “What are the ways you can determine
Activity 1 Congruent Pairs whether two figures are congruent?”
For each pair of figures, decide whether they are congruent. Explain 9 M on |t0r

your thinking. If they are congruent, label the corresponding vertices.

Help students get started by asking if they can

2 b k perform a transformation to map one figure

onto the other in part a.

3 EEEEEEEEEE RN AN
- Pl - Look for points of confusion:
@R e i  Visually determining congruence or using tracing
N paper and saying informally “they look the same.”
Have students explain congruence in terms of rigid
Yes, these figures are congruent No, these figures are not congruent. transformations. Alternatively, have students measure
because the corresponding side The figure on the right has two right .
lengths and angle measures are equal. angles, while the figure on the left does side Iengths and angles to check congruence.
not have any right angles. . .

Look for productive strategies:

+ Using both ways of checking congruence: rigid
transformations and measuring side lengths and
angle measures.

¢ y a Ny 9 Connect
+ N Display all four pairs of figures and use the
/ — Poll the Class routine to see which students
i 4 e thought which pairs of figures were congruent.
Have students share how they can check
whether each pair of figures is congruent by
No, these figures are not congruent Yes, these figures are congruent . .. .
because their sides do not have the because the corresponding side using I’Igld transformations (MP6) Start by
same lengths. e e oy angle measures are having students who measured the side lengths
and angle measures share their thinking. Then
call on students who used transformations;
sequence the transformation strategies
TEREET SIS Y by those who used the greatest number of
attention to the strategies you X
used and be ready to share transformations to those who used the least
them. As your classmates
share, be ready to restate number.
their ideas in your own words.
o o . Ask, “What happens if you try to use rigid
transformations to map one figure onto the

otherin part b?”

Highlight that when two figures are congruent,

there is arigid transformation that matches one

shape up perfectly with the other.
I e Differentiated Support Math Language Development ]
Accessibility: Vary Demands to Optimize Challenge MLRS8: Discussion Supports—Revoicing
If students need more processing time, allow them to focus on completing As students present their strategies during the Connect discussion,
two of the four problems in this activity. Consider allowing them to choose encourage them to restate and revoice their peers’ ideas. Consider
which problems they would like to complete. Once students have successfully having each student describe the previously shared strategy in their
completed the problems, invite them to share their responses with a partner own words, before sharing their own strategy.
prior to a whole class discussion.
English Learners
Extension: Math Enrichment Use hand gestures toillustrate the rigid transformations. Connect the
Have students find a second way to prove the figures are congruent, terms used by displaying a visual similar to the following: translation,
either by describing transformations or by determining the measures of side rotation, reflection = rigid transformations — congruent.

lengths and angles.
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&8 pairs | @ 15 min

MP3

Activity 2 Are You Sure They Are Congruent? 8.6.A.2

Students critique arguments to determine the best reasoning for deciding whether two polygons

are congruent.

Activity 2 Are You Sure They Are Congruent?

Students in a different class are asked to determine if two polygons
are congruent.

1. Priyais trying to persuade her classmates that the polygons shown are
congruent. Which argument is most convincing?

Y 4

R
M4 ~
Q

v

A. Both figures have 4 sides and an area of 5.5 square units.

| can map one figure onto the other by translating Polygon JK LM
down 3 units and to the left 4 units. Then | can reflect the image across
segment QP.

C. When | measure the side lengths of each polygon, | get the same
measurements.

D. When | measure the angles of each polygon, the angle measurements
showmzZS =msJ mZR =m/ZK, mZQ =mZL, and mZP =mZM.

Explain your thinking.

Argument B is the most convincing. Two polygons are congruent if one
can be mapped onto the other using a sequence of rigid transformations,
such as translation and reflection.

78  Unit1 Rigid Transformations and Congruence ©2023 Ampiy Education, Inc. Allights reserved.

0 Launch

Set an expectation for the amount of time
students will have to work in pairs.

9 Monitor

Help students get started by asking them
whether they can determine if the two polygons
in Problem 1 are congruent by using rigid
transformations.

Look for points of confusion:

» Thinking that if both figures have the same area
(Problem 1), then they are congruent. Show
students an example of two polygons with the
same area and same side lengths, and ask whether
they are congruent. Display Problem 5 from
Lesson 10, Activity 2, if needed.

» Thinking that if both figures have the same
side length measures (Problem 2), then they
are congruent. Have students try to perform a
sequence of rigid transformations to map one
figure onto the other.

Look for productive strategies:

» Using both rigid transformations and features of
the figures, for example, angle and side length
measures, to determine whether the figures are
congruent.

Activity 2 continued >

— @ Differentiated Support

Accessibility: Vary Demands to Optimize Challenge

If students need more processing time, have them focus on completing Problem 1,
and only work on Problem 2 as time allows.

78 Unit 1 Rigid Transformations and Congruence

Math Language Development |

MLRS8: Discussion Supports—Restate It!

During the Connect discussion, revoice student ideas to demonstrate
mathematical language used by restating a statement as a question in
order to clarify, apply appropriate language, and involve more students.

English Learners

Highlight complex phrases, such as “if two figures have different
corresponding side lengths, then they are not congruent. However,
the converse is not true; just because two figures have the same side
lengths, it does not necessarily mean they are congruent.” If time
allows, address converse statements about congruent angles.



&8 Pairs | @ 15 min

MP3

Activity 2 Are You Sure They Are Congruent? (continued) 8.6.A.2

Students critique arguments to determine the best reasoning for deciding whether two polygons
are congruent.

g Connect

Display each problem, discussing each one
Activity 2 Are You Sure They Are Congruent? (continued) before moving on to the next problem.

Name: Date: Period:

Have pairs of students share which argument

2. Andre studied the two figures shown and noticed that the side lengths ..
they thought was most convincing for Problem 1

of each figure are equivalent. Is this enough to claim the figures are

congruent? Explain your thinking. by using the Poll the Class routine (MP3).
2.5 2 Ask:
2.5
3 + “Why was the argument in Problem 1, choice B the
most convincing argument?” Rigid transformations
4.5 45 3 preserve side lengths and angle measures.

» “Did you use any measurements (length, area, angle
measures) to help decide whether the polygons are

4 4 congruent?” Answers may vary.
No. These figures are not congruent. One figure cannot be mapped onto . . .
the other using a sequence of rigid transformations because the order of + “Why was the argument in Problem 1, choice A not

the sides is different. The side with length 3 is between side lengths 2 and P o . .
2.5 in the figure on the left, but that same side is between side lengths 2.5 aconvincing argument 2" Alot of different flgures

and 4 in the figure on the right. can have 4 sides and an area of 5.5 square units and
not be congruent.

« “Would arguments C and D, if used together,
in Problem 1 be a convincing way to prove
congruence?” Yes, because if the side lengths and

AR angle measures are the same, then | know that the
m e Areyou ready for more? :
figures are congruent.

A polygon has 8 sides: five sides that each have a length of 1 unit, two sides that each .« “In general when proving congruence what types
have a length of 2 units, and one side that has a length of 3 units. All sides lie on grid ! . i . !

lines. Draw a polygon with these side lengths on the grid shown here. of arguments are most convmcmg? Arguments

Is there a second polygon, not congruent to your first, that also has these side lengths? that demonstrate the SpeCifiC I’Igld transformations
ey e B B DS S O, or arguments that describe both the side lengths

Sample response: and angle measures being equal.

* “In Problem 2, why is it not enough for Andre to
claim that the figures are congruent if their side
lengths are the same?” Two figures can have the
same side lengths without being congruent, as
demonstrated by the figures in Problem 2.

@ Highlight that, as in the previous activity, if two

A o A Lesson 11 Gongruent Polygons 79 figures have different side lengths, then they
TN are not congruent. However, the converse is not
true — just because two figures have the same
side lengths, it does not necessarily mean they
are congruent. The same is true for angles —
congruent angle measures alone are not enough
to prove congruence.
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éﬁ Whole Class | @ 5 min

Summary 8.6.A.2

Review and synthesize how to determine whether two polygons are congruent.

G Synthesize

Ask:
Summar “
y + “How do you know whether two polygons are
congruent?”
In today’s lesson.... +  “How do you know whether two polygons are not
congruent?”
You applied the definition of congruence to polygons. You learned that: ) )
Two polygons are congruent when there is a sequence of translations, rotations, ° If you know two polygons have different side
and reflections that map one polygon onto the other. |ength5' isthat enough to determine that the

Two polygons are not congruent if they have different side lengths, different angle

o
measures, or different areas. polygons are not congruent?” Yes

Even if two polygons have the same side lengths, they might not be congruent. » “If you know two polygons have the same side
With four sides of the same length, for example, you can create many different lengths, is that enough to determine that the
rhombuses that are not congruent to one another because the angles may e

be different. polygons are congruent?” No

« “If you know two polygons have the same angle
measures, is that enough to prove congruence?”
Reflect: Itis not enough.

Have students share an example of polygons
that have the same side lengths, but are not
congruent. Then have students share an
example of polygons that have the same angle
measures, but are not congruent.

Highlight that even if two figures have the same
side lengths, they may not be congruent. With
four sides of the same length, for example,
students can construct many different
rhombuses that are not congruent to one
another, because the angle measures are
different.

o Reflect

After synthesizing the concepts of the lesson,
allow a few moments for student reflection.
Encourage them to record any notes in the

80 Unit1 Rigid Transformations and Congrusnce Reflect space provided in the Student Edition.

A To help students engage in meaningfu

reflection, consider asking:

»  “What strategies or tools did you find helpful today
when identifying congruent polygons?”

80 Unit1 Rigid Transformations and Congruence



& Independent | @) 5min

Exit Ticket 8.G.A.2

Students demonstrate their understanding of congruent polygons by describing a sequence of
transformations that proves two polygons are congruent.

.
Q Success looks like . ..

Name: Date: Period:

» Language Goal: Comparing and contrasting
side lengths, angle measures, and areas
Exit Ticket using rigid transformations to explain

why two figures are, or are not, congruent.
(Speaking and Listening, Reading and

Describe a sequence of transformations that shows that Writing)
Quadrilateral ABCD is congruent to Quadrilateral EFGH.

» Language Goal: Critiquing arguments about
whether two figures with corresponding sides
lengths the same may be non-congruent
figures. (Speaking and Listening)

« Language Goal: Justifying that two polygons
on a grid are congruent by describing a
sequence of rigid transformations that maps
one polygon onto the other. (Speaking and
Listening, Writing)

» Describing a sequence of transformation from

Sample response: Rotate Quadrilateral ABCD 90° clockwise X .
about Point A. Reflect the image across segment AD. Quadrilateral ABCD to Quadrilateral EFGH.

Translate the image ABCD 6 units to the right.

Q Suggested next steps

If students use informal language to explain
that both polygons are congruent, consider:

+ Reviewing Activity 1.
» Assigning Practice Problem 2.

» Asking, “How can you use the grid and your

knowl f transformation mor
=== —— —— owledge of transformations to more
tdontrealy  mstarting o Igotit specifically describe why the polygons are
get i geti ”
congruent?
a | candecide whether two figures are congruent If students are incorrectly describing the
b i igid t i tions. . e . .
yusherigicransiormations sequence of rigid transformations, consider:
1 2 3

+ Providing tracing paper or other tools from
2023 Ampiy Education. Inc Al ghtsreserved Lesson 11 Congruent Polygons the geometry toolkits.

» Reviewing how to perform and describe each
type of rigid transformation.

Professional Learning
| . _________________________________________________________________________________________________________________________________________________________|

This professional learning moment is designed to be completed independently or
collaboratively with your fellow mathematics educators. Prompts are provided so
that you can reflect on this lesson before moving on to the next lesson.

Q' Point to Ponder. ..

How did your students approach Activity 2? Are they progressing in
their understanding of what it means for two figures or polygons to be
congruent, beyond informal observations that figures “look like the
same size and shape”?

What might you change for the next time you teach this lesson?

Lesson 11 Congruent Polygons 81A



Practice ‘Q, Independent

Name: Date: Period: [|E|i I=F Name Date: Period
1. Referto Pentagons ABCDE and JIHLK. B, [ zpo [, 3 3 3. Linsays that she can map Polygon A onto Polygon B using only rotations and
16612 70 147 g g translations. Do you agree with Lin? Explain your thinking.
@ Show that tbheswo pentagons are ape | L S iar o 751'3 N - -
congruent by describing a sequence 53\ |93° o 17)
of rigid transformations that can map ok /1 o \ 41 (] (]
one figure onto the other. = r o3
Rotate Pentagon ABCDE 90° L8N K
counterclockwise about point C. S - /
Then translate the image 3 units
to the right. A B
(b Label the side lengths of Pentagon ABCDE and the angle measures of Pentagon JIHLK. T~ l
N
2. For each pair of figures, decide whether they are congruent. Explain your thinking. No, a reflection must have been performed because the orientation of the
two figures is different.
. A B No; Polygon ABCD is not congruent to
) < Polygon EFGH because AB has a length of
- 71 4 units and EF has a length of 3 units. 4. Point (3, —5) was transformed using different transformations. Match the
AB and EF are the longest sides of each transformations described with the coordinates of the images.
E F polygon and need to be the same length for
the polygons to be congruent. Transformation Image coordinates
@ Translated 2 units up and e (-3,5)
4 units to the left
® [F, [ [ Yes; When Figure ABCDEF is rotated ® Reflected across the z-axis f (5,-9)
[ D 90° clockwise about Point C and translated
7A J 1 unit up and 4 units to the right, it will map ‘ Rotated 90° counterclockwise h (3,5)
AlB / K onto Figure KLGHIJ. about the origin
\ )
\l/ e :’ ! @ Reflected across the y-axis d (=3,-5)
o) ~N
H (e Rotated 180° about the origin c (5,3)
@ Translated 4 units down a (~1,-3)
and 2 units to the right
. No; The figures cannot be mapped onto
A D | G each figure by using sequence of rigid
. transfo_rmations because Polygon ABCDE 5. Kiran says it is more challenging to determine if two ovals are congruent than if two
Efl p ( =T gas?dsezldes and Polygon FGHIJK has triangles are congruent. Do you agree with this statement? Explain your thinking.
B c K| 7 Sample response: Yes, because ovals do not have clear sides or angles to measure like a
polygon, | agree that it will be more difficult to determine if two ovals are congruent.
©2023 Ampiify Education, Inc. All rights reserved. Lesson 11 Congruent Polygons 81 82 unit1 Rigid Transformations and Congruence ©2023 Amplify Education, Inc. All ights reserved,

Practice Problem Analysis Additional Practice Available

Type Problem Refer to Standard(s)  DOK For students that need

1 Activity 1 8.G.A.2 2 additional practice in
On-lesson . this lesson, assign the
2 Activity 1 8.G.A2 2 Grade 8 Additional

Unit 1 8GA1L > Practice.

Lesson 2
Spiral Unit1
ni
4 Lesson 7 8.G.A.3 1
Formative ©@ 5 Unit 1 8.G.A.3 2
Lesson 12

© Power-up: If students need additional support with the key prerequisite concept or
skill this problem addresses, consider assigning the Power-up in the next lesson.

81-82 unit1 Rigid Transformations and Congruence



Optional

UNIT1 | LESSON 12

Congruence ‘

Let’s find ways to test congruence of
polygons and other interesting figures.

Goals

» Students develop conceptual understanding
about the distances between corresponding
1. Determine whether figures are congruent by measuring the points of congruent figures.
distances between corresponding points.

» Students apply their understanding of
2. Draw and label corresponding points on congruent figures. congruence to determine whether two

3. Language Goal: Justify that in congruent figures, the lamesare eonuEL

corresponding distances between pairs of points are equal.
(Speaking and Listening, Writing)

Standards

Addressing

¢ Today
8.G.A.2

Understand that a two-dimensional figure

is congruent to another if the second can

be obtained from the first by a sequence of
rotations, reflections, and translations; given
two congruent figures, describe a sequence
that exhibits the congruence between them.

Students explore the idea that the distance between any pair of
corresponding points of congruent figures must be the same. Because
there are too many pairs of points to consider, this is mainly a criterion
for showing that two figures are not congruent; that is, if there is a pair of
points on one figure where the points are a different distance apart than
the corresponding points on another figure, then those figures are not
congruent. For congruent figures built out of several different parts (for
example, a collection of circles) the distances between all pairs of points 8.G.A.LA

must be the same (MP6). Lines are taken to lines, and line segments to

. line segments of the same length.
< Previously & g

So far, students have mainly looked at congruence for polygons. The line Building On Building Toward
segments in polygons provide easily-defined distances and angles to
measure and compare. 8.G.A.1 HSG.CO.B

> Coming Soon

In high school, students will build on what they know about determining
congruence of polygons and other figures, such as ovals, and focus more
specifically on finding ways of determining congruence of triangles.

Lesson 12 Congruence 83A



PaCing Guide Suggested Total Lesson Time ~45 min @

O o o o o

Warm-up Activity 1 Activity 2 Activity 3 Summary Exit Ticket
@ 5 min @ 12 min @ 10 min @ 8 min @ 5 min @ 5 min
% Independent % Independent % Independent %% Pairs ?éé Whole Class % Independent
MP6 MP3 MP7
8.G.A.2 8.G.A.2,8.G.ALA 8.G.A.2 8.G.A.2,8.G.ALA 8.G.A.2

AMmPS poweredbydesmos i Activity and Presentation Slides

For a digitally interactive experience of this lesson, log in to Amplify Math at learning.amplify.com.

Practice 2 independent Amps | Featured Activity
Materials Math Language Activity 2
. Exit Ticket Development Interactive Geometry
« Additional Practice Review words Students use digital geometry tools to
- geometry toolkits: rulers, « congruent explore congruence with non-polygons.
tracing paper, protractor « rigid transformation
* translation
* rotation Oy -0

* reflection

corresponding

* orientation
CO) Amps
desmos
Building Math Identity and Community ® Modifications to Pacing
Connecting to Mathematical Practices You may want to consider these

additional modifications if you are

At first, students may feel lost trying to make conjectures or justify their
short on time.

reasoning about congruence with non-polygons (MP3). Ask students to
consider what is different about the figures they are studying today and *  The Warm-up may be omitted and
encourage them to explain their thinking by first talking about what they used as a formative practice problem

find challenging about determining a justification for congruence. That in Lesson 11.

level of metacognition will help students identify a different approach to * Activity 3 may be omitted as it

the activity. reinforces the concepts learned in
Activity 2.

83B Unit 1 Rigid Transformations and Congruence



—— e Differentiated Support

Warm-up Not Just the Vertices

& Independent | @) 5min

8.G.A.2

Students locate corresponding points (non-vertices) to better understand a figure’s structure,
preparing them for testing congruence among curved figures in the upcoming activities.

Date: Period:

Name:

Unit1l | Lesson12

Congruence \£

Let’s find ways to test congruence
of polygons and other interesting
figures.

Warm-up Not Just the Vertices

Trapezoid ABCD is congruent to Trapezoid A'B’C'D’.

A E G | D A’ E' G | D'

1. Draw and label the points on Trapezoid A’B'C’D’ that
correspond to points F and E.

2. Draw and label the points on Trapezoid ABCD that
correspond to points G"and H".

Log in to Amplify Math to complete this lesson online.

©2023 Amplify Education, Inc. Al rights reserved.

Accessibility: Optimize Access to Tools

Provide access to tracing paper to assist students in identifying
corresponding points.

h
Ak'

Lesson 12 Congruence 83

o Power-up

0 Launch

Set an expectation for the amount of time
students will have to work individually on
the activity.

Monitor

Help students get started by asking, “Which
point corresponds to point A?"

Look for points of confusion:

» Not realizing that corresponding points don’t
have to be vertices. Have students describe the
transformation that maps point E onto point E’, for
example, and ask them how that transformation
compares to the one that maps point A onto point A",

» Mislabeling the points. Remind students that
the order of points matters. Show how point A
corresponds to point A”and have students relabel
any points they have mislabeled.

Connect

Display student work showing correct
responses.

Have students share how they identified the
corresponding points.

Highlight that when two figures are congruent,
every point on one figure has a corresponding
point on the other figure.

Ask, “How can you use points on the two
polygons to determine whether the polygons
are congruent?” Sample response: | can find the
lengths of line segments between two points
and see that all corresponding lengths are the
same.

To power up students’ ability to determine congruence,
have students complete:

Select all of the true statements about two congruent polygons.
(A)Their areas are the same.

Their angles are the same measure.

@Their perimeters are the same.

@One polygon can be mapped onto the other by a series or rotations,
reflections, and translations.

Use: Before the Warm-up

Informed by: Performance on Lesson 11, Practice Problem 5 and

Exit Ticket

83
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— e Differentiated Support

& Independent | @) 12 min

Activity 1 Corresponding Points in Congruent Figures 8.GA2 8GALA

Students locate corresponding points on figures and connect and measure line segments
to deepen their understanding of congruence as they apply the concept to curved shapes.

. 0 Launch

Have students conduct Think-Pair-Share routine.
Activity 1 Corresponding Points in Congruent Figures

9 Monitor
Here are two congruent shapes with some corresponding points labeled.

Help students get started by demonstrating

B
the transformations that map one figure onto
the other.
c A
% Look for points of confusion:

» Thinking there could be corresponding side
lengths of different lengths in Problem 3.
Have students draw an example of what they
are thinking. Then have them perform rigid

transformations to see if the figure they drew is
2. Draw line segments AD and A’D’ and measure them. Repeat for segments congruent to the preimage in the activity.

AFE and A’E’ and for segments BC and B'C". What do you notice?
9 Connect

Each pair of line segments has the same length.
Display correct student work.

1. Label the points corresponding to B, D, and E with B’, D', and E".

3. Do you think there could be a pair of corresponding segments with Have students share how they located the
different lengths? Explain your thinking. corresponding points, starting with students
B et L rolbaie b AT who identified corresponding parts of each
not be the same. figure to help label points, followed by students
who performed rigid transformations. Have
students share their thinking behind their

responses to Problems 2 and 3.

Ask, “Which strategy would have worked best to
locate point C’ had it not been marked?”

Highlight that performing rigid transformations
matches the shapes up perfectly. This method
allows students to locate the corresponding
point on the image for any point on the
preimage. Identifying key features only works
84 Unit1 Rigid Transformations and Congruence for points such as A, B, D, and E, which are
vertices and can be identified by the parts of the
figures that are “joined” at these points (MP6).

Math Language Development m——_—_—_—_—_—_—

Accessibility: Vary Demands to Optimize Challenge, MLR7: Compare and Connect

GuidelVisualizasionand Erocessing Call students’ attention to the different strategies used to match figures
If students need more processing time, have them focus on completing Problems to identify corresponding points. As students respond to the Ask

land 2, and only work on Problem 3 as time allows. Provide students with the question from the Connect, consider asking these follow-up questions
images on grid paper to assist in labeling corresponding parts and measuring to help them clarify their thinking.

line segments.
g » “If youidentify corresponding points, how would you locate point C"?"

Extension: Math Enrichment « “If you use transformations, how would you locate point C'?"

Have students use tracing paper to create a new figure that is either congruent to English Learners

the shape in the activity, or slightly different.
Use hand gestures toillustrate how rigid transformations could be used

to locate point C".

84 Uunit1 Rigid Transformations and Congruence



Activity 2 Congruent Ovals

& Independent | @ 10 min

MP3
8.G.A.2

—— e Differentiated support

Name: Date: Period:

Activity 2 Congruent Ovals

Four ovals are shown. Are any of the ovals shown congruent to one
another? Explain your thinking.

4
\

Sample response: The top two ovals are congruent to each other and the bottom
two ovals are congruent to each other. To best determine if the ovals in each pair
are congruent, | can trace one of the top pair of ovals on tracing paper and check
that it can be mapped onto the other oval. | can repeat this for the bottom pair
of ovals.

©2023 Ampiy Egucation, Inc. Allrights reserved Lesson12 Congruence 85

Accessibility: Activate Prior Knowledge

Connect this new concept to one with which students have experienced prior

success. For example, review the criteria used to determine congruence
for polygons so that students can transfer these strategies in determining
congruence for curved shapes.

Students begin to explore the subtleties of congruence for curved shapes.

Amps Featured Activity Interactive Geometry IS o Launch

Give students three minutes of quiet work time,
and then invite them to share their reasoning
with a partner, followed by a whole-class
discussion. Provide access to geometry toolkits
for the duration of the lesson.

9 Monitor

Help students get started by asking what they
notice that is different about these figures than
ones they have previously studied.

Look for points of confusion:

* Not knowing how to precisely determine
congruence for curved shapes. Let students
know that ovals or curved shapes can be more
challenging than polygons, yet their geometry tools
can help them. Have students use tracing paper to
find congruent ovals.

Look for productive strategies:

« Using precise language of transformations as
students attempt to move one traced oval to match
up perfectly with another (MP3).

6 Connect

Display the ovals.

Have students share which ovals are congruent
and how they know they are congruent, starting
with students who used measurements for
length and width, followed by students who
described a sequence of rigid transformations.

Ask, “What is different about determining
congruence with ovals than with polygons?”

Highlight that using transformations is essential
when showing that two of the ovals match up
because, unlike polygons, these shapes are not
determined by a finite list of vertices and side
lengths.

Math Language Development m——_—_——

MLR5: Co-craft Questions

Ask, “What mathematical questions could you ask about this
situation?” The purpose of this routine is to allow students to make
sense of a context before feeling pressure to produce responses, and to
develop students’ awareness of the language used in mathematics.

English Learners

Consider using a think-aloud strategy to model how to craft a
mathematical question about the situation before having students
craft their own.

Lesson 12 Congruence 85



&_ Pairs | @ 8min

Activity 3 Astonished Faces 8.6.A.2,8.G.ALA

Students determine whether two faces are congruent to understand that while individual parts
of two figures may be congruent, the entire figures may not be congruent.

. 0 Launch

Set an expectation for the amount of time

Activity 3 Astonished Faces students will have to work in pairs on the activity.
Are these faces congruent? Explain your thinking. 9 Monitor
A N A N Help students get started by having them find
)4 N )4 N a pair of points on each figure that will help test
/ \ / \ congruence.
(aD | (TaD (o) &) . i
NuJARNASY/ P & Look for points of confusion:
» Thinking the two faces are congruent if all
the individual parts of the face are congruent.
\ ,/ \ ,/ Have students draw a segment between a pair of
\\ ,/ \\ ,/ corresponding points on the mouth and eyes of
™~ = ™~ = each figure, measure the segments, and ask what
they notice.

Sample response: No. While the individual components of the faces are
congruent, for example the eyes and mouth, the faces as a whole are not

congruent. For example, the mouths can be mapped to each other using Look for prOdUCtlve StrategleS:
atranslation, as can the eyes. But the distance between the eyes and the . . .
distance between the mouth and the eyes are not the same for each face. + Selecting corresponding points between the

For these two figures to be congruent, all corresponding points, and the

distance between those points, must be the same. figures, noting that different translations are used

for each, and using that information to show the
faces are not congruent (MP7).

9 Connect

Display the two faces and use the Poll the Class
routine to see which students think the faces are
congruent and which students think the faces
are not congruent.

Have pairs of students share what strategies
they used to determine whether the faces were

congruent.
@ Ask, “The size and shape of the mouths and
eyes are the same, so why are these two figures
86 Unit1 Rigid Transformations and Congruence ©2023 Amplify Education, Inc. All ights reserved. nOt Congruent?”

Highlight that even though the individual parts
of the two faces are congruent, the two faces as
a whole are not congruent. For the two figures to
be congruent, the same transformation has to
apply to all parts of the figure.

— 6 Differentiated Support Math Language Development m——_—_———

Accessibility: Vary Demands to Optimize Challenge, MLRS8: Discussion Supports—Revoicing

Optimize Access to Tools As pairs share their results and reasoning, revoice their ideas using
Provide access to tracing paper for students to use during the activity. Consider terms such as congruent figures. Invite students to use the terms when
chunking this task into smaller, more manageable parts. For example, present describing their results and sharing their strategies.

one section of the face at a time and monitor students to ensure they are making

progress throughout the activity. English Learners

Encourage students to refer to the class display of key terms and
phrases to assist them in the discussion.
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éﬁ Whole Class | @ 5 min

Summary

Review and synthesize how to check whether two non-polygonal figures are congruent.

G Synthesize
Display the Summary from the Student Edition.

Name: Date: Period:

Summary
Ask, “How can you best explain why these two

figures are not congruent?”
In today’s lesson . ..

Sample responses:

You explored different ways to show congruence between sets of polygons and . . .
other interesting figures. The dlgtaﬁce from the top to.the bottomin one

figure is different from the distance from the top to

To show that two figures are congruent, you can map one figure onto the other the bottom in the other figure

by a sequence of rigid transformations. This is true even for figures with curved

sides. Distances between corresponding points on congruent figures are always + By performing rigid transformations, | am not able

equivalent, even for curved shapes. to map one figure onto the other.

To show two figures are not congruent, you can find parts of the figures that

would correspond if the figures were congruent, but in reality have different Have students share responses to this
measurements. question with their partners before sharing
Here is an example of two figures that are not congruent. with the whole group. Start by calling on

students who can explain how to use distances
on the figures to determine they are not
congruent. Then have students share how rigid
transformations would prove these figures are
not congruent.

Highlight that for two figures to be congruent,
the distance between pairs of corresponding
points must be the same.

o Reflect

After synthesizing the concepts of the lesson,
allow a few moments for student reflection.
Encourage them to record any notes in the
Reflect space provided in the Student Edition.
To help students engage in meaningful
reflection, consider asking:

Reflect:

+ “How could you use the distance within a figure to
help determine whether it is congruent to another

©2023 Amplity Education, Inc. Allights reserved Lesson12 Congruence 87 fIgU re?”
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& Independent | @) 5min

Exit Ticket 8.G.A.2

Students demonstrate their understanding by determining whether two figures are congruent.

.
0 Success looks like . ..

Name: Date: Period:

» Goal: Determining whether figures are

congruent by measuring the distances
Exit Ticket between corresponding points.
» Measuring the widths of the two figures to

determine whether they are congruent.
Are Figures A and B congruent? Explain your thinking. y g

+ Goal: Drawing and labeling corresponding
points on congruent figures.
T N =
/ \ « Language Goal: Justifying that, in congruent
\ / figures, the corresponding distances
~_ | A between pairs of points are equal. (Speaking
Figure A Figure B and Listening, Writing)
Figure A and Figure B, Figure A would have a width of appreximately 3 s O Suggested next steps

and Figure B would have a width of 4 units. This means these two figures
cannot be congruent.

If students use informal language to state
that the two figures “look different and are
not the same,” consider:

+ Asking, “What strategies can you use
to check whether these two figures are
congruent?”

» Reviewing Activity 1.

» Assigning Practice Problem 2.

? -—-—@

I don’t really I'm starting to I got it
getit getit

a | canuse distances between points to decide whether two figures are congruent.

1 2 3

©2023 Ampiy Education, Inc. Al rights reserved. Lesson 12 Congruence

Professional Learning

This professional learning moment is designed to be completed independently or
collaboratively with your fellow mathematics educators. Prompts are provided so
that you can reflect on this lesson before moving on to the next lesson.

2> Point to Ponder . ...

How did students approach Activity 1? Did any of your students
experience frustration when trying to determine whether any of the ovals
were congruent? If so, what helped them work through their frustration?

What might you change for the next time you teach this lesson?

88A Unit1 Rigid Transformations and Congruence



Practice .Q. Independent

u:,. Name: Date: Period Name: Date: Period: I]EI!
3 1. Which of these figures are congruent to the figure shown? 3. For each pair of polygons, describe the transformation that maps Polygon A 3
g Select all that apply. onto Polygon B. g
=1 . 4 . (=
=] [}
(] [}

A. @ ~
Reflect Polygon A across Rotate Polygon A 90° clockwise
the vertical line that passes about the vertex shared by

through the vertex shared by both polygons.
both polygons.

<> @ o : .‘

2. Consider Figures A and B. Show, using measurements, that these

two figures are not congruent. 3
N . Translate Polygon A up 1 unit
Figure A Figure B and to the right 3 units.
Sample response: Rotate
Polygon A 180° about the vertex
shared by both polygons.
4. Refer to the four lines shown. A
@ Name a pair of lines that / /b A
Sample response: Measurements for Figure A show a slightly longer width appear to be parallel.
and slightly shorter height. Figure B is a circle with a height and width Lines a and b / I
(diameter) that are the same. Because the heights and widths across the ~ / I
figures are not the same, the figures are not congruent. 7\ I
. Name a pair of lines that ~ I
appear to be perpendicular. / 4
Lines aand d
Lines b and d / ™S
Amn
88 unit1 Rigid Transformations and Congruence ©2023 Ampliify Education, Inc. All rights reserved. ©2023 Amplify Education, Inc. All ights reserved. Lesson 12 Congruence 89

Practice Problem Analysis Additional Practice Available

Type Problem Refer to Standard(s)

For students who need

1 gcti\gtges 8GA2 1 additional practice in
On-lesson ar.1 8 this lesson, assign the
2 éctl\gtées QA2 2 Grade 8 Additional
all Practice.
. Unit1
Spiral 3 Lesson 4 8.G.A1A 1
Formative @ 4 bl 4.G.A1l 1
Lesson 13

© Power-up: If students need additional support with the key prerequisite concept or
skill this problem addresses, consider assigning the Power-up in the next lesson.

Lesson 12 Congruence 88—-89






Sub-Unit 3

Angles in a Triangle

éﬁ Whole Class

Students consider parallel lines and transversals and study the measures of the alternate interior angles that
are formed. These concepts help students build a framework for understanding dilations, similarity, and

slope in later units.

SUB-UNIT

Angles in a Triangle

Narrative Connections %

What has 10 billion
galaxies and goes great
with maple syrup?

There have been a few theories about how our Universe is
shaped. Some thought it was open like a saddle. Others
thought it was round like a football. Some have even
suggested that the Universe is shaped like a doughnut!

But, how do you actually find out?

Before we answer that, let's start with something a little
bit smaller — Earth! Standing on Earth's surface, the world
certainly appears flat. But there are ways to prove itisn't.
For example, you could start walking (or swimming) in any
direction, and eventually you'd wind up where you started.

Another way is to pick three points, thousands of miles
apart, on Earth's surface. On a flat surface, the interior
angles of the triangle formed by those points will always
add up to — spoiler alert! — 180 degrees. But on a curved
surface, like Earth's, the angles end up being something
greater. The bigger the triangle on Earth, the greater the

sum of its three angles.

Physicists have done the same thing with the Universe.
With an assist from a specially designed spacecraft called
the WMAP, NASA scientists effectively plotted a gigantic
triangle across the Universe, then measured its angles.

And what did they find?

It turned out the sum of the angles were very close to

180 degrees. So while the idea of a doughnut Universe
sounds scrumptious, we'll have to settle for a Universe
that's flat as a pancake (give or take a little curvature).

For now, let's see what else we can discover about the

angles, lines, and triangles.

Sub-Unit 3 Anglesina Triangle 91

o

Narrative Connections

Read the narrative aloud

as a class or have students
read it individually. Students
will closely inspect lines and
angles — just as physicists
did to determine the the
shape of the Universe — in the
following places:

« Lesson 14, Activity 2:
Solving for Unknown Angles

» Lesson 16, Activity 2:
Tear It Up

« Lesson 18, Activity 1:
How Is It Made?

Sub-Unit 3 AnglesinaTriangle 91



UNIT1 | LESSON 13

Line Moves

Let’s transform some lines.

O TR

+ Students build conceptual understanding
about how rigid transformations affect lines,
1. Draw and label rotations of 180° of a line segment about the line segments, and parallel lines.
midpoint, a point on the segment, and a point not on the segment.

Goals

2. Language Goal: Generalize the outcome when rotating a line

segment 180°. (Speaking and Listening, Writing) Standards

3. Language Goal: Describe observations of lines and parallel lines
under rigid transformations, including lines that are taken to lines
and parallel lines that are taken to parallel lines. (Speaking and
Listening, Writing) 8.G.A.1.A

Lines are taken to lines, and line segments to
line segments of the same length.

Coherence 8.G.A.LC

Parallel lines are taken to parallel lines.

Addressing

¢ Today
Students rotate line segments 180° and apply rigid transformations Building On Building Toward
on parallel I||.'1es. When s.tudents Compare.thelr appllcatllon of arigid 8.G.A.2 8.G.A5
transformation with their peers, they begin to see that lines are taken to
lines and parallel lines are taken to parallel lines (MP7). 8.G.A.3
8.G.A.4

< Previously

In Lesson 12, students explored the idea that the distance between any
pair of corresponding points of congruent figures must be the same.

> Coming Soon

In Lesson 14, students will investigate how a 180° rotation about a point
of two intersecting lines rotates each angle to an angle that is vertical
to its preimage.

92A Unit1 Rigid Transformations and Congruence



PaCing Guide Suggested Total Lesson Time ~45 min @

O o o o

Warm-up Activity 1 Activity 2 Summary Exit Ticket
@ 10 min @ 15 min @ 12 min @ 5 min @ 6 min
88 Pairs £25 Small Groups 228 Small Groups éé:’; Whole Class 2 Independent

MP7
8.G.A.2 8.G.A.1.A 8.G.A.1.C 8.G.A.1.A,8G.A.1C 8.G.A1A

AMmPS poweredbydesmos i Activity and Presentation Slides

For a digitally interactive experience of this lesson, log in to Amplify Math at learning.amplify.com.

Practice & independent Amps | Featured Activity
Materials Math Language Activity 1

« Exit Ticket Development Interactive Geometry

- Additional Practice Review words Students can drag points to create

trv toolkits: rul « angle of rotation transformations of a preimage. You
geometry toolKIts. rulers, g can overlay student answers to provide

tracing paper « center of rotation immediate feedback.

* rigid transformation

* rotation
"1" -0
CO) Amps
desmos
Building Math Identity and Community ® Modifications to Pacing
Connecting to Mathematical Practices You may want to consider these
Students may start to lose focus as they look for structure when rotating additional. modifications if you are
line segments (MP7). Encourage them to persist as they look for patterns. short on time.
For example, have them pause and focus on one step at a time. Have them * Inthe Warm-up, provide the final
use resources, such as tracing paper, to regain motivation. image and focus on Problem 4.

+ InActivity 1, you may arrange
students in groups of three and assign
students Problem 1a, 1b, or 1c.
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2~ Pairs | @ 10 min

Warm-up Rotating a Triangle 8.6.A.2

Students examine several rotations of an isosceles triangle to reinforce the idea that
applying a rigid transformation on a figure preserves its side length and angle.

0 Launch

Activate students' prior knowledge by asking them
Unit1 | Lesson 13 about the features of an isosceles right triangle.
Provide access to geometry toolkits for the
duration of the lesson.

g Monitor

Help students get started by reminding them
that anisosceles right triangle has a right angle
and two sides of equal lengths.

Line Moves

Let’s transform some lines.

Look for productive strategies:

» Using tracing paper to help them rotate the triangle.

Warm-up Rotating a Triangle + Using the right angle in the triangle to help with

each rotation.

1. Rotate the isosceles right triangle 90° clockwise + Noticing the resulting image is a square.

about point B. Draw the image.

Refer to the isosceles right triangle shown. /\
B
\_/ 9 sonnect

2. Rotate the original isosceles right triangle 180°
about point B. Draw the image. Have pairs of students share their conclusions

about rotating an isosceles right triangle.
3. Rotate the original isosceles right triangle 270°

clockwise about point B. Draw the image. Highlight that rotating the isosceles right
triangle 90° interchanges the four copies of the
4. What do you notice? triangle. The lengths and angle measures of the
Sample response: The resulting figure that includes figure are preserved under the rotation.

the original triangle and its three images is a square.
Ask:

» “What do you notice about the figure?” Sample
response: It is a square. | know this because the
isosceles right triangle maps onto itself, so all of
the sides of the figure are the same. Because one
angle of the triangle measures 90°, | know the sum
of the other two angles in each triangle measures

Login to Amplify Math to complete this lesson online 90° and therefore each angle in the figure also
92 Unitl Rigid Transformations and Congruence ©2023 Amplify Education, Inc. Allrghts reserved. measures 90°.

» “What do you know about the two opposite sides?”
The opposite side lengths are equal in length and

parallel.
— e Differentiated Support —— o Power-up
Accessibility: Optimize Access to Tools To power up students’ ability to identify parallel and perpendicular lines,
Have students use tracing paper to rotate the have students complete:
figure. Consider demonstrating how to use the Recall that parallel lines are a pair of lines that never intersect. Perpendicular lines are a pair of
tracing paper to rotate the figure in Problem 1. lines that create a right angle when they intersect.
Then have students complete Problems 2-4 Determine which pair of lines are parallel and which pair of lines are perpendicular.
with their partner.
a b
perpendicular parallel

Use: Before the Warm-up
Informed by: Performance on Lesson 12, Practice Problem 4 and
Pre-Unit Readiness Assessment, Problem 2

92 Unit1 Rigid Transformations and Congruence




223 smallGroups | @) 15 min

MP7

Activity 1 Rotating a Segment 8.G.A.LA

Students explore special cases of rotating a line segment 180°, seeing that this rotation
produces a parallel segment the same length as the original.

Amps Featured Activity Interactive Geometry
rrrrrrrrrrrrrrrrrrr 0 Launch
N : Date: Period: . .
e - e Set an expectation for the amount of time

Activity 1 Rotating a Segment HEmalieet WiEkeEnya students will have to work on the activity.

do to make sure you have an

optimistic attitude before

mistic attitude befo .

1. Foreachgrid, draw and label a line segment AB. el 9 Monltor

Then perform the indicated transformation.

Help students get started by telling them to draw

a Rotate segment AB 180° about point B

and label the resulting image A'B’. a vertical, horizontal, or diagonal line segment
Sample response shown. - - with points A, B, and C on the cross section of the
B A grid. Suggest that students draw the line and point

toward the center of the grid to ensure the image
after the rotation can be drawn on the grid.

b Draw and label a point C' that is not on

the line segment AB. Rotate segment B A Look for pOintS of confusion:

AB 180° about point C' and label the ) ) ) .

resulting image A'B'. ro} * Not being sure of the midpoint. Remind students

Sample response shown. that this point is halfway between points A and B.
A B

Encourage students to measure the line segment
or use the grid to help them locate the midpoint.

¢ Rotate segment AB 180° about its + Not being sure of the patterns. Have students
ir:q'ggs'fﬁg,”d label the resulting compare their line segments with each member in
Sample response shown. A B their group to look for and make use of structure
B A (MP7).

Look for productive strategies:

2. What do you notice when you rotate a line segment 180° about a point? + Drawing diagonal segments.

Sample response: The image is the same length as the preimage. The image

is parallel to the preimage. + Noticing the line segment remains the same length.

» Noticing they are performing a rigid transformation.

9 Connect

Display the different line segments created and
the image under each rotation in Problem 1.

Ask, “What is the same about your line segment
and image and the line segment and image for
each person in your group?”

© 2023 Amplify Education, Inc. All rights reserved. Lesson13 Line Moves 93

Have groups of students share what they
noticed when rotating a line segment 180°.

Highlight that a 180° rotation produces an
image that is the same length and is parallel to
or on the same line as the preimage.

I — e Differentiated Support Math Language Development e———

Accessibility: Vary Demands to Optimize Challenge, MLRS8: Discussion Supports

Optimize Access to Technology Use this routine to support whole class discussion as students discuss whether it
Have students draw a horizontal or vertical line segment (not is necessary to specify the direction of a 180° rotation. After each student shares,
diagonal) to use during the activity. Alternatively, have students call on other students to restate what was shared using developing mathematical
use the Amps slides for this activity, in which they see an language, e.g., rotation, line segment, midpoint, etc.

animated movement of line segments when they are rotated

180° about different centers of rotation. English Learners

Use a Think-Pair-Share strategy to allow students to rehearse with a peer before

Extension: Math Enrichment sharing out with the whole class.

Have students explore different locations for point C'in
Problem 1b and describe what they notice.

Lesson 13 Line Moves 93



Activity 2 Parallel Lines

223 small Groups | @ 12 min

8.G.A.1.C

Students perform three different transformations on a set of parallel lines to see that
parallel lines are taken to parallel lines under a rigid transformation.

Activity 2 Parallel Lines

The diagram shows parallel lines a and b, point K, and line h.

d 4
P
v 7
P Pl 7
I v d
vy
A
P A P
v v 7
1 7
. 77
A al A S
7 7 4
//// b &
// /// //
// 7

1. Have each member in your group choose one of the following
transformations to perform. Perform the transformation on the
grid provided here.

« Translate lines aand b 3 units up and 2 units to the right.
Response shown on graph above.

« Rotate lines a and b 180° about point K.
Response shown on graph below.

« Reflectlines aand b across line h.
Response shown on graph below.

2. Discuss each transformation with your group. What do you notice
about the image of two parallel lines under a rigid transformation?
The lines remain parallel and the distance between them is the same.

Rotation Reflection

94 Unit1 Rigid Transformations and Congruence ©2023 Ampiy Education, Inc. Allights reserved.

@ Differentiated Support

Extension: Math Enrichment, Interdisciplinary Connections

Tell students that the geometry they are learning is called Euclidean
geometry. Another type of geometry, spherical geometry, is the
geometry of the two-dimensional surface of a sphere. Point out that
spherical geometry best describes the geometry of Earth. Consider
bringing in an inflatable plastic sphere, or a balloon, and illustrate
these principles of spherical geometry. (Science)

+ Straight lines are actually great circles that go around the entire
sphere. Draw sample lines on the sphere to illustrate this concept.

* There are no parallel lines. Draw sample lines on the sphere to
illustrate why the longitude lines of Earth are not actually parallel.

94 Unit1 Rigid Transformations and Congruence

Math La“guage Development |

Launch

Activate students’ prior knowledge by asking
them what they know about parallel lines.

Monitor

Help students get started by having each
student choose a different transformation
to perform.

Look for points of confusion:

» Having trouble performing their transformation.
Have students trace line a and line b on tracing
paper.

» Having trouble determining the distance
between the lines. Have students determine the
shortest distance by drawing and measuring a
perpendicular segment from a pointonline ato a
point online b.

Look for productive strategies:

» Noticing the lines remain parallel and the distance
between them remains the same. Select these
students to share during the Connect.

Connect

Display student work showing one example of
each transformation.

Have groups of students share what they
noticed about parallel lines under a rigid
transformation.

Highlight that when a rigid transformation is
performed on parallel lines, the lines remain
parallel and the distance between the lines
stays the same. lllustrate this idea using hand
gestures.

MLR7: Compare and Connect

Have students compare with their groups what they noticed about parallel lines
under rigid transformations. Encourage them to make connections between each
others’ observations. As students share, emphasize that the lines remain parallel
and the distance between the lines remains the same.

English Learners

Use hand gestures to illustrate that the lines remain parallel and the distances

remain the same.



éﬁ Whole Class | @ 5 min

Su mmary 8.G.A.1.A, 8.G.A.LC

Review and synthesize the outcome of rotating a line segment 180° and performing rigid
transformations on two parallel lines.

G Synthesize

Name: Date: Period:

Summary

In today’s lesson . ..

You applied a 180° rotation to a line segment and discovered the following:

When the center of rotationis . ..

the midpoint of the line segment, the segment maps onto itself, except the endpoints
are switched.

an endpoint of the line segment, the segment together with its image form a segment

Have students share what they noticed when
they rotated a line segment 180° and applied a
rigid transformation on two parallel lines.

Highlight:

+ Highlight that a 180° rotation produces an image
thatis the same length and is parallel to or on the
same line as the preimage.

» Arigid transformation of two parallel lines results
in two parallel lines that are the same distance

twice as long as the original. apart as the original two parallel lines.
not a point on the line segment, the image is parallel to the original segment.

You also applied different rigid transformations to parallel lines. A rigid o Reflect

transformation of two parallel lines results in two parallel lines that are the

same distance apart as the original two lines. After synthesizing the concepts of the lesson,

allow a few moments for student reflection.
Encourage them to record any notes in the
Reflect space provided in the Student Edition.
To help students engage in meaningful
reflection, consider asking:

Reflect:

» “What strategies or tools did you find helpful today
when rotating lines? How were they helpful?”

« “Were any strategies or tools not helpful? Why?"

©2023 Amplify Education, Inc. Allights reserved. Lesson13 LineMoves 95

Math Language Development ]

MLR2: Collect and Display

Capture the language discussed during the Synthesize section using the class display. For
example, “A 180° rotation produces an image that is the same length and is parallel to or
on the same line as the preimage” should be added to the display and students should be
encouraged to refer to this during future discussions.
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& Independent | @) 6 min

Exit Ticket 8.G.A.LA

Students demonstrate their understanding by locating the center of rotation of a line segment
that is rotated 180° and identifying the outcome of the rotation.

.
Q Success looks like . ..

Name: Date: Period:

* Goal: Drawing and labeling 180° rotations of a
line segment about the midpoint, a point on
Exit Ticket “ the segment, and a point not on the segment.
+ Language Goal: Generalizing the outcome

Line segment AB is rotated 180° about point O — not shown — to create when _rOtatl_ng a lm_e _Segment 180°. (SPeakmg
line segment CD. and Listening, Writing)

A » Language Goal: Describing observations
of lines and parallel lines under rigid
transformations, including lines that are
o taken to lines and parallel lines that are

D taken to parallel lines. (Speaking and
Listening, Writing)

» Selecting the statements that are true about line
segment AB and its image in Problem 2.

1. Draw the center of rotation and label it as point 0. Show or explain your thinking.

Point O is halfway between the corresponding points of the line segment, at a 0 Suggested next steps

180° angle.
If students do not correctly draw the center of

2. Which statements are true about line segment AB and its image? . .
rotation, consider:

Select all that apply.

Line segment AB is parallel to line segment C'D. . Having them draw lines to connect

corresponding points.

@

e Line segment AB has the same length as line segment CD.
C. Line segment AB is longer than line segment C'D. ) ) )
b » Having them use tracing paper to trace line

segment AB and rotating it using different

centers of rotation

Point A corresponds to point D.

@ Point A corresponds to point C.

m 2 s + Reviewing Activity 1.
I . (V)
° I don't really I'm starting to Igot it
getit getit
a | candescribe the images after b | candescribe the effects of a rigid

rotating a line segment 180° using transformation on a pair of parallel

different centers of rotation. lines.

1 2 3 1 2 3

©2023 Ampiity Education, Inc. All rights reserve Lesson13 Line Moves
Professional Learning

| ________________________________________________________________________________________________________________________________________________|]

This professional learning moment is designed to be completed independently
or collaboratively with your fellow mathematics educators. Prompts are
provided so that you can reflect on this lesson before moving on to the next lesson.

2> Points to Ponder . . .

What resources did students use as they worked on rotating line and line
segments 180°? Which resources were especially helpful?

In earlier lessons, students rotated figures on a grid. How did that
support how students rotated lines and line segments 180°?

96A Unit1 Rigid Transformations and Congruence



Practice ‘Q, Independent

u:,, Name: Date Period: Name: Date: Period: I]Ell
3 1. Thediagramin each of parts a, b, and ¢ shows line segment C'D and point £ 3. The diagram shows parallel lines aand b, 3
g that is not on CD. point K, and line h. L g
- , . I =]
o @ Rotate segment CD 180° about point D and label the resulting image C’D". +  Elenarotatesline a about point &, and then — h =3
o reflects the image across line h. She labels B — T o

the finalimage d'. — I [
. b T Tl
« Jadarotates line b about point K, and then ~ ~
I reflects the image across line h. She labels .|
] ~
the finalimage b".
— (!
D~ . .
M= What is true about lines o’ and b'?
S Sample response: The distance
between a’and b’is the same as
the distance between a and b.
Lines a’and b’ are parallel.
. Rotate segment C'D 180° about point E and label the resulting image C'D’.
= 4. The graph shows two quadrilaterals. A
I~ Describe a sequence of transformations
, . 5
E that maps Quadrilateral ABCD onto
B Quadrilateral A'B'C'D". A
M Sample response: Rotate 180° about D
PP point C, and then translate the image B
four units to the right.
- >
E 0 C/| -
c
(e Rotate segment CD 180° about point M and label the resulting image C'D". B
5| D
e
E
\
ES
M
O _~
b
5. The diagram shows intersecting lines. "
. List all the pairs of vertical angles.
. . Pair 1: ZABE and £CBD
2. Points P and Q are plotted on the line shown. Pair 2: ZABC and LEBD » s o
. Label point R so that a 180° rotation with . .
center R maps point P onto point @ and Q . List all the pairs of supplementary angles.
maps point Q onto point P. Pair 1: ZABE and ZABC
Pair 2: ZABC and ZCBD
Is there more than_ one pointhhat Pair 3: ZCBD and ZEBD D
satisfies the conditions in part a? R
No Pair 4: ZEBD and ZABE
96 Unit1 Rigid Transformations and Congruence ©2023 Ampiy Ecucation. Inc. Allrights reserved. ©2023 Amplify Education. Inc. Alrights reserved. Lesson 13 Line Moves 97

Practice Problem Analysis Additional Practice Available

Type Problem Refer to

For students who need

1 Activity 1 8.G.ALA 1 additional practice in
this lesson, assign the
On-lesson 2 Activity 1 8.G.ALA 2 Grade 8 Additional

3 Activity 2 8.G.ALC 2 Practice.

: Unit1
Spiral 4 Lesson 8 8.G.A3 3

. Unit1
Formative @ 5 Lesson 14 7.G.B.5 1

© Power-up: If students need additional support with the key prerequisite concept or skill
this problem addresses, consider assigning the Power-up in the next lesson.
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UNIT1 | LESSON 14

Rotation Patterns

Let’s rotate some angles.

Students build conceptual understanding
that vertical angles are congruent by using
1. Comprehend that congruent, vertical angles are formed when rigid transformations.

an angle is rotated 180° about the intersection point of two

intersecting lines.

2. Language Goal: Generalize that vertical angles are congruent using _
informal arguments about 180° rotations of lines, line segments, or Standards

angles. (Speaking and Listening)

Goals

Addressing
8.G.A.1.B
Coherence
Angles are taken to angles of the same
measure.
Today
8.G.A.1.A

Students apply a 180° rotation of two intersecting lines to justify that
vertical angles are congruent. Students look for and make use of
structure when they are presented with intersecting lines and are asked
to determine unknown angle measures (MP7). Also Addressing: 8.G.A.1.C

Lines are taken to lines, and line segments to
line segments of the same length.

Previously Building On Building Toward
In Lesson 13, students rotated line segments and applied rigid

; . 7.G.B.5 8.G.A.5
transformations to parallel lines.

Coming Soon

In Lesson 15, students will investigate parallel lines intersected by a
transversal and will justify that alternate interior angles are congruent.

98A Unit1 Rigid Transformations and Congruence



PaCing Guide Suggested Total Lesson Time ~45 min @

O & o o

Warm-up Activity 1 Activity 2 Summary Exit Ticket
@ 5 min @ 20 min @ 12 min @ 5 min @ 5 min
28 Pairs 28 Pairs 28 Pairs ééé Whole Class 2 Independent
MP7 MP7
8.G.A.1.A,8.G.A.1C 8.G.A.1.B 8.G.A1.A,8G.A1B 8.G.A.1.B 8.G.A.1.A,8.G.A.1B

AMmPS poweredbydesmos i Activity and Presentation Slides

For a digitally interactive experience of this lesson, log in to Amplify Math at learning.amplify.com.

c o .
Practice 2 independent Amps ! Featured Activity
Materials Math Language Activity 1
« Exit Ticket Development Interactive Geometry
« Additional Practice Review words Students can drag points to create
- geometry toolkits: protractors, « angle of rotation transformations of a preimage. You

) can overlay student answers to provide
rulers, tracing paper * center of rotation immediate feedback.

» congruent
* rotation
* rigid transformation . _
. (% o
* straight angle

* vertical angles

CO. Amps

desmos
Building Math Identity and Community ® Modifications to Pacing
Connecting to Mathematical Practices You may want to consider these

additional modifications if you are

Students may feel lost as they try to look for and make use of structure _
short on time.

when determining missing angle measures (MP7). Have them engage in
metacognitive functions by asking them to think about their own thinking * The Warm-up may be omitted.
process. For example, have them look at the diagram and list everything It reinforces the idea that multiple

: : o transformations can result in the
they notice before they determine any missing angle measures. )
same image.

+ InActivity 2, Problem 2 may be
omitted.
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28 pairs | @ 5min

Warm-up How Many Ways? 8.G.A.LA,8.G.A.1.C

Students describe transformations to understand that different transformations can result
in the same image.

0 Launch

Set an expectation for the amount of time
students will have to work in pairs on the activity.
Provide access to geometry toolkits for the
Warm-up and Activity 1.

g Monitor

Help students get started by reminding them
to describe the specific transformation including
details about the line of reflection, center of
rotation, or direction of translation.

Unit1 | Lesson 14

Rotation Patterns

Let’s rotate some angles.

Look for points of confusion:

Warm-up How Many Ways? + Having trouble describing the line of reflection.
Have students draw and label the line of reflection
1. For each diagram, describe a transformation that maps line £ onto line ¢'. before describing it.

Describe as many transformations as you can. L )
» Questioning the angle of rotation for part b. Allow

a Line £is parallel to line £'. b Line £intersects line £’ at point A. accessto a protractor or have students estimate
7 the angle.
¢ £ £ Look for productive strategies:
A » Noticing that line ¢’is 4 units above line £in part a
and describing this as a translation.
» Noticing that line £ can be rotated to map onto line
£ inpartb.
« Seeingdifferent types of transformations that
S, | : S, | : R .
ample responses ) ample responses ) result in the same image for parts a and b.
Translate line ¢ up 4 units. * Reflect line ¢ across a vertical or
Reflect line ¢ over a parallel line that ggir;ztoAntal line that passes through
lies halfway between line I and 7. .
Rotate line ¢ 180° about point B. * Rotateline £ 90 clockwise about 9 conneCt
point A.

Have pairs of students share the transformations
they wrote for each image. Use the Poll the Class
routine to see which students thought of the
same transformations.

Log in to Amplify Math to complete this lesson online.

98 Unit1 Rigid Transformations and Congruence Ask, “Will a single translation work for the
A image in part b? Explain your thinking.” No, a
translation of the line will be parallel to the
original line or the same line.

Highlight that sometimes different transformations
of a preimage can result in the same image.

— o Power-up

To power up students’ ability to recognize vertical and supplementary
angles, have students complete:

1. Identify whether each pair of angles are B 2. If mZAOB = 40°, determine each angle measure.
vertical or supplementary. C a mZBOC =.140°
a LAOB and £ZBOC supplementary O b mZCOD =4
b LAOB and £ZDOC vertical ¢ mZDOA =
¢ ZAOD and £ZBOC vertical A o
d £ZDOC and £ZBOC supplementary D Use: Before Activity 1

Informed by: Performance on Lesson 13, Practice Problem 5
and Pre-Unit Readiness Assessment, Problem 4

98 Unit 1 Rigid Transformations and Congruence



&8 pairs | @ 20 min

Activity 1 Let’s Do Some 180s 8.G.ALE

Students apply their understanding of 180° rotations to informally demonstrate the alternate interior angle
theorem and vertical angle theorem.

Amps Featured Activity Interactive Geometry L h
o aunc

Name: Date: Period:

Set an expectation for the amount of time

Activity 1 Let’s Do Some 180s students will have to work in pairs on the activity.

where point D is not on the line.

1. The figure shows a line with points A and C on the line and a segment AD 9 Monitor

Help students get started by reminding them
that when rotating a line segment 180° about a
point on the segment, the image of the segment
will be on the same line.

Look for points of confusion:

R het b Label th g * Not understanding that rotating the figure
a otate the figure 180°about point C'. Label the points correspondin . -
to Aand Dvﬁth A'and D, . P P € includes both segments CA and AD in Problem 1.

Because students have been rotating one segment
b What do you know about the relationship between ZCAD and ZC A'D"?

Show or explain your thinking.
Sample responses:
The angle measures are the same because a rigid transformation

at a time up to this point, explain that the entire
figure includes both segments. Encourage them to
use tracing paper to help visualize the rotation.

does not change angle measures.

| used a protractor to measure the angles and found that both Look for productive strategies:

angle measures are 55°. o
» For Problem 1, noticing that the measures of

ZCAD and LCA'D' are the same because they
applied arigid transformation.

« For Problem 1, noticing that segment line AD is
parallel to segment line A’D’" because they rotated
the figure 180° (MP7).

« For Problem 2, noticing line AA’is a straight line
and line DD’ is a straight line, so ZAOD and £ZA'OD’
are vertical angles (MP7).

Activity 1 continued >

©2023 Amplify Education, Inc. Al rights reserved. Lesson 14 Rotation Patterns 99

— @ Differentiated Support Math Language Development m———

Accessibility: Vary Demands to Optimize Challenge MLR?7: Compare and Connect

Instead of having students perform the rotations, provide the
rotated figures for Problems la and 2a and have students focus

Use this routine as students share what they noticed during the Connect
discussion. Ask them to consider what changes and what stays the same when

on completing Problems 1b and 2b. 180° rotations are applied to the figures. Consider asking, “Why did the angle
measures stay the same?"” A rotation is a rigid transformation, which does not
Extension: Math Enrichment change angle measures (or distances).

While this activity focused on performing rotations of 180°

to prepare students for understanding vertical angles, ask
students to rotate the figure in Problem 1 90° clockwise about
point C. Ask, “Do the angle measures still stay the same? Why
or why not?” Yes, it does not matter what the angle of rotation
is. Any rotation is a rigid transformation.

English Learners

Consider displaying a visual similar to the following: translation, rotation,
reflection = rigid transformations — angle measures and distances stay the same.

Lesson 14 Rotation Patterns 99



Activity 1 Let’s Do Some 180s (continued)

&8 Pairs | @ 20 min

MP7
8.G.A.1.B

Students apply their understanding of 180° rotations to informally demonstrate the alternate interior angle

theorem and vertical angle theorem.

Activity 1 Let’s Do Some 180s (continued)

2. The figure shows two lines € and m that intersect at a point O.
Point A is on the line £ and point D is on the line m.

a Rotate the figure 180° about point O. Label the points corresponding to
Aand D with A”and D'.

b What do you know about the relationship between the angles in the figure?
Explain or show your thinking.

Sample responses:

The angle measures are the same because a rigid transformation
does not change the angle measures.

| used a protractor to measure the angles and found mZAOD and
mZA’OD’ both have a measure of 45° and mZDOA’and mZD'OA
both have a measure of 135°.

100  Unit1 Rigid Transformations and Congruence ©2023 Ampiy Education, Inc. Allights reserved.
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9 Connect

Display correct student work for Problems la
and 2a.

Have pairs of students share the relationships
they found between the angle measures of the
preimage and image and their reasoning about
these relationships. Start by having students
share who measured the angles, and then have
students share who used rigid transformations.

Ask:

» “How do you know segment line AD is parallel
to segment line A’D’in Problem 17" A rigid
transformation was performed, so the angle
measures are preserved. This means that ZDAC
and £D'A’C have equal measures, which means the
lines are parallel.

» “How do you know that line AA’and line DD’ are
straight lines in Problem 2?" A rigid transformation
was performed, so angle measures are preserved.
Because there are two pairs of vertical angles
and the full circle measures 360°, | know these are
straight lines, each measuring 180°.

» “How do you classify angles like ZAOD and ZA'OD’
in Problem 27" Vertical angles

« “How many pairs of vertical angles do you
see in the figure for Problem 2?" Two pairs of
vertical angles

Highlight that two pairs of congruent angles,
called vertical angles, are formed when two
lines intersect. Vertical angles have the
same measure.



—— @ Differentiated Support

Activity 2 Solving for Unknown Angles

&R Pairs | @ 12min

MP7
8.G.A.1.A,8.G.A.1.B

Students examine three intersecting lines that pass through the same intersection point to discover that
each pair of vertical angles have the same measure.

Name: Date: Period:

Activity 2 Solving for Unknown Angles

Points A, B, and C are located at different distances from point O.
The points A, B, and C are each rotated 180° about point O creating
the images of points A’, B/, and C".

The figure may not be drawn to scale.

1. Name a segment that has the same length as segment AO. Explain your thinking.
Sample response: Segment A’O has the same length as segment AO because

a rotation is a rigid transformation.

2. Listall the angles that have a measure of 40°. Explain your thinking.

Sample response: ZAOC'and ZA’OC;; Because ZA’OC has a given measure
of 40°, | know ZAOC" has the same measure because they are vertical angles.

3. List all the angles with a measure of 70°. Explain your thinking.
ZAOB, LA'OB', £LBOC, £B'OC’
ZAOB and ZA'OB’ are vertical angles.

The measure of ZBOC is 70° because 180 — 70 — 40 = 70.
ZB’OC’and £BOC are vertical angles.

©2023 Amplify Education, Inc. Al rights reserved.

Accessibility: Vary Demands to Optimize Challenge,
Guide Visualization and Processing, Optimize Access
to Tools

If students need more processing time, have them focus on
completing Problems 1 and 2 and only work on Problem 3 as
time allows. Consider providing colored pencils for students to
use to color code the vertical angle pairs.

Extension: Math Enrichment

Provide a similar diagram, but change the given angle measures
to 65° for ZAOB and 35° for ZAOC. Have students use what they
know about the measures of straight angles and vertical angles
to determine all of the angle measures in the diagram.

0 Launch

Students should not have access to geometry
toolkits, but instead should apply what they
know about vertical angles, straight angles, and
rigid transformations to complete the activity.

9 Monitor

Help students get started by asking them to
identify a pair of vertical angles in the diagram.

Look for points of confusion:

» Only listing ZAOB and £ZA’OB’ for Problem 3.
Ask students to determine the remaining angles in
the diagram, and then revisit this problem.

* Not being sure how to determine the measure of
£BOC. Ask students to look for angles that form
a straight line. Remind them that a straight angle
measures 180°.

Look for productive strategies:

+ Noticing that mZAOA’is 180° and using this to
determine m£ZBOC (MP7).

 Noticing that the sum of all the angle measures is 360°
and connecting this to the measure of a full circle.

9 Connect

Have pairs of students share their strategies for
determining side lengths and angle measures
that are the same.

Ask, “What strategies did you use to determine
mZBOC?" Sample response: | noticed that

@ ZAOA'is a straight angle so its measure is 180°.

| subtracted 70° and 40° from 180°, which means

H o
Lesson 14 Rotation Patterns 101 mZBOC is 70°.

Highlight that when you know there are
intersecting lines and you know at least

one angle measure, you can determine the
measures of other angles by looking for vertical
angles and straight angles.

Math Language Development |

MLRS8: Discussion Supports

As pairs of students share their strategies for determining side lengths and angle
measures, highlight the chain of reasoning involved in determining the missing
measures. For example, ask “Building on what you know about intersecting lines
and straight angles, how can you determine the missing measures?”

English Learners

Provide sentence frames for students to use to explain how they determined the
angle measures, such as:

» |knowthat___and___have the same measure because they are vertical angles.

Lesson 14 Rotation Patterns 101



Summary

éﬂ Whole Class | @ 5 min

8.G.A.1.B

Review and synthesize how vertical angles can be proven congruent by reasoning

about rigid transformations.

Summary

In today’s lesson. . ..

You rotated intersecting lines 180° about their point of intersection. Because a
rotation is a rigid transformation that preserves angle measures, the vertical
angles are congruent.

Reflect:

102 Unitl Rigid Transformations and Congruence ©2023 Ampiy Egucation. nc. Allrights reserved.
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G Synthesize

Ask, “How does a 180° rotation affect the angle
measures for a pair of intersecting lines?”

Have students share what they noticed when
intersecting lines are rotated 180°.

Highlight that a rotation of two intersecting
lines about the point of intersection rotates
each angle to an angle that is vertical to its
preimage. Since rotation is a rigid transformation
that preserves angle measures, the vertical
angles must have the same measure.

Reflect

After synthesizing the concepts of the lesson,
allow a few moments for student reflection.
Encourage them to record any notes in the
Reflect space provided in the Student Edition.
To help students engage in meaningful
reflection, consider asking:

» “How did you apply your understanding of
rotations to help you determine an angle measure?”



& Independent | @) 5min

Exit Ticket 8.G.A.L.A, 8.G.A.1.B

Students demonstrate their understanding by identifying congruent sides and angles when a figure
is rotated about 180° about a point.

.
Q Success looks like . ..

Name: Date: Period:

» Goal: Comprehending that congruent,

vertical angles are formed when an angle is
Exit Ticket 114 rotated 180° about the intersection point of
two intersecting lines.

» Explaining that side lengths and angle measures
are preserved under a rotation in Problems 1, 2,
and 3.

« Language Goal: Generalizing that vertical
angles are congruent using informal
arguments about 180° rotations of lines, line
segments, or angles. (Speaking and Listening)

Triangle ABC is rotated 180° about point A
to create Triangle AB'C".

1. Whatis the length of segment AC"?
Explain your thinking.
6.7 cm; Because a rotation is a rigid
transformation, | know the side lengths
and angle measures of the preimage and
image are congruent.

» Explaining why the vertical angles are congruent

in Problem 2.

O Suggested next steps

If students do not know that the length of
segment AC’is the same as the length of

3. Name two different angles that are also congruent. Segment AC in Problem 1, consider:
Sample responses: ZABC and ZAB'C’; ZACB and ZAC'B’ ’

2. Name a pair of vertical angles.
What are their angle measures?

£ZBAC and ZB’AC’; They both
measure 52°. C The figure may not be drawn to scale.

» Providing tracing paper to show the
180° rotation.

» Asking them to identify the corresponding
line segments in the image.

» Reviewing the fact that rigid transformations
preserve side lengths.

If students do not identify a pair of vertical

angles and their measures in Problem 2,
m ? 2 3§ 3 ] (f; g i
° | don't really I'm starting to I gotit consider:
getit getit

» Drawing different diagrams of intersecting lines
and having students identify the vertical angles.

a If | am given a pair of vertical angles and know the angle measure
of one of them, | can calculate the angle measure of the other. . Reviewing the fact that |’|g|d transformations

1 2 3 preserve angle measures.

* Reviewing Activity 1.

©2023 Amplify Education. Inc. All rights reserved. Lesson 14 Rotation Patterns

If students do not identify congruent angles
in Problem 3, consider:

» Reviewing the fact that rigid transformations
preserve angle measures.

Professional Learning + Reassessing after Lesson 15.

This professional learning moment is designed to be completed independently or
collaboratively with your fellow mathematics educators. Prompts are provided so
that you can reflect on this lesson before moving on to the next lesson.

C2> Points to Ponder ...

The instructional goal for this lesson is to comprehend that congruent, vertical
angles are formed when an angle is rotated 180° about the intersection point of
two intersecting lines. How well did your students comprehend this concept?
What did you specifically do to help students comprehend it?

Thinking about the questions you asked students today and what they said or did
as aresult of your questions, which question was the most effective? The least
effective? How might you alter your questioning techniques moving forward?

Lesson 14 Rotation Patterns 103A



Practice

‘Q, Independent

Name: Date: Period:

1. Listall the pairs of congruent angles in the figure shown.
£L1=/3 7
z2=14 6X8
£5=/7
26=/8
£9=/11

210= 212 3/4 1\ 12

71

2. Use the figure to calculate the measure of each angle. Explain your thinking.

A

The figure may not be drawn to scale.

@ msABC =130°
ZABC and ZCBD are supplementary angles.

® mZEBD =130°
ZEBD and ZCBD are supplementary angles.

@© m/ABE =50°
ZABE and ZCBD are vertical angles.

©2023 Ampity Education, Inc. Allrights reserve

Practice Problem Analysis

Type oblem Referto Standard(s)
1 Activity 2 8.G.ALlB
On-lesson 2 Activity 1 8.G.A1B
3. syl goRg
Spiral 4 o 8.G.A3
Formative @ 5 t}ensitstl)n 15 4.G.A
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@ Power-up: If students need additional support with the key prerequisite concept or skill

this problem addresses, consider assigning the Power-up in the next lesson.

103-104 unit1 Rigid Transformations and Congruence

aonoead [

3.

104  unit1 Rigid Transformations and Congruence

Name; Date:

4.
5

. Refer to the figure shown.

Period:

AA'B'C’is animage of AABC after arotation A
about point D. The figures may not be drawn B
to scale. C

@ Whatis the length of side B'C"? B 4 4 )
Explain your thinking. A

Sample response: A rotation is a rigid
transformation, so the corresponding side Isd
lengths are equivalent. The length of

side B'C"is 4 units because it is congruent

to side BC.

B Whatis mzABC? Explain your thinking.

Sample response: A rotation is a rigid transformation, so the
corresponding angles have equal measures. mZABC = 52°
because ZABC is congruent to ZA'B'C".

. What is mZAC B? Explain your thinking.

Sample response: A rotation is a rigid transformation, so the
corresponding angles have equal measures. mnZACB = 50°
because ZACB is congruent to ZA'C'B’.

The point (—4, 1) is rotated 180° counterclockwise about the origin.
What are the coordinates of the image?
A (-1,-4) B. (-1,4) c. (1) @,-1)

@ Highlight or shade line FE.

® Highlight or shade ZCDE.

©2023 Amplity Education. Inc. Allights reserved.

Additional Practice Available

For students who need
additional practice in
this lesson, assign the
Grade 8 Additional
Practice.




UNIT1 | LESSON 15

Alternate
Interior Angles

Let’s explore why some angles are
always congruent.

Procus P e

Students build conceptual understanding

about angle relationships formed when

1. Determine angle measures using alternate interior, adjacent, parallel lines are intersected by a transversal.
vertical, and supplementary angle relationships to solve problems.

Goals

2. Language Goal: Justify that alternate interior angles formed by
atransversal connecting two parallel lines are congruent using _
properties of rigid motions. (Speaking and Listening, Writing) Standards

Addressing

Coherence 8.G.A.5

Use informal arguments to establish facts
Today about the angle sum and exterior angle of
triangles, about the angles created when
parallel lines are cut by a transversal, and the

Students look for and make use of structure by exploring the relationship
between angles formed when two parallel lines are intersected by a e A ‘
transversal (MP7). Students discover that alternate interior angles are angle-angle criterion for similarity of triangles.

congruent using rigid transformations and angle relationships. 8.G.A.1

. Verify experimentally the properties of
Prewously rotations, reflections, and translations.
In Lesson 14, students applied their understanding of rigid
transformations when they rotated intersecting lines 180° in Building On Building Toward
order to establish the fact that vertical angles are congruent.

8.G.A.2 8.G.A.5
Coming Soon HSG.CO.C

In Lesson 16, students will justify that the sum of the interior angle
measures of a triangle is 180° using rigid transformations.

Lesson 15 Alternate Interior Angles 105A



PaCing Guide Suggested Total Lesson Time ~45 min @

O o o o o

Warm-up Activity 1 Activity 2 Activity 3 Summary Exit Ticket
@ 5 min @ 8 min @ 12 min @ 8 min @ 5 min @ 5 min
% Independent 28 Pairs 28 Pairs 28 Pairs ?éé Whole Class % Independent
MP7
8.G.A.5 8.G.A.1,8G.A5 8.G.A.1,8G.A5 8.G.A.1,8G.A5 8.G.A.5 8.G.A.1,8G.A5

AMmPS poweredbydesmos i Activity and Presentation Slides

For a digitally interactive experience of this lesson, log in to Amplify Math at learning.amplify.com.

Practice & independent Amps | Featured Activity
Materials Math Language Activity 2

« Exit Ticket Development Angle Countdown

« Additional Practice New words In real time, students are informed how

. protractors . ﬁ!t.‘?ﬁ’?.a..t.‘?.iﬂ.t.‘?ﬁigféﬂglﬁ many more angles they should measure.

Review words
* rotation o4 -0
» supplementary angles

e translation

* vertical angles
CO Amps

desmos
Building Math Identity and Community ® Modifications to Pacing
Connecting to Mathematical Practices You may want to consider these
At first, students may not see a clear path to finding the requested angle additionall modifications if you are
measurements and might want to quit before really getting started. short on time.
Encourage students to set a goal of initially analyzing the structure of +  The Warm-up can be omitted.
each figure to mark what they do know about the angle relationships or « In Activity 2, have students complete
measures given (MP7). Students can repeat until they have solved the Problem 3.
problem. By looking only one step ahead, a task can seem much more «  Activity 3 may be omitted as students
manageable. extend their understanding to study

adiagram in which there are two
transversals intersecting a pair of
parallel lines.

105B unit1 Rigid Transformations and Congruence



Warm-up Notice and Wonder

& Independent | @) 5min

8.G.A.5

Students study intersecting lines to prepare them for learning about angle relationships that are
formed when parallel lines are intersected by a transversal in upcoming activities.

Name: Date: Period:

0 Launch

Unit1 | Lesson15

Alternate
Interior Angles

Let’s explore why some angles
are always congruent.

Warm-up Notice and Wonder

Refer to the diagram. What do you notice?
What do you wonder?

1. Inotice...
Sample responses:
| notice that there is a pair of parallel lines.

The parallel lines are intersected by a
third line.

Eight angles are formed by the intersection
of the three lines.

Some of the angle measures appear to be
the same. Others are supplementary.

2. lwonder...
Sample responses:

If the third line was rotated, but still
intersected the two parallel lines, would
eight angles still be formed? Would some
of the angle measures still be congruent
or supplementary?

Does this relationship always happen
when two parallel lines are intersected
by a third line?

Would these relationships change if the
two lines were not parallel?

Log in to Amplify Math to complete this lesson online.

©2023 Arpiy Education. Inc. Allrights reserved Lesson 15 Alternate Interior Angles 105

Math Language Development
MLRS8: Discussion Supports

As you define the term transversal during the Connect discussion,

emphasize that a transversalis a line that intersects two or more lines.

The two lines do not have to be parallel. Consider drawing and labeling
some examples, such as the following:

« 2parallellines intersected by 1 transversal.
« 2parallel lines intersected by 2 different transversals.
« 2intersecting lines (but not parallel) intersected by 1 transversal.

« 2intersecting lines (but not parallel) intersected by 2 different
transversals.

o Power-up

Conduct the Notice and Wonder routine using
the figure.

Monitor

Help students get started by asking them what
makes this figure similar to and different from
the other figures they have seen in this unit.
Look for productive strategies:

+ Noticing a line that intersects lines AC and DF.

+ Noticing that eight angles are formed and that
some of those angles appear to be the same size.

+ Wondering if lines AC and DF are parallel.

Connect

Have students share what they noticed and
wondered. Record and display their responses
for all to see.

that intersects two or more lines.

Highlight that a transversal can pass through
two or more lines that may or may not be parallel.

Ask, “Does anyone notice anything interesting
about the angles in the figure?” Note: Students
will investigate these angles in the next activity.

To power up students’ ability to identifying lines and angles in
diagrams, have students complete:

Recall that one way that lines can be named is by identifying two points on the
line, and angles can be named using three, where the vertex is the middle point.

1. Highlight or shade the line AB.

2. Highlight or shade ZCDE.

Use: Before Activity 1

Informed by: Performance on Lesson 14,

Practice Problem 5

Lesson 15 Alternate Interior Angles 105



— 6 Differentiated Support

Activity 1 Alternate Interior Angles

&_ Pairs | @ 8min

MP7
8.G.A.1,8.G.A.5

Students explore the relationships between angles formed when two parallel lines are intersected by a
transversal line to learn that alternate interior angles are congruent.

Activity 1 Alternate Interior Angles

You will be given a protractor. Refer to the diagram. Lines AC and DF are
parallel. They are intersected by transversal JH.

1. Use your protractor to measure the seven missing angle measures.
m4ZJEF, mZABH, and mZEBC all measure 72°.
m4ZDEJ, m4BEF, mZABE,and mZHBC all measure 108°.

2. What do you notice when a transversal intersects a pair of parallel lines?
Sample responses:
Eight angles are formed.

Two sets of congruent angles are formed with four congruent
angles in each set.

The congruent angles seem to be in the same position along the
parallel lines related to the transversal.

Some of the angle pairs are supplementary.

106 Unit1 Rigid Transformations and Congruence ©2023 Ampiy Education. Inc. Allrights reserved.

Accessibility: Guide Processing and Visualization

Provide the angle measure for ZCBE as 108° to assist students
as they begin the activity. Provide colored pencils or highlighters
for students to use to highlight the angles ZDEB, ZJEF, ZABH,
and ZEBC to emphasize the congruent measures.

Extension: Math Enrichment

Have students draw a pair of nonparallel lines intersected by a
transversal and use a protractor to measure the angles to see if
the same type of angle relationships are formed.

106 Unit1 Rigid Transformations and Congruence

. 0 Launch

Have students complete Problem 1 individually.
Then have them share their responses with a
partner before completing Problem 2. Provide
access to geometry toolkits for this activity only.

9 Monitor

Help students get started by having them label
the measure of LFE.J.

Look for points of confusion:

* Not knowing how to determine missing angle
measures in the figure. Encourage students to
look for supplementary angles. Allow students to
check their work using a protractor.

Look for productive strategies:

» Noticing that there are only two different angle
measurements (MP7).

+ Remembering that a 180° rotation about the midpoint
of segment EB produces congruent angles.

9 Connect

Have pairs of students share what they noticed
about the angle measures. Begin with students
who used a protractor to measure the angles,
and then have students share who used angle
relationships and transformations.

interior angles are created when a pair of
parallel lines are intersected by a transversal.
These angles lie inside the parallel lines and on
opposite (alternate) sides of the transversal.”

Highlight that alternate interior angles are
congruent.

Ask, “How can you show that alternate interior
angles are congruent using rigid transformations?”
A 180° rotation about the midpoint of segment EB
produces congruent angles.

Math Language Development |

MLRS8: Discussion Supports

Use this routine to amplify students’ mathematical uses of language when
describing and demonstrating transformations used for showing that
alternate interior angles are congruent.

English Learners

Allow pairs of students to rehearse together before sharing with the whole
class.



&R Pairs | @ 12 min

Activity 2 Three, Five, Seven 8.G.A1,8G.AS5

Students determine angle measures using angle relationships to understand how angles are related when
two parallel lines are intersected by a transversal.

Amps Featured Activity AngIeCountdown 0 Launch

Name: Date: Period:

Collect geometry toolkits. Set an expectation for
Activity 2 Three, Five, Seven the amount of time students will have to work in
pairs on the activity.

In each diagram, line AC is parallel to line DF. The lines are intersected by transversal H.J.

The figures may not be drawn to scale. -
Monitor

1. Determine any three angle measures
that are not currently labeled.
The diagram shows all seven missing
angle measures. Student responses
should indicate three of these
angle measures.

Help students get started by asking them to
identify any pair of congruent angles.

Look for points of confusion:

* Not knowing how to determine a missing angle
measure. Remind students that alternate interior
angles are congruent and supplementary angles
have a sum of 180°. Ask them what they can do
with this information.

2. Determine any five angle measures
that are not currently labeled.
The diagram shows all seven missing
angle measures. Student responses
should indicate five of these
angle measures.

» Labeling congruent angle measurements
because the angles “look like the same size”. Ask
students how they can be certain that the angles
do not differ in measure by one degree. Encourage
them to use rigid transformations and angle
relationships to determine the angle measures.

Look for productive strategies:

» Using alternate interior, vertical, and
supplementary angles to determine the measure
of missing angles.

6 Connect

Display student work showing the angle
measures they determined.

3. Determine all seven angle measures
that are not currently labeled.

Have students share their strategies for
determining the missing angle measures.

Ask, “What were some angle relationships you
©2023 Ampiify Education, Inc. Allrights reserved Lesson 15 Alternate Interior Angles 107 used to find m|ss|ng measu res?” vertical anglesy
supplementary angles, alternate interior angles

Highlight that although each figure has seven
angles, there are only two different angle
measures. This happens when a transversal
intersects a pair of parallel lines.

— e Differentiated Support ]

Accessibility: Vary Demands to Optimize Challenge,
Guide Processing and Visualization
If students need more processing time, have them focus on Problem 3, and only

work on Problems 1and 2 as time allows. Consider highlighting the three angles
congruent to the given angle to assist students in processing the visual information.

Extension: Math Enrichment

Provide a diagram similar to the one in Problem 3, but label the given
angle measure x. Have students write expressions that represent the
angle measures of the remaining seven angles. Students should write the
expressions z and 180 — z in the correct locations.

Lesson 15 Alternate Interior Angles 107



&_ Pairs | @ 8min

Activity 3 Double Transversals 8.G.A.1 8.G.A5

Students apply what they know about angle relationships and extend it to analyze a diagram in which two
transversals intersect a pair of parallel lines.

0 Launch

Set an expectation for the amount of time

Activity 3 Double Transversals students will have to work in pairs on the activity.
Refer to the diagram. Lines £ and m are j k .
parallel. The lines are intersected by two 100}[ \ 9 M on |t°r
transversals, j and k. !
4 B Help students get started by asking them which
What is the sum of mZCAB, mZABD, mZBDC, ang|e5 have a measure of 100°.
and mZDCA? Show or explain your thinking. 112°
mZCAB+ mZABD +m/ZBDC + mZDCA =360°. C D m Look for points of confusion:
Sample response:
+  lknow mZCAB = 100° because it forms a [ \ * Thinking that mZ DC A =112°. Remind students
vertical angle pair with the angle labeled 100°. that only lines ¢ and m are parallel.
I know mZABD =112° because ZABD and the The figure may not be drawn to scale
angle labeled 112° are alternate interior angles. . Struggling to understand the more complex
I know mZBDC = 68" because it is diagram. Show one parallel line and transversal at

supplementary to the angle labeled 112°. i . .
| know mZDCA = 80° because ZDCA is atime. Use a sheet of paper to cover line j. Have

congruent to its alternate interior angle, which students record the angle measures, and then
is supplementary to the angle labeled 100°. . .
repeat the process with line k.

Look for productive strategies:

+ Using strategies they have learned, such as
supplementary angle pairs and alternate interior

AR angles to determine the 14 missing angle measures.
m e Areyou ready for more?

Refer to the diagram. Parallel lines £ and m are intersected by two transversals that e Co nn ect

cross line [ at the same point. Determine the measure of angle z.

© =65 Display student work showing the angle
measures they determined.

Have students share their strategies for how
they determined the angle measures.

m Ask, “Without measuring, why is m£DCA not
equalto 112°?" If mzZDCA = 112°, then lines j and
k must be parallel.

The figure may not be drawn to scale.

@ Highlight that if a pair of parallel lines is
intersected by two transversals, students can
108 Unit1 Rigid Transformations and Congruence calculate the missing angles by studying one

transversal at a time.

— 6 Differentiated Support Math Language Development |

Accessibility: Guide Processing and Visualization MLR2: Collect and Display

Provide the angle measure for ZDCA as 80° to assist students as As students discuss with a partner, listen for and collect vocabulary,

they begin the activity. phrases, and gestures they use to describe the diagrams. Record these
onto the class visual display and update it throughout the lesson. Remind

Extension: Math Enrichment students to borrow language from the display as needed in future
discussions.

Have students make a conjecture about the sum of the angle
measures in any trapezoid.

108 unit 1 Rigid Transformations and Congruence



éﬁ Whole Class | @ 5 min

Summary 8.G.A5

Review and synthesize the relationship between angles formed when two parallel lines are
intersected by a transversal.

G Synthesize
Display the Summary from the Student Edition.

Name: Date: Period:

Summary
Have students share the strategies they

used in this lesson to determine angle

In today’s lesson ... measures when two parallel lines are

_— , intersected by a transversal.
You explored the relationship between angles formed when two parallel lines are

i I N .
intersected by a transversa Highlight that vertical angles are always

Atransversal is a line that intersects two or more lines. Alternate interior angles Congruent and when pa rallel lines are

areformedwhen a pair of parallel lines are intersected byatransversallntenor .
intersected by a transversal, alternate

angles are located inside the parallel lines and alternate angles are located on

opposite sides of the transversal. So, alternate interior angles are located both interior angles are congruent.
inside the parallel lines and on opposite sides of the transversal. Alternate interior
angles are congruent. Formalize vocabulary:

The diagram shows two pairs of alternate interior angles. Angles a and d are one . .
. - + alternate interior angle
pair of alternate interior angles, and are therefore congruent. Anglesbandcare STt Tl el o

another pair of alternate interior angles, and are therefore congruent. . transversal
transversal
/ Ask, “How many angle measures can you

determine if you are given a pair of parallel lines,
a transversal intersecting those lines, and one
angle measure?” All the angle measures can be
found using angle relationships.

Note: You may choose to introduce the term
corresponding angles. Use the figure from the
Warm-up to highlight corresponding angles,
Reflect: suchas ZHBC and ZBEF.

o Reflect

After synthesizing the concepts of the lesson,
allow a few moments for student reflection.
Encourage them to record any notes in the
Reflect space provided in the Student Edition.
To help students engage in meaningful
reflection, consider asking:

©2023 Amplify Education. Inc. All ights reserved. Lesson 15 Alternate Interior Angles 109 ¢ “What Strategies or tools did you find helpful today
when determining an angle measure? How were
they helpful?”

* “Were any strategies or tools not helpful? Why?"

Math Language Development _________________________________________________________________________|

MLR2: Collect and Display

As students formalize the new vocabulary for this lesson, ask
them to refer to the class display for this unit, that you started
in Lesson 1. Ask them to review and reflect on any terms and
phrases related to the term congruent that were added to the
display during the lesson.

Lesson 15 Alternate Interior Angles 109



& Independent | @) 5min

Exit Ticket 8.G.A.1,8.G.A.5

Students demonstrate their understanding by identifying congruent angles formed when two parallel lines
are intersected by a transversal.

.
0 Success looks like . ..

Name: pate: Fertod + Goal: Determining angle measures using
alternate interior, adjacent, vertical, and

Exit Ticket m supplementary angle relationships to solve

problems.

» Determining angles congruent to a given angle

Lines AC and DF are parallel and are intersected by transversal H.J. R i L
using these relationships in Problems 1 and 2.

« Language Goal: Justifying that alternate
interior angles formed by a transversal
connecting two parallel lines are congruent
using properties of rigid motions. (Speaking
and Listening, Writing)

o Suggested next steps

1. Listall the angles that are congruent to ZABH. If SFUd_entS do not list all the congruent angles,
LEBC, LDEB, LIEF or list incorrect angles, for Problems 1 and 2,
consider:

2. Listall the angles that are congruent to ZABE. ° Providing one angle measure to students and
ZHBC, LBEF, LDEJ then reassessing by having them determine
the remaining angle measures.

» Reviewing Activity 1.

I don't really I'm starting to I gotit
getit getit

a Iflam given two parallel lines intersected by a transversal,
| can identify alternate interior angles and use that
information to calculate missing angle measurements.

1 2 3

© 2023 Amplify Education, Inc. All rights reserved. Lesson 15 Alternate Interior Angles

Professional Learning
| _______________________________________________________________________________________________________________________________________________________________|

This professional learning moment is designed to be completed independently or
collaboratively with your fellow mathematics educators. Prompts are provided so
that you can reflect on this lesson before moving on to the next lesson.

2> Points to Ponder . ...

During the discussion for Activity 3, how did you encourage your
students to listen to one another's strategies?

How did students self-manage today? How are you helping them
become aware of their progress with the mathematical conceptsin
this unit?

110A Unit1 Rigid Transformations and Congruence



Practice ‘Q, Independent

Name: Date: Period: Name: Date: Period:

1. Line AC'is parallel to line DF. The lines are intersected by transversal H.J. 3. Line EDis parallel to AF. Lin claims that if she knows the measure of one
angle, she is able to determine the measure of the remaining seven angles.
Do you agree or disagree with Lin? Explain your thinking.

(il
i
e
=
8

aonoeld

The figure may not be drawn to scale.

. What is mZF EB? Explain your thinking.

Sample response: mZFEB = 19° because ZABE and ZFEB
are alternate interior angles.

& Explain why mZDEH has ameasure of 19°. Sample response: | agree with Lin because the measure of the known
Sample response: ZDEH and ZFEB are vertical angles, and ZFEB angle and its vertical angle are the same. The known angle and its
and ZEBA are alternate interior angles. This means that they are j angle are y. the lines are parallel, the
all congruent angles and each angle has a measure of 19°. corresponding angles on each line are congruent, which can be proved by

using rigid transformations.

2. The diagram shows three lines with two given angle measures.
Determine the measure of the six missing angles. Note that lines
AC and DF are not parallel.

4. The point (1, 3) is reflected across the z-axis, and then again across the
y-axis. What are the coordinates of points of the final image?

(-1,-3)
5. Determine the measure of the missing angle.
The figure may not be drawn to scale.
180 -90—-12=78
The figure may not be drawn to scale. =78
110 unitl Rigid Transformations and Congruence ©2023 Ampiy Ecucation. Inc. Allrights reserved. ©2023 Amplify Education. Inc. Alrights reserved. Lesson 15 Alternate Interior Angles 111

Additional Practice Available

Practice Problem Analysis

Type oblem Refer to

For students who need

1 Activity 1 8.G.A5 2 additional practice in

this lesson, assign the
On-lesson 2 Activity 2 8.G.A.5 2 Grade 8 Additional

3 Activity 2 8.G.A5 2 Practice.

: Unit1
Spiral 4 Lesson 6 8.G.A.3 1

Unit 1
Lesson 16

Formative @ 5 4G.A1 1

© Power-up: If students need additional support with the key prerequisite concept or skill
this problem addresses, consider assigning the Power-up in the next lesson.

Lesson 15 Alternate Interior Angles  110=111



UNIT1 | LESSON 16

Adding the Angles
in a Triangle

Let’s explore the interior angles
of triangles.

'

Rigor
Goals « Students begin to build conceptual

understanding that the sum of the angle
measures in any triangle is 180°.

1. Language Goal: Comprehend that a straight angle can be
decomposed into three angles to construct a triangle.
(Speaking and Listening, Reading and Writing)

2. Language Goal: Justify that the sum of the interior angle measures
of a triangle is 180°. (Speaking and Listening, Writing) Standards
Addressing
Coherence
8.G.A.5

* Today Use informal arguments to establish facts
about the angle sum and exterior angle of

Students examine the relationships among the interior angles of a triangles, about the angles created when parallel

triangle. They explore different triangle angle sums and observe that if a lines are cut by a transversal, and the angle-
straight angle is decomposed into three angles, it appears that the three angle criterion for similarity of triangles.
angles can be used to create a triangle (MP7).
. Building On Building Toward
< Previously
7.G.A.2 8.G.A.5

In Lesson 15, students explored the relationship angles formed when
two parallel lines are cut by a transversal and found that alternate interior HSG.CO.C
angles are congruent.

> Coming Soon

In Lesson 17, students will continue to explore the interior angles of a
triangle and conclude that any triangle has an interior angle sum of 180°.

112A unit1 Rigid Transformations and Congruence



PaCing Guide Suggested Total Lesson Time ~45 min @

O & o C

Warm-up Activity 1 Activity 2 Summary Exit Ticket
@ 5 min @ 10 min @ 20 min @ 5 min @ 5min
% Independent A& Pairs rgr%% Small Groups 222 Whole Class % Independent
MP7 MP7
8.G.A5 8.G.A5 8.G.A5 8.G.A5 8.G.A5

AMPS poweredbydesmos i Activity and Presentation Slides

For a digitally interactive experience of this lesson, log in to Amplify Math at learning.amplify.com.

Practice 2 independent Amps Featured Activity
Materials Math Language Activity 1
. Exit Ticket Development Interactive Geometry
» Additional Practice Review words Students drag points to create different
. . . triangles, seeing how the angles and their
* Activity 2 PDF, pre-cut cards, interior angle measures change, but how the sum of the
one set per group « transversal angle measures remains 180°.

« Activity 2 PDF, Making a
Triangle (for display)

» geometry toolkits:
protractors, rulers Oy -0

e scissors

CO Amps

desmos
Building Math Identity and Community ® Modifications to Pacing
Connecting to Mathematical Practices You may want to consider these
Students who are more confident with this mathematical concept may be additional. modifications if you are
able to lead discussions within their groups. Have these students help their short on time.
peers in using the structure of a straight angle to help discover the sum of «  The Warm-up may be omitted.
the measures of the interior angles in a triangle (MP7). Remind them to add

« Activity 1 may be shortened by havin
to the conversation in ways that are helpful, but to also “step back” to give studen}cls comyplete Braala e 1yandw2 s

other voices a chance to share.
« Activity 2 may be shortened

by having students complete
Problems 1and 3.

Lesson 16 Adding the Angles ina Triangle 112B



Warm-up Three Triangles

& Independent | @) 5min

8.G.A.5

Students visually inspect three triangles to predict the triangle with the greatest

interior angle sum and test their predictions in the next activity.

112 Unit1 Rigid Transformations and Congruence

Power-up

(D) 180 — 88 — 43

2. What is the measure of the unknown angle? 49°

Unit1l | Lesson 16

Adding the
Anglesina
Triangle

Let’s explore the interior angles
of triangles.

Warm-up Three Triangles

Refer to the three triangles shown.

Triangle 1 Triangle 2 Triangle 3

/NN

Which triangle do you think has the greatest sum of the three interior
angle measures? Explain your thinking.

Sample response: | think Triangle 1 has the greatest interior angle sum
because it looks like the largest triangle.

While the mathematically correct answer is that every triangle has the
same interior angle sum of 180°, accept all student responses at this point,
provided they justify their thinking.

The interior angle sum will be discovered in this lesson.

Log in to Amplify Math to complete this lesson online.

Recall that when two or more angles form a straight line, their sumis 180°.

1. Which expressions can be used to determine the measure
of the unknown angle? Select all that apply.
(A) 180 — (88 + 43)
B. 88 +43
C. 90 —143

©2023 Amplify Education, Inc. Al rights reserved.

88°

To power up students’ ability to determine the measure of an unknown angle
in a straight-angle diagram, have students complete:

/43°

112 unit1 Rigid Transformations and Congruence

0 Launch

Set an expectation for the amount of time students
will have to work independently on the activity.

Monitor

Help students get started by asking them to
estimate the angle measures for each triangle
and reminding them that interior angles are the
angles located inside the triangle.

Look for points of confusion:

« Thinking they have to measure the angles.
Do not provide access to protractors, as students
will be given the angle measures in Activity 1.
Ask students to do a visual inspection and make a
prediction.

Look for productive strategies:

» Noticing the right angle symbol represents an
angle measure of 90°.

» Knowing that the sum of the interior angle
measures for any triangle is 180°. Ask students to
pause on sharing this until it is revealed in Activity 1,
as other students are still exploring.

Connect

Have students share which triangle they
thought had the greatest interior angle sum
by using the Poll the Class routine. Record the
number of students who chose each triangle.

Ask, “Do you think the side lengths of the
triangle affect the sum of its interior angles?”

Use: Before Activity 2
Informed by: Performance on Lesson 15, Practice Problem 5
and Pre-Unit Readiness Assessment, Problem 5



28 Pairs | @ 10 min
MP7

Activity 1 Find All Three 8.G.A.5

Students determine the sum of the interior angles of different triangles to generalize
that the sum of the interior angles in any triangle is 180°.

Amps Featured Activity Interactive Geometry » o Launch

Name: Date: Period:

Activate students’ prior knowledge by asking

Activity 1 Find All Three them how they can determine the greatest
interior sum of a triangle. Have students work
Refer to the same triangles from the Warm-up, now with their interior angle in pairs to complete Problems 1 and 2. If time

labeled. The fi t be d le.
measures labeled. The figures may not be drawn to scale allows, have students Complete Problems 3

and 4 individually. Then have them compare
their work with a partner. Provide access to
geometry toolkits for Problems 3 and 4.

9 Monitor

- 67 [ 16° Help students get started by asking them how
they can find the sum of the interior angles of
the triangles given.

Triangle 1 Triangle 2 Triangle 3

62° S "’

1. Determine the sum of the interior angle measures for each triangle.

a Triangle 1: b Triangle 2: ¢ Triangle 3: LOOk fOI’ pomts Of confu5|on:
180° 180° 180° . . . .
» Thinking they do not have enough information
2. What do you notice about the sum of the interior angle measures? to determine the sum of the angle measures for
The three triangles all have an interior angle sum of 180°. Triangle 3. Ask students what the square in the

lower left corner represents. a 90° angle

3. Draw a different triangle. Make a prediction for the sum of the interior Look for productive strategies:

angle measures. Noticing th f the interi | [
Triangles may vary, but students should begin to discover and oncing the sum o ¢ ITerior ang @ measures in

predict the sum of the interior angles of any triangle will be 180°. each of the three triangles is 180° (MP7)

9 Connect

Have pairs of students share what they noticed
about the sum of the interior angle measures
4. Measure the interior angles. Was your prediction correct? for each of the three triangles in Problem 1.
Sample response: Yes, my prediction was corract. Have students share how the triangle they drew
in Problem 1 compares to the triangles from
Problem 1.

Ask students if the side lengths affect the sum

of the interior angles. If they think that a triangle

with longer sides will have an interior angle sum
Lesson16 Adding the Angles ina Triangle 113 greater than 180°, ask them to draw a triangle
with longer sides and have them use a protractor
to measure the angles to check their thinking.

Highlight that the sum of the interior angles of
each of these triangles, including the one they
drew, is 180°.

I e Differentiated Support L |

Accessibility: Vary Demands to Optimize Challenge

If students need more processing time, have them focus on Triangles 1 and 2, and only
complete the activity for Triangle 3 as time allows. Alternatively, consider providing a
different triangle already drawn and labeled for students to use in Problems 3 and 4 instead
of having them draw the triangles and measure the angles.

Accessibility: Optimize Access to Technology

Have students use the Amps slides for this activity, in which they can drag points to create
different triangles and see how the angle measures change, yet the sum of the angle
measures remains the same.

Lesson 16 Adding the Anglesina Triangle 113



223 small Groups | @) 20 min
MP7

Activity 2 Tear It Up 8.6.A5

Students experiment with angles to discover that three angles with measures that have a sum of 180° can be
used to form a triangle.

0 Launch

Provide each group with a set of cards from the
Activity 2 Tear It Up Activity 2 PDF. Tell students they will start with
You will be given a set of two cards. Card A. Provide access to rulers and scissors.

1. For Card A, complete the following tasks.
a Cutout the angles so that you have three separate angles. 9 M on itor

b Can you create a triangle by placing the three angles together?

Yes Help students get started by displaying the
€ Were the other members in your group able to make a triangle from the ACtiVity 2 PDF, Makinga Triangle. For Problem 1,
three angles they were given? . K .
Yes show students how a triangle is formed using the
three angles. Tell students that they may draw

2. For Card B, complete the following tasks. R L. A
extra lines to join the angles and form a triangle.

a Draw two line segments that each start from the given point so as to divide the [P : H
straight angle into three angles. The angles do not have to be the same size. Try to This is indicated by the dotted line. For Problem 2'
create angles so that your partner cannot make a triangle from them. show students how to create three angles by
b Label the interior of each angle with your initials. Then trade cards with your partner. drawing two line segments from the given point.
¢ Were you able to make a triangle using the three angles given to you by your partner? Look for points of confusion:
Yes
d  Were the other members in your group able to make a triangle from the three angles » Thinking that the three angles cannot be
they were given?

rearranged to form a triangle. Encourage students to
rotate the angles. If students still do not find a way to
form a triangle, have them work with a peer helper.

Yes

3. What do you notice about the relationship between straight angles and the
interior angles of a triangle?

Sample response: A triangle can be created from three angles that form a Look for productive strategies:
straight line. A straight angle has a measure of 180°, which is the same as the
sum of the angles in the triangles from Activity L. - Noticing each set of three angles can be rearranged

to form a triangle.

» Noticing that a straight angle has a measure of 180°

and connecting this to what they discovered about

1. Draw aquadrilateral. Cut it out, tear off the angles, and place the angle so that they the interior angles of a triangle from Activity 1 (MP7)
share acommon vertex. What do you notice? g g y .

The angles form a circle.

2. Repeat this for several more quadrilaterals. Make a conjecture about the angle measures. 9 c o n nect

Sample response: All of the angles in the quadrilaterals can be
arranged to form a circle. | know a circle measures 360°, so | predict A . X
that the sum of the interior angles of a quadrilateral is 360°. Dlsplay the different trlangles created from the

sets of angles. If time allows, conduct the Gallery
. Tour routine so students can compare the different
Reflect: What constructive K
@ choices did you make about angles and triangles they formed from Card B.

your behavior in order to
complete this activity?

Have groups of students share what they notice
about straight angles and the interior angles of a
triangle.

114 Unit1 Rigid Transformations and Congruence ©2023 Ampiy Education, Inc. Allights reserved.

Highlight that if a straight angle is decomposed
into three angles, it appears that the three angles
can be used to form a triangle.

— 6 Differentiated Support Math Language Development |

Accessibility: Vary Demands to Optimize Challenge MLR7: Compare and Connect

Cut out the angles for Card A for students or provide possible divisions of As students prepare their work for discussion, look for those who

the straight angle for Card B, so that they can focus on creating triangles. successfully construct and create triangles. Encourage students to explain
how they arranged the angles. Emphasize the language used to make

Extension: Math Enrichment sense of each set of angles and the language used to determine that the

sum of the interior angle measures of a triangle is 180°.
Building on the Extension from Lesson 13, ask students if the sum of

the angles of any triangle in spherical geometry is also 180°. Using the English Learners
sphere you used earlier, draw lines to form a triangle in which each angle
measures 90°. Ask students what they notice. Draw other triangles to
illustrate the following principle of spherical geometry: The sum of the +  "Toarrange the triangles, first| ___because...”
angle measures of a triangle is always greater than 180°. + “Inoticedthat___,sol...”

Provide sentence frames to support student conversation, such as:

114 unit1 Rigid Transformations and Congruence



éﬁ Whole Class | @ 5 min

Summary 8.G.A5

Review and synthesize the connection between the measure of a straight angle and the
sum of the interior angle measures of a triangle.

G Synthesize

Have students share what they observed about
Summary the sum of the interior angle measures of a
triangle and the measure of a straight line.

Display the Summary from the Student Edition.

Name: Date: Period:

You investigated the interior angles of a triangle. You found that the sum of the Highlight that the sum of the interior angle
gngl_es inside thg tl_'iangles you in\_/estigated in this Iesspn is 1§0°. You may wont.ie.r measures in any triangle is 180°. Students will
if this relationship is true for all triangles and so, you will continue to explore this in T c
the next lesson. You also found that any three angles that have a sum of 180° can prove Why thisis true in Lesson 17.
be used to form a triangle.
Ask:
' + “When you know the measures of two angles inside
Y \\\ a triangle, how can you find the measure of the
A \\I third angle?” Subtract the sum of the two known

angle measures from 180°.

+ “Are there three angle measures that cannot be
used to form a triangle?” Yes, if the sum of the
three angle measures is less than or greater than
180°, a triangle cannot be formed.

o Reflect

After synthesizing the concepts of the lesson,
allow students a few moments for reflection
on one of the Essential Questions for this unit.
Encourage them to record any notes in the
Reflect space provided in the Student Edition.
To help them engage in meaningful reflection,
consider asking:

Reflect:

¢ “Dothe measures of the interior angles of a
triangle really add up to 180°?"

©2023 Ampiy Egucation, nc. Allrights reserved. Lesson 16 Adding the Anglesina Triangle 115

Math Language Development _________________________________________________________________________|

MLR2: Collect and Display

Capture the language discussed during the Synthesize section using the class display.
For example, “The sum of the interior angle measures in any triangle is 180°" should be added
to the display and students should be encouraged to refer to this during future discussions.

Lesson 16 Adding the Anglesina Triangle 115



& Independent | @) 5min

Exit Ticket 8.G.A.5

Students demonstrate their understanding by selecting three angle measures that could
be the interior angle measures of a triangle.

.
0 Success looks like . ..

Name: pate: Fertod « Language Goal: Comprehending that a
straight angle can be decomposed into three

Exit Ticket m angles to construct a triangle. (Speaking and

Listening, Reading and Writing)

» Selecting three angle measures that make up a
Select three of the following measures that could be angles in the same triangle. g g P

straight angle.
140°
B. 180° « Language Goal: Justifying that the sum of
c. 35 the interior angle measures of a triangle is
b. 90 180°. (Speaking and Listening, Writing)
@ 20°
@ 120 0 Suggested next steps
Explaln your thinking. - If students do not select three measures that
Sample response: | know these could be the angles in a triangle
because 40°, 20°, and 120°, add up to 180°. have a sum of 180°, consider:

« Providing a calculator.
* Reviewing Activity 1.

+ Reassessing after Lesson 17.

[ seirnssess S —— —— (Y

I don't really I'm starting to I got it
getit getit

a | know that any three angles that have a sum of 180°
can be used to form a triangle.

1 2 3

©2023 Amplify Egucation, nc. Al rights reserved. Lesson 16 Adding the Angles ina Triangle

Professional Learning

This professional learning moment is designed to be completed independently
or collaboratively with your fellow mathematics educators. Prompts are provided
so that you can reflect on this lesson before moving on to the next lesson.

2> Points to Ponder . . .

How did students approach Activity 2? Did any of your students
experience frustration when trying to form triangles from the sets of
three angles? If so, what helped them work through their frustration?

In this lesson, students found the sum of the three interior angle
measures of triangles. How will this understanding support their
learning of alternate interior angles in future lessons?

116A Unit1 Rigid Transformations and Congruence



Practice ‘Q, Independent

Name: Date: Period: Name: Date: Period: I]EI!
E 1. For each triangle, write a possible measure for the third angle. 4. For each pair of polygons, describe the transformation that maps E
g The figures may not be drawn to scale. Polygon A onto Polygon B. g
P Pl
Q ® 4 ® R F @ b 1 o
(] 1207 ErS P o
pass
N\ B
\
128° D A
B 180 — 122 — 38 =20, Sample response: Reflect Polygon A
28° msD = 20° Sample response: Rotate Polygon A 90° across a vertical line that lies halfway
counterclockwise about the bottom between the two polygons.

bt right vertex of Polygon A.

180 — 28 — 128 =24,

m/C =24° ©

A
© L @

I
i
K
J G o56°
180 — 20 — 72 =88,
mZ4L =88° 89 Sample response: Translate Polygon A
H

6 units right and 3 units down.

180 — 56 — 89 = 35,
mZsI =35

5. Refer to the figure, which shows two parallel lines intersected by a
transversal. Determine the two missing angle measures indicated.

60°, 60°, 60° 90°,45°, 45°
B. 90°,90°,45° ©) 1207, 30", 30° /
C. 30°40°,50°

2. Which of the following sets of angles are possible for a triangle? Select all that apply.

3. Canthere be a triangle with two right angles? Explain your thinking.

No; Sample response: The sum of the three interior angles should be 180°.
Because two right angles already have a sum of 180°, the measure of the third
angle must be 0°, which is not possible for a triangle.

The figure may not be drawn to scae.

116 unit1 Rigid Transformations and Congruence ©2023 Amplify Education, Inc. All ights reserved. ©2023 Amplify Education, Inc. All ights reserved. Lesson 16 Adding the Anglesina Triangle 117

Practice Problem Analysis Additional Practice Available

Type Problem Refer to Standard(s)

For students who need

1 Activity 1 8.G.A5 1 additional practice in
this lesson, assign the

On-lesson 2 Activity 1 8.G.A5 1 Grade 8 Additional

3 Activity 1 8.G.A5 2 Practice.

; Unit1
Spiral 4 Lesson 5 8.G.A1 2
Formative @ 5 il 8.G.A.5 1
Lesson 17

@ Power-up: If students need additional support with the key prerequisite concept or skill
this problem addresses, consider assigning the Power-up in the next lesson.

Lesson 16 Adding the Angles in a Triangle = 116=117



UNIT1 | LESSON 17

Parallel Lines
and the Angles :
in a Triangle

Let’s investigate why the angles
in a triangle add up to 180°.

Procus Y Reor

Goal « Students develop conceptual understanding
that the sum of the angle measures in any

1. L Goal: G lize the Triangle Sum Th ing th
anguage Goal: Generalize the Triangle Sum Theorem using the triangle is 180°.

congruence of alternate interior angles when parallel lines are cut

by a transversal. (Speaking and Listening, Reading and Writing) + Students apply their understanding to solve
angle puzzles.

Coherence
Standards
¢ Today
Students continue explo.rlng the interior angles of a triangle. Using their Addressing
knowledge of angle relationships, students construct an argument for
why the sum of the angle measures in any triangle is 180°, and then apply 8.G.A.5
their understanding to solve challenging angle puzzles (MP1). Use informal arguments to establish facts about
the angle sum and exterior angle of triangles,
< Previously about the angles created when parallel lines are

cut by a transversal, and the angle-angle criterion

In Lesson 16, students found that a straight angle can be decomposed
for similarity of triangles.

into three angles to form a triangle, reasoning about the sum of the
measures of the three angles.

Building On Building Toward
> Coming Soon 8.G.A.LA 8.G.A.5
In Lesson 18, students will apply what they have learned about rigid 8.G.A.1.B HSG.CO.C
transformations to create unique border patterns. 8.G.A2

118A Unit1 Rigid Transformations and Congruence



Pacing Guide

Suggested Total Lesson Time ~45 min @

O & @

Warm-up Activity 1 Activity 2
@ 5min @ 15min @ 15min
24 Pairs 22 Pairs 28 Pairs

MP1, MP7 MP1, MP7
8.G.A.5 8.G.A5 8.G.A5

AMPS poweredbydesmos i Activity and Presentation Slides

C

Summary Exit Ticket
@ 5min @ 5 min
999 Whole Class A Independent
8.G.A5 8.G.A5

For a digitally interactive experience of this lesson, log in to Amplify Math at learning.amplify.com.

Practice 2 independent

Materials Math Language
- Exit Ticket Development
+ Additional Practice New words
- colored pencils - exterior angle
* geometry toolkits: * Triangle Sum Theorem

rotractors, rulers
P Review words

* alternate interior angles
« straight angle
* tessellation

« transversal

Building Math Identity and Community

Connecting to Mathematical Practices

Students may resist thinking deeply about why the angles of any
triangle has a sum of 180°. Ask them to resist accepting this rule without
persevering in their attempts to make sense of why it is true (MP1). Ask
them to engage in metacognitive functions, i.e., thinking about their own
thinking process. For example, have them conduct their own Notice and
Wonder routine for Activity 1, which will help them record their thought
processes.

Amps | Featured Activity

Activity 1

Interactive Geometry

Students drag points on a pair of parallel
lines to create different triangles. Given the

seven angle measures, students can look for
patterns using different triangles.

o -->-o

CO Amps

desmos

©® Modifications to Pacing

You may want to consider these
additional modifications if you are
short on time.

+  The Warm-up may be omitted.
It serves to reinforce student
understanding of congruent angles.

« Activity 2 may be shortened by having
students complete Puzzles 1 and 2.

Lesson 17 Parallel Lines and the Angles in a Triangle 118B



28 pairs | @ 5min

Warm-up Matching Angles 8.6.A.5

Students apply rigid transformations to identify congruent angles, preparing them for
reasoning about angles formed when parallel lines are cut by a transversal.

0 Launch

Provide students with colored pencils.

9 Monitor

Help students get started by asking them
how they can apply their knowledge of rigid
transformations and angle relationships to
identify congruent angles in the figure.

Unit1 | Lesson17

Parallel Lines
and the Angles
in a Triangle

Let’s investigate why the angles Look for points of confusion:
in a triangle add up to 180°.
» Only coloring the angles inside the shaded
triangles. Ask students to look for angles outside
of the shaded triangles.

Warm-up Matching Angles » Not recognizing the sides of the triangle as

You will need colored pencils for this Warm-up. transversals. Have students extend the sides of

the triangles to make this connection.
The figure shows two congruent triangles ABC and CKL placed between

two parallel lines. Look for productive strategies:

Shade all the congruent angles using different colors for each pair of

+ Using their knowledge of rigid transformations to
congruent angles.

identify congruent angles.

» l|dentifying alternate interior angles.

» Noticing the triangle in the center is congruent to
the two shaded triangles.

Angles labeled with the number 1 are congruent. e COI‘II‘IeCt
Angles labeled with the number 2 are congruent.
Angles labeled with the number 3 are congruent. Have pairs of students share which angles they

identified as congruent and why they thought
they were congruent.

Highlight that the figure shows two parallel lines
and that the triangles each have two sides that
can be thought of as transversals.

Log nto Ampify Math to complete thislasson orline. Ask students what they notice about the triangle
18 Uit R Transformations and Cogruence in the center. Remind students that in Lesson 1,
A they created a tessellation using a triangle. Then
ask students why any triangle can be used for a
tessellation. Students will test their theories in
the next activity.

To power up students’ ability to determine unknown angles using
relationships among alternate interior angles, have students complete:

Recall that when two parallel lines are intersect by a transversal, alternate interior angles are
congruent.

1. Intwo different colors, mark the two pairs of alternate interior angles in the diagram.

2. Determine the two missing angle measurements indicated.

Use: Before Activity 1
Informed by: Performance on Lesson 16, Practice Problem 5

118 unit1 Rigid Transformations and Congruence



28 pairs | @ 15 min

Activity 1 Triangles and Parallel Lines eaAs

Students create their own triangle using points from two parallel lines to generalize the
Triangle Sum Theorem.

Amps Featured Activity Interactive Geometry 0 Launch

Name: Date: Period:

Provide access to geometry toolkits.
Activity 1 Triangles and Parallel Lines .
8 9 Monitor

You will need a protractor. The figure shows £
two parallel lines, £ and m.

Help students get started by modeling how to
form a triangle by plotting three points on the

1. Draw two points on line m and one point paraIIeI lines.
on line £. Connect the points to create a . .
triangle. Measure and label the seven = Look for pomts of confusion:
angles that are formed. Sample response shown. * Not understanding why the triangle has a sum of
180°. Write alist of vocabulary words, such as rotation,
2. C.ompare your drawing with a partner. What patterns do you notice? transversal, and alternate interior angles, to help their
List as many patterns as you can. thinking. Ask them to record angle measurements.
Sample responses:
There are three straight angles formed that each have a sum of their LOOk fOI’ PrOdUCtlve Stl'ategleS!
measures of 180°. (The angle formed by the angles 110°, 40°, and 30°; the . i~ H i
angle formed by the angles 110° and 70°; the angle formed by the angles Not!c!ng altel_’nate_ interior ahgles ar_e Congruent.
30° and 150°). » Noticing the interior angles in the triangle have a
The interior angle measures in the triangle have a sum of 180°. sum of 180°.
All of the alternate interior angles have the same measure . P~ i
(the two angles labeled 110° and the two angles labeled 30°) NOtICI?%Bth three angles formed online £have a
sum o °.
Discussion Support:
3. Explain how the figure demonstrates why the sum of the ﬁf;{?ggselasz;q;;:s;?:ﬁo Con nect
angle measures in any triangle is 180°. the class display. Restate
Sampl respans: o mater how the anlesredraun o T Ko Display different triangles students created with
create different triangles, alternate interior angles are always learning. play g
congruent and straight angles always have a measure of 180°. their labeled ang|e measures.
The three angles that form the straight angle at the top have
the same measure as the interior angles of any triangle that Have pairs of students share the patterns they
is drawn.
noticed in their figures.
:: Are you ready for more? Ask, “How does your figure show why the sum
. . . oryn
Using a ruler, create at least three different quadrilaterals. Use a protractor to Of the a ngles n any trlangle s 180 (M Pl) Th e
measure the four interior angles of each quadrilateral. three angles formed on the top ”ne, whichis a
1. Whatis the sum of these four angle measures? S‘traight ang|e’ have the same measure as the
360° .
three angles of the triangle.
2. How can you use your knowledge about triangles to verify the sum of the angles 3 ) . . .
in any quadrilateral? Highlight that line ¢ is parallel to the side of the
Sample response: Because a quadrilateral can be partitioned into two H H H H :
triangles, the sum of the interior angle measures of the quadrilateral is tr|angle online m evenif the vertices of the trlangle
the same as the sum of the angle measures in the two triangles, which is shift. Using know|edge of alternate interior ang|e5Y
180° + 180° = 360°. .
the three angles on line £ are congruent to the
angles in the triangle (MP7). This demonstrates
Lesson 17 Parallel Lines and the Angles ina Triangle 119 that the sum of the angles in any triangle is 180°.

Say that a theorem is a mathematical statement
that has been shown to be true. Then define the
thesumofofthelnterlor angles of any triangle
is 180°.

I 6 Differentiated Support Math Language Development |

Accessibility: Optimize Access to Technology MLRS8: Discussion Supports—Revoicing

Have students use the Amps slides for this activity, in which they can drag Use this routine to support whole class discussion. For each observation
points along the parallel lines to create different triangles to note patterns that is shared, ask students to restate and/or revoice what they heard
among the angle measurements. using mathematical language.

English Learners

Provide sentence frames to support student conversation, such as:

Accessibility: Vary Demands to Optimize Challenge

Provide 2-3 triangles already drawn for students to use, including labeling
the angle measurements. Have students use the triangles to complete
Problems 2 and 3. This will allow students to focus on the goals of the
activity without having to do the drawing and measuring themselves.

+  “Usingangle relationships, | know that ___, sothat mustmean __."

Lesson 17 Parallel Lines and the Angles in a Triangle 119



&8 pairs | @ 15 min

MP1, MP7

Activity 2 Angle Puzzles 8.G.A.5

Students apply their understanding of the Triangle Sum Theorem and angle relationships
to solve challenging angle puzzles.

0 Launch

Collect geometry toolkits. Allow students to

Activity 2 Angle Puzzles complete each angle puzzle at their own pace.
Determine the missing angle measures for each angle puzzle. H
The figures may not be drawn to scale. 9 Monltor

Help students get started by telling them

to visually inspect Puzzle 1, looking for angle
relationships before they calculate any missing
angles (MP7).

Angle Puzzle 1:

Line ¢is parallel to line m.

Look for points of confusion:

« Having trouble completing a puzzle. Tell students
that they may need to determine one angle measure
to help them determine another angle measure.
Using Angle Puzzle 1, model how to determine
the missing angle measures. Voice your thought
process aloud so that students can model this
process of thinking as they complete each puzzle.

Angle Puzzle 2:

80°
« Thinking they do not have enough information to

find the missing angle measure that lies outside
120° the triangle in Puzzle 2. Ask them how they can
— find the unknown angle measure inside the triangle
and whether that will help them find the missing
angle measure outside the triangle.

Look for productive strategies:

» Looking for structure among the angle
relationships in each angle puzzle (MP7).

» Using alternate interior angles, straight angles,
and Triangle Sum Theorem to help them determine
missing angle measures (MP1).

« Rechecking their calculations by adding the angle
measures in a triangle, or by adding the angle
measures that form a straight angle.

120  Unit1 Rigid Transformations and Congruence ©2023 Amplify Education, Inc. Al rights reserved. ACtIVIty 2 Continued )

— e Differentiated Support '

Accessibility: Vary Demands to Optimize Challenge, Guide Extension: Math Enrichment

Visualization and Processing Have students create their own angle puzzle, and then trade puzzles with a

If students need more processing time, have them focus on Puzzles 1and 2, partner. Each student should complete their partner’s puzzle.
and only complete Puzzles 3 and 4 as time allows.

Accessibility: Clarify Vocabulary and Symbols

Maintain a display of important terms and information, including diagrams,
such as:

« Astraight angle measures 180°.

« Alternate interior angles are congruent.

+ Thesum of the angle measures in a triangle is 180°.

120 unit1 Rigid Transformations and Congruence



&8 Pairs | @ 15 min

MP1, MP7

Activity 2 Angle Puzzles (continued) 8.G.A.5

Students apply their understanding of the Triangle Sum Theorem and angle relationships
to solve challenging angle puzzles.

g Connect

N : Date: Py d: .
e - e Display correct student work for each puzzle.

Activity 2 Angle Puzzles (continued) ) )
Have students share their strategies for

determining the missing angle measures.
Angle Puzzle 3:

Line ¢is parallel to line m and line j is parallel to line k. Ask:

» “Isthere only one way to solve each puzzle?
Explain your thinking.” No; answers may vary.

/ /.

+ “What strategies did you use to determine the
missing angle measures in Puzzle 3?" Answers
may vary.

m » “What do you notice about the figure in Puzzle 4?"

/ / Sample response: The measure of each exterior
J k angle equals the sum of the measures of the
remote interior angles.

Angle Puzzle 4:

a side of a polygon and an extended adjacent
side. Say that the missing angle in Puzzle 2 is an
exterior angle to the triangle.

Highlight that when parallel lines are cut
by transversals, angle relationships and the
Triangle Sum Theorem can help students
determine missing angle measures.

©2023 Ampiy Egucation, nc. Allrights reserved. Lesson 17 Parallel Lines and the Angles ina Triangle 121
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éﬁ Whole Class | @ 5 min

Summary 8.G.A5

Review and synthesize how the Triangle Sum Theorem can be demonstrated using parallel
lines and transversals.

G Synthesize

Ask, “In your own words and using the triangle
Summary shown in the Summary, explain how you know
that the sum of the angles in any triangle is 180°.”
: See students' responses. Look for evidence
In today’s lesson.. .. ! .
of correct reasoning, understanding of angle
You applied what you learned about angle relationships, rigid transformations, and relationships, and mathematical terminology,

parallel lines to informally establish the Triangle Sum Theorem. This theorem tells such as parallel lines, straight angle, alternate
you that the sum of the three interior angles in any triangle is always 180°. . .
interior angles, congruent, etc.

Refer to parallel lines DE and AC. You know that mZABD = mZBAC and
m/ZACB = mZCBE because the angles in each angle pair are alternate interior Display the Summary from the Student Edition.
angles. You also know that angles ZABD, ZABC, and ZCBE form a straight

angle, so their measures add up to 180°. Therefore, the sum of the interior angles

of any triangle is 180" Highlight that by applying understanding of

alternate interior angles and straight angles,

D B E . .
students are able to generalize that any triangle
has an interior angle sum of 180°.

Formalize vocabulary:

! ¢ * exterior angle

* Triangle Sum Theorem

Reflect:
@) Refiect

After synthesizing the concepts of the lesson,
allow a few moments for student reflection.
Encourage them to record any notes in the
Reflect space provided in the Student Edition.
To help students engage in meaningful
reflection, consider asking:

* “How can the relationship between the interior
angles of a triangle and a straight angle help you to
determine an unknown angle measure?”

122 Unit1 Rigid Transformations and Congruence ©2023 Ampiy Education,Inc. All ghts reserved.

— Math Language Development C______________________________________________________________________________________________________|

MLR2: Collect and Display

As students formalize the new vocabulary for this lesson, ask them to refer to the class display
for this unit, that you started in Lesson 1. Ask them to review and reflect on any terms and
phrases related to the term Triangle Sum Theorem that were added to the display during

the lesson.

122 unit1 Rigid Transformations and Congruence



Exit Ticket

& Independent | @) 5min

8.G.A.5

Students demonstrate their understanding by determining a missing angle measure.

0 Success looks like . ..

Name: Date: Period:

Exit Ticket 117

Line AB is parallel to line CD. What is the measure of ZCAB?
Show or explain your thinking.

Language Goal: Generalizing the Triangle
Sum Theorem using the congruence of
alternate interior angles when parallel lines
are cut by a transversal. (Speaking and
Listening, Reading and Writing)

» Applying the Triangle Sum Theorem to
determine the measure of ZCAB.

Q Suggested next steps

If students do not calculate the angle
correctly, consider:

B
4 A

= D

LA

s .

The figure may not be drawn to scale.
Sample response: mZCAB = 100°; | know that ZBCD and ZABC are
alternate interior angles, so they have the same measure. | know
mZACB + mZCBA + mZBAC = 180°, because ZACB, ZCBA, and
ZCAB are interior angles of a triangle. Because 37 + 43 + mZCAB = 180,
| know that mZCAB = 100°.

Highlighting ZDCB and ZCBA to emphasize
alternate interior angles.

Reviewing the terms straight angles, alternate
interior angles, and the Triangle Sum
Theorem.

N
2§ 3 N
==y - @
I don’t really I'm starting to Igotit
getit getit
a |canexplain, using diagrams, b If | know two of the angle

why the sum of the angles in measures in a triangle, | can

any triangle is 180°. determine the third angle measure.

I 2ENs) IRN2E3)
©2023 Amplity Education,Inc. Allights reserved, Lesson 17 Parallel Lines and the Angles in a Triangle

I . _________________________________________________________________________________________________________________________________________|

This professional learning moment is designed to be completed independently
or collaboratively with your fellow mathematics educators. Prompts are provided
so that you can reflect on this lesson before moving on to the next lesson.

C2> Points to Ponder ...

- During the discussion in Activity 1, how did you encourage each
student to share their understandings?

- What challenges did students encounter as they worked on the
angle puzzles? How did they work through them?

Lesson 17 Parallel Lines and the Angles in a Triangle 123A



Practice ‘Q, Independent

Name: Date: Period: Name; Date: Period:

= I
1. The diagram shows parallel lines AB and DE. E 3 3. Line DEis parallel to line FG. Is it possible to determine all five angle
g g measures with the given information? Show or explain your thinking.
- -
Nc B = o " B 4
(] [}
108"

115°
35°

A\ E\ s
D 4 c B

The figure may not be drawn to scale.

The figure may not be drawn to scale.

@ WhatismzACD? Yes; Sample response:
115° e /DAB and ZBAC are supplementary angles, somZDAB = 150°.
e /BAC and ZFBA are alternate interior angles, so mZFBA = 30°.

. What is m/ECB? e /FBA, ZABC, and ZCBG form a straight line measuring 180°,
35° somZABC = 42°.
e [/BAC, LABC, and ZBCA are interior angles in a triangle,
© WhatismzACB? somZBCA = 108°.
30° e /ZBCAand ZBCE are supplementary angles, so mZBCE = 72°.
2. Three intersecting lines are shown. 4. The two figures shown are scaled Q!
copies of each other. ~1
[~
(@ What scale factor is used to take B 1
Figure 1to Figure 2? A P
3 A
N
®  What scale factor is used to take .
Figure 2 to Figure 1? Figure 1 Figure 2
1 s
3
5. Describe a transformation that maps the pattern shown onto itself.
The flgure may not be drawn to scale A protractor and a ruler may be useful here.
. Determine the three missing angle measures.
Correct responses shown on diagram.
(B What is the sum of these three angle measures?
360° A 180° rotation about a point located in the center of the pattern.
©2023 Amplify Education, Inc. All ights reserved. Lesson 17 Parallel Lines and the Angles ina Triangle 123 124 unit1 Rigid Transformations and Congruence ©2023 Amplify Education, Inc. All ights reserved.

Practice Problem Analysis Additional Practice Available

Type Problem Refer to

For students who need

1 Activity 2 8.G.A5 2 additional practice in
this lesson, assign the

On-lesson 2 Activity 2 8.G.A5 2 Grade 8 Additional
3 Activity 1 8.G.A5 2 Practice.

Spiral 4 Grade 7 7G.A1 2

Formative @ 5 unit1 8.G.A.l 2

Lesson 18

© Power-up: If students need additional support with the key prerequisite concept or skill
this problem addresses, consider assigning the Power-up in the next lesson.

123-124 unit1 Rigid Transformations and Congruence



UNIT1 | LESSON 18 — CAPSTONE .

Creating a Border
Pattern Using
Transformations

Let’s create borders using transformations.

» Students apply their understanding of rigid
transformations to study Islamic art and
1. Create aborder pattern using rigid transformations. create their own border pattern.

Goals

2. Language Goal: Explain the rigid transformations needed to map a
design onto itself. (Speaking and Listening, Writing)

Standards
Addressing

¢ Today 8.G.A.1

Verify experimentally the properties of
rotations, reflections, and translations.

Students use the language of transformations to create, describe, and
investigate patterns on a plane by creating their own border pattern.
Students model with mathematics as they apply transformations to
design their own border patterns (MP4). Building On Building Toward

. 8.G.A.2 8.G.A.4
< Previously

Throughout this unit, students applied reflections, rotations, and
translations of figures on a plane, square grid, and coordinate plane.

> Coming Soon

In Unit 2, students will investigate dilations and understand the similarity
of figures in terms of rigid transformations and dilations.

Lesson 18 Creating a Border Pattern Using Transformations 125A



PaCing Guide Suggested Total Lesson Time ~45 min @

O o @ o

Warm-up Activity 1 Activity 2 Summary Exit Ticket
@ 5 min @ 5min @ 25 min @ 5 min @ 5min
% Independent % Independent 22 Pairs éé? Whole Class % Independent
MP4
8.G.A.L 8.G.A.1,8.G.A.2 8.G.A.1 8.G.A

AMmPS poweredbydesmos i Activity and Presentation Slides

For a digitally interactive experience of this lesson, log in to Amplify Math at learning.amplify.com.

Practice & independent Amps : Featured Activity

Materials Math Language Activity 2
. Exit Ticket Development Interactive Geometry
- Additional Practice Review words Students experiment with creating border

patterns by sketching a preimage and

* Activity 2 PDF (for display) " reflection selecting different buttons to apply rigid
- colored pencils * rotation transformations.
» geometry toolkits: « translation

protractors, rulers, tracing « transformation

paper

 plain sheets of paper ‘1” -0

CO~ Amps

desmos
Building Math Identity and Community ® Modifications to Pacing
Connecting to Mathematical Practices You may want to consider these
Students may feel uncomfortable with their artistic ability as they draw additional modifications if you are
their preimage in Activity 2. Help them build their confidence by having short on time.

them include their own personal interests in their design. As students
create their border patterns, find positive examples to encourage
all students. Students may be more comfortable describing the

+  The Warm-up may be omitted as
students will analyze the same image

transformations that model pre-created border patterns. Consider having " ACtI_Vl_ty L
them research border patterns in art or architecture and describe the * InActivity 1, have students look for
mathematics that model them (MP4). examples of one type of transformation,

instead of all three.

125B Unit1 Rigid Transformations and Congruence



& Independent | @) 5min

Warm-up Notice and Wonder

Students study an image with a complex pattern to see how transformations are applied in Islamic art.

0 Launch

Name: Date: Period:

Unit1 | Lesson 18 — Capstone

Creating a Border
Pattern Using
Transformations

Let’s create borders using
transformations.

Warm-up Notice and Wonder

Consider the image shown. What do you notice?
What do you wonder?

1. Inotice...
Sample responses:

The pattern shows translations, reflections, and
rotations of figures.

Conduct the Notice and Wonder routine using
the image.

9 Monitor

Help students get started by asking how
this image relates to the math they have been
studying in this unit.

Look for productive strategies:

» Noticing reflection, rotation, and translation
symmetry.

9 Connect

Have students share what they noticed and
wondered about the image. Record student
observations.

Ask students how transformations of figures
can be seen in this image, if students have not

The pattern shows symmetry. already mentioned this idea.

Highlight that the patterns in the image are
created using transformations. This patternis
on awallin the Sultan Qaboos Grand Mosque in
Muscat, Oman. These patterns are frequently
seenin Islamic art where geometric designs are
used to create complex patterns.

2. lwonder...
Sample responses:

Can other geometric patterns or art be created
from transformations?

Where is this pattern located?

Hussain Warraich/Shutterstock.com

Log in to Amplify Math to complete this lesson online.

©2023 Ampify Education. nc. Al rights reserved Lesson 18 Creating a Border Pattern Using Transformations 125

—— e Differentiated Support

o Power-up

To power up students’ ability to describe a transformation of multiple
figures, have students complete:

Extension: Interdisciplinary Connections

Have students explore the beautiful interior and
exterior of the Sultan Qaboos Grand Mosque in 1. Identify a repeating shape in the pattern by
Muscat, Oman by exploring the official website circling it. [\ /\ [\ /\
of the mosque. Students can virtually move from 2. Which of the following describes how you can

room to room, zoom in and out, and rotate to see map the pattern onto itself. ~—

a full 360° view of each room. As they explore, ask A. 180° rotation about a point located in the center.

them to point out the rigid transformations they B. Reflections about a horizontal line through the center of all four figures.
see. (Art, Architecture) @ Reflection about a vertical line between the second and third triangles.

Use: Before Activity 1
Informed by: Performance on Lesson 16, Practice Problem 5

Lesson 18 Creating a Border Pattern Using Transformations 125



& Independent | @) 5min

Activity 1 How Is It Made? 8.G.A.1

Students analyze the image from the Warm-up to look for examples of transformations.

0 Launch

Activate students’ background knowledge by

Activity 1 How Is It Made? asking them where they might see patterns
and designs that apply transformations.
The pattern you saw in the Note: Provide access to geometry toolkits for

Warm-up is from a wall in the
Sultan Qaboos Grand Mosque
in Muscat, Oman.

the duration of the lesson.

Find a single pattern or multiple 9 Monitor

patterns within the image that

have rotation, translation, or Help students get started by having them
reflection symmetry. Show or choose one specific pattern within the image

describe how each transformation L .
and describing the type of transformation seen

is produced. ‘
2 rotation in the pattern.
Sample response: . .
45° rotation about its center Look for productive strategies:

» Determining all three transformations in one
pattern.

+ Drawing multiple lines of symmetry for a pattern.

» Noticing the border pattern created by
transformations.

b translation
The top circutar image 9 Connect
is translated down.
Hussain Warraichy/Shutterstock com Have students share which patterns they chose
and the transformations that were applied in
their chosen pattern.

Highlight that the image is created from different
patterns that apply rigid transformations.

¢ reflection

Sample response:
reflection across a vertical line

126 Unit1 Rigid Transformations and Congruence ©2023 Ampiy Education,Inc. All ghts reserved.

@ Differentiated Support Math Language Development e———

Accessibility: Vary Demands to Optimize Challenge MLRS8: Discussion Supports—Restate It!

If students need more processing time, allow them to focus on Use this routine to support whole class discussion. For each pattern and
completing two of the three transformations in this activity. transformation that is shared, ask students to restate what they heard using
Consider allowing them to choose which problems they would developing mathematical language. Call their attention to any words or phrases
like to complete. Alternatively, preselect the patterns that that helped to clarify the original statement. This provides more students with an
demonstrate each type of transformation and display them. opportunity to produce language as they interpret the reasoning of others.

Have students show or describe how each transformation is

applied.

126 Uunit1 Rigid Transformations and Congruence



Activity 2 Designing a Border Pattern

8~ Pairs | @ 25min

MP4
8.G.A.1,8.G.A.2

Students design a border pattern to apply their knowledge of transformations.

Amps Featured Activity InteractnveGeometry_

Name: Date: Period:

Activity 2 Designing a Border Pattern

In this activity, you will design your own border pattern. Border patterns
have been studied by mathematicians, such as John Conway. You will be
given a plain sheet of paper to use, starting with Problem 2.

1. Design a preimage for your border in this box. 0 00
o Q
Sample response shown. \

2. Trace your preimage on the sheet of paper.

a  Apply aseries of rigid transformations to create your border pattern.
Draw a sketch of your border pattern here.

Sample response shown.

L4
s
g
&

b Trade borders with a partner. Describe a transformation of your partner’s
border pattern that maps the pattern onto itself. Write as many specific
transformations as you can.

Sample responses:

* The pattern can be mapped onto itself by a translation to the right.

* The pattern can be mapped onto itself by a reflection across a
horizontal line.

¢ |Ifthereis time remaining in the activity, color your border pattern.

o
)#{ Featured Mathematician

* .”
L
()

John Horton Conway

(L I

John Horton Conway was a British mathematician known for

his playful attitude toward mathematics. Among his many

contributions, he provided names for the seven groups of

symmetric, infinitely long border (or “frieze") patterns: hop,

step, sidle, spinning hop, spinning sidle, jump, and spinning

jump. In 2020, Conway passed away due to complications from
* COVID-19.

“John Horton Conway" by Thane Plambeck, courtesy of Flickr, (https: ‘photos/thane/20366806/) @
is licensed under the Creative Commons Attribution 2.0 Generic license, https://creativecommons.org/licenses/by/2.0/
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I e Differentiated Support

Extension: Math Around the World

Have students explore the online site “19th Century Navajo Weaving at ASM'" from the
Arizona State Museum. They should examine the transformations of different Navajo
woven blankets found on this site, such as Chief's-style Blankets, Sarapes, Transitional
Period blankets, Moqui Stripe Patterns, and Eye Dazzlers. Have students choose a
woven blanket and describe the transformations used. Consider printing copies of
these blankets they can use to annotate the transformations as they describe them.

Launch

Display the Activity 2 PDF. For each border,
point out how each pattern is made using
transformations. Keep this PDF displayed as a
reference for students while they design their
border patterns. Provide access to colored
pencils and blank sheets of paper.

Monitor

Help students get started by challenging

them to design a preimage that has geometric

patterns or has meaningful images.

Look for points of confusion:

+ Having trouble designing a preimage. Provide
specific directions. For example say, “First, in the
middle of the square, draw an icon or image that
represents you. This may be your favorite hobby,
food, sport, or animal. Next, in each of the four
corners, write your first initial facing in any direction.
Last, add a design in the remaining space.”

» Having trouble drawing their border. Students
may find it helpful to retrace their preimage on
tracing paper and use it to draw their border.

Look for productive strategies:

» Turning the paper to produce rotations, flipping the
paper to produce reflections, and sliding the paper
to produce translations.

» Creating border patterns that intersect each other.

+ Creating acircular border.

Connect

Display the different border patterns created by
students. If time allows, use the Gallery Tour
routine by setting up areas around the
classroom to display student work and have
students look for transformations in each border.
Have pairs of students share the types of
transformations that are applied in the border
patterns of other students.

Highlight that transformations can be applied to
create complex patternsin art or architecture (MP4).

@ Featured Mathematician S

John Horton Conway

Have students read about mathematician John H. Conway,
who used footprint patterns to describe all two-dimensional
designs that are repetitive in one direction.
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iﬁ Whole Class | @ 5 min

Unit Summary 8.6.A.1

Review and synthesize how rigid transformations can be applied to create designs.

9 Narrative Connections
9 Narrative Connections

128  Unit1 Rigid Transformations and Congruence

Unit Summary

Math isn't something that just sits on a page. It's
not just a lifeless pile of numbers, diagrams,
and figures. Math is flexible and dynamic. It
has movement and energy. And nowhere

is that movement more visible than in
transformations.

Day-to-day, we use the word
“transformation” to describe any

dramatic change. Day transforms into

night; flour transforms into a loaf of bread;
and a much maligned duckling transforms
into an ostentatious swan. In math, however,
rigid transformations describe changes that don't
affect the lengths or angles of a figure.

In this unit, you saw three different kinds of transformations:
reflections—where a figure is flipped across a line of symmetry;
rotations—where a figure turns around a point; and
translations—where a figure is shifted in a direction. By
themselves, they may not be that impressive, but when
you combine them into a sequence of transformations,
magic can happen.

These sequences allowed Lottie Reiniger to turn
cardboard cutouts into living, breathing characters.
They're what inspired Marjorie Rice to explore her
groundbreaking tessellations. They govern the intricate
beauty of Islamic tilework and Native American pottery.
They're what gives the art of M.C. Escher its hypnotic and
otherworldly qualities.

With transformations, and the rules that govern them,
we can look at any shape and understand all the
ways we might move it, without changing its
inherent form.

See you in Unit 2.

128 unit1 Rigid Transformations and Congruence
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G

Read the narrative aloud as a class or have students
read it individually.

Synthesize

Display the Summary from the Student Edition.
Have students read the Summary or have a
student volunteer read it aloud.

Have students share how border patterns are
produced using rigid transformations.

Ask, “Where have you seen border patterns?”

Highlight that rigid transformations have been
used over thousands of years to create complex
patterns. These patterns can be seenin
architecture, embroidery, pottery, and in many
other places.

Reflect

After synthesizing the concepts of this unit,
allow students a few moments for reflection
around the concepts of the unit. To help
them engage in meaningful reflection,
consider asking:

* “Did anything surprise you while reading the
narratives of this unit?”

* “Isthere anything you would like to learn more
about these topics? What are some steps you can
take to learn more?”



& Independent | @) 5min

Exit Ticket 8.G.A

Students demonstrate their understanding by connecting applications of rigid transformations
to their everyday lives.

.
0 Success looks like . ..

Name: pate: Fertod -« Goal: Creating a border pattern using rigid
transformations.

- =
Exit Ticket m + Language Goal: Explaining the rigid

transformations needed to map a design onto
itself. (Speaking and Listening, Writing)

Aside from border patterns, where have you seen an application of transformations?
Sample responses: paintings, architecture, wallpaper, rugs, company logos, » Describing transformations they have seenin
borders around photo frames . .

their everyday lives.

o Suggested next steps

If students are not sure where they have seen
an application of transformations, consider:

» Having them look around the classroom to
see if they recognize any transformations.
Encourage them to look at floor or ceiling
tiles, patterns on clothing, or artwork.

[ seirnssess S —— —— (Y

I don't really I'm starting to I got it
getit getit

a | canrepeatedly use rigid transformations
to make interesting patterns of figures.

1 2 3
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Professional Learning
| . ______________________________________________________________________________________________________________________________________________]

This professional learning moment is designed to be completed independently or
collaboratively with your fellow mathematics educators. Prompts are provided so
that you can reflect on this lesson before moving on to the next lesson.

2> Points to Ponder . . .

In this lesson, students designed border patterns. How did that build on
the earlier work students did with drawing transformations of a figure?

What surprised you as your students worked on their border patterns?
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Practice

‘Q. Independent

Name: Date: Period:

1. Refer to the trapezoid shown.

[=]
o
o
2
3

. Use rigid transformations on the trapezoid to design a border pattern.

. Describe the rigid transformations you used.

Sample response: | used 180° rotations and translations of
the preimage.

2. Refer to the national flag of Trinidad and Tobago. Describe a
transformation that maps the triangle in the lower left corner
onto the triangle in the upper right corner.

Public Domain

Sample response: 180° rotation about a point in the center of the flag.
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Practice Problem Analysis

Type Problem Refer to Standard(s) DOK

On-lesson 1 Activity 2 8.G.A.l 2
Unit 1
2 Lesson 5 8.G.A.l 2
3 E”i” , 8GA1 2
Spiral esson
Unit1
4 Lesson 16 8.G.A5 2

5 Grade 7 7.G.A1l 2

129-130 unit1 Rigid Transformations and Congruence

aonoead [

. Name Date: Period:
3. Polygon Ais congruent to Polygon B. Y
Describe a transformation or sequence 5

of transformations that maps Polygon A
onto Polygon B.

Sample response: Reflect Polygon A
across the xz-axis, and then reflect its
image across the y-axis. = -

&

Write all of the possible combinations of three angle measures, from
the following list, that can be the interior angle measures of a triangle.

60° 20° 100° 40° 110° 50° 30°

207, 60°, 100°
20°,50°,110°
30°,50°, 100°
30°,40°,110°

5. Onthe grid, draw a scaled copy of Quadrilateral ABCD, using a scale
factor of %

B
A c
B
A’ C'
D
D’
130 unit1 Rigid Transformations and Congruence ©2023 Amplify Education, Inc. All ights reserved.

Additional Practice Available

For students who need
additional practice in
this lesson, assign the
Grade 8 Additional
Practice.







UNIT 2

Dilations and Similarity

Students explore a new type of transformation — dilations — and practice using
dilations to create and recognize similar figures. Students’ understanding of

the characteristics of these similar figures, of similar triangles specifically,

will serve as the foundation for their study of the slope of a line.

Essential Questions
+ What does it mean to dilate a figure? *

« How can you identify whether two figures are similar?

» How can similar triangles be used to find the slope of
aline?

» (By the way, can you create an optical illusion that will
trick your teacher’s eyes?)

132 unit 2 Dilations and Similarity




Key Shifts in Mathematics
(Focus

Major Work

This unit addresses standards within these clusters from

the Geometry (8.G) domain, targeting the major work of the
grade. This unit also addresses the additional cluster from the
Equations and Expressions (8.EE) domain.

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

8.EE.B Understand the connections between proportional
relationships, lines, and linear equations. (Additional
Cluster)

Connections to Mathematical Practices

Multiple Standards for Mathematical Practice are leveraged in
this unit, including:

MP3: Construct viable arguments and critique the reasoning
of others.

MP5: Use appropriate tools strategically.
MP7: Look for and make use of structure.

These practice standards are relevant as students precisely
identify and create transformations using dilations. Students
study the characteristics of figures that have been dilated and
make arguments for when two figures are similar based on the
angle and side length measures.

Coherence

® |n this unit...

Students move beyond rigid transformations to
discover the properties of dilations in the first sub-unit.
Students practice identifying dilations using rulers

or grids to precisely identify the scale factor that
takes one image to the other. Students explore the
characteristics of figures after they have been dilated
by looking at the angle and side measures. This leads
students to a formal definition of the word similar

in Lesson 6, kicking off the second sub-unit. In this
sub-unit, students apply concepts of proportional
reasoning to similar figures — in particular similar
triangles. Their work with similar triangles will lead
them to their first introduction to slope in Lesson 11.

8.G.A.1 8.G.A.2 8.G.A3 8.G.A4 8G.A5 8.G.A 8.EE.B.6

< Previously ...

In Unit 1, students studied rigid transformations. Students gained
experience identifying and creating a sequence of rigid transformations
using mathematical tools and the structure of a grid. Students
deconstructed a straight angle to create a triangle, confirming that the
interior angles of a triangle measure to a sum of 180°.

2> Coming soon...

In this unit, students meet slope. In Unit 3, students really get to know
slope. Using what they have learned about proportional relationships

in Grade 7, students will learn that the constant of proportionality is

the same as the rate of change or the slope of a line. Before long, they
will see that not all lines represent proportional relationships. They will
study these nonproportional linear relationships for the rest of the unit,
exploring representations of linear relationships and using equations to
describe lines and real-world context. This prepares students to examine
systems of linear relationships in Unit 4.

In this unit, students engage in rich tasks that address one or more of these aspects of rigor. The following are examples of how each
pillar is addressed. See each Lesson Brief to learn more about how rigor is balanced throughout the unit.

Conceptual " Procedural Fluency 2 ® Application

°. Understanding Y

Students review the concept of

scaled copies (Lesson 1), before

being formally introduced to dilations
(Lesson 2). With an understanding of
dilations, students later examine the
relationship between scaled copies and
similar figures (Lesson 7).

Students build key skills dilating
polygons on a grid (Lesson 5).
Students use proportional side lengths
of similar triangles to find unknown
side lengths (Lesson 10).

171'
Students apply their knowledge of
dilations to find missing information,
such as the center of dilation, scale
factor, or images of dilation (Lesson 3).
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More Than Meets the Eye

SUB-UNIT SUB-UNIT

1 Lessons 2-5 2 Lessons 6-11
Dilations Similarity
Students explore another type of transformation By investigating the properties of dilated figures,
— dilations — and connect dilations to the rigid students discover that dilated figures are similar. They
transformations they previously studied. They discover formalize the special properties of dilated figures and
how artists use dilations to create perspective drawings learn that similar right triangles can be used to find slope,
and the illusion of 3D imagery. which will be of further importance in upcoming units.

Narrative: The pupils of your eye