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In subsequent lessons, students 
will learn how to perform and 
describe dilations and use all four 
transformations to explore similarity.

In this lesson, students perform and 
describe sequences of two or more rigid 
transformations in the coordinate plane. 
They come to understand that “same 
size and same shape” is another way of 
saying “congruent” and consolidate their 
understanding that rigid 
transformations determine congruence.

Earlier in Grade 8, students learned to 
perform single rigid transformations. 
They observed that the image of a rigid 
transformation has the same size and 
same shape as the original figure. Given 
an original figure and its image after a 
single rigid transformation, students 
identified corresponding sides and 
vertices and the transformation that had 
been performed.

Objectives

Content Objectives
• Understand that a sequence of rigid 

transformations results in a congruent 
image.

• Perform a sequence of transformations in 
the coordinate plane and understand 
how to label the vertices of the 
resulting image. 

• Reason about the order and types of 
transformations needed to map one 
figure onto another, congruent figure.

• Understand that changing the order of a 
sequence of transformations may or may 
not affect the orientation or location of 
the final image.

Language Objectives
• Describe a sequence of transformations 

that map a figure onto a given image.
• Use the term congruent to describe the 

images that are the result of one or more 
rigid transformations. Read the symbol > 
in text as is congruent to. 

• Use the term prime to label and name 
transformed figures. Use prime notation.

• Describe the location and orientation of 
an image resulting from a sequence of 
transformations.

• Use the term reverse order to describe 
a sequence of transformations.

• Justify a response by giving reasons to 
explain a strategy.

Prior Knowledge

• Perform and identify single rigid 
 transformations on the coordinate plane.

• Recognize figures that are the same size 
and same shape.

Vocabulary

Math Vocabulary
congruent (>) same size and shape. Two 
figures are congruent if there is a sequence 
of rigid transformations that maps one 
figure onto the second.

sequence of transformations one or 
more transformations performed in a 
certain order.

Review the following key terms.

reflection a transformation that flips 
(reflects) a figure across a line to form a 
mirror image. This line is called the line of 
reflection.

rotation a transformation that turns 
(rotates) a figure through a given angle and 
in a given direction around a fixed point. 
This point is called the center of rotation.

translation a transformation that moves 
(slides) each point of a figure the same 
distance and in the same direction.

Academic Vocabulary
reverse order the opposite order from the 
previous order.

STANDARDS FOR MATHEMATICAL 
PRACTICE (SMP) 

SMP 1, 2, 3, 4, 5, and 6 are integrated into the 
Try-Discuss-Connect routine.*

This lesson provides additional support for:

7 Look for and make use of structure.

*  See page 1o to learn how every lesson includes 
these SMP.
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Pacing Guide
Items marked with  are available on the Teacher Toolbox.

SESSION 1 Explore Sequences of Rigid Transformations and Congruence (35–50 min)

• Start (5 min) 
• Try It (5–10 min )
• Discuss It (10–15 min)
• Connect It (10–15 min)
• Close: Exit Ticket (5 min)

Additional Practice (pages 47– 48)

 Math Toolkit graph paper, 
protractors, rulers, tracing paper

Presentation Slides 

PREPARE Interactive Tutorial 

RETEACH or REINFORCE Hands-On Activity
Materials For each student: large tangram 
parallelogram, Activity Sheet Graph Paper 

SESSION 2 Develop Performing Sequences of Rigid Transformations (45–60 min)

• Start (5 min) 
• Try It (10–15 min )
• Discuss It (10–15 min)
• Connect It (15–20 min)
• Close: Exit Ticket (5 min)

Additional Practice (pages 53–54)

 Math Toolkit graph paper, tracing 
paper, transparencies

Presentation Slides 

RETEACH or REINFORCE Hands-On Activity
Materials For each student: tangram triangle, 
red and green color pencils, Activity Sheet 
Graph Paper 

REINFORCE Fluency & Skills Practice 

EXTEND Deepen Understanding

SESSION 3 Develop Describing Sequences of Rigid Transformations (45–60 min)

• Start (5 min) 
• Try It (10–15 min )
• Discuss It (10–15 min)
• Connect It (15–20 min)
• Close: Exit Ticket (5 min)

Additional Practice (pages 59–60)

 Math Toolkit graph paper, unit tiles, 
tracing paper, transparencies

Presentation Slides 

RETEACH or REINFORCE Hands-On Activity
Materials For each pair: set of tangrams, red and 
green color pencils, 2 copies of Activity Sheet 
Graph Paper 

REINFORCE Fluency & Skills Practice 

EXTEND Deepen Understanding

SESSION 4 Refine Working with Sequences of Rigid Transformations and Congruence (45–60 min)

• Start (5 min) 
• Monitor & Guide (15–20 min )
• Group & Differentiate (20–30 min)
• Close: Exit Ticket (5 min)

 Math Toolkit Have items from 
previous sessions available for 
students.

Presentation Slides 

RETEACH Hands-On Activity
Materials For each student: medium tangram 
triangle, Activity Sheet Graph Paper 

REINFORCE Problems 4–8

EXTEND Challenge

PERSONALIZE

Lesson 3 Quiz  or 
Digital Comprehension Check

RETEACH Tools for Instruction 

REINFORCE Math Center Activity 

EXTEND Enrichment Activity 
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SESSION 1 

Try It Ask students to describe quilt patterns they have seen in person or in 
pictures. The quilt shown in the photo, Arachne’s Quilt, is named after a woman in 
Greco-Roman mythology who was a great weaver. Arachne challenged Athena, the 
goddess of handicraft, to a weaving contest. According to mythological legend, 
Athena became jealous of Arachne’s talent and destroyed Arachne’s weaving loom. 
Athena then changed Arachne into a spider, resulting in the zoological class of 
spiders being called Arachnida. In an Arachne’s Quilt pattern, the pattern changes 
depending on how the quilt is viewed on a diagonal. 

SESSION 2  

Apply It Problem 5 When the capital letter W is rotated 180˚, its image is the 
letter M. However, when you look closely at the letters W and M in a textbook, they 
may not show this relationship exactly. For example, the outside segments in the 
letter M on this page are nearly vertical, but the outside segments on the letter W 
are more slanted. This is a choice made by the person who designed the font, and it 
determines the way letters are displayed on a page. Font choices change the way a 
block of text looks and feels and can make text easier to read. Ask students to think 
of pairs of letters that might be reflections in some fonts but not in others (for 
example, p and q).

SESSION 3  

Try It The game depicted on the phone screen is similar to that of the game 
Tetris®, designed by Russian programmer Alexey Pajitnov in 1984. The game was 
inspired by a puzzle called polyominoes, which uses wooden shapes made of five 
equal squares to fill a box. Tetris gained its popularity in the early 1990s as it was 
released for game play on various computers and handheld devices. Over 150 
million copies of Tetris have been sold since it was first released. Ask for volunteers 
who have played Tetris or a game similar to it to explain how the game is played.

Connect to Culture
 ➤ Use these activities to connect with and leverage the diverse backgrounds 

and experiences of all students. Engage students in sharing what they 
know about contexts before you add the information given here.
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Connect to Language
 ➤ For English language learners, use the Differentiation chart to scaffold the 

language in each session. Use the Academic Vocabulary routine for academic 
terms before Session 1.

Use with Session 1 Discuss It

Connect to Family and Community
 ➤ After the Explore session, have students use the Family Letter to let their 

families know what they are learning and to encourage family involvement.

Levels 1–3: Listening/Speaking
Read Discuss It as students follow along. 
Explain that whether means if. Paraphrase 
to help students understand the question 
and participate in the conversation. Ask: Are 
pentagon ABCDE and pentagon A0B0C0D0E0 the 
same size? Are they the same shape? How do 
you know?
Have students turn and talk to a partner 
to respond to the Discuss It question. Ask: 
How can you show that the side lengths of the 
figure and final image are the same? Provide 
sentence frames and have them refer to their 
graphs as they answer:

• The pentagons are the same    and    .

• One strategy I used is    .

Levels 2–4: Listening/Speaking
Read Discuss It with students. Discuss the 
meaning of whether. Have students replace 
whether in the question to Say It Another 
Way. Then ask questions to help them 
participate in the conversation: What did 
you have to find out about pentagon ABCDE 
and pentagon A0B0C0D0E0? How did you get to 
the answer?
Have students turn and talk to a partner. 
Provide sentence frames and have them refer 
to their graphs as they answer:

• We had to find out whether    .

• We    and found out that    .

• One strategy we used was    .

Levels 3–5: Listening/Speaking
Have students read Discuss It. Ask them to tell 
the meaning of whether and provide support 
as needed. Have student pairs reread the 
question and Say It Another Way. Monitor 
to make sure the paraphrase is accurate and 
complete. Say: Explain to your partner what 
you need to show to prove two figures are 
the same size. Repeat this for verifying the 
same shape. Then have them respond to the 
Discuss It question with a partner. Encourage 
them to use words from the problem in their 
discussion including side, length, angles, 
measures, right angles, and units. Display the 
words on chart paper and have students use 
them in complete sentences as they explain 
their strategy.
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Dear Family,
This week your student is learning about sequences of transformations. When one 
or more transformations are performed on a fi gure, it is called a sequence of 
transformations.

Your student will be learning how to solve problems like the one below. 

Maria and Brian each perform a reflection 
and a translation on figure C. Maria reflects 
figure C across the x-axis and then 
translates it 8 units down. Brian translates 
figure C 8 units down and then reflects it 
across the x-axis. Will Maria’s and Brian’s 
sequences of transformations map figure C 
onto the same final image C 0?

 ➤ Maria’s Way
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Maria and Brian mapped fi gure C onto diff erent locations in the coordinate plane. 
In this case, performing two transformations in a diff erent order did not map the 
original fi gure onto the same image. The order in which transformations are 
performed can matter.
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Use the next page to start a conversation 
about sequences of transformations.
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LESSON 3 | WORK WITH SEQUENCES OF TRANSFORMATIONS AND CONGRUENCE

Activity Thinking About Sequences 
of Transformations Around You

 ➤ Do this activity together to describe sequences of 
transformations in the real world.

Have you ever rearranged furniture in a room? When you 
move a chair from one side of the room to another, this can 
be described as a sequence of transformations!

How many ways can you describe the movement of 
the furniture between the before and after pictures?
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Explore Sequences of Rigid Transformations and Congruence 
LESSON 3 | SESSION 1 

Purpose
· Explore the idea that a figure generated by a sequence of 

rigid transformations is congruent to the original figure.

· Understand that a sequence of rigid transformations 
including translations, reflections, and rotations does not 
change the size or shape of a figure.

Common Misconception Listen for students who confuse same orientation and 
same shape. They may say the image is not the same shape but what they may mean 
is that the orientation makes the shapes look different. Help students understand 
that shape is maintained even if the orientation is different. 

Select and Sequence Student Strategies
Select 2–3 samples that represent the range of student thinking in your classroom. 
Here is one possible order for class discussion:
• cut-out shapes to model the translations
• traced figures to model the translations
• (misconception) drawings show same size and shape but student concludes 

shape is not the same due to orientation
• drawings in coordinate plane to show the images 

Possible Solutions

All show translations. 

B and C both show translations down.

B shows a reflection across the x-axis.

A and D both show mappings from and to 
 Quadrant I.

WHY? Support students’ facility in identifying 
and describing single transformations in the 
coordinate plane.

CONNECT TO PRIOR KNOWLEDGESTART

©Curriculum Associates, LLC    Copying is permitted.

A B
C D

Start

Same and Different

Q(2, 5) → Q′(2, 7) R(1, 1) → R′(1, ‒1)

S(3, 2) → S′(3, ‒3) T(4, 7) → T′(5, 7)

TRY IT 
Make Sense of the Problem
See Connect to Culture to support student 
engagement. Before students work on Try It, use 
Three Reads to help them make sense of the 
problem. At each read, focus on a new question, 
asking: What is the problem about?, What are you 
trying to find out?, and What are the important 
quantities and relationships in the problem?

DISCUSS IT 
Support Partner Discussion
After students work on Try It, have them respond to 
Discuss It with a partner. Listen for understanding 
that the figures are the same size and shape if:
• one exactly covers the other.
• corresponding sides and corresponding angles 

have the same measures.

SMP 1, 2, 4, 5, 6

SMP 2, 3, 6
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Explore Sequences of Rigid 
Transformations and Congruence

LESSON 3 | SESSION 1 

Previously, you learned how to perform and describe rigid 
transformations. In this lesson, you will learn what happens when 
you perform sequences of one or more rigid transformations.

 ➤ Use what you know to try to solve the problem below.

Arachne’s Quilt is an Amish quilt pattern made of polygons. You can use a coordinate 
plane to plan a quilt. Graph a pentagon with the vertices A(8, 0), B(6, 22), C(6, 26), 
D(4, 24), and E(4, 0). Then to graph another pentagon, follow these steps.

• Translate pentagon ABCDE 4 units to the left to form pentagon A9B9C9D9E9.

•  Rotate pentagon A9B9C9D9E9 90° counterclockwise around the origin to form 
pentagon A0B0C0D0E0. 

Is pentagon A0B0C0D0E0 the same size and shape as pentagon ABCDE?

TRY
IT

Ask: How did you 
decide whether 
pentagons ABCDE and 
A0B0C0D0E0 are the 
same size and shape?

Share: The strategy I 
used was . . .

DISCUSS IT

Math Toolkit graph paper, protractors, rulers, tracing paper

Learning Target SMP 1, SMP 2, SMP 3, SMP 4, SMP 5, SMP 6, SMP 7
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.

45

Possible work:

SAMPLE A

See graph in Sample B. Yes, one figure exactly covers the other.

SAMPLE B
See graph. Yes, corresponding 
sides are equal in length and 
corresponding angles are equal 
in measure.
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Facilitate Whole Class Discussion
Call on students to share selected strategies. Remind 
speakers to project their voices and pause for 
questions as they explain their strategy. To engage 
all students, ask them to turn and talk about how 
they could decide whether the figures are the same 
size and shape.

Guide students to Compare and Connect the 
representations. To emphasize key mathematical 
ideas in students’ explanations, ask others to repeat 
and rephrase the statements.

ASK How do you know that the figure does not 
change size or shape when it is transformed? 

LISTEN FOR I can show that the side lengths of 
pentagon A0B0C0D0E0 are the same as the side 
lengths of pentagon ABCDE using a ruler. I can 
show that the angle measures of pentagon 
A0B0C0D0E0 are the same as the angle measures of 
pentagon ABCDE using a protractor.

CONNECT IT 
 Look Back Look for understanding that the 

original pentagon and transformed pentagon 
are the same size and shape.

 Hands-On Activity
 Model a sequence of transformations.

If students are unsure about whether a figure stays the 
same shape and size when rigid transformations 
change its orientation, then use this activity to help 
them visualize how the transformations affect a figure.

Materials For each student: large tangram 
parallelogram, Activity Sheet Graph Paper 
• Have students draw axes and then trace the 

parallelogram on the coordinate plane and label 
it ABCD.

• Instruct students to translate the tangram down 
2 units, trace it, and label the corresponding 
vertices A9B9C9D9.

• Then have students reflect the parallelogram 
across the y-axis, trace it, and label the 
corresponding vertices A0B0C0D0.

• Ask: Is parallelogram A9B9C9D9 the same size and 
shape as parallelogram ABCD? [yes]

• Ask: Is parallelogram A0B0C0D0 the same size 
and shape as both parallelograms A9B9C9D9 and 
ABCD? [yes]

• Repeat this activity using other combinations of 
two transformations.

DIFFERENTIATION | RETEACH or REINFORCE

SMP 2, 4, 5

1

 Look Ahead Students should recognize that there is no limit to the number of 
transformations in a sequence of transformations. Each time a figure is 
translated, reflected, or rotated, its location and/or orientation may change, but 
the shape and the size of the figure do not change. The number of primes used 
to mark each vertex matches the number of transformations performed.

  Ask a volunteer to rephrase the definitions of sequence of transformations and 
congruent. Support student understanding by having students use these new 
terms to describe their work on the Try It problem.

 Reflect Look for understanding that when one figure maps onto 
another, it will exactly cover it. Therefore, corresponding side lengths will 
be equal and corresponding angle measures will also be equal.

Common Misconception If students state that a figure and its image after 
any sequence of rigid transformations are congruent, but believe they still 
need to measure sides and angles to confirm, then ask them to justify how a 
rigid transformation could have caused a change in a measurement.

3

EXIT TICKETCLOSE

2
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CONNECT IT

 Look Back Is pentagon A0B0C0D0E0 the same size and shape as 
pentagon ABCDE? Explain. 

 Look Ahead You already know that you can transform a figure. You can also 
transform the image of a figure. This is called performing a sequence of 
transformations on a figure. 

a. You can add a prime mark to the vertex labels for each transformation you 
perform to name an image resulting from a sequence of transformations. How 
many transformations were performed to get image X’’’Y’’’Z’’’ ? Explain.

b. Figures that are the same size and shape are congruent. When a figure is 
translated, reflected, or rotated, the image is always congruent to the original 
figure. That means pentagons ABCDE and A9B9C9D9E9 are congruent. 

Read > as is congruent to.

pentagon ABCDE > pentagon A9B9C9D9E9

 Write a congruence statement for pentagons A0B0C0D0E0 and A9B9C9D9E9.

c. Enrico translates figure Q to get figure Q9. Then he rotates figure Q9 to get 
figure Q0. Explain why figure Q and figure Q0 are congruent.

 Reflect How can you use a sequence of transformations to show that one figure 
is congruent to another?

1

2

3

46

Yes; Possible explanation: The sides and angles of pentagon A0B0C0D0E0 
are the same measure as the corresponding sides and angles of 
pentagon ABCDE.

Three; There are three prime marks after each vertex label.

pentagon A9B9C9D9E9 > pentagon A0B0C0D0E0

Figure Q > figure Q9 and figure Q9 > figure Q0 because when a figure is 
translated, rotated, or reflected, the image and the original figure are 
congruent. Because figure Q > figure Q9 and figure Q9 > figure Q0, then 
figure Q > figure Q0.

Possible answer: You can find a sequence of translations, reflections, and 
rotations that maps one of the figures onto the other.
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Support Vocabulary 
Development
Assign Prepare for Sequences of Rigid 
Transformations and Congruence as extra practice 
in class or as homework.

If you have students complete this in class, then use the 
guidance below.

The organizer is in the form of a table, and each row 
corresponds to a separate term. Students should 
recognize that they need to provide their own 
definition for each of the terms translation, reflection, 
and rotation, as well as examples. Reassure students 
that their drawings do not have to be exact. 
Encourage students to use arrows to show each 
transformation. Avoiding shapes with symmetry is 
a good idea because the image of some 
symmetric shapes can look the same after 
different transformations.

Have students work individually to complete the 
graphic organizer. Invite students to share their 
completed organizers, and prompt a whole class 
comparative discussion of the key words in each 
definition of each vocabulary term.

Have students look at the transformation shown on 
the coordinate plane in problem 2 and discuss with 
a partner how to tell which transformation occurred. 
They should note that because the figure is not 
flipped across a line, there is no line of reflection. 
Students should draw the center of rotation.

Problem Notes
 Students should understand that a translation 

slides a figure, a reflection flips a figure across a 
line, and a rotation turns a figure around a 
point. Student responses might include figures 
that could be the result of multiple 
transformations. Encourage students to use 
figures that are clearly the result of the given 
transformation. Students should recognize that 
the shape and size of the figures do not change 
when transformed, but the orientation and 
position may change.

 Students should see that the shape has been 
turned, indicating a rotation. They may not see 
that this image could result from a single 
rotation around the origin, but might think of 
first turning the shape and then translating it.

1

2

Prepare for Sequences of Rigid Transformations and Congruence
LESSON 3 | SESSION 1 

Many architectural designs use transformations 
of figures to create visually appealing patterns. 
These transformations can be seen in floors, 
wallpaper, and exteriors of buildings. Show 
students a tessellated pattern like the one 
shown here. Point to two congruent figures 
and ask students to identify the sequence of 
transformations that could have been used 
to create the pattern. Ask students to think 
of other real-world examples of designs that 
use sequences of transformations to generate 
a pattern.

REAL-WORLD CONNECTION
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LESSON 3 | SESSION 1 Name:

Prepare for Sequences of Rigid Transformations 
and Congruence

 Think about what you know about transformations. Fill in each box. Use words, 
numbers, and pictures. Show as many ideas as you can.

1

A’

x

y

O22

2

4

A

2

Word In My Own Words Examples

translation

reflection

rotation

a. Tell which type of transformation maps figure A onto figure A’. Then draw 
the line of reflection, the center of rotation, or a direction arrow to show 
the type of transformation on the graph. 

b. Describe the transformation in more detail.

2

47

Possible answers:

A rotation; See graph.

Figure A is rotated 90° clockwise around the origin to form image A9.

A’

x

y

O22

2

4

A

2

a transformation that slides a figure

slide

a transformation that flips a figure across 
a line

flip

a transformation that turns a figure 
around a point

turn
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Levels 3–5: Reading/Speaking
Have students read the problem along with 
you. Have them read Kimani’s sequence 
again. Then have them paraphrase it using 
the terms order, first, and second. Have 
partners say their paraphrased sentences 
to each other. Ask: What does it mean to say 
followed by? Have partners discuss. Then 
have them complete this frame for Kimani’s 
sequence using the terms first and second.
• The    transformation is followed by 

the    transformation.
Have them follow the same process for 
Jake’s sequence.

Levels 2–4: Reading/Speaking
Help students understand the problem. 
Begin by reading it aloud. Ask: What does 
order mean? If students aren’t sure, tell them 
that the words first and second tell the order. 
Demonstrate the phrase followed by by doing 
something like taking off a pen cap and 
writing something. Say: First I took off the pen 
cap, then I drew a triangle. Taking off the pen 
cap was followed by writing with the pen. Then 
have students read Kimani’s sequence aloud. 
Have students use the words first and second 
to rephrase Kimani’s sequence. Have students 
use the phrase followed by to describe 
Kimani’s transformations. Follow the same 
process for Jake’s sequence.

Levels 1–3: Reading/Speaking
Help students understand the problem. 
Begin by reading it aloud. Clarify the meaning 
of perform, order, and followed by. Reread 
Kimani’s sequence. Ask: What does she do first? 
second? Explain that this is the order in which 
she does the transformations. Say: The first 
transformation is followed by the second. Have 
students read Jake's sequence and complete 
sentence frames using the names of the 
transformations, order, and followed by.
• First, Jake    figure T. Second, Jake    

figure T. This is the    transformation that 
Jake performs. The first transformation is    
the second transformation.

Read the completed sentences chorally.

Use with Session 2 Picture It/Model It

 Problem 3 provides another look at a sequence 
of rigid transformations. This problem is similar 
to the problem about the Amish quilt pattern. 
In both problems, a sequence of 
transformations is used to generate a second 
figure. Then the figures are compared to 
determine whether they are the same shape 
and size. In this problem, a right triangle is 
graphed and its image is located after a 
reflection and translation. Then a question is 
asked about whether the original figure and 
transformed figure are the same shape and size.

 Students may want to use graph paper to solve.

 Suggest that students use Three Reads, asking 
themselves one of the following questions 
each time:

 • What is this problem about?
 • What is the question I am trying to answer?
 • What information is important?

3

LESSON 3 | SESSION 1
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 The quilt shown has a border made of right triangles and trapezoids.

a. Graph one triangle with vertices at D(24, 0), E(0, 0), and F(0, 28). To locate 
another triangle, follow these steps:

 • Reflect nDEF across the y-axis to form nD9E9F9. 

 • Translate nD9E9F9 8 units up to form nD0E0F0.

 Is nDEF the same size and shape as nD0E0F0? Show your work.

  SOLUTION  

b. Check your answer to problem 3a. Show your work.

3

48

Possible work: 

Original 
coordinate

Reflected across 
the y-axis

Translated 
8 units up

D(24, 0) D9(4, 0) D 0(4, 8)

E(0, 0) E9(0, 0) E 0(0, 8)

F(0, 28) F9(0, 28) F 0(0, 0)

Possible work: 

Yes

y

x
2 4

2

2224

22

24

26

28

4

6

8

F

E

F’

F’’ D’D

D’’

E’

E’’
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Possible Solutions

A is the only reflection across the y-axis and the 
only transformation of triangles.

C is the only translation.

B is the only reflection across the x-axis.

WHY? Support students’ understanding of 
transformations in the coordinate plane.

CONNECT TO PRIOR KNOWLEDGESTART

©Curriculum Associates, LLC    Copying is permitted.

A B
C

Start

Which One Doesn’t Belong?

WHY? Support students in justifying their ideas, 
solutions, and strategies.

HOW? Discuss with students what it means to 
justify ideas. A good justification gives one or 
more reasons why an idea makes sense or why 
an approach or solution is reasonable or 
accurate. A good justification might use a model 
or a diagram to support the ideas. Suggest 
students use these sentence frames to justify 
their responses to Discuss It with a partner and in 
whole class discussion:

• I know my approach works because    .
• My graph shows that    . 

DEVELOP ACADEMIC LANGUAGE

TRY IT 
Make Sense of the Problem
Before students work on Try It, use Say It Another 
Way to help them make sense of the problem. Ask 
students to read the Try It problem with a partner 
and paraphrase the problem with one another to 
confirm understanding before they begin work.

SMP 1, 2, 4, 5, 6

DISCUSS IT
Support Partner Discussion
After students work on Try It, encourage them to respond to Discuss It with a partner. 
If students need support in getting started, prompt them to ask each other questions 
such as:
• What materials did you use to perform this sequence of transformations?
• What surprised you about your answer?

Common Misconception Listen for students who assume Kimani’s and Jake’s final 
images will be the same. As students share their strategies, encourage them to share 
their representations with each other and to compare their conclusions.

SMP 2, 3, 6

Purpose
• Develop strategies for performing a sequence of 

transformations on a figure in different orders and 
comparing final images.

• Recognize that the order in which you perform a 
sequence of transformations on a figure may affect the 
location and orientation of the final image.

Develop Performing Sequences of Rigid Transformations
LESSON 3 | SESSION 2 
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LESSON 3 | SESSION 2 

Develop Performing Sequences of 
Rigid Transformations

 ➤ Read and try to solve the problem below.

Kimani and Jake each perform the same two transformations on figure T, 
but not in the same order. 

•  Kimani’s sequence: A reflection across the y-axis, followed by a 
translation 4 units to the left.

•  Jake’s sequence: A translation 4 units to the left, followed by a 
reflection across the y-axis.

Will both sequences map figure T onto the same final image?

TRY
IT Math Toolkit graph paper, tracing paper, transparency sheets

Ask: How did you 
decide whether both 
sequences map figure T 
onto the same final 
image?

Share: The strategy 
I used was . . . 

DISCUSS IT

y x
2 4 6

22

24

26

T

O

49

Possible work: 

SAMPLE A

y x
2 4 622242628210

22

24

26

O

T

Kimani
Jake

A’’ A’ B’’ B’

Kimani’s sequence: figure T 3 figure A93 
figure A0

Jake’s sequence figure T 3 figure B9 3 
figure B0

 The sequences map figure T onto 
different images.

SAMPLE B

Kimani’s sequence: After reflecting, figure T is 5 units to the left of the 
y-axis. After translating, figure T is 9 units to the left of the y-axis.

Jake’s sequence: After translating, figure T is 1 unit to the right of the 
y-axis. After reflecting, figure T is 1 unit to the left of the y-axis.

Kimani’s final image is farther from the y-axis than Jake’s final image, 
so the sequences do not map figure T onto the same final image.
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Develop

Select and Sequence Student Strategies
Select 2–3 samples that represent the range of 
student thinking in your classroom. Here is one 
possible order for class discussion:
• manipulatives or traced figures to model the 

sequences of transformations
• (misconception) assumption that both sequenc-

es will map figure T onto the same final image 
without demonstrating

• drawings in the coordinate plane to model the 
sequences of transformations

• table of coordinates to model the sequences of 
transformations

Facilitate Whole Class Discussion
Call on students to share selected strategies. Prompt 
students to justify their answer by showing the 
sequences of transformation visually.

Guide students to Compare and Connect the 
representations. Record or post each approach and 
then ask students to discuss which strategies were 
more efficient.

ASK How do each of these representations show 
that Kimani’s and Jake’s sequences do not map to the 
same final image?

LISTEN FOR The graphs show the final images in 
different locations; the list shows different 
coordinates for the vertices of the final image.

Picture It & Model It
If students presented these models, have them 
connect these models to those presented in class.

If no student presented at least one of these 
models, have students first analyze key features of 
the models and then connect them to the models 
presented in class.

ASK How are the final images represented in the 
Picture It and Model It?

LISTEN FOR In the graphs, figures X and Z are the 
final images. In the tables, the coordinates in the 
last column give the vertices of the final images.

For the graphs, prompt students to identify each 
step in the sequence of transformations.
• What do the images labeled T represent?
• What do the dashed images represent?

For the tables, prompt students to identify what 
each column represents.
• Why are the first columns the same?
• What do the second and third columns represent?

LESSON 3 | SESSION 2

 Deepen Understanding
 Using Structure to Understand Sequences of Transformations

Prompt students to consider situations where the order in which a sequence of 
transformations is performed does not matter.

ASK Look at the Try It. Suppose the translation was right instead of left. Will both sequences 
map figure T to the same final image?
LISTEN FOR No, the sequences do not map to the same final image.

ASK Suppose the translation was up or down instead of left or right. Will both sequences 
map figure T to the same final image?
LISTEN FOR Yes, both sequences map to the same final image.

ASK Suppose you are performing two transformations in different orders: a reflection 
across the vertical axis and a translation. If the translation is vertical, does the order in which 
you perform the transformations matter? What if the translation is horizontal? Explain.
LISTEN FOR With a vertical translation, both orders map to the same final figure. When 
the reflection and translation are both vertical, the order in which you perform the 
transformation does not matter. With a horizontal translation, order does matter. 

SMP 7
DIFFERENTIATION | EXTEND
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 ➤ Explore different ways to perform sequences of transformations.

Kimani and Jake each perform the same two transformations on figure T, 
but not in the same order. 

 Kimani’s sequence: A reflection across the y-axis, followed by a 
translation 4 units to the left.

 Jake’s sequence: A translation 4 units to the left, followed by a 
reflection across the y-axis.

Will both sequences map figure T onto the same final image?

Picture It
You can draw each sequence in separate coordinate planes.

y x
2 4 622242628210

22

24

26

O

X W T

y x
2 4 622242628210

22

24

26

O

Z Y T

Model It
You can think about how the coordinates of each vertex change when you perform 
each transformation.

Kimani’s Sequence

Original 
coordinate

Reflected 
across y-axis

Translated 
4 units left

(5, 22) (25, 22) (29, 22)

(7, 21) (27, 21) (211, 21)

(7, 27) (27, 27) (211, 27)

(5, 24) (25, 24) (29, 24)

Jake’s Sequence

Original 
coordinate

Translated 
4 units left

Reflected 
across y-axis

(5, 22) (1, 22) (21, 22)

(7, 21) (3, 21) (23, 21)

(7, 27) (3, 27) (23, 27)

(5, 24) (1, 24) (21, 24)

y x
2 4 6

22

24

26

T

O

50
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CONNECT IT 
Remind students that the sequences of 
transformations are the same in each 
representation. Explain that they will now use those 
representations to reason about sequences of 
transformations.

Before students begin to record and expand on their 
work in Picture It and Model It, tell them that 
problem 2 prepares them to provide the explanation 
asked for in problem 3.

Monitor and Confirm Understanding  
• The final images are in different quadrants and 

have different vertex coordinates.
• The size and shape of the final images remain 

unchanged in both a reflection and a translation.

Facilitate Whole Class Discussion
 Look for understanding that the resulting final 

images will be in the same location.

ASK What is the same about this sequence of 
transformations compared to the sequence in 
the Try It problem? What is different? 

LISTEN FOR Both sequences involve a 
reflection and a translation. The size and 
shape of the final images is the same in both. 
The vertex coordinates of the final images are 
different for the Try It problem and the same 
for problem 2.

 Look for understanding that when a sequence 
of transformations is applied to a figure in 
different orders, the final images may or may 
not differ in location and orientation.

ASK What can you say about the order of a 
sequence and the location and orientation of 
final images?

LISTEN FOR When the transformations are 
performed in a different order, the final image 
may have a new location and a different 
orientation.

 Look for understanding that the size and shape 
do not change.

ASK What can you say about the size and 
shape of a figure and its images?

LISTEN FOR Size and shape do not change, 
so figures and images are congruent.

 Reflect Have all students focus on the 
strategies used to solve the Try It. If time allows, 
have students discuss their ideas with a partner.

SMP 2, 4, 5, 6, 7

1

2

3

4

Develop Performing Sequences of Rigid Transformations
LESSON 3 | SESSION 2 

 Hands-On Activity
 Understand how order affects a sequence of transformations.

If students are unsure whether the order of transformations in a sequence matters, then use 
this activity to help them gain a better understanding of the concept.

Materials For each student: tangram triangle, red and green colored pencils, 
Activity Sheet Graph Paper 
• Have students draw axes, place the tangram triangle in the first quadrant, and trace it.

• Have students reflect the triangle across the y-axis, and then translate it down 3 units. 
Have them trace the piece in red in its new location after each transformation.

• Tell students to put the piece back in its original location and perform the same two 
transformations, but in reverse order, tracing each image in green.

• Ask: Did the order in which you performed the sequence affect where the final image is 
located? [No, the order did not matter. The final images are in the same location.]

• Repeat the activity with a reflection across the x-axis and a translation 1 unit up.

• Ask: Did the order in which you performed the sequence affect where the final image is 
located? [Yes, the order did matter. The final images are in different locations.]

DIFFERENTIATION | RETEACH or REINFORCE
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y

x
2 4 6

2

22

24

26

4

6

O

T

CONNECT IT

 ➤ Use the problem from the previous page to help you understand how an 
image formed by a sequence of transformations compares to the 
original figure.

 a.  Did both sequences map figure T onto the same final image? How do 
Picture It and Model It each show this? 

b. How do you know that both final images are congruent to the original figure T?

 a.  Translate figure T 3 units to the left. Then reflect the image across the 
x-axis. Draw the final image.

b. Then perform these same transformations in reverse order. Draw the 
final image.

c. Do both sequences map figure T onto the same final image? How do 
you know? 

 What can be different about a figure and any of its images after a 
sequence of translations, reflections, and rotations? What always stays 
the same? Why?

 Reflect Think about all the models and strategies you have discussed today. 
Describe how one of them helped you better understand how to perform 
sequences of transformations.

1

2

3

4

51

No; Possible answer: Picture It shows both final images facing the 
same way, but one is farther left than the other. Model It shows that 
the coordinates of the corresponding vertices are different after 
each sequence.

Both Kimani and Jake reflected and translated figure T. Reflections and 
translations, no matter what order you do them in, do not change the 
size and shape of a figure. So, the final images are both congruent to 
figure T. 

Possible answer: An image can be in a different location in the 
coordinate plane or oriented differently than the original figure. The size 
and shape of an image and its original figure are always the same. So, an 
image is always congruent to its original figure.

Responses will vary. Check student responses.

Yes, the vertices of both final images have the same coordinates.

See graph.

See graph.

y

x
2 4 6

2

22

24

26

4

6

O

T

T’
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Apply It
For all problems, encourage students to use a model 
to support their thinking. Reinforce that sometimes 
precision is important; for example, students may 
use coordinates to ensure exact placement of 
vertices so that the lengths of corresponding 
segments will be correct.

 See Connect to Culture to support student 
engagement. Students may generalize by 
stating that translations, rotations, and 
reflections always produce images congruent 
to the original figure. They may also check that 
corresponding sides are equal in length and 
corresponding angles are equal in measure to 
determine whether the figures are congruent.

 Students may refer to the Try It problem to 
support their response. Some students may 
make example tables of coordinates to justify 
their work. Other students may reason their 
responses based on the experiences they have 
had in class and, in these cases, do not have to 
show their work.

5

6

 Students’ solutions should show an understanding of:
• the relationship between the positions of the original and final images 

after a sequence of rigid transformations.
• the fact that congruence is maintained after a sequence of rigid 

transformations.
• the order in which a sequence of transformations is performed may 

result in final images with different locations and orientations.

Error Alert If students’ solutions state that figure Z does not map onto the 
same final image, then suggest they check their work by making a table that 
lists the coordinates of the vertices, similar to the Model It.

7

EXIT TICKETCLOSE

Develop
LESSON 3 | SESSION 2
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x
2 4

2

2224
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4

O

y

y

x
2

2

222426

22

24

4

O

Z

Apply It

 ➤ Use what you learned to solve these problems.

 a.  Rotate the letter W 180° around the origin. Then translate the 
image up 4 units. Draw the final image. What new letter did 
you form?  

b.  Is the new letter congruent to the original letter? Explain. 

 A sequence of transformations is performed on a figure. Then a different sequence 
is performed on the same figure. The resulting images are not in the same 
position. Can they be congruent? Explain. 

 a.  Translate figure Z 3 units to the left. Then translate the image 
5 units down. Draw the image after each transformation. 

b. Now perform the transformations in reverse order. Draw the 
image after each transformation. 

c. Do both sequences map figure Z onto the same final image? 
Explain. 

5

6

7

52

See graph; M.

Yes; M is the final image after a rotation and translation are 
performed on W, so M > W.

Yes; Possible explanation: Translations, reflections, and rotations do not 
change the size and shape of a figure. So, no matter what sequence of rigid 
transformations is performed on a figure, the image will be congruent to 
the original figure. 

See graph.

See graph.

Yes, the final image after both sequences is in the same location and has 
the same orientation.

y

x
2

2

222426

22

24

4

O

Z

Z’

Z’

Z’’

x
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2

2224
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O
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Problem Notes
Assign Practice Performing Sequences of 
Rigid Transformations as extra practice in class 
or as homework.

 Students should demonstrate their ability to 
perform the sequence of transformations in the 
reverse order of the Example. Students should 
be able to explain the similarities and 
differences between the final image in this 
problem and the final image in the Example. 
[Similar: the shape and size are the same; 
difference: the location and orientation are 
different] Medium

1

Practice Performing Sequences of Rigid Transformations
LESSON 3 | SESSION 2 

Fluency & Skills Practice 

Performing Sequences of Rigid 
Transformations

In this activity, students perform a 
sequence of rigid transformations 
and identify the coordinates of the 
vertices of the final image of 
the figure.
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LESSON 3 | SESSION 2 Name:

Practice Performing Sequences of Rigid 
Transformations

 ➤ Study the Example showing how to perform a sequence of 
transformations. Then solve problems 1–4.

Example

Rotate figure A 90° clockwise around the origin 
to form figure B. Then translate figure B 6 units 
down to form figure C. Is figure C congruent to 
figure A? Explain.

x
2 4 6

2

222426

22

4

6

O

y

A

C

B

 Translate figure A from the Example 6 units down to form figure D. Then rotate 
figure D 908 clockwise around the origin to form figure E. Does this sequence 
of transformations map figure A onto figure C in the Example? Explain.

x
2 4 6

2

222426

22

24

4

6

O

y

A

1

Yes, figure C > figure A because 
figure C is the result of a sequence of 
rigid transformations on figure A.

Vocabulary
congruent
same size and shape.

sequence of 
transformations
one or more 
transformations 
performed in a 
certain order.

y

x

2

222426

4

O

A
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No; Possible explanation: Figure E is in Quadrant II and figure C is in 
Quadrant IV.

x
2 4 6

2

222426
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4

6

O

y

A
E

D
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FLUENCY AND SKILLS PRACTICE Name:

LESSON 3

GRADE 8  LESSON 3 Page 1 of 2

Performing Sequences of Rigid Transformations 
Perform the given sequence of transformations on each figure. Write the 
coordinates of the vertices of the final image. Then tell whether the final image 
is congruent to the original figure.

1  Reflect across the x-axis. 
Translate 5 units left.

x

y

O

2

4

6

26 24 22 2 4 6

22

24

26

BC

A

2  Rotate 90° clockwise around the origin. 
Reflect across the x-axis.

D E

F

G

x

y

O

2

4

6

26 24 22 2 4 6

22

24

26

3  Translate 2 units right and 4 units down. 
Rotate 180° around the origin.

O26 24 22 2 4 6

H

K

I

J

L
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6

22
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4  Reflect across the x-axis. Rotate 90° 
counterclockwise around the origin.

O26 24 22 2 4 6
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Use with Session 3 Connect It

 Students may perform the transformations in 
the coordinate plane, drawing the image after 
each transformation, or they may make a table 
showing the original coordinates and the 
coordinates after each transformation. Medium

 Students may perform the transformations in 
the coordinate plane, drawing the image after 
each transformation, or they may make a table 
showing the original coordinates and the 
coordinates after each transformation. Some 
students may measure sides and angles to 
confirm congruence. Medium

 Students may perform the transformations in 
the coordinate plane, drawing the image after 
each transformation, or they may make a table 
showing the original coordinates and the 
coordinates after each transformation. Students 
should recognize figure HJKL is mapped onto 
itself. Challenge

2

3

4

LESSON 3 | SESSION 2

Levels 3–5: Speaking/Writing
Have students read Connect It 
problem 2. Call on a student to act 
out the meanings of horizontal and 
vertical. Have students work in pairs to 
identify and use the terms to describe 
the longest side in figure J and the 
corresponding side of figure J”.

Have students write responses 
individually and then meet with a 
partner to get feedback on the clarity 
of their responses. Allow them to 
revise their work as needed.

Levels 2–4: Speaking/Writing
Read Connect It problem 2 with 
students. Have students look carefully 
at figures J, J’, and J”. Have students 
work in pairs to identify the longest 
side in figure J and the corresponding 
side of figure J”.
Review horizontal and vertical as 
needed. Have partners use the words 
to describe the longest side of J and 
the corresponding side of J”. Offer this 
frame for students' written responses:

• If a side in a figure is    and the 
corresponding side in its image 
is    , then the transformation must 
be    .

Levels 1–3: Speaking/Writing
Read Connect It problem 2 aloud. 
Have students identify figures J, J’, 
and J”. Review longest side and ask 
students to identify the longest side in 
figure J and the corresponding side in 
figure J”.

Use Act It Out to clarify the meanings 
of horizontal and vertical. Ask students 
to describe the longest side of J and 
the corresponding side in J” using the 
terms. Offer these frames for students’ 
written responses:

• The longest side of J is    .
• The corresponding side in J” is    .
• The transformation must be    .

ACADEMIC 
VOCABULARY

A horizontal line is 
positioned from 
side to side. A 
vertical line is 
positioned up 
and down.

Identify means 
to point out and 
name.

The longest side is 
the side that 
extends the 
greatest distance.
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x
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 Reflect nDEF across the y-axis. Then rotate nD9E9F9 908 counterclockwise around 
the origin. What are the coordinates of the vertices of nD0E0F0? Show your work.
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 SOLUTION  

 Translate figure A 8 units to the left to form figure A9. 
Then reflect figure A9 across the x-axis to form figure A0. 
Draw figures A9 and A0. Is figure A congruent to figure A0? 
How do you know?

 Perform the following sequence of transformations on figure HJKL:

 • Rotate figure HJKL 180° around the origin to form figure H9J9K9L9.

 • Reflect figure H9J9K9L9 across the y-axis to form figure H0J0K0L0. 

 • Reflect figure H0J0K0L0 across the x-axis to form figure H-J-K-L-. 

What are the coordinates of the vertices of figure H-J-K-L-? How do the 
vertices of figure H-J-K-L- compare to the corresponding vertices of 
figure HJKL? 
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D0(2, 5), E0(2,0), F0(6, 4)

Yes; Possible answer: The final image of a sequence 
of rigid transformations is congruent to the 
original figure. 

H-(1, 4), J-(4, 2), K-(4, 0), L-(1, 0); Each vertex of the final 
image is the same as the corresponding vertex of the original figure.
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Purpose
• Develop strategies for figuring out a sequence of rigid 

transformations that takes a given figure to another, 
congruent figure.

• Recognize that this can be done by comparing the 
location and orientation of the original figure and its 
final image.

Develop Describing Sequences of Rigid Transformations
LESSON 3 | SESSION 3 

Possible Solutions

A and C have vertical parallel sides. 

B and D have horizontal parallel sides.

A and C are mirror images. A, B, and C appear to be 
congruent, and all are smaller than figure D.

WHY? Support students’ facility with 
comparing orientation and size of figures.

CONNECT TO PRIOR KNOWLEDGESTART

©Curriculum Associates, LLC    Copying is permitted.

A B
C D

Start

Same and Different

WHY? Recognize the special meaning of map 
onto in math.

HOW? Have students discuss the meaning of the 
noun map. Explain that in geometry, map onto is 
a verb meaning to match each point of a figure 
with its corresponding point on an image. Have 
students use map onto as they discuss and write 
about the original figure and image in Picture It.

DEVELOP ACADEMIC LANGUAGE

TRY IT 
Make Sense of the Problem
See Connect to Culture to support student 
engagement. Before students work on Try It, use 
Notice and Wonder to help them make sense of the 
problem. Ask: What do you notice? Record students’ 
responses, making only encouraging comments. 
Then ask: What are you wondering that mathematics 
can answer? Record and discuss responses. Present 
the task in the problem and ask students to look for 
connections between it and the things they noticed 
and wondered about.

SMP 1, 2, 4, 5, 6

DISCUSS IT 
Support Partner Discussion
After students work on Try It, encourage them to respond to Discuss It with a partner. 
Remind them to provide reasons to explain why their strategy makes sense. If 
partners are ready to extend the discussion, ask:
• Is there only one correct way to start?
• What is the one transformation that you think will have to happen to get the shape into 

the space at the bottom?

Error Alert If students try to reflect figure J across the x-axis, then have them consider 
how a reflection would affect the orientation of the figure.

SMP 2, 3, 6, 7
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 ➤ Read and try to solve the problem below.

Paula plays a game on her phone where she needs to fit 
shapes together. Figure J will fit into space J 0 only if the 
figure and the space are congruent. Describe a sequence of 
two transformations that moves the shape into its space.

Develop Describing Sequences of 
Rigid Transformations

LESSON 3 | SESSION 3 

TRY
IT Math Toolkit graph paper, unit tiles, 

tracing paper, transparency sheets

Ask: How did 
you decide which 
transformation to do 
first?

Share: I started by . . .

DISCUSS IT

1:00 PMCarrier 100%
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J

J0

SCORE 143 TIME 0:48
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Possible work:

SAMPLE A

Rotate the figure 90° clockwise 
around the origin, then translate 
the figure 4 units down.

SAMPLE B

Translate the figure 4 units 
down and then rotate its image 
908 clockwise around the vertex at 
the point (0, 24).
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Develop
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Select and Sequence Student Strategies
Select 2–3 samples that represent the range of 
student thinking in your classroom. Here is one 
possible order for class discussion:
• unit cubes to model “translate and rotate” and/or 

“rotate and translate”
• traced figures to model “translate and rotate” and/

or “rotate and translate”
• graphed figures on coordinate planes to model 

“translate and rotate” or “rotate and translate”
• table of coordinates to model “translate and 

rotate” or “rotate and translate”

Facilitate Whole Class Discussion
Call on students to share selected strategies. Remind 
students that when justifying their strategy, they 
can refer to their models as part of their explanation.

Guide students to Compare and Connect the 
representations. Remind students that the speaker 
may have used a different strategy, but to consider 
there may be more than one way to approach 
this problem.

ASK What do you notice is the same or different 
across all the strategies presented?

LISTEN FOR All the strategies used a rotation and 
a translation and have the same final image. The 
order of the transformations may have been 
different. The center of rotation or the direction of 
the translation may have been different.

Picture It
If students presented these models, have students 
connect these models to those presented in class.

If no student presented at least one of these 
models, have students first analyze key features of 
the models and then connect them to the models 
presented in class.

ASK How do the two models compare?

LISTEN FOR Both have a rotation and a 
translation. In the first, the rotation comes first, 
and in the second, the translation comes first.

For the first Picture It, prompt students to discuss 
what J’ represents in the figure.
• How could you transform J to obtain J’?
• Is there more than one correct answer?

For the second Picture It, prompt students to 
discuss what J’ represents in the figure.
• What is the benefit of translating J to the right?
• Around what point would you have to rotate figure J’ 

so that it maps onto J’’?

 Deepen Understanding
  Using Structure to Reason About Sequences of Transformations 

of the Same Type

Prompt students to think about whether using a sequence of translations or a sequence 
of reflections could map figure J’ onto figure J’’.

ASK What needs to happen to figure J so that it maps onto figure J”?
LISTEN FOR The orientation and location of the figure has to change.

ASK Why is it impossible to use only translations to move J onto J''?
LISTEN FOR A translation only changes the location of a figure. Translating a figure will 
not change its orientation, no matter how many translations you perform.

ASK Why would it be impossible to use only reflections across the axes to move J onto J"?
LISTEN FOR No matter how many times you reflect, the longest side of the image will 
always be vertical. You need a rotation to get it horizontal as it is in J”.

SMP 7
DIFFERENTIATION | EXTEND
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 ➤ Explore different ways to map one figure onto another.

Paula plays a game on her phone where she needs to fit 
shapes together. Figure J will fit into space J 0 only if the 
figure and the space are congruent. Describe a sequence of 
two transformations that moves the shape into its space.

Picture It
You can start by rotating. Then you can translate.

x

y
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22 2 4 6

22
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J9

J

J0

Picture It
You can start by translating. Then you can rotate around the origin.
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Develop Describing Sequences of Rigid Transformations
LESSON 3 | SESSION 3 

CONNECT IT 
Remind students that the result of the sequences 
of transformations is the same in each 
representation. Explain that they will now use 
those different representations to reason about 
how to describe a sequence of transformations in 
the coordinate plane.

Before students begin to record and expand on their 
work in Picture It, tell them that problems 2–4 will 
prepare them to provide the explanation asked for 
in problem 5.

Monitor and Confirm Understanding 1  – 3

• Both Picture Its use sequences involving a 
 translation and a rotation.

• The longest side of Figure J needs to become 
horizontal in Figure J’’. This indicates that a 
 rotation is needed.

• A rotation around the origin or around a vertex 
will not put the figure into the correct position, so 
another transformation is needed. 

Facilitate Whole Class Discussion
 Look for an understanding that a reflection 

image would not have the same orientation or 
position as J’’, so more than one additional 
transformation would be needed.

ASK How can you tell that a reflection would 
not work as one of the two transformations?

LISTEN FOR The image after one reflection 
would not have the same orientation as J”, 
and there would be no single additional 
transformation that would match it up 
with J”.

 Look for understanding of how to determine 
what transformations are needed to map one 
figure to another.

ASK How can you determine which 
transformations are needed to map one figure 
to another?

LISTEN FOR I can look at the positions and 
orientations of the figures. For example, if a 
side is horizontal in one figure and vertical in 
another, a rotation will be needed. If one 
figure looks like the other flipped horizontally 
or vertically, then a reflection may be needed. 
If the figures are in different positions, a 
translation may be needed.

 Reflect Have all students focus on the 
strategies used to solve the Try It. If time allows, 
have students discuss their ideas with a partner.

SMP 2, 4, 5, 6

4

5

6

 Hands-On Activity
 Use tangrams to understand sequences of transformations.

If students are unsure about describing sequences of transformations, then use this activity to 
help them visualize the process.

Materials For each pair: set of tangrams, red and green color pencils, 2 copies of Activity 
Sheet Graph Paper 
• Have each student draw axes on the graph paper, select a tangram, and trace it with a 

green pencil. (At least one of the tangram vertices should be at a grid crossing.)

• Have the students use their tangram to perform and document a sequence of two rigid 
transformations, then trace their figure at its final location, using the red pencil.

• Instruct students to exchange papers. Students use the tangrams to explore and find a 
sequence to move from start to finish. They check their findings with their partner. If 
the student performed a different sequence than the one their partner used, discuss 
why this may also be correct.

• If time permits, have students use a different tangram shape and use it to perform the 
same transformations in the same coordinate plane.

DIFFERENTIATION | RETEACH or REINFORCE
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CONNECT IT

 ➤ Use the problem from the previous page to help you understand how to 
describe sequences of transformations.

 Look at both Picture Its. Explain how the figure was transformed in each. 

 Look at the longest side of figure J and the corresponding side of figure J 0. Are the 
sides horizontal or vertical? How could this help you decide whether or not to 
include a rotation in the sequence?

 Why is one rotation around the origin not enough? What else is needed?

 Is it possible to map figure J onto figure J 0 if one or both of the two 
transformations in the sequence is a reflection across an axis? Explain.

 How can comparing a figure and its image help you describe a sequence of 
transformations that shows the two figures are congruent?

 Reflect Think about all the models and strategies you have discussed today. 
Describe how one of them helped you better understand how to solve the 
Try It problem.

1

2

3

4

5

6

57

first Picture It: a rotation 90° clockwise around the origin, followed by a 
translation 4 units down; second Picture It: a translation 4 units to the right, 
followed by a rotation 90° clockwise around the origin

The longest side of figure J is vertical. The longest side of figure J 0 is 
horizontal. Possible answer: A rotation of 90° would map a vertical line onto 
a horizontal line. Reflections across an axis and translations would not.

Possible answer: You can rotate figure J so it faces the correct way, but this 
will still not place it in the J 0 space. You need a translation to move figure J 
into figure J 0.

No; Possible explanation: If you perform a reflection on figure J, the image 
cannot be reflected across an axis, rotated, or translated to figure J 0 with 
one more transformation no matter the order of the transformations.

Possible answer: For irregular figures, I can compare the locations and 
orientations to see how to map one to the other. For regular figures, I 
can match corresponding sides and angles to describe a sequence of 
transformations.

Responses will vary. Check student responses.
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Develop
LESSON 3 | SESSION 3

Apply It
For all problems, encourage students to use a model 
to support their thinking. 

 Students may also specify a 270° clockwise 
rotation around the origin followed by a 
reflection across the y-axis.

 B, D, E, and F are correct. Any of these pairs of 
transformations will map figure A onto figure B.

 A  is not correct. This would map the vertices of 
figure A to (0, 1), (0, 23), (1, 1), (1, 23), which 
would be a rectangle with its longest side 
vertical, not horizontal.

 C  is not correct. This would map the vertices of 
figure A to (0, 21), (24, 21), (0, 0), (24, 0), 
which are the vertices of the original figure A.

7

8

 Students’ solutions should show an understanding that
• the orientations of the figures indicate that a reflection is needed.
• the positions of the figures indicate that a translation is needed.

Error Alert If a student’s solution involves a reflection across the x-axis 
followed by a translation, then have them perform a reflection across the 
x-axis and see what happens. Ask: Is there a single transformation that can map 
your reflected figure onto H”?

9

EXIT TICKETCLOSE
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Apply It

 ➤ Use what you learned to solve these problems.

 Figure P is congruent to figure Q. Describe a sequence 
of transformations that shows this. Show your work.

 SOLUTION  

  

 Figure A and figure B are congruent rectangles. Which sequences of 
transformations show this? Select all that apply.

A Rotate figure A 908 counterclockwise around the origin. Then translate 
the image 1 unit up.

B Translate figure A 4 units right. Then translate the image 1 unit up.

C Translate figure A 1 unit up. Then reflect the image across the x-axis.

D Rotate figure A 1808 around the origin.

E Reflect figure A across the x-axis. Then reflect the image across the y-axis.

F Reflect figure A across the y-axis. Then translate the image 1 unit up.

 Figure H is congruent to figure H0. Describe two 
different sequences of transformations you can use to 
show this.
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Possible answer: a reflection across the y-axis, 
followed by a translation 4 units to the right; 
a translation 4 units to the left, followed by a 
reflection across the y-axis

Possible work: See graph.
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Q

 Possible answer: Rotate figure P 908 counterclockwise around 

the origin and reflect the image across the y-axis.
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Practice Describing Sequences of Rigid Transformations
LESSON 3 | SESSION 3 

Problem Notes
Assign Practice Describing Sequences of 
Rigid Transformations as extra practice in class 
or as homework.

 a.  Basic

 b.  Students may notice that any correct 
sequence must involve a rotation or two 
reflections in order to match the orientations 
of the figures. Medium

 a.  Students should realize they have to use 
translations since they are restricted to one 
type of transformation. They should also 
understand that the order in which they 
perform the translations will not affect the 
final image. Medium

 b.  Students may notice that a correct sequence 
will not involve a rotation because the 
orientation of the figures is the same. 
Medium

1

2

Fluency & Skills Practice 

Describing Sequences of Rigid 
Transformations

In this activity, students identify 
whether the transformation shown 
matches its description, and if not, 
students provide a correct sequence 
of transformations to show that the 
figure and its image are congruent.
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LESSON 3 | SESSION 3 Name:

Practice Describing Sequences of Rigid 
Transformations

 ➤ Study the Example showing how to describe a sequence of transformations. 
Then solve problems 1–3.

Example

Describe a sequence of transformations you 
could use to show that figure W is congruent 
to figure W 0.

Rotate figure W 1808 around the origin. Then 
translate the image 6 units to the right.

 a.  Look at the Example. Perform the same sequence of transformations described 
on figure W 0. How does the image compare to figure W?

b. Describe a different sequence of transformations that you can perform on 
figure W to show that figure W > figure W0. 

 a.  Describe a sequence of 
transformations that you can 
perform on figure G to show that 
figure G > figure H. Use only one 
type of transformation.

b. Describe a sequence of two different types of transformations that 
you can perform on figure G to show that figure G > figure H. 

1

2

Vocabulary
congruent
same size and shape. 

sequence of 
transformations
one or more 
transformations 
performed in a certain 
order.
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Figure W 0 maps back onto figure W; they are the same image.

Possible answer: a translation 6 units to the left, followed by a 
rotation of 1808 around the origin

Possible answer: a translation 
6 units to the right, followed by 
a translation 3 units down

Possible answer: a translation 3 units down, followed by a 
reflection across the y-axis

©Curriculum Associates, LLC Copying permitted for classroom use.

FLUENCY AND SKILLS PRACTICE Name:

LESSON 3

GRADE 8  LESSON 3 Page 1 of 2

Describing Sequences of Rigid Transformations 
Circle all the problems for which the given sequence of transformations on the 
figure does NOT map to the given image. For the circled problems, describe a 
correct sequence of transformations.

1  Reflect across the x-axis.
Rotate 90° clockwise around the origin.
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3  Translate 3 units right and 2 units down.
Rotate 180° around the origin.
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2  Rotate 270° clockwise around the origin.
Reflect across the x-axis.
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4  Reflect across the y-axis.
Translate 1 unit left and 3 units up.
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Use with Session 4 Apply It

Levels 3–5: Listening/Speaking
Have students read Apply It problem 3. Point 
out the words after and followed by. Have 
students turn and talk to a partner to answer 
the following questions:

• What is the order for the transformations?
• What word or words tell if you need to 

translate or reflect first?
Have partners draw the sequence on a 
coordinate plane. Allow time for students to 
think about the sequence. Then ask them to 
take turns and Say It Another Way. Remind 
students to practice active listening and look 
at their partners as they paraphrase.

Levels 2–4: Listening/Speaking
Have students work in pairs to read Apply It 
problem 3. Explain that followed by means 
that one event happens right after another. 
Help students use the phrase in sentences 
and then explain the meaning, for example:

• Cooking dinner is followed by eating. Eating 
happens right after cooking dinner.

• Riding the bus is followed by    . 

•    happens right after    .

Then have students circle the phrase in the 
problem and help them identify the order of 
events. Ask: What is the event that happens 
right after the translation?
• The    happens right after the    .

• The    is followed by a    . 

Levels 1–3: Listening/Speaking
Have students work in pairs to look at the 
graph in Apply It problem 3. Have them 
identify the triangle, each axis, and the units. 
Reword and display the problem, acting out 
terms such as to the left and across as you say: 

• Translate the triangle 6 units to the left. Then 
reflect the figure across the y-axis. What 
image do you get?

Have partners draw the sequence on a 
coordinate plane. Then ask them to compare 
the resulting images to the ones in A–D, and 
say the correct answer:

• The graph with the correct answer is    .

Depending on your students, you might 
discuss how followed by and after show order 
in problem 3.

 a.  Students may recognize that a reflection 
would not make the orientations of the 
triangles match, so a rotation followed by a 
translation would be a better option. Medium

 b.  Students may translate triangle A first and 
then reflect it. Medium

 c.  Students may translate triangle C 3 units left 
and then reflect it across the y-axis. Medium

 d.  Students should recognize that they 
may combine the two sequences from 
problem 3b and problem 3c to map 
figure A onto figure D. Challenge

 e.  Students may reflect across the y-axis first 
and then across the x-axis. Medium

 f.  A reflection across either axis, a translation 
right or down, or a rotation 90° or 270° 
clockwise around the origin would place 
figure A in Quadrant I or in Quadrant III. Since 
figure D is in Quadrant IV, the transformation 
to map figure A onto figure D is a 180° 
rotation. Medium

3

Additional Practice
LESSON 3 | SESSION 3
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 Triangles A, B, C, and D are all congruent.

a. Describe a sequence of transformations that you can 
perform on nB to show that nB > nD. 

b. Describe a sequence of transformations that you can 
perform on nA to show that nA > nC. 

c. Describe a sequence of transformations that you can 
perform on nC to show that nC > nD. 

d. Use your answers to problems 3b and 3c to describe a four-step sequence of 
transformations that you can perform on nA to show that nA > nD. 

e.  Describe a sequence of two transformations that you can perform on nA to 
show that nA > nD. 

f.  What single transformation could you perform on nA to show that nA > nD? 
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Possible answer: a rotation 908 clockwise around the 
origin, followed by a translation 2 units to the right

Possible answer: a reflection across the x-axis, 
followed by a translation 3 units to the right

Possible answer: a reflection across the y-axis, followed by a translation 
3 units to the right

Possible answer: a reflection across the x-axis, followed by a translation 
3 units to the right, followed by a reflection across the y-axis, followed by 
a translation 3 units to the right

Possible answer: a reflection across the x-axis, followed by a reflection 
across the y-axis

A rotation of 1808 around the origin
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Refine Working with Sequences of Transformations and Congruence
LESSON 3 | SESSION 4 

Purpose
• Refine understanding 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.

• Refine understanding of when order matters in 
performing a sequence of rigid transformations.

If the error is . . . Students may . . . To support understanding . . . 

A’’(21, 5)

B’’(24, 6)

C’’(22, 0)

have reflected the triangle across the 
y-axis and then translated it 2 units up.

Ask students to graph the original figure and its image after the reflection. Ask 
them to consider one vertex of the image and think about where its image 
would be after a translation 2 units down. This should help them decide which 
coordinate to add or subtract 2 from in the translation.

A’’(1, 25)

B’’(3, 26)

C’’(2, 0)

have reflected the triangle across the 
x-axis and then translated it 2 units down.

Ask students to visualize each transformation before operating on the coordinates 
of the point. This should help them decide which coordinate will change sign in 
the reflection.

A’’(1, 21)

B’’(3, 22)

C’’(2, 4)

have reflected the triangle across the 
x-axis and then translated it 2 units up.

Suggest that students graph the original triangle and both images, thinking 
carefully about the result of each.

ERROR ANALYSISSTART

WHY? Confirm students’ understanding of 
performing a sequence of transformations 
consisting of a reflection and a translation, 
identifying common errors to address 
as needed.

CHECK FOR UNDERSTANDINGSTART

©Curriculum Associates, LLC    Copying is permitted.

Start

Reflect ABC across the y-axis. 
Then translate it 2 units down. 
What are the coordinates of ABC?

Solution

A’’(21, 1),

B’’(23, 2),

C’’(22, 24)

MONITOR & GUIDE
Before students begin to work, use their responses 
to the Start to determine those who will benefit 
from additional support. Use the Error Analysis 
table below to guide remediation.

Have all students complete the Example and 
problems 1–3, using Consider This and Pair/Share as 
appropriate. Observe and monitor their reasoning 
and guide or redirect students as needed.

©Curriculum Associates, LLC Copying is not permitted. LESSON 3 Work with Sequences of Transformations and Congruence 61

LESSON 3 | SESSION 4 

 ➤ Complete the Example below. Then solve problems 1–9.

Example

Figure N has vertices at (25, 3), (0, 3), (23, 1), and (25, 1). Figure N- 
has vertices at (6, 25), (6, 0), (4, 23), and (4, 25). Describe a sequence 
of three transformations that you can perform on figure N to show 
that figure N > figure N-. 

Look at how you could show your work in the coordinate plane. 
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SOLUTION  

 

 

Apply It

 Figure W is congruent to figure W0. What 
sequence of transformations can you use 
to show this?

CONSIDER THIS . . .
You can use triple prime 
notation to name the 
final image after three 
transformations.

PAIR/SHARE
Could you start with 
a rotation instead of a 
reflection?

1
CONSIDER THIS . . .
Rotations, translations, 
and reflections are types 
of transformations. 

PAIR/SHARE
Will the sequence you 
described map figure 
W0 onto figure W?

Refine Working with Sequences of Transformations 
and Congruence
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Possible answer: Rotate figure W 
90° counterclockwise around the origin. 
Then translate the image 5 units to 
the right.

 Reflect figure N across the y-axis, followed by a rotation 

90° clockwise around the origin, followed by a translation 3 units 

to the right.



Refine
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Example
Guide students in understanding the Example. Ask:
• How did you decide which transformation to 

perform first?
• Compare the horizontal and vertical sides of N and 

N’’’. How could this help you decide whether or not to 
include a rotation in the sequence?

• How could the relationship between the coordinates 
of the original figure and the final image help you 
solve this problem?

Help all students focus on the Example and 
responses to the questions by asking them to agree, 
disagree, or add on to classmates’ responses.

Look for understanding that the sequence of rigid 
transformations can sometimes be performed in a 
different order and still map N onto N’’’.

Apply It
 Students may first rotate figure W and then 

determine a second transformation that will 
map figure W onto figure W’’. Students may also 
translate the original figure to match up one 
corresponding vertex pair, and then rotate the 
image around this point. Students may use 
graph paper, tracing paper, transparencies, or 
manipulatives to perform the transformations. 
DOK 2

 Students may make a table to list the 
coordinates of the vertices after each 
transformation is performed. DOK 1

 C  is correct. Students may draw the sequence 
of transformations in a coordinate plane.

 A  is not correct. This answer is a reflection 
across the y-axis, followed by a translation 
6 units to the left.

 B  is not correct. This answer is a translation 
6 units to the left, followed by a reflection 
across the x-axis.

 D  is not correct. This answer is a reflection 
across the y-axis, followed by a translation 
6 units to the left, followed by a reflection 
across the x-axis. 

 DOK 3

1

2

3

GROUP & DIFFERENTIATE
Identify groupings for differentiation based on the Start and problems 1–3. A 
recommended sequence of activities for each group is suggested below. Use the 
resources on the next page to differentiate and close the lesson.

Approaching Proficiency
• RETEACH Hands-On Activity
• REINFORCE Problems 4, 6, 7

Meeting Proficiency
• REINFORCE Problems 4–8

Extending Beyond Proficiency
• REINFORCE Problems 4–8
• EXTEND Challenge

Have all students complete the Close: Exit Ticket.

LESSON 3 | SESSION 4

Resources for Differentiation are found on the next page.
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 nPQR has vertices P(24, 4), Q(22, 3), and R(25, 2). nPQR is reflected across 
the x-axis and rotated 180° around the origin. What are the coordinates of 
nP0Q0R0? Show your work.

 SOLUTION  

 Which graph shows the image of the triangle 
after a translation 6 units to the left, followed 
by a reflection across the y-axis?
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Kamal chose A as the correct answer. How might he have gotten that answer?

2
CONSIDER THIS . . .
You can think of the 
reflection as forming 
nP’Q’R’.

PAIR/SHARE
If you performed the 
transformations in 
reverse order, would 
the sequence map 
nPQR onto the same 
final image?

3
CONSIDER THIS . . .
Could making a sketch 
help you find the 
answer?

PAIR/SHARE
How can you tell 
whether all of the 
triangles shown are 
congruent to the 
original triangle?
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P0(4, 4), Q0(2, 3), R0(5, 2)

Possible answer: Kamal may have done the translation after the 
reflection instead of before.

Possible work:
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RETEACH • Have students draw axes on the graph paper, place the medium-size tangram triangle on 
the coordinate plane, trace it, and label the vertices A, B, and C. Next to each vertex, have 
students write its coordinates.

• Starting in its original position, have students reflect the tangram triangle across the 
y-axis. Have them trace the triangle and label the image vertices A’, B’, and C’. Next to each 
vertex, have students write its coordinates.

• Ask: How are the coordinates of each image vertex related to the coordinates of the original 
vertices? [The sign of the x-coordinate changes. The y-coordinates are the same.]

• Starting in its new position, have students translate the tangram triangle 2 units up. Have 
them trace the triangle and label the image vertices A’’, B’’, and C’’. Next to each vertex, 
have students write its coordinates.

• Ask: How are the coordinates of each image vertex related to the coordinates of the 
corresponding vertex of nA‘B‘C‘? [The x-coordinates are the same, and the y-coordinates 
are each 2 units greater.]

• As time allows, explore other transformations and describe the effect on the 
image coordinates.

 Hands-On Activity
  Describe how a sequence of 

transformations affects the 
vertices of a figure.

Students approaching proficiency with 
describing a sequence of transformations will 
benefit from observing how transformations 
affect coordinates.

Materials For each student: medium 
tangram triangle, Activity Sheet 
Graph Paper  

Refine Working with Sequences of Transformations and Congruence
LESSON 3 | SESSION 4 

Apply It
 Some students may make a table to list the 

vertices of the original figure and the vertices of 
the image after each transformation. Other 
students may use the graph to visualize the 
transformations without calculating. DOK 2

 B, C, and E are correct. Students may draw the 
sequence of transformations in a coordinate 
plane. nABC is mapped onto nDEF, so they 
are congruent.

 A  is not correct. This is a single transformation 
that does not map nABC onto nDEF.

 D  is not correct. This is a sequence that does 
not map nABC onto nDEF. 

 DOK 2

 B  is correct. Students may draw the sequence 
of transformations in a coordinate plane. 
Figure G’ is mapped onto figure G’’, so they 
are congruent.

 A   is not correct. This sequence does not map 
figure G onto figure G’’.

 C  is not correct. This sequence does not map 
figure G onto figure G’’.

 D  is not correct. This sequence does not map 
figure G onto figure G’’.

 DOK 2

4

5

6
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 Reflect the figure at the right across the y-axis. Then rotate the 
image 180° around the origin. Draw the image after each 
transformation. What single transformation could you perform 
on the figure to get the same final image? 

 nABC > nDEF. Which sequences of transformations can you 
perform on nABC to show this? Select all that apply.

A Rotate nABC 180° around the origin.

B Reflect nABC across the x-axis. Then rotate the image 
90° counterclockwise around the origin.

C Rotate nABC 90° clockwise around the origin. Then reflect the 
image across the x-axis.

D Rotate nABC 90° counterclockwise around the origin. 
Then rotate the image 90° counterclockwise around the origin.

E Reflect nABC across the y-axis. Then rotate the image 
90° clockwise around the origin.

 Figures G and G- are congruent. Which sequence of 
transformations can you perform on figure G to show this? 

A Reflect figure G across the x-axis. Then translate figure G9 
3 units up. Then translate figure G0 6 units to the left.

B Reflect figure G across the x-axis. Then translate figure G9 
6 units to the left. Then translate figure G0 5 units up.

C Rotate figure G 90° counterclockwise around the origin. 
Then translate figure G9 3 units up. Then translate figure G0 2 units to the right.

D Rotate figure G 180° around the origin. Then translate figure G9 5 units up. 
Then translate figure G0 2 units to the right.
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See graph; You could reflect the figure across the x-axis.
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PERSONALIZE

Provide students with opportunities to 
work on their personalized instruction 
path with i-Ready Online Instruction to:

• fill prerequisite gaps.

• build up grade-level skills.

EXTEND

 Challenge
 Solve tessellation problems.

Students extending beyond proficiency will benefit from using a 
sequence of transformations to make a tessellation.

• Explain that a tessellation is an arrangement of shapes in a 
repeated pattern, with no gaps.

• Have students explain how to use a 
sequence of transformations to 
transform figure 1 to create the 
tessellation pattern shown.

• Allow students to create their own 
tessellation pattern starting with any 
triangle or quadrilateral and to share 
their tessellations with the class.

REINFORCE

 Problems 4–8
  Solve sequence of 

transformations problems.

Students meeting proficiency will benefit 
from additional work with proving figures 
congruent using a sequence of 
transformations by solving problems in a 
variety of formats.

• Have students work on their own or with 
a partner to solve the problems.

• Encourage students to show their work.

 Students may graph a possible nXYZ in 
Quadrant I and perform the transformations to 
determine the quadrant where nX’’’Y’’’Z’’’ is 
located. DOK 3

 There are multiple sequences of three 
transformations that map figure R onto figure 
R’”. Any correct sequence must include at least 
one rotation because the horizontal side from 
the original figure is vertical in the final. DOK 2

 Math Journal Look for understanding 
that the sequence of transformations 
includes a rotation and a translation. 
The rotation will give an image with the 
same orientation, and the translation will 
move the image to the correct location. 

Error Alert If students do not include a 
rotation as one of the transformations, then 
have them compare the shortest sides of nS 
and nT.

9

EXIT TICKETCLOSE

 End of Lesson Checklist
INTERACTIVE GLOSSARY Support students by 
suggesting they work with a partner to describe the 
size and shape of two congruent figures.

SELF CHECK Have students review and check off 
any new skills on the Unit 1 Opener.

7

8
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 nXYZ is in Quadrant I. It is rotated 90° counterclockwise around the origin. 
Then nX9Y9Z9 is reflected across the y-axis. Then nX0Y0Z0 is translated 5 units to 
the right. In which Quadrant is nX-Y-Z-? How do you know?

 Figure R > figure R-. Describe a sequence of three transformations you can 
perform on figure R to show this. Show your work.
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 SOLUTION  

  

  

 Math Journal Describe two ways to use transformations to show 
that nS > nT.
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End of Lesson Checklist
  INTERACTIVE GLOSSARY Find the entry for congruent. Draw two pairs of 

congruent figures. Explain how you know they are congruent.

  SELF CHECK Go back to the Unit 1 Opener and see what you can check off.
64

Quadrant I; Possible explanation: After nXYZ is rotated 90° counterclockwise, 
nX9Y9Z9 is in Quadrant II. After nX9Y9Z9 is reflected across the y-axis, 
nX0Y0Z0 is in Quadrant I. Translating nX0Y0Z0 to the right keeps nX-Y-Z- 
in Quadrant I.
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 Possible answer: Rotate figure R 90° clockwise around 

the origin, followed by a translation 8 units to the right, followed by a 

translation 7 units down.

Possible answer: You can map nS onto nT using a rotation 
90° counterclockwise around the origin followed by a translation 
3 units to the left, or you can map nT onto nS using a translation 
3 units to the right followed by a rotation 90° clockwise around 
the origin.

Possible work:
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LESSON 5

Overview | Perform and Describe Transformations Involving Dilations

Later in Grade 8, students will use rigid 
transformations to identify congruent-
angle relationships when parallel lines 
are cut by a transversal. They will also 
use transformations to show that the 
sum of the angle measures of a triangle 
is 180° and to establish the AA criterion 
for similarity of triangles. 

In this lesson, students perform and 
describe dilations and sequences of 
transformations involving dilations in 
the coordinate plane. They learn to 
show that two figures on a coordinate 
plane are similar by describing a 
sequence of translations, reflections, 
rotations, and dilations that maps one 
onto the other.

Earlier in Grade 8, students learned 
that rigid transformations produce 
images that are congruent to the 
original figure, and they learned to 
describe transformations verbally and 
with coordinates.

In the previous lesson, students learned 
that a dilation produces an image that is 
similar to the original figure.

Objectives

Content Objectives
• Perform dilations in the coordinate plane 

with the center of dilation at the origin.
• Understand that when the center of 

dilation is the origin, the coordinates of 
corresponding vertices are proportional.

• Perform sequences of transformations, 
including dilations, in a coordinate plane.

• Understand that two figures are similar if 
one can be mapped onto the other by a 
sequence of transformations.

Language Objectives
• Describe dilating figures by using related 

nouns and adjectives, such as length and 
proportional, in speaking and writing.

• Describe how to find the coordinates of 
the vertices of the image of a dilation 
when the center of dilation is the 
 origin, using the words scale factor and 
multiplication in complete sentences.

• Describe and compare sequences of 
transformations that map a figure onto a 
similar figure by explaining when and if 
the order of transformations matters.

• Use terms congruent and similar 
to  explain why a sequence of 
 transformations results in an image 
that is similar to the original figure.

Prior Knowledge

• Understand how a dilation is used to 
reduce or enlarge a figure.

• Understand that two figures are similar if 
one can be mapped onto the other by a 
sequence of transformations.

• Understand that, in similar figures, 
corresponding angles are congruent and 
corresponding side lengths are 
proportional.

Vocabulary

Math Vocabulary
There is no new vocabulary. Review the 
following key terms.

dilation a transformation that makes a 
scale copy of a figure. A dilation is a 
proportional shrinking or enlargement of 
a figure.

proportional relationship the 
relationship between two quantities where 
one quantity is a constant multiple of the 
other quantity. If the quantities x and y are 
in a proportional relationship, you can 
represent that relationship with the 
equation y 5 kx, where the value of k is 
constant (unchanging).

Academic Vocabulary
prove to use facts to show something is 
true or false.

STANDARDS FOR MATHEMATICAL 
PRACTICE (SMP) 

SMP 1, 2, 3, 4, 5, and 6 are integrated into the 
Try-Discuss-Connect routine.*

This lesson provides additional support for:

3  Construct viable arguments and critique 
the reasoning of others.

7 Look for and make use of structure.

8  Look for and express regularity in 
repeated reasoning.

*  See page 1o to learn how every lesson includes 
these SMP.
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LESSON 5

Overview

Pacing Guide
Items marked with  are available on the Teacher Toolbox.

SESSION 1 Explore Dilations in the Coordinate Plane (35–50 min)

• Start (5 min) 
• Try It (5–10 min )
• Discuss It (10–15 min)
• Connect It (10–15 min)
• Close: Exit Ticket (5 min)

Additional Practice (pages 97–98)

 Math Toolkit graph paper, tracing 
paper, transparency sheets

Presentation Slides 

PREPARE Interactive Tutorial 

RETEACH or REINFORCE Hands-On Activity
Materials For each student: 30 unit cubes, 
Activity Sheet 1-Centimeter Grid Paper 

SESSION 2 Develop Performing Sequences of Transformations Involving Dilations (45–60 min)

• Start (5 min) 
• Try It (10–15 min )
• Discuss It (10–15 min)
• Connect It (15–20 min)
• Close: Exit Ticket (5 min)

Additional Practice (pages 103–104)

 Math Toolkit graph paper, tracing 
paper, transparency sheets

Presentation Slides 

RETEACH or REINFORCE Visual Model
Materials For display: large coordinate plane, 
three-column table

REINFORCE Fluency & Skills Practice 

EXTEND Deepen Understanding

SESSION 3 Develop Describing Sequences of Transformations Involving Dilations (45–60 min)

• Start (5 min) 
• Try It (10–15 min )
• Discuss It (10–15 min)
• Connect It (15–20 min)
• Close: Exit Ticket (5 min)

Additional Practice (pages 109–110)

 Math Toolkit graph paper, tracing 
paper, transparency sheets

Presentation Slides 

RETEACH or REINFORCE Hands-On Activity
Materials For each pair: 5 rubber bands, 
geoboard

REINFORCE Fluency & Skills Practice 

EXTEND Deepen Understanding

SESSION 4 Refine Performing and Describing Transformations Involving Dilations (45–60 min)

• Start (5 min) 
• Monitor & Guide (15–20 min )
• Group & Differentiate (20–30 min)
• Close: Exit Ticket (5 min)

 Math Toolkit Have items from 
previous sessions available for 
students.

Presentation Slides 

RETEACH Hands-On Activity
Materials For each student: 6 straws, 6 chenille 
stems, ruler, Activity Sheet Coordinate Plane: First 
Quadrant 

REINFORCE Problems 4–7

EXTEND Challenge

PERSONALIZE

Lesson 5 Quiz  or 
Digital Comprehension Check

RETEACH Tools for Instruction 

REINFORCE Math Center Activity 

EXTEND Enrichment Activity 
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LESSON 5

Overview | Perform and Describe Transformations Involving Dilations

SESSION 1 

Try It Ask students what types of pages they would want to include in the school 
yearbook if they were on the yearbook committee. A yearbook is a school 
publication that recaps the activities of the previous year. A committee or school 
club usually produces a yearbook. Within that committee, there are writers, editors, 
photographers, and a production/layout team. Once the editors decide which 
photographs to use on a certain page, the layout team will often need to resize the 
pictures to fit on the page. Dilations are used to resize the pictures so that they are 
proportional to the original pictures taken. 

SESSION 2  

Try It Ask students who have created computer graphics to share their 
experiences with the class. Computer graphics are produced for use in the design of 
printed material as well as the moving images seen in animations and electronic 
games. The first types of graphic images were vector graphics, which were 
computer images made with straight lines. These were made by displaying 
coordinates of the endpoints of a line segment and connecting them. Images using 
pixels became prevalent in the late 1970s and 1980s. These images were limited by 
the number of colors that could be included with them. With today’s modern 
graphics cards, a variety of realistic images are now used to simulate objects in the 
fields of science and nature studies. Ask students if they can think of other examples 
where realistic computer graphics are used.

SESSION 4  

Apply It Problem 3 Ask students to share their experiences with holiday cards, 
especially cards they made themselves. Greeting cards have been around for a long 
time. In ancient China, people exchanged messages to celebrate the New Year, and 
in Egypt, people sent papyrus scrolls to mark special occasions. Valentine’s Day cards 
have been exchanged in Europe since the 1400s. Modern greeting cards can pop up 
into complex paper sculptures or play music. Electronic cards include music and 
animation that the user can personalize for any occasion. 

Connect to Culture
 ➤ Use these activities to connect with and leverage the diverse backgrounds 

and experiences of all students. Engage students in sharing what they 
know about contexts before you add the information given here.
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Use with Session 1 Connect It

LESSON 5

Overview

Levels 3–5: Reading/Speaking
Help students interpret Look Ahead 
in Connect It problem 2. Display the 
math term and vocabulary. Have 
students read and locate the terms in 
the problem. Then have them turn to 
a partner to read and respond to 2c. 
Encourage partners to use the words 
origin and original to discuss the 
proportional pattern in each column. 
Have students tell which values they 
used to determine the proportional 
relationship. Listen for accurate 
descriptions of comparing the change 
in x-values and the change in y-values 
for each set of coordinates.

Then have students write their 
responses to problem 2.

Levels 2–4: Reading/Speaking
Help students interpret Look Ahead 
in Connect It problem 2. Display the 
math term and vocabulary. Read the 
problem and have students locate the 
terms. Then read 2c. Have students 
read the table. Have students work in 
pairs to think about how the original 
coordinates change. Help partners 
use the words origin and original to 
discuss the changes. Partners can 
complete these sentences:

• The scale factor is    . 
• I know this because every coordinate 

of the original figure is    by the 
scale factor    to get the 
coordinates of the dilated image. 

Levels 1–3: Reading/Speaking
Help students interpret Look Ahead 
in Connect It problem 2. Review the 
math term and vocabulary. Have 
students look for the terms and 
display the table in 2c as you read the 
problem. Ask students to read the 
vertices for the original figure and the 
image. Ask: Look at the top row and the 
bottom row. How do the coordinates 
change? Help partners use the words 
origin and original to discuss. Ask: 
What is the center of dilation? What do 
you multiply these coordinates by to get 
the new coordinates? Have students 
complete:

• The original coordinates are 
multiplied by the    .

MATH TERM

Origin is the point 
(0, 0) in the 
coordinate plane.

ACADEMIC 
VOCABULARY

Original is 
something that 
happens or exists 
before a change.

Connect to Language
 ➤ For English language learners, use the Differentiation chart to scaffold the 

language in each session. Use the Academic Vocabulary routine for academic 
terms before Session 1.

Connect to Family and Community
 ➤ After the Explore session, have students use the Family Letter to let their 

families know what they are learning and to encourage family involvement.
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Dear Family,
This week your student is learning how to 
perform and describe dilations in the 
coordinate plane. For example, the 
coordinate grid to the right shows nA dilated 
by a scale factor of 0.5. The center of dilation 
is at the origin. nA9 is the resulting image.

Students will use their understanding of 
dilations from the previous lesson to enlarge 
and reduce fi gures in the coordinate plane. 
They will identify the coordinates of the 
vertices of the fi gure’s image, as in the 
problem below.

Rectangle ABCD is dilated by a scale factor of 2. 
The center of dilation is at the origin. What are the 
coordinates of the vertices of the image 
rectangle A9B9C9D9?

 ➤ ONE WAY to fi nd the coordinates of the vertices of the image is to use a table.

ABCD A(2, 2) B(2, 3) C(4, 3) D(4, 2)

A9B9C9D9 A9(4, 4) B9(4, 6) C9(8, 6) D9(8, 4)

 Since the center of dilation is at the origin, you can multiply the original 
coordinates by the scale factor to find the coordinates of the vertices of the image.

 ➤ ANOTHER WAY is to graph the image and identify the 
coordinates of its vertices from the coordinate plane.

Using either method, the coordinates of the vertices 
of the image are the same: A9(4, 4); B9(4, 6); C9(8, 6); 
D9(8, 4).

Use the next page to start a conversation 
about dilations in the real world.
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LESSON 5 | PERFORM AND DESCRIBE TRANSFORMATIONS INVOLVING DILATIONS

Activity Thinking About 
Dilations Around You

 ➤ Do this activity together to investigate 
performing and describing dilations.

Dilations are important in many aspects of 
technology! For example, zooming in on an image 
using a digital camera dilates the real-world image 
and makes it look larger. Zooming out on the image 
dilates it to make it look smaller.

What are other examples of dilations 
you have seen in the real world?
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Purpose
• Explore how the coordinates of a figure are affected by a 

dilation centered at the origin.

• Understand that the coordinates of a figure that is 
enlarged or reduced by a dilation centered at the origin 
can be found by multiplying the coordinates of the 
original figure by the scale factor.

Explore Dilations in the Coordinate Plane

Possible Solutions

A is the only one without two-digit numbers. 

B is the only one with negative coordinates. 

C is the only one where the coordinates of the 
 second point are not twice those of the first point.

D is the only one where the x- and y-coordinates of 
each point are equal.

WHY? Support students’ facility in finding 
patterns among pairs of ordered pairs.

CONNECT TO PRIOR KNOWLEDGESTART

©Curriculum Associates, LLC    Copying is permitted.

A B
C D

Start

Which One Doesn’t Belong?

(3, 2) → (6, 4) (–1, –5) → (–2, –10)

(4, 7) → (10, 13) (7, 7) → (14, 14)

TRY IT 
Make Sense of the Problem
See Connect to Culture to support student 
engagement. Before students work on Try It, use 
Notice and Wonder to help them make sense of the 
problem and the photograph. Listen for 
understanding that the photo is being enlarged, so 
it will take up more space on the coordinate grid.

DISCUSS IT 
Support Partner Discussion
After students work on Try It, have them 
respond to Discuss It with a partner. Listen for 
understanding that:
• vertex A’ is located at the origin.
• vertices B and B’ are both located on the y-axis, 

but vertex B' is further from the origin.
• vertices C and C' are both located on the dashed 

line, but vertex C' is further from the origin.
• vertices D and D’ are both located on the x-axis, 

but vertex D' is further from the origin.

SMP 1, 2, 4, 5, 6

SMP 2, 3, 6, 8

Common Misconception Listen for students who think vertex A’ is not at the origin, 
or that vertices B’ or D’ are no longer on an axis. As students share their strategies, ask 
students to look at the picture of the photo and its enlargement. Have them compare 
the horizontal and vertical side lengths of the photo with the enlargement. Have 
them compare the angles of the photo with the enlargement.

Select and Sequence Student Strategies
Select 2–3 samples that represent the range of student thinking in your classroom. 
Here is one possible order for class discussion:
• graph of enlarged figure used to find coordinates
• (misconception) graph with vertex A’ not at the origin or with vertices B’ or D’ not 

on the axes
• multiplication relationship used to find the coordinates
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Explore Dilations in the 
Coordinate Plane

Previously, you learned about rigid transformations and 
dilations. In this lesson, you will learn about sequences 
of transformations in the coordinate plane involving 
both rigid transformations and dilations.

 ➤ Use what you know to try to solve the problem below.

Malcolm uses a program on his computer to resize photos for the 
yearbook. He drags the top right corner of the photo, represented by 
rectangle ABCD, along the dashed line. This forms the image rectangle 
A9B9C9D9. Malcolm uses a scale factor of 2. The center of dilation is at 
the origin. What are the coordinates of the vertices of image 
rectangle A9B9C9D9?

TRY
IT

Ask: How did you 
get started finding 
the coordinates of 
rectangle A9B9C9D9?

Share: At first I 
thought . . .

DISCUSS IT
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Math Toolkit graph paper, tracing paper, transparency sheets

Learning Target SMP 1, SMP 2, SMP 3, SMP 4, SMP 5, SMP 6, SMP 7, SMP 8
Describe the effect of dilations, translations, rotations, and reflections on two-dimensional figures using coordinates.

95

Possible work: 

SAMPLE A

Length of original sides:

 AD 5 BC 5 3 units; AB 5 DC 5 4 units

Length of image sides:

 A9D9 5 B9C9 5 3 3 2 5 6 units; 
 A9B9 5 D9C9 5 4 3 2 = 8 units

Image coordinates: A9(0, 0); B9(0, 8); C9(6, 8); D9(6, 0)

SAMPLE B

See graph in Sample A. Multiply each side length by 2 and count to 
locate each vertex. Image coordinates: A9(0, 0); B9(0, 8); C9(6, 8); D9(6, 0)
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Facilitate Whole Class Discussion
Call on students to share selected strategies. Remind 
students that good listeners try to understand the 
speaker’s ideas.

Guide students to Compare and Connect the 
representations. Ask a student to rephrase key 
connections between the models to improve 
understanding.

ASK How did [student name] and [student name] 
figure out that the image of point D would be on the 
x-axis?

LISTEN FOR The image of point D must be on the 
ray from the origin (the center of dilation) through 
point D. This ray is the positive x-axis. The photo is 
enlarged by dragging the top right corner, which 
stretches the left and bottom sides along the axes.

CONNECT IT 
 Look Back Look for understanding that the 

sides of the dilated figure are twice as long as 
the sides of the original figure and that the 
horizontal and vertical sides are on the axes.

 Hands-On Activity
 Model a dilation with unit cubes.

If students are unsure about finding the coordinates of 
the vertices of a dilated figure, then use this activity to 
help them visualize how a figure changes with a 
dilation.

Materials For each student: 30 unit cubes, Activity 
Sheet 1-Centimeter Grid Paper 

• Have students draw x- and y-axes on grid paper.

• Have students place unit cubes on the coordinate 
plane to model rectangle ABCD from Try It. Ensure 
understanding that one vertex will remain at the 
origin (the center of dilation).

• Ask: How many cubes long is side AD? [3]

• Ask: After a dilation of scale factor 2, how many 
cubes will be needed for side A’D’? [6]

• Instruct students to extend side AD to 6 units.

• Repeat the questioning for side AB and have 
students extend side AB to 8 units.

• Instruct students to place additional unit cubes 
until the new rectangle is formed.

• Ask: What are the coordinates of point C’? [(6, 8)] 

• Ask: How are the coordinates of point C’ related to 
the coordinates of point C? [Each coordinate of 
point C’ is twice the corresponding coordinate of 
point C.]

DIFFERENTIATION | RETEACH or REINFORCE

SMP 2, 4, 5

1

 Look Ahead Point out that the coordinates of the vertices of the original 
figure can be multiplied by the scale factor to get the coordinates of the vertices 
of the dilated figure because the center of dilation is at the origin. Students 
should recognize that when a figure is enlarged, the scale factor of the dilations 
is greater than 1, and when a figure is reduced, the scale factor of the dilation is 
between 0 and 1.

 Reflect Look for understanding that the coordinates of the vertices of a 
dilated figure can be found by multiplying the coordinates of the vertices 
of the original figure by the scale factor.

Error Alert If students say that the scale factor should be added to the 
coordinates to dilate the figure, then ask them to add 2 units to each side 
length of rectangle ABCD. They will see that the image A’B’C’D’ is not similar to 
the original figure ABCD. Also, point out that factor means something that 
is multiplied.

3

EXIT TICKETCLOSE

2
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CONNECT IT

 Look Back What are the coordinates of the vertices of rectangle A9B9C9D9? 
Describe your strategy for finding them.

 Look Ahead You know that when you dilate a figure, the image is similar to 
the original figure. In similar figures, corresponding angle measures are congruent 
and corresponding side lengths are proportional. When the center of dilation is at 
the origin, the coordinates of the corresponding vertices of a figure and its image 
are also proportional.

a. Compare the coordinates of the vertices of rectangles ABCD and A9B9C9D9  in 
the Try It. What can you multiply each vertex coordinate of figure ABCD by to 
get the corresponding vertex coordinate of figure A9B9C9D9?

b. How could you use the scale factor to find the coordinates of the vertices of 
rectangle A9B9C9D9?

c. The table shows the coordinates of the vertices of 
nDEF and its dilated image nD9E9F9. The center of 
dilation is the origin. What is the scale factor? How do 
you know?

 Reflect You have the coordinates of a figure and a scale factor for a dilation. 
How can you find the coordinates of the image if the center of dilation is at 
the origin? 

1

2

3

DEF D(2, 3) E(6, 4) F(4, 8)

D9E9F9 D9(1,    3 ·· 2   ) E9(3, 2) F9(2, 4)

96

A9(0, 0); B9(0, 8); C9(6, 8); D9(6, 0); Possible answer: The scale factor is 2, so the 
sides of the image photo will be twice as long as the sides of the original 
photo. Multiply each side length by 2 and count to locate each vertex.

2

You could multiply each coordinate of ABCD by the scale factor, 2, to get 
the corresponding image coordinates.

The scale factor is    1 ·· 2    . The x- and y-coordinates of each image vertex are 

half the x- and y- coordinates of each corresponding original vertex. 

Possible answer: Multiply each original coordinate by the scale factor to 
get the corresponding image coordinate.



LESSON 5 | SESSION 1 

DIFFERENTIATION | ENGLISH LANGUAGE LEARNERS

©Curriculum Associates, LLC Copying is not permitted.97 LESSON 5 Perform and Describe Transformations Involving Dilations

Support Vocabulary 
Development
Assign Prepare for Transformations Involving 
Dilations as extra practice in class or as homework.

If you have students complete this in class, then use the 
guidance below.

Ask students to consider the term proportional 
relationship. Students should define the term and 
then write out what they know about proportional 
relationships. For their examples, encourage 
students to include tables, equations, diagrams, 
or models.

Have students work in pairs to complete the graphic 
organizer. Invite pairs to share their completed 
organizers and prompt a whole-class comparative 
discussion of the various examples given for 
proportional relationships.

Have students look at the two pairs of rectangles in 
problem 2 and discuss with a partner how they can 
determine whether corresponding sides are in a 
proportional relationship.

Problem Notes
 Students should understand that when two 

quantities have a proportional relationship, one 
quantity is a constant multiple of the other 
quantity. Student responses might include the 
idea that equivalent quotients represent a 
proportional relationship. Students should 
recognize that proportional relationships can 
be represented with tables, diagrams, 
equations, graphs, and verbal descriptions.

 Students may see that the sides of the 
rectangles on the left have a proportional 
relationship because each side in the larger 
rectangle is 2.5 times as long as the 
corresponding side of the smaller rectangle. 
They should recognize that the sides of the 
rectangles on the right do not have a 
proportional relationship because the 
quotients of corresponding side lengths are 
not equivalent.

1

2

Graphic designers manipulate images such as 
photographs and drawings so that those images 
fit within the constraints of their projects. It is 
important that images are resized in a way that 
preserves their overall visual appeal. If only 
one dimension of a photograph or drawing is 
enlarged or reduced, the resulting image will 
look distorted. Ask students to think of other 
real-world examples when enlarging or reducing 
a graphic might be useful.

REAL-WORLD CONNECTION

Prepare for Transformations Involving Dilations
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Prepare for Transformations Involving Dilations

 Think about what you know about ratios and proportional relationships. Fill in 
each box. Use words, numbers, and pictures. Show as many ideas as you can.

1

 Is there a proportional relationship between the corresponding sides of each pair 
of rectangles?

2 5

3

7.5

A B
6

8

L
4

6

M

2

What Is It?

Examples

What I Know About It

Examples

proportional 
relationship

97

Yes; No

when one quantity is a constant multiple 
of another quantity

Possible answers:

Ken bikes at a rate of 20 miles per hour. 

hours

miles 0 20 40 60 80

0 1 2 3 4

   20 ··· 1    5    40 ··· 2    5    60 ··· 3    5    80 ··· 4   

Equivalent quotients represent a 
proportional relationship.

You can represent proportional 
relationships with tables, diagrams, 
equations, graphs, and verbal 
descriptions.

4
8

5
10

3 6

B
A

   4 ·· 8    5    5 ··· 10    5    3 ·· 6   
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Levels 3–5: Speaking/Writing
Prepare students to write responses to Apply 
It problem 5. Have partners read the problem 
aloud. Have them ask each other questions 
about the transformations in the problem. 
Suggest that they use the words similar, 
congruent, size, and shape as they ask and 
answer. Then have them choose and explain 
the answer to the problem.

Have partners draft and discuss a statement 
that describes the correct answer. As partners 
discuss and write, encourage them to also 
explain why the other choices are not true. 
Encourage students to use both and neither/
nor in their sentences.

Levels 2–4: Speaking/Writing
Help students write responses to Apply It 
problem 5. Have students read the problem 
with a partner. Use Act It Out to have 
students demonstrate each step, using first 
and then to describe the steps. After each 
representation, have students tell what 
happened to the shapes. Have students 
turn to a partner to discuss the definitions 
of similar and congruent figures and decide 
whether the resulting figure is similar, 
congruent, or both. Then help them read and 
discuss the answer choices. Provide support 
with both and neither/nor as needed. Have 
partners write sentences to state and explain 
the correct answer and explain why two of 
the other options are not true.

Answer    is true because    . 

Levels 1–3: Speaking/Writing
Prepare students to respond to Apply It 
problem 5. Read the problem as students 
follow along. Use Act It Out to help students 
demonstrate each step with drawings or 
motions in the air. Help students describe 
the steps using first and then. After each 
representation, ask: Did the figure change 
shape? Did the figure change size? Read the 
answer choices and clarify the meaning of 
both and neither/nor: Both means that the 
triangle is congruent and also similar. Neither/
nor means that the triangle is not congruent 
or similar. Help partners draft and discuss a 
statement for the correct answer:

Answer    is true because    . 

 Problem 3 provides another look at a dilated 
image. This problem is similar to the problem 
about Malcolm resizing photos for the 
yearbook. In both problems, a photo is being 
dilated with the center of dilation at the origin. 
When Malcolm dilated his photo, the photo was 
enlarged. In this problem, the photo is being 
reduced. This problem asks for the coordinates 
of the photo after it is dilated.

 Students may want to use graph paper to solve.

 Suggest that students use Three Reads, asking 
themselves one of the following questions 
each time:

 • What is this problem about?
 • What is the question I am trying to answer?
 • What information is important?

3

Use with Session 2 Apply It
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 Cai uses a computer program to resize photos for the school 

newspaper. She drags the top right corner of the photo, represented 

by rectangle DEFG, along the dashed line to form the image rectangle 

D9E9F9G9. The center of dilation is at the origin. The scale factor is    1 ·· 2    .

a. What are the coordinates of the vertices of image 
rectangle D9E9F9G9? Show your work.

  SOLUTION  

b. Check your answer to problem 3a. Show your work.

3

xO 8 10

4

2

2 4 6

6

8
E

D G

Fy

98

Original 
coordinate

Multiply each 
coordinate by    1 ·· 2    Image coordinate

D(0, 0) 0 3    1 ·· 2    5 0; 0 3    1 ·· 2    5 0 D9(0, 0)

E(0, 8) 0 3    1 ·· 2    5 0; 8 3    1 ·· 2    5 4 E9(0, 4)

F(10, 8) 10 3    1 ·· 2    5 5; 8 3    1 ·· 2    5 4 F9(5, 4)

G(10, 0) 10 3    1 ·· 2    5 5; 0 3    1 ·· 2    5 0 G9(5, 0)

D9(0, 0); E9(0, 4); F9(5, 4); G9(5, 0)

Possible answer:

xO 8 10

4

2

2 4 6

6

8
E

D G

Fy

E’

D’

F’

G’

Possible work: 

Length of original sides: 

DG 5 EF 5 10 units; DE 5 GF 5 8 units

Length of image sides: 

D9G9 5 E9F9 5 10 3    1 ·· 2    5 5 units; D9E9 5 G9F9 5 8 3    1 ·· 2    = 4 units
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Solutions

A is sometimes true.

B is always true.

C is never true.

D is never true.

WHY? Support students’ facility with 
recognizing the properties of transformations.

CONNECT TO PRIOR KNOWLEDGESTART

©Curriculum Associates, LLC    Copying is permitted.

A

B

C

D

Always, Sometimes, Never
T is a scalene triangle.

Start

A translation changes the orientation of T.

A rotation changes the orientation of T.

A reflection changes the orientation of T.

A dilation changes the orientation of T.

WHY? Support students in making 
connections between their strategy and their 
partner’s strategy.

HOW? After partners share their strategies in 
Discuss It, ask them to talk about how their 
approaches are alike and how they are different. 
Provide sentence starters to support students as 
they describe relationships, such as: 
• My ideas relate to    ’s ideas because    .

DEVELOP ACADEMIC LANGUAGE

TRY IT 
Make Sense of the Problem
See Connect to Culture to support student 
engagement. Before students work on Try It, use 
Notice and Wonder to help them make sense of the 
problem. Ask students what they notice, both in the 
graph and in the problem statement, and record 
their responses. Ask students what they wonder 
about the situation and record their responses. 
Come back to the lists and note the details that 
turned out to be important in solving the problem.

SMP 1, 2, 4, 5, 6

DISCUSS IT 
Support Partner Discussion
After students work on Try It, encourage them to respond to Discuss It with a partner.
If students need support in getting started, prompt them to ask each other questions 
such as:
• How did you find the location of the reflected image?
• How did you find the location of the final dilated image?

Common Misconception Listen for students who think that dilations are always 
enlargements. Ask them how the scale factor affects the size of an image. Students 
should recall that the side lengths of the original figure are multiplied by the scale 
factor to get the side lengths of the image. Ask students how multiplying the side 

lengths by the scale factor    1 ·· 2    will affect the size of a figure. Students should realize 

that the sides of the image will be half the length of the sides of the original figure, 
so the figure will be reduced.

SMP 2, 3, 6

Purpose
• Develop strategies for performing sequences of 

transformations that involve dilations in the 
coordinate plane.

• Recognize that for a sequence of transformations 
that may involve dilations, the image is similar to the 
original figure.

Develop Performing Sequences of Transformations Involving Dilations
LESSON 5 | SESSION 2 
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Develop Performing Sequences of 
Transformations Involving Dilations

 ➤ Read and try to solve the problem below.

Abran is learning to program graphics on a computer. He draws 

nABC and reflects it across the x-axis to form nA9B9C9. Then he 

dilates nA9B9C9 using a scale factor of    1 ·· 2    with the center of dilation at 

the origin. The final image is nA0B0C0. What are the coordinates of 

the vertices of nA0B0C0?

TRY
IT

Ask: Why did you 
choose that strategy to 
find the coordinates of 
nA0B0C0?

Share: I knew . . . so 
I . . .

DISCUSS IT

x
2 4 86

2

22

24

26

A B

C

y

O

Math Toolkit graph paper, tracing paper, transparency sheets

99

Possible work:

SAMPLE A

reflect across x-axis: A9(2, 2); B9(6, 2); C9(4, 6)

Each vertex of nA0B0C0 must be on a ray 
through the origin and its corresponding 
vertex on nA9B9C9. I drew nA0B0C0 similar 
to nA9B9C9 with sides half as long on 
tracing paper. I placed nA0B0C0 on the 
graph so that corresponding vertices were 
on the correct rays.

A0(1, 1); B0(3, 1); C0(2, 3)

SAMPLE B

See graph in Sample A. Reflect across the x-axis to get A9(2, 2); B9(6, 2); 

C9(4, 6). Multiply each coordinate by    1 ·· 2    to get A0(1, 1); B0(3, 1); C0(2, 3).

C’

2 4 86

2

4

6

22

24

26

x

y

O

A B

C

A’’
B’’

B’

C’’
A’
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Develop
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Select and Sequence Student Strategies
Select 2–3 samples that represent the range of 
student thinking in your classroom. Here is one 
possible order for class discussion:
• tracing paper or transparency sheets used to 

locate both images on the grid
• (misconception) graphs that show an 

 enlargement of the original figure
• combined use of graphs and multiplication used 

to find the coordinates of the final image
• table showing the coordinates of the vertices of 

the three triangles

Facilitate Whole Class Discussion
Call on students to share selected strategies. Prompt 
students to connect strategies by showing how they 
are alike and how they are different.

Guide students to Compare and Connect the 
representations. Allow individual think time for 
students to process the ideas.

ASK How does each student’s model show the 
reflection and dilation?

LISTEN FOR The graph shows the actual images. 
The table shows the ordered pairs of the vertices 
of the images.

Model It & Picture It
If students presented these models, have 
students connect these models to those presented 
in class.

If no student presented at least one of these 
models, have students first analyze key features of 
the models, and then connect them to the models 
presented in class.

ASK How are the representations in Model It and 
Picture It related?

LISTEN FOR Both represent the original figure 
and the image of each transformation.

For the table, prompt students to connect the 
column headings to the changes in the vertices.
• What pattern is used to find the coordinates of the 

image after reflecting it across the x-axis?
• What operation can be used to find the coordinates 

of the image after the dilation?

For the graph, prompt students to think about how 
the final image is related to the original figure and 
the image of the reflection.
• How are the size and shape of the final image related 

to those of the original triangle? Why?
• What has to be true about rays drawn from the 

origin through vertices A’, B’, and C’?

 Deepen Understanding 
 Analyzing Sequences of Transformations Involving Dilations

Prompt students to consider how changing the order of the transformations would affect 
the final image.

ASK How would the table in Model It change if the dilation had been applied before the 
reflection? Would the final image be the same?
LISTEN FOR The second and third column headings would be switched. The 
coordinates in column 2 would be (1, 21), (3, 21), (2, 23). The coordinates in column 3 
would match those in the current table. The final image would be the same.

ASK What would happen if this were a translation of 4 units up followed by the same 
dilation? Would switching the order of these transformations change the image?
LISTEN FOR Translating and then dilating gives final coordinates (1, 1), (3, 1), (2, 21). 
Dilating and then translating gives (1, 3), (3, 3), (2, 1). The images are not the same.

Generalize Challenge students to explain why order matters in the second case. They 
may say translating and then dilating adds to the y-coordinate and then multiplies it by 
the scale factor. Dilating then translating multiplies the y-coordinate and then adds to 
the y-coordinate.

SMP 3
DIFFERENTIATION | EXTEND
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 ➤ Explore different ways to perform a sequence of transformations 
involving dilations.

Abran is learning to program graphics on a computer. He draws 

nABC and reflects it across the x-axis to form nA9B9C9. Then he 

dilates nA9B9C9 using a scale factor of    1 ·· 2    with the center of dilation at 

the origin. The final image is nA0B0C0. What are the coordinates of 

the vertices of nA0B0C0?

Model It
You can use what you know about how coordinates change for 
different transformations. 

Original After reflection After dilation

(2, 22) (2, 2) (1, 1)

(6, 22) (6, 2) (3, 1)

(4, 26) (4, 6) (2, 3)

Picture It
You can show both transformations in the coordinate 
plane. 

Use the coordinates from your table to draw each 
transformation.

2 4 86

2

4

6

22

24

26

A B

C

A’’ B’’

B’

C’’

C’

A’

x

y

O

x
2 4 86

2

22

24

26

A B

C

y

O

100
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CONNECT IT 
Remind students that the coordinates of the vertices 
of the original figure and of both images are the 
same in each representation. Explain that they will 
now use those vertices to reason about the effects 
of performing a sequence of transformations 
involving a dilation.

Before students begin to record and expand on their 
work in Model It & Picture It, tell them that 
problem 1 will prepare them to provide the 
explanations asked for in problem 2.

Monitor and Confirm Understanding 
When the original figure is reflected across the 
x-axis, the x-coordinates of the vertices remain 
the same, but the y-coordinates change to 
their opposites.

The coordinates of the vertices of the reflected 

figure can be multiplied by    1 ·· 2    to get the coordinates

of the vertices of the dilated image.

Facilitate Whole Class Discussion
 For the first question in part a, look for 

understanding that the original and reflected 
images are congruent.

ASK How do the size and shape of the original 
figure and the reflected image compare?

LISTEN FOR They have the same size and 
shape, therefore they are congruent.

 For the second question in part a, look for 
understanding that the reflected and dilated 
images are similar.

ASK How do the size and shape of the reflected 
image and the dilated image compare?

LISTEN FOR They are the same shape but 
differ in size. The side lengths are 
proportional; therefore, they are similar.

 For part b, look for understanding that the 
original and final images are similar.

ASK How do the size and shape of the original 
figure and the final image compare?

LISTEN FOR They are the same shape but 
differ in size. They are similar.

 Reflect Have all students focus on the 
strategies used to solve the Try It. If time allows, 
have students discuss their ideas with a partner.

SMP 2, 4, 5, 6

1

2

3

 Visual Model
 Model sequences of transformations that include a dilation.

If students are unsure about performing sequences of transformations involving dilations, 
then use this activity to increase their level of confidence.

Materials For display: large coordinate plane, three-column table

• Title the table columns nABC, nA'B'C', nA''B''C''. Draw a triangle with vertices at A(2, 3), 
B(6, 2), and C(4, 5). Label the vertices A, B, and C; and have volunteers come up and 
write in the ordered pair for each vertex in the table.

• Ask: If you dilate nABC using a scale factor of 2 and a center of dilation at the origin, what 
are the coordinates of nA'B'C'? How do you get this answer? [A'(4, 6), B'(12, 4), C'(8, 10); 
Multiply the coordinates of each vertex by 2.] 

• Have volunteers come up to fill in the nA'B'C' column of the table and draw nA'B'C'.
• Ask: If you translate nA'B'C' to the left 6 units, what are the coordinates of nA''B''C''? How 

do you get this answer? [A''(–2, 6), B''(6, 4), C''(2, 10); Subtract 6 from the x-coordinate of 
each vertex.]

• Have volunteers come up to fill in the nA''B''C'' column of the table and draw nA''B''C''.

DIFFERENTIATION | RETEACH or REINFORCE

LESSON 5 | SESSION 2 

Develop Performing Sequences of Transformations Involving Dilations
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CONNECT IT

 ➤ Use the problem from the previous page to help you understand how to 
perform a sequence of transformations involving dilations.

 a.  Look at Model It. Describe how the coordinates of the vertices change from 
nABC to the reflected figure nA9B9C9.  

b. Describe how the coordinates of the vertices change from nA9B9C9 to the 
dilated figure nA0B0C0. What are the coordinates of the vertices of nA0B0C0? 

 a. Is nA9B9C9 similar to nABC? Is nA0B0C0 similar to nA9B9C9? Explain. 

b. Is nA0B0C0 similar to nABC? Explain.

 Reflect Think about all the models and strategies you have discussed today. 
Describe how one of them helped you better understand how to perform 
sequences of transformations involving dilations. 

1

2

3

101

Corresponding x-coordinates stay the same. The y-coordinate of each 
image vertex is the opposite of the corresponding y-coordinate. 

Each coordinate of the dilated figure is half the corresponding 
coordinate of the reflected figure. A0(1, 1); B0(3, 1); C0(2, 3).

Yes; Yes; Possible explanation: nA9B9C9 is a reflection of nABC, so the two 
triangles are congruent. Congruent figures are also similar. nA0B0C0 is a 
dilation of nA9B9C9, so the two triangles are similar. 

Yes. Possible explanation: nABC is congruent to nA9B9C9, so their 
corresponding angles are congruent and their corresponding side 
lengths are congruent. Since nA0B0C0 is similar to nA9B9C9, it will also 
be similar to a figure that is congruent to nA9B9C9. 

Responses will vary. Check student responses.



©Curriculum Associates, LLC Copying is not permitted. 102LESSON 5 Perform and Describe Transformations Involving Dilations

Apply It
For all problems, encourage students to use a model 
to support their thinking. Allow some leeway in 
precision in the graphs of images. Vertices should 
be correctly located, but line segments may be 
hand-drawn.

 Students can think about how the 
transformations change coordinates to figure 
out where the final image should be located. 
When a figure is rotated 90° clockwise around 
the origin and then dilated by a scale factor of 
2, the coordinates change from (x, y) to (y, 2x) 
to (2y, 22x). So, for example, point P has 
coordinates (25, 3), so the final image P” has 
coordinates (2 • 3, 22 • 25), or (6, 10).

 A  is correct. In a dilation, the shape remains 
the same. However, because the scale factor 
is less than 1, the size of the shape is 
reduced.

 B  is not correct. The triangles have the same 
shape, but they are not the same size due to 
the dilation. Therefore they are not 
congruent.

 C  is not correct. While the triangles have the 
same shape, they are not the same size. 
Therefore they are not congruent.

 D  is not correct. The triangles are not 
congruent since they are not the same size, 
but they are similar since one is a result of a 
sequence of transformations on the other.

4

5

 Students’ solutions should show an understanding of:
• performing a sequence of transformations involving a dilation, using a 

strategy of their choice.
• the order in which to apply the transformations, based on the verbal 

description and prime notations that are provided.

Error Alert If students perform the translation on the original figure instead 
of on the image of the dilation, have them read the problem aloud. Point out 
that it says that Dario translates the image 3 units up. Make sure students 
understand that this refers to the image of the dilation, which is nJ9K9L9.

6

EXIT TICKETCLOSE

Develop
LESSON 5 | SESSION 2
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Apply It

 ➤ Use what you learned to solve these problems.

 Grace wants to rotate PQRS 90° clockwise around the origin 
to form figure P9Q9R9S9. Then she wants to dilate the image 
using a scale factor of 2 and the origin as the center of 
dilation to form figure P0Q0R0S0. Grace’s graph is shown. 
What mistake did Grace make? What are the correct 
coordinates of the vertices of figure P0Q0R0S0?

 Two transformations are performed on nX in the coordinate plane. First, nX is 

rotated 90° counterclockwise around the origin to form image nX9. Then nX9 is 

dilated using a scale factor of    3 ·· 4    with the center of dilation at the origin to form 

image nX0. Which statement about nX and nX0 is true?

A nX is similar to nX0.

B nX is congruent to nX0.

C nX is both congruent and similar to nX0.

D nX is neither congruent nor similar to nX0.

 Dario dilates nJKL in the coordinate plane using a scale factor of 
0.5 and a center of dilation at the origin. He labels the image 
nJ9K9L9. Then he translates the image 3 units up to form nJ0K0L0. 
What are the coordinates of the vertices of nJ0K0L0? 
Show your work.

 SOLUTION  

4

5
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2 4210 28 26 24 22
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Possible answer: Grace dilates the original figure PQRS 
instead of dilating the image figure P9Q9R9S9. 

Correct coordinates: P0(6, 10); Q0(6, 4); R0(2, 4); S0(2, 10)

J0(23, 5); K0(1, 7); L0(1, 1)

Possible work:

Original After dilation After translation

(26, 4) (23, 2) (23, 5)

(2, 8) (1, 4) (1, 7)

(2, 24) (1, 22) (1, 1)



DIFFERENTIATION | ENGLISH LANGUAGE LEARNERS

©Curriculum Associates, LLC Copying is not permitted.103 LESSON 5 Perform and Describe Transformations Involving Dilations

Problem Notes
Assign Practice Performing Sequences of 
Transformations Involving Dilations as extra 
practice in class or as homework.

 Some students may solve the problem 
without making a graph. They may just 
consider the effect of each transformation on 
the vertices. Basic

1

Practice Performing Sequences of Transformations Involving Dilations
LESSON 5 | SESSION 2 

Fluency & Skills Practice 

Performing Sequences of 
 Transformations Involving 
 Dilations

In this activity, students practice 
performing sequences of 
transformations that involve rigid 
transformations and dilations. They 
identify errors made in sample work 
and then choose a quadrilateral and 
a sequence of transformations to 
correct the errors.
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LESSON 5 | SESSION 2 Name:

Practice Performing Sequences of 
Transformations Involving Dilations

 ➤ Study the Example showing how to perform a sequence of transformations 
involving dilations. Then solve problems 124.

Example

Lamont designs obstacles for a skate park. He draws 
trapezoid WXYZ in the coordinate plane. Then he 
reflects trapezoid WXYZ across the y-axis to form 
image W9X9Y9Z9. Then he dilates the image to form 
trapezoid W0X0Y0Z0. He uses a scale factor of 1.5 
and a center of dilation at the origin. What are the 
coordinates of the vertices of trapezoid W0X0Y0Z0? 

X’’

X’ W’

Z’Y’
Y’’

W’’

Z’’

W X

Z Y

x

y

2 4 6210 28 26 24 22

2

4

6

8

O

The coordinates are W0(26, 9); X0(29, 9); Y0(29, 3); Z0(23, 3).

 Rani dilates figure ABCD to form figure A9B9C9D9. She uses a 

scale factor of    3 ·· 4    and a center of dilation at the origin. Then she 

translates the image up 7 units to form figure A0B0C0D0. 

What are the coordinates of the vertices of figure A0B0C0D0? 

Show your work. 

 SOLUTION  

1

2

4

6 W X

YZ

2 4 6
x
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x
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A B
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A0(23, 4); B0(6, 4); C0(6, 1); D0(23, 1)
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A’’ B’’
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Possible work: See graph.
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FLUENCY AND SKILLS PRACTICE Name:

LESSON 5

GRADE 8  LESSON 5 Page 1 of 2

Performing Sequences of Transformations 
Involving Dilations
For each figure, give the coordinates of the image after each step of the sequence 
of transformations is performed.

1  Dilate nABC by a scale factor of 2 with the center of 
dilation at the origin to form nA9B9C9. Then translate 
the image 4 units up to form nA0B0C0.

A9B9C9 A0B0C0

2  Reflect rectangle DEFG across the 

y-axis to form D9E9F9G9. Then dilate 

the image by a scale factor of    1 ·· 3    

with the center of dilation at the 

origin to form D0E0F0G0. 

D9E9F9G9 D0E0F0G0

10

12

14

8

6

4

2

0
0 2 4 6 8 10 12 14

x

y

A

B

C

x

y

O

6

8

10

12

14

2

22

24

26

28

210

212

214

4

2628210212 24 22 2 4 6 8 10 12

FG

ED



Additional Practice

DIFFERENTIATION | ENGLISH LANGUAGE LEARNERS

104LESSON 5 Perform and Describe Transformations Involving Dilations©Curriculum Associates, LLC Copying is not permitted.

Use with Session 3 Apply It

Levels 3–5: Listening/Speaking
Help students discuss and interpret Apply It 
Problem 6. Have students use Three Reads 
with a partner to make sense of the problem. 
Display the following steps on the board:

First read: Take turns to explain what the 
problem is about.

Second read: Discuss what you need to find 
out and compare the steps in the answer 
choices.

Third read: Discuss the important information 
for answering the problem.

Have students solve the problem 
independently, then compare and discuss 
their answers with their partner.

Levels 2–4: Listening/Speaking
Help students discuss and interpret Apply 
It problem 6. Read the problem aloud as 
students follow along. Use the chart from 
Levels 1–3 as needed. Modify Three Reads to 
help students make sense of the information 
in the problem.

After the first read, call on volunteers 
to explain what the problem is about. 
Encourage students to add on to a volunteer’s 
answer using mathematical vocabulary.

After the second read, have students draw 
and label nABC.

After the third read, have partners work 
together to solve the problem by drawing 
and labeling the figures that represent 
each choice.

 Students may locate the images by considering 
how each transformation affects the 
coordinates of the vertices. Medium

 Students may plot point E or a triangle with 
vertex E on a coordinate plane and perform the 
transformations. Medium

 Students should demonstrate their knowledge 
that translations, rotations, and reflections 
maintain congruence, which also means they 
maintain similarity. Dilations maintain similarity, 
but not congruence (unless the scale factor 
is 1). Medium

2

3

4

LESSON 5 | SESSION 2

Levels 1–3: Listening/Speaking
Help students discuss and interpret 
Apply It problem 6. Read the problem aloud. 
Display the following chart and have students 
use it to help select the correct answer. Have 
partners draw and label the figures for each 
choice.

A.  Rotate 90° clockwise. Dilate by scale 
factor of 4.

B.  Rotate 90° counterclockwise. Dilate by 
scale factor of 4.

C.  Rotate 90° clockwise. Dilate by scale 

 factor of    1 ·· 4    .

D.  Rotate 90° counterclockwise. Dilate by 

 scale factor of    1 ·· 4    .
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 Cyrus plans a design to paint on his bass drum. He 
starts with figure P and translates it 3 units to the 
right to form figure P9. Then he reflects figure P9 
across the y-axis to form figure P0. Then Cyrus dilates 
figure P0 using a scale factor of 2 to form figure P-. 
The center of dilation is at the origin. Draw figures 
P9, P0, and P- in the coordinate plane.

x

y

O 2 4 6 8 10210 28 26 24 22
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P

 nEFG is translated 3 units to the left. Then the image is dilated by a scale factor of 
0.5 to form nE”F”G”. The center of dilation is the origin. Vertex E is located at 
(5, 26). What are the coordinates of vertex E0? Show your work.

 SOLUTION  

 Indira uses an app to add a photo to a poster. She rotates the photo. Then she 
dilates the image using a scale factor of 3 and a center of dilation at the origin. 
Tell whether each statement is True or False.

True False

a. The original photo is congruent to the final image.

b. The original photo is congruent to the rotated photo.

c. The original figure is similar to the rotated photo.

d. The original photo is similar to the final image.

2

3

4
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Possible work:

(5, 26) translated 3 units left is (2, 26). Then multiply each coordinate by 0.5 
to get (1, 23).

The coordinates of vertex E0 are (1, 23).
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Possible Solutions

A is the only equilateral triangle pointing up.

B is the only triangle pointing right.

C is the only nonequilateral triangle. It appears to 
be a right triangle.

D is the only equilateral triangle pointing down. 
It is also the largest triangle.

WHY? Support students’ facility with 
recognizing the relationships among the size, 
category, and positioning of the triangles.

CONNECT TO PRIOR KNOWLEDGESTART

©Curriculum Associates, LLC    Copying is permitted.

A B
C D

Start

Which One Doesn’t Belong?

WHY? Extend understanding of resize through 
prefixes. 

HOW? Students may be familiar with the prefix 
re- meaning "back." Explain that re- can also 
mean “again in a different way.” Discuss how re- 
influences the meaning of resize. Then have 
students read Model It and tell how the dilation 
resizes the figure. [enlarge] Ask them to discuss 
differences in meaning among resize, enlarge, 
and reduce.

DEVELOP ACADEMIC LANGUAGE

TRY IT 
Make Sense of the Problem
Before students work on Try It, use Co-Craft 
Questions to help them make sense of the problem. 
Have students come up with some questions. Record 
their responses. Then show the problem statement 
without the question and record more responses.

SMP 1, 2, 4, 5, 6

DISCUSS IT 
Support Partner Discussion
After students work on Try It, encourage them to respond to Discuss It with a partner. 
If students need support in getting started, prompt them to ask each other questions 
such as:
• What is one type of transformation you knew you were going to have to use?
• How do the orientations of the original and final figures differ?

Error Alert If students describe a sequence that consists of more than three 
transformations, then encourage them to share ideas with one another, to help one 
another see a more efficient strategy.

SMP 2, 3, 6

Purpose
• Develop strategies for describing sequences of 

transformations involving dilations that will map one 
figure onto another.

• Recognize that for a pair of similar figures, more than 
one sequence of transformations can map one figure 
onto the other.

Develop Describing Sequences of Transformations Involving Dilations
LESSON 5 | SESSION 3 
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Develop Describing Sequences of Transformations 
Involving Dilations

LESSON 5 | SESSION 3 

 ➤ Read and try to solve the problem below.

For the Challenge of the Week, Ryan’s teacher draws figures ABCD and EFGH 
in the coordinate plane. The challenge is to show that the two figures are 
similar using three or fewer transformations. What is one sequence of 
transformations that Ryan could use?

TRY
IT

Ask: Why did you 
choose that strategy 
to show that the two 
figures are similar?

Share: I started this 
way because . . .

DISCUSS IT
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D

Math Toolkit graph paper, tracing paper, transparency sheets
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Possible work:

SAMPLE A

Dilate with a scale factor of 0.5 and the 
center of dilation at the origin. Reflect 
across the x-axis and then across the y-axis.

x
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SAMPLE B

Dilate with a scale factor of 0.5 and the 
center of dilation at the origin. Then rotate 
180° around the origin.
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Select and Sequence Student Strategies
Select 2–3 samples that represent the range of 
student thinking in your classroom. Here is one 
possible order for class discussion:
• drawings on graph paper that demonstrate a pair 

of reflections and a dilation
• drawings on graph paper that demonstrate a 180° 

rotation and a dilation
• coordinates of the vertices of either a rotation and 

dilation or a pair of reflections and a dilation

Facilitate Whole Class Discussion
Call on students to share selected strategies. Prompt 
students to listen attentively so that they can 
enhance the discussion by sharing some of their 
own ideas and questions.

Guide students to Compare and Connect the 
representations. If the discussion lags, have 
students turn and talk about the difference 
between the strategies.

ASK These strategies use different sequences of 
transformations. Is there one transformation they all 
share? Why is this transformation needed?

LISTEN FOR They all include a dilation with a 
scale factor of 0.5. A dilation is needed because of 
the reduction in size between the original figure 
and the final image.

Picture It & Model It
If students presented these models, have students 
connect these models to those presented in class.

If no student presented at least one of these 
models, have students first analyze key features of 
the models, and then connect them to the models 
presented in class.

ASK Do the graph and table represent the same 
sequence of transformations?

LISTEN FOR No; the graph represents a sequence 
of three transformations: two reflections and a 
dilation. The table represents a sequence of two 
transformations: a 180° rotation and a dilation.

For the graph, prompt students to connect the 
graph to the sequence of transformations in the 
bulleted list. Ask: What does the dashed quadrilateral 
pointing right represent? What does the dashed 
quadrilateral pointing left represent?

For the table, prompt students to connect the 
vertices to the sequence of transformations 
described. Ask: What do the vertices in each of the 
three columns represent?

 Deepen Understanding
  Using Structure to Describe Sequences of Transformations 

Involving Dilations

Prompt students to consider the symmetry of figure ABCD and how it affects the type and 
number of transformations that could be used.

ASK Why were two reflections, one across the x-axis and one across the y-axis, 
both needed?
LISTEN FOR Because if only one of the reflections had been used, the orientation of 
the figure would not map onto the final image.

ASK How could the sequence of transformations differ if figure ABCD was a rectangle and 
vertex C had coordinates (2, 4)? Why?
LISTEN FOR It could become a sequence of two transformations, a reflection across 
the x-axis and a dilation. The original rectangle described would already be symmetric 
across the y-axis, so only one reflection would be required. The trapezoid in this 
problem is not symmetric across either axis.

SMP 7
DIFFERENTIATION | EXTEND

Develop
LESSON 5 | SESSION 3
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 ➤ Explore different ways to map one figure onto another.

For the Challenge of the Week, Ryan’s teacher draws figures ABCD and EFGH 
in the coordinate plane. The challenge is to show that the two figures are 
similar using three or fewer transformations. What is one sequence of 
transformations that Ryan could use?

Picture It
You can graph the possible transformations. 

You can map figure ABCD onto figure EFGH using 
three transformations.

 • reflection

 • reflection

 • dilation 

Model It
You can use what you know about coordinates of transformations.

You can map figure ABCD onto figure EFGH using two transformations.

A rotation faces figure ABCD in the same direction as figure EFGH. 
A dilation reduces the image. 

ABCD After rotation EFGH

A(22, 2) (2, 22) E(1, 21)

B(22, 4) (2, 24) F(1, 22)

C(4, 4) (24, 24) G(22, 22)

D(2, 2) (22, 22) H(21, 21)
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Develop Describing Sequences of Transformations Involving Dilations
LESSON 5 | SESSION 3 

CONNECT IT 
Remind students that both representations start 
with the same original figure and end with the same 
final image. Explain that they will now use those 
representations to reason about how to describe a 
sequence of transformations involving dilations that 
maps one figure onto the other.

Before students begin to record and expand on their 
work in Picture It & Model It, tell them that problems 
1 and 2 will prepare them to provide the additional 
sequence of transformations asked for in problem 3.

Monitor and Confirm Understanding 1  – 2

• The picture shows a sequence of three 
 transformations: reflections across x- and y-axes 
and a dilation centered at the origin.

• The model shows a sequence of two 
 transformations: 180° rotation and a dilation 
centered at the origin. The order of these 
 transformations does not matter.

Facilitate Whole Class Discussion
 Look for understanding that the dilation could 

precede the reflections.

ASK Does the order in which the 
transformations are performed affect the 
final image?

LISTEN FOR The given transformations can 
be performed in any order and yield the same 
final image because the dilation is centered at 
the origin.

 Look for understanding of how the 
transformations required for mapping 
figure EFGH onto figure ABCD compare to 
those required for mapping figure ABCD onto 
figure EFGH.

ASK How is the sequence needed for mapping 
figure EFGH onto figure ABCD different from the 
one required for mapping figure ABCD onto 
figure EFGH?

LISTEN FOR The scale factor of the dilation 
would be 2 rather than 0.5 because it involves 
an enlargement.

 Reflect Have all students focus on the 
strategies used to solve the Try It. If time allows, 
have students discuss their ideas with a partner.

SMP 2, 4, 5, 6

3

4

5

 Hands-On Activity
  Describe sequences of transformations involving dilations using 

guess-and-check.

If students are unsure about performing sequences of transformations, then use this activity 
to give them practice.

Materials For each pair: geoboard, 5 rubber bands

• Instruct students to use 2 rubber bands to form x- and y-axes.

• Have one student create an original figure on the geoboard with one rubber band.

• Have the partner perform one transformation of the original image and use a rubber 
band to make the image. Have the first student identify the transformation.

• Have the first student perform a transformation of the image from the previous step 
and use a rubber band to make the final image. (Be sure a dilation is used, if it was not 
used already.) Have the partner identify the transformation.

• Ask: What is one way to know if your partner used a reflection as one transformation? 
[It will look like a mirror image across one of the axes.]

• Ask: How would you know if your partner performed a dilation? [It changed in size.]

DIFFERENTIATION | RETEACH or REINFORCE
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CONNECT IT

 ➤ Use the problem from the previous page to help you understand how to 
describe sequences of transformations involving dilations.

 Look at Picture It and Model It. Give the details of the transformations used in 
each sequence.

 Look at Model It. Does it matter whether figure ABCD is dilated or rotated first in 
the sequence? Explain.

 What is another way you could map figure ABCD onto figure EFGH?

 Suppose figure EFGH is the original figure and figure ABCD is the final image. What 
two transformations could you perform to map figure EFGH onto figure ABCD?

 Reflect Think about all the models and strategies you have discussed today. 
Describe how one of them helped you better understand how to solve the 
Try It problem.

1

2

3

4

5
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Picture It: Figure ABCD is reflected across the x-axis and then across the 
y-axis. Then the image is dilated using a scale factor of 0.5 with a center 
of dilation at the origin. Model It: Figure ABCD is rotated 1808 around the 
origin. Then the image is dilated using a scale factor of 0.5 with a center of 
dilation at the origin.

Possible answer: Dilate figure ABCD using a scale factor of 0.5 with a center 
of dilation at the origin. Reflect across the y-axis and then across the x-axis.

Possible answer: Dilate figure EFGH using a scale factor of 2 with a center of 
dilation at the origin. Then rotate the image 180° around the origin.

No; Possible explanation: Dilating first would produce an image the same 
size and distance from the origin as figure EFGH. Then rotating the image 
would map figure ABCD onto figure EFGH.

Responses will vary. Check student responses.
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Apply It
For all problems, encourage students to use a model 
to support their thinking. Allow some leeway in 
precision for the graphs of any transformations of 
the given images. The vertices should be located 
correctly, but the segments may be hand-drawn.

 D  is correct. Students can verify this by 
graphing nABC and performing the 
transformations.

 A  is not correct. Because the final image is a 
reduction of the original image, the scale 
factor must be between 0 and 1. 
Additionally, the rotation is the correct angle, 
but in the wrong direction.

 B  is not correct. Because the final image is a 
reduction of the original image, the scale 
factor must be between 0 and 1.

 C  is not correct. This is the correct scale factor, 
but the rotation should be in the opposite 
direction.

6

 Students’ solutions should show an understanding that:
• the sequence of transformations must include a dilation because the 

figures are different sizes.
• performing the sequence in reverse order does not produce 

rectangle J0K0L0M0.

Error Alert If students first translate 5 units up and then dilate, encourage 
them to check this solution by graphing the sequence. This sequence would 
result in a rectangle with vertices J0K0L0M0 at (1, 1.5), (4, 1.5), (4, 20.5), and 
(1, 20.5), respectively.

7

EXIT TICKETCLOSE

Develop
LESSON 5 | SESSION 3
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Apply It

 ➤ Use what you learned to solve these problems.

 The vertices of nABC are located at A(4, 8), B(8, 0), 
and C(28, 4). Which sequence of transformations of 
triangle nABC results in nA0B0C0?

A Rotate nABC 90° clockwise around the origin. 
Dilate the image by a scale factor of 4 with a center 
of dilation at the origin.

B Rotate nABC 90° counterclockwise around the 
origin. Then dilate the image by a scale factor of 4 
with a center of dilation at the origin.

C Rotate nABC 90° clockwise around the origin. 

Then dilate the image by a scale factor of    1 ·· 4    with a 

center of dilation at the origin.

D Rotate nABC 90° counterclockwise around the origin. Then dilate the image 

by a scale factor of    1 ·· 4    with a center of dilation at the origin.

 Pilar draws rectangle JKLM in the coordinate plane. She performs two 
transformations on rectangle JKLM to form rectangle J0K0L0M0.

a. What sequence of transformations could Pilar have performed?

b. Could Pilar have performed the same two transformations in the 
reverse order to form rectangle J0K0L0M0? Explain.

6
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Possible answer: Dilation using a scale factor of    1 ·· 2    with a center 

of dilation at the origin, followed by a translation 5 units up.

No; Possible explanation: If you translate first and then dilate, 
the image will not map exactly onto figure J0K0L0M0.
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Practice Describing Sequences of Transformations Involving Dilations
LESSON 5 | SESSION 3 

Problem Notes
Assign Practice Describing Sequences of 
Transformations Involving Dilations as extra 
practice in class or as homework.

 There are multiple sequences of 
transformations that result in this mapping, 
including reflecting the triangle across the 
x-axis, dilating it by a factor of 2, and then 
rotating the figure 180° around the origin. Basic

 Students might also describe a sequence of 
four transformations, beginning with a dilation 
using a scale factor of 2 with a center of dilation 
at the origin. Then rotate 180° around the 
origin. Then translate 4 units up and 2 units 
right. Medium

1

2

Fluency & Skills Practice 

Describing Sequences of 
 Transformations Involving 
 Dilations

In this activity, students determine a 
sequence of transformations that 
will map a given figure onto its 
image. Then they consider which 
combinations of transformations will 
produce a different image if the order 
is changed.
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LESSON 5 | SESSION 3 Name:

Practice Describing Sequences of 
Transformations Involving Dilations

 ➤ Study the Example showing how to describe a sequence of transformations 
involving dilations. Then solve problems 125.

Example

What is one possible sequence of 
transformations that shows that 
nABC , nDEF?

x
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 Look at the Example. What is one possible sequence of transformations you could 
perform to map nDEF onto nABC?

 Describe a sequence of transformations 
that maps nPQR onto nLMN.
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Vocabulary
dilation
a transformation that 
makes a scale copy of 
a figure.

sequence of 
transformations
one or more 
transformations 
performed in a certain 
order.

Reflect nABC across the y-axis. 

Then dilate the image using a 

scale factor of    1 ·· 2    with a center of 

dilation at the origin.
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Possible answer: Dilate nDEF using a scale factor of 2 with a center of 
dilation at the origin. Then reflect across the y-axis.

Possible answer: Dilate nPQR using 
a scale factor of 2 with a center of 
dilation at the origin. Then reflect 
across the x-axis and translate 
4 units up. 

©Curriculum Associates, LLC Copying permitted for classroom use.

FLUENCY AND SKILLS PRACTICE Name:

LESSON 5

GRADE 8  LESSON 5 Page 1 of 2

Describing Sequences of Transformations 
Involving Dilations
For each pair of figures, describe a sequence of three or fewer transformations 
that can be used to map one figure onto the other. 
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Use with Session 4 Apply It

Levels 3–5: Listening/Speaking
Prepare students to discuss and solve Apply 
It problem 4. Have students read the problem 
with a partner, paying attention to the order 
of the steps. Display the following questions 
for students to discuss with partners: Which 
transformation should you do first in order 
to work backwards? If the figure was rotated 
counterclockwise, which direction would “undo” 
this? If the figure was dilated by    1 ·· 3    , what dilation 
would undo this? 
Paraphrase or ask students to paraphrase 
passive voice as needed.

Allow time for students to work on the 
problem. Then have partners use sequence 
words to describe their steps to each other.

Levels 2–4: Listening/Speaking
Prepare students to discuss and solve Apply It 
problem 4. Read the problem chorally. Point 
out that the original figure is the last one 
listed in the problem. Have students turn and 
talk about how to work backwards to find the 
original figure. Ask students the following 
questions: Which transformation should you 
perform first/last to work backwards to the 
original? In which direction do you rotate the 
figure to go back to the original? How do you
undo a dilation of    1 ·· 3    ? Have partners draw each

figure until they get to the original.

Allow time for students to discuss the 
answers and work on the problem. Help them 
use sequence words such as first, then, next, 
or after to discuss their strategies.

Levels 1–3: Listening/Speaking
Help students discuss and solve Apply It 
problem 4. Read the problem aloud as 
students follow along. Have students look 
at the graph and point out the notations for 
each vertex of the triangle. Clarify that this is 
the final figure, after 2 transformations. Then, 
reread the question to point out that they are 
working backwards to find the original figure. 
Ask the following questions to provide support 
with statements that use passive voice:

Which transformation do you perform first 
to work backwards to the original? Which 
transformation do you perform last? What is 
the opposite of counterclockwise? How do you 
undo a dilation of    1 ·· 3    ? Help students draw each

figure until they get to the original figure.

 a.  A correct sequence must include a dilation, 
and, because of the symmetry of the square, 
there are several options for the other 
transformation(s). Medium

 b.  Students can verify another sequence of 
transformations by performing the 
transformations. Medium

 B and E are correct. Students can verify these 
answers by performing the transformations.

 A  is not correct. Due to the reduction in size, a 
dilation would be necessary.

 C  is not correct. The reflection across the x-axis 
followed by a dilation with a center of 
dilation at the origin would result in an 
image that was 1 unit below the x-axis. A 
translation to the left would still be only 
1 unit below the x-axis, so it would not 
match the correct final image.

 D  is not correct. The image will be to the right 
of rectangle B. After the reflection and 
translation down, the image would be 
2 units to the left of the y-axis. After the 
dilation, it would be only 1 unit to the left of 
the y-axis. Challenge

 Students should understand that although one 
transformation would have to be a dilation 
based on the fact that the triangles are similar, 
there is not enough information to determine 
the other transformations. Medium

3

4

5

LESSON 5 | SESSION 3
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 Notah draws figure X in the coordinate plane. Then he performs a sequence of 
transformations on figure X to form figure Y.

a. What sequence of transformations could Notah have performed to map 
figure X onto figure Y? 

b. What is another sequence of transformations Notah could have performed to 
map figure X onto figure Y?

 Which sequences of transformations could map rectangle A 
onto rectangle B? Select all that apply.

A A 90° clockwise rotation around the origin, followed by a 
translation to the left

B A dilation with a center of dilation at the origin, followed 
by a translation down and a translation to the left

C A reflection across the x-axis, followed by a dilation with a 
center of dilation at the origin and a translation to the left

D A reflection across the y-axis, followed by a translation down and a dilation 
with a center of dilation at the origin

E A 180° rotation around the origin, followed by a dilation with a center of 
dilation at the origin, a translation down, and a translation to the left

 Chantel graphs nS and nT. The corresponding angles are congruent. The side 
lengths of nT are 5 times as long as the corresponding side lengths of nS. 
Can you give a sequence of transformations that will map nS onto nT? Explain.
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Possible answer: Rotation of figure X 180° around the origin, 

followed by a dilation using a scale factor of    1 ·· 2    with a center of 

dilation at the origin.

Possible answer: Dilation of figure X using a scale factor of    1 ·· 2    with a 

center of dilation at the origin. Then translate the image down 2 units 

and translate left 2 units.

No; Possible explanation: You can tell that Chantel performed a dilation 
because corresponding angle measures are congruent and corresponding 
side lengths are proportional. There is not enough information to say 
whether she performed any rigid transformations.
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WHY? Confirm students’ understanding of 
reflecting and dilating a figure in the coordinate 
plane, identifying common errors to address 
as needed.

CHECK FOR UNDERSTANDINGSTART

©Curriculum Associates, LLC    Copying is permitted.

Start

The vertices of ABC have coordinates
A(–3, 4), B(2, –2), and C(–1, –3). 

Reflect ABC across the y-axis. Then dilate 
the image using a scale factor of 2. The center 
of dilation is at the origin. What are the 
coordinates of the vertices of ABC? 

Solution

A0(6, 8),

B0(24, 24),

C0(2, 26)

MONITOR & GUIDE
Before students begin to work, use their responses 
to the Start to determine those who will benefit 
from additional support. Use the Error Analysis 
table below to guide remediation.

Have all students complete the Example and 
problems 1–3, using Consider This and Pair/Share as 
appropriate. Observe and monitor their reasoning 
and guide or redirect students as needed.

Purpose
• Refine strategies for performing a sequence of 

transformations on a figure and for determining a 
sequence of transformations that will map a figure 
onto a similar figure.

• Refine understanding that two figures are similar if one 
can be mapped onto the other with a sequence of 
transformations.

If the error is . . . Students may . . . To support understanding . . . 

A0(3, 4),   
B0(22, 22), 

C0(1, 23)

have only reflected nABC across the  
y-axis.

Ask students to perform both transformations in the coordinate plane.

A0(26, 8),  
B0(4, 24), 

C0(22, 26)

have only dilated nABC by a scale 
factor of 2.

Ask students to perform the reflection in the coordinate plane and then perform 
the dilation in the coordinate plane.

A0(26, 28),  
B0(4, 4),  

C0(22, 6)

have reflected nABC across the x-axis, 
and then dilated the triangle by a scale 
factor of 2.

Prompt students to make a table by using what they know about how 
coordinates change for different transformations.

ERROR ANALYSISSTART
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Refine Performing and Describing Transformations 
Involving Dilations

 ➤ Complete the Example below. Then solve problems 128.

Example

Dylan dilates figure HIJK to form figure 
H9I9J9K9. He uses a scale factor of 3 with a 
center of dilation at vertex H. What are the 
coordinates of figure H9I9J9K9?

Look at how you could use the 
coordinate plane.

Find the length of each side of 
fi gure HIJK. Multiply each side 
by 3 to fi nd the corresponding 
lengths of fi gure H9I9J9K9. Count 
from H to fi nd the corresponding 
vertices I9, J9, and K9.

SOLUTION  
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JK
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Apply It

 Khadija draws nABC in the coordinate 

plane. She dilates nABC using a scale 

factor of    2 ·· 3    with the center of dilation at the 

origin to form nA9B9C9. Then she dilates 

nA9B9C9 using a scale factor of    1 ·· 2    with a 

center of dilation at the origin to form nA0B0C0. 

What are the coordinates of nA0B0C0? Show your work.

 SOLUTION  

CONSIDER THIS . . .
Could the quotient of 
corresponding side 
lengths help you find 
the coordinates of 
figure H9I9J9K9?

PAIR/SHARE
How would the 
coordinates of 
figure H9I9J9K9 change 
if the center of dilation 
were the origin?

1
CONSIDER THIS . . .
Will nA9B9C9 be larger 
or smaller than nABC? 
Will nA0B0C0 be 
larger or smaller than 
nA9B9C9?

PAIR/SHARE
Does it matter in which 
order you perform the 
dilations?
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H9(1, 21); I9(10, 21); J9(10, 27); K9(1, 27)

A0(21, 21); B0(1, 1); C0(2, 0)

Possible work: See graph.
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Example
Guide students in understanding the Example. Ask:
• What is the length of segment HI? What should the 

corresponding length be after a dilation by a scale 
factor of 3?

• What is the length of segment HK? What should the 
corresponding length be after a dilation by a scale 
factor of 3?

• How does understanding that similar figures 
have proportional side lengths help you solve 
this problem?

Help all students focus on the Example and 
responses to the questions by asking them to 
provide reasons why their answers make sense.

Look for understanding that lengths of 
corresponding side lengths of similar figures 
are proportional.

Apply It
 Students may also solve the problem by 

identifying the coordinates of the vertices of 
the original triangle, multiplying the 
coordinates by the first scale factor, and then 
multiplying the resulting coordinates by the 
second scale factor. DOK 2

 Students may also solve the problem by first 
reflecting figure A across the y-axis and 
translating it 1 unit left. Then students can use 
the length of the vertical segments in each 
figure to identify the scale factor. DOK 2

 See Connect to Culture to support student 
engagement.

 D  is correct. Students may solve the problem 
by multiplying each original coordinate of 
vertex B by the scale factor to get the 
corresponding image coordinates.

 A  is not correct. This answer shows the original 
coordinates of vertex B.

 B  is not correct. In this answer, the scale factor 
2 is added to each coordinate of vertex B, 
rather than multiplied.

 C  is not correct. This answer shows the original 
x-coordinate multiplied by the scale factor 
and the original y-coordinate of vertex B.

 DOK 3

1

2

3

GROUP & DIFFERENTIATE
Identify groupings for differentiation based on the Start and problems 1–3. 
A recommended sequence of activities for each group is suggested below. 
Use the resources on the next page to differentiate and close the lesson.

Approaching Proficiency
• RETEACH Hands-On Activity
• REINFORCE Problems 4, 6

Meeting Proficiency
• REINFORCE Problems 4–7

Extending Beyond Proficiency
• REINFORCE Problems 4–7
• EXTEND Challenge

Have all students complete the Close: Exit Ticket.

Resources for Differentiation are found on the next page.
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 Caleb wants to prove that figures A 
and B are similar. What sequence of 
transformations could Caleb perform 
to prove that the figures are similar? 
Show your work.

 SOLUTION  

  

  

 Yolanda designs a holiday card that measures 3 inches by 
5 inches. The card is represented by figure ABCD. She 
enlarges the card to form image A9B9C9D9. She uses a scale 
factor of 2 with a center of dilation at the origin. What are 
the coordinates of B9?

A (3, 5)

B (5, 7)

C (6, 5)

D (6, 10)

Wyatt chose B as the correct answer. How might he have gotten that answer?

2
CONSIDER THIS . . .
How can you determine 
the scale factor of a 
dilation?

PAIR/SHARE
What is the 
fewest number of 
transformations you can 
perform to map figure A 
onto figure B?

3
CONSIDER THIS . . .
How are the dimensions 
of Yolanda’s card 
represented in the 
coordinate plane?

PAIR/SHARE
How can you use the 
scale factor to find the 
coordinates of a dilated 
figure?
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Possible work: See graph.

Possible answer: Wyatt may have added 2 to each coordinate instead of 
multiplying each coordinate by 2.

 Possible answer: Translation of figure A 1 unit to the right, 

followed by a reflection across the y-axis, then a dilation using a scale 

factor of 2 with a center of dilation at the origin.
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RETEACH • Instruct students to cut 3 straws into various lengths (each less than half a straw) and use 
the chenille stems to form a triangle with the straws.

• Have students place their triangle on the coordinate plane.

• Tell students they are going to dilate their triangles by a scale factor of 2 centered at the 
bottom left-most vertex, and then translate them 3 units to the right.

• Instruct students to measure the sides of their triangle and multiply each side length by 2. 
Have them cut the remaining 3 straws into the calculated lengths and use the chenille 
stems to form the enlarged triangle with the straws.

• Have students place their enlarged triangle on the coordinate plane with the bottom 
left-most vertex in the same position as the corresponding vertex of their original triangle. 
Also ensure corresponding sides are in the same relative position.

• Next, have students slide their enlarged triangle 3 units to the right.

• Ask: What are the coordinates of the enlarged and translated triangle? [Responses will vary.]

• Ask: Is the enlarged triangle similar to the original triangle? How do you know? [Possible 
explanation: The enlarged triangle is a dilation of the original triangle, so the triangles 
are similar.]

 Hands-On Activity
  Perform a sequence of 

transformations involving a 
dilation using straws.

Students approaching proficiency with 
performing a sequence of transformations 
involving a dilation will benefit from 
making a model to perform the sequence 
of transformations.

Materials For each student: 6 straws, 
6 chenille stems, ruler, Activity Sheet 
Coordinate Plane: First Quadrant 

Apply It
 Students are starting with the final image and 

finding the original figure. They may work 
backward, applying the transformations in 
reverse order. These reverse transformations 
would be a dilation with scale factor 3 followed 
by a 90° clockwise rotation around the origin. 
DOK 2

 a.  Students may multiply the coordinates of 
each vertex of the original figure by the scale 
factor to get the coordinates of the 
corresponding vertices after the dilation. 
Then, they may add 3 to each x-coordinate 
and 3 to each y-coordinate.

 b.  Vertex H and vertex H0 are at the same 
location. This means a dilation with a center 
of dilation at vertex H is a possible single 
transformation that could map figure GHIJ 
onto figure G0H0I0J0.

 c.  After a dilation, the angle measures of the 
image and original figure are congruent. 
Students can use this fact to determine if the 
corresponding sides of figures GHIJ and 
G9H9I9J9 remain parallel after the dilation.

 DOK 3

4

5

Refine Performing and Describing Transformations Involving Dilations
LESSON 5 | SESSION 4 
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 nABC was rotated 90° counterclockwise around the origin to form nA9B9C9. 

nA9B9C9 was dilated using a scale factor of    1 ·· 3    with a center of dilation at the origin. 

The result is nA0B0C0, shown in the coordinate plane. What are the coordinates of 

nABC? Show your work.

 SOLUTION  

 Gabe is designing a greenhouse. The original plan for 

the floor is represented by figure GHIJ. Gabe dilates the 

floor by a scale factor of    2 ·· 3    with a center of dilation at 

the origin to form figure G9H9I9J9. Then he translates 

figure G9H9I9J9 3 units to the right and 3 units up. The 

final figure is labeled G0H0I0J0.

a. Draw Gabe’s transformations in the coordinate 
plane. 

b. What single transformation could map figure GHIJ onto figure G0H0I0J0? 

c. Why do you think the parallel sides in figure GHIJ remain parallel to 
the corresponding sides of figure G9H9I9J9 after the dilation?
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Possible work:

Original After dilation After rotation

(22, 1) (26, 3) (3, 6)

(1, 1) (3, 3) (3, 23)

(22, 23) (26, 29) (29, 6)

See graph.

He could dilate figure GHIJ by a scale factor of    2 ·· 3    with a center of dilation 

at vertex H.

Possible answer: A dilation keeps the same angle measures, 
so the shape stays the same. The right angles stay right 
angles, keeping the opposite sides parallel.

A(3, 6); B(3, 23); C(29, 6)
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PERSONALIZE

Provide students with opportunities to 
work on their personalized instruction 
path with i-Ready Online Instruction to:

• fill prerequisite gaps.

• build up grade-level skills.

EXTEND

 Challenge
  Solve dilation problems with negative 

scale factors.

Students extending beyond proficiency will benefit from solving 
dilation problems that involve negative scale factors.

• Have students work with a partner to solve this problem: 
nABC has vertices at A(0, 0), B(5, 0), and C(5, 4). What are the 
coordinates of nA9B9C9 using a scale factor of 21 with a 
center of dilation at the origin? Are nABC and nA9B9C9 
congruent? Are they similar? What other transformation maps 
nABC onto nA9B9C‘?

• Repeat, this time using a scale factor of 2   1 ·· 2    .

REINFORCE

 Problems 4–7
  Solve dilation problems.

Students meeting proficiency will benefit from 
additional work with dilations in the 
coordinate plane by solving problems in a 
variety of formats.

• Have students work on their own or with 
a partner to solve the problems.

• Encourage students to show their work.

 The center of dilation for this problem is vertex 
V, not the origin. Students should verify each 
side length is twice as long in the dilated image 
before rotating the figure around the origin. 
When a figure is rotated 90° clockwise around 
the origin, the x-coordinate is the y-coordinate 
and the y-coordinate is the opposite of the 
x-coordinate. DOK 2

 Students may make tables to list the 
coordinates of the original figure and each 
image when the transformations are performed 
in different orders. DOK 3

 Math Journal Look for understanding 
of how to perform rigid transformations 
and dilations in the coordinate plane.

Error Alert If the final image nA0B0C0 is the 
same size as the original figure, then ask 
them what scale factor they used for their 
dilation. Ask how that scale factor should 
affect the size of the image.

8

EXIT TICKETCLOSE

 End of Lesson Checklist
INTERACTIVE GLOSSARY Support students by 
suggesting they make a model of a dilation that is 
an enlargement and another that is a reduction.

SELF CHECK Have students review and check off 
any new skills on the Unit 2 Opener.

6

7
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 Leon designs a fabric pattern 
using figure STUVW. He dilates 
figure STUVW using a scale factor 
of 2 with a center of dilation at 
vertex V to form figure 
S9T9U9V9W9. Then Leon rotates 
this image 90° clockwise around 
the origin to form figure 
S0T0U0V0W0. What are the 
coordinates of figure S0T0U0V0W0? 

 Maya performs three transformations on figure WXYZ to show that 
figures WXYZ and W-X-Y-Z- are similar. She dilates the figure by a 
scale factor of 2 with center of dilation at the origin, rotates the image 
90° counterclockwise around the origin, and then reflects that image 
across the x-axis. Does the order of transformations matter? Explain.

 Math Journal Draw a triangle in the coordinate plane and 
label it nABC. Transform nABC using one rigid transformation 
and one dilation. Draw and label the final image nA0B0C0.
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End of Lesson Checklist
  INTERACTIVE GLOSSARY Find the entry for dilation. Add two important things you 

learned about dilations in this lesson.

  SELF CHECK Go back to the Unit 2 Opener and see what you can check off.
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S0(9, 0); T0(9, 26); U0(1, 26); 
V0(1, 0); W0(5, 24)

Yes; Possible explanation: The rotation must come before the 
reflection. It does not matter when the dilation is performed.

Possible answer: See graph. 
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