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Program Scope and Sequence

Grade 6

160 days total

Grade 8 Grade 7
145 days total 153 days total

157 days total

Algebra 1

Vi Grade7

oooooooo

Area and
Surface Area

Scale Drawings

Rigid
Transformation

and Congruence

Linear Equations,

Inequalities,
and Systems

ooooo

Introducing
Ratios

Introducing
Proportional
Relationships

Dilations and
Similarity

Data Analysis
and Statistics

Rates and
Percentages

Measuring
Circles

Linear
Relationships

Functions and
Their Graphs

ooooo

Dividing
Fractions

Percentages

Linear Equations
and Systems of
Linear Equations

Introducing
Exponential
Functions

oooooooooooooooooooo



Volume 2

___Unit5 i Unit6é Il Unit7

Arithmetic
in Base Ten

14 Instructional Days

2 Assessment Days

=
Nt

Rational Number
Arithmetic

20 Instructional Days

3 Assessment Days

23 days total

Functions
and Volume
21 Instructional Days

3 Assessment Days

Introducing
Quadratic
Functions

23 Instructional Days

3 Assessment Days

Expressions
and Equations

19 Instructional Days

2 Assessment Days

x A

.

Expressions,
Equations, and
Inequalities

23 Instructional Days

3 Assessment Days

26 days total

Exponents
and Scientific
Notation

15 Instructional Days

2 Assessment Days

Quadratic
Equations

24 Instructional Days

3 Assessment Days

Rational
Numbers

19 Instructional Days

2 Assessment Days

.

Angles, Triangles,
and Prisms

18 Instructional Days

3 Assessment Days

21 days total

Irrationals and
the Pythagorean
Theorem

16 Instructional Days

2 Assessment Days

Data Sets and
Distributions

17 Instructional Days

3 Assessment Days

Probability
and Sampling

17 Instructional Days

3 Assessment Days

20 days total

Associations
in Data

9 Instructional Days

2 Assessment Days

Program Scope and Sequence  Vii



Volume 1

viii

Unit 1 Scale Drawings

Certain objects in our universe exist at sizes and distances that are impossible for
our eyes to see (such as ared blood cell, or Jupiter). In this unit, students harness
the power of scaling — bringing large and small objects to a manageable size

without distorting them.

A

Al

QD

Grade 7

LAUNCH

CAPSTONE

PRE-UNIT READINESS ASSESSMENT

1.01 Scale-y Shapes

4A

Sub-Unit1 Scaled Copies

11

1.02 What Are Scaled Copies?

1.03 Corresponding Parts and Scale Factors ...

1.04 Making Scaled Copies

1.05 The Size of the Scale Factor

1.06 Scaling Area

Sub-Unit 2 Scale Drawings

12A
19A
26A

32A

39A

47

1.07 Scale Drawings
1.08 Creating Scale Drawings

1.09 Scale Drawings and Maps (optional)

110 Changing Scales in Scale Drawings
111  Scales Without Units

112 Unitsin Scale Drawings

48A
54A
61A

(67A
7AA

80A

1.13 Build Your Brand

86A

END-OF-UNIT ASSESSMENT

Unit Narrative:
Life in the
Little Big City

Sub-Unit Narrative:
How do you get the
perfect fit?

If we are making a
larger or smaller copy of
something, it needs to
look right. The key is the
scale factor.

Sub-Unit Narrative:
Who was the King of
Monsters?

We use maps and other
scale drawings to help
simplify large, complex
places. Interpreting
them is about knowing
the scale and how to
measure.



Unit 2 Introducing Proportional
Relationships

When we exchange money from one currency to another, there is a rate that helps us find

the amount of one currency equal in value to the other. Students see that a rate is at the

heart of every proportional relationship as they encounter problems across cultures where

two quantities are directly related.

(1 LAUNCH

CAPSTONE

np,
[T

PRE-UNIT READINESS ASSESSMENT

2.01 Making Music ; 94A

Sub-Unit 1 Representing Proportional
Relationships With Tables and Equations . 101

2.02 Introducing Proportional Relationships With Tables .102A

2.03 More About the Constant of Proportionality ... .. 108A
2.04 Comparing Relationships With Tables ... . . 114A
2.05 Proportional Relationships and Equations ... 121A
2.06 Speedand Equations ... 127A
2.07 Two Equations for Each Relationship ... 133A
2.08 Using Equations to Solve Problems ... 140A
2.09 Comparing Relationships With Equations............ 146A

2.10 Solving Problems About Proportional Relationships . 154A

Sub-Unit 2 Representing Proportional
Relationships With Graphs 161

2.11 Introducing Graphs of Proportional Relationships ... 162A
2.12 Interpreting Graphs of Proportional Relationships ... 168A

2.13 Using Graphs to Compare Relationships ... 176A
2.14 Two Graphs for Each Relationship 183A
2.15 Four Waysto Tell One Story (Part1) ... 189A
2.16 Four Waysto Tell One Story (Part2) ... ... 196A
2.17 Welcoming Committee ... 202A

END-OF-UNIT ASSESSMENT

Unit Narrative:
The World in
Proportion

Sub-Unit Narrative:
Who was the original
globetrotter?

Tables help keep

us organized, but
equations tell an
entire story with just

a few symbols. We'll
use both of them to
represent proportional
relationships.

Sub-Unit Narrative:
Narrative: What good
is a graph?

We turn to drawing,
interpreting, and
comparing proportional
relationships in graphs,
and notice what is
particular to these types
of graphs.

Table of Contents

ix



Unit 3 Measuring Circles

Identifying a circle may be straightforward, but measuring it is decidedly not. Students
experience both the usefulness and challenges presented by this “perfect” shape.

{/ LAUNCH

X Grade?

CAPSTONE

PRE-UNIT READINESS ASSESSMENT

3.01 The Wandering Goat ... 212A
Sub-Unit 1 Circumference of Circles ... 219
3.02 Exploring Circles ... 220A
3.03 How Well Can You Measure? 227A
3.04 Exploring Circumference 234A
3.05 Understanding w .. 242A
3.06 Applying Circumference 248A
3.07 Circumference and Wheels ... 254A
Sub-Unit 2 Area of Circles 261
3.08 Exploringthe AreaofaCircle ... 262A
3.09 Relating Areato Circumference . ... 268A
3.10 Applying Area of Circles 275A
3.11 Distinguishing Circumferenceand Area ... 281A
3.12 Capturing Space........ S 287A

END-OF-UNIT ASSESSMENT

Unit Narrative:
‘Round and
‘Round We Go

Sub-Unit Narrative:
Why do aliens love
circles?

Circles are famously
difficult to measure
precisely, but that won't
stop us from trying.
Let's see how close we
can get.

Sub-Unit Narrative:
What makes a circle
so perfect?

Squares and circles
may not have much

in common, but we'll
need both to measure a
circle's area.



Unit 4 Percentages Keepm it 100 (A=

From the supermarket to the stock market, percents are relied on to communicate
quickly about how much something has changed. Students build on their experience
with proportional relationships while using percentages to compare quantities within the
friendly confines of the number 100.

PRE-UNIT READINESS ASSESSMENT

/ LAUNCH 4.01 (Re)Presenting the United States 296A

o/o Sub-Unit 1 Percent Increase and

Sub-Unit Narrative:

Decrease 303 Is there truth in
numbers?

4.02 Understanding Percentages Involving Decimals ... 304A Numbers never lie, but
should we always believe

4.03 Percent Increase and Decrease 310A them? Percentages can
show how something

4.04 Determining 100% 317A changes - if we pay
careful attention to the

4.05 Determining Percent Change 323A original amount.

4.06 PercentIncrease and Decrease With Equations ... 331A

4.07 Using Equations to Solve Percent Problems ... 338A
Sub-Unit 2 Applying Percentages ... 345 Sub.Unit Narrative.
] Did a quarantined
4.08 TaxandTip 346A U.S. keep a healthy
economy?

4.09 Percentage Contexts 352A Sl parEe TS
410 Determiningthe Percentage ... 360A ?;:eu:etidptso i%?cleiilstteand
411 Measurement Error 367A Séiig?r?;o;n:jvvivnh; .
4.12 Error Intervals (optional) 373A money.

& CAPSTONE 413 Writing Better Headlines 379A

END-OF-UNIT ASSESSMENT

Table of Contents  Xi



Volume 2

Unit 5 Rational Number Arithmetic

Unit Narrative:
A World of
Opposites

Students discover the need to work with both positive and negative values to describe the
vastness of the world around them. With the entire set of rational numbers and all four
operations now at their disposal, the sky (or the sea floor) is the limit.

PRE-UNIT READINESS ASSESSMENT

/ LAUNCH 5.01  Target: ZEr0 e 388A
SuI?-Unlt 1 Adding and Subtracting Sub.Unit Narrative.
Rational Numbers .. 395 What was Jeanne
Baret’s big secret?
5.02 Interpreting Negative Numbers 396A Sure, you've probably
been adding and
5.03 Changing Temperatures .. 402A subtracting for many
years, but have you ever
5.04 Adding Rational Numbers ... 409A tried to take something
away when you had less
5.05 Money and Debts 417A than zero to start with?
5.06 Representing Subtraction ... 423A
5.07 Subtracting Rational Numbers (Part1) ... . 429A
5.08 Subtracting Rational Numbers (Part2). ... 435A
5.09 Adding and Subtracting Rational Numbers..... ... . 442A
MID-UNIT ASSESSMENT
Sub-Unlt 2 Multiplying and Dividing Sub Uit Narrative.
Rational Numbers . 451 Who was the toughest
Grandma to ever hike
510 Position, Speed, and Time 452A g UL R
Travel forwards and
5.11 Multiplying Rational Numbers 458A backwards in time
to help make sense
512 Multiply! A65A of multiplication and
division of negative
5.13 Dividing Rational Numbers AT71A numbers.
5.14 Negative Rates 477A
Sub-Unit 3 Four Operations With Sub-Un .
. ub-Unit Narrative:
Rational Numbers 485 How do you climb
the world’s most
5.15 Expressions With Rational Numbers ... 486A dangerous mountain?
Put it all together —
5.16 Say It With Decimals 492A adding, subtracting,
multiplying, and
5.17 Solving Problems With Rational Numbers ... 499A dividing with rational
numbers — while
5.18 Solving Equations With Rational Numbers ... .. 506A exercising your
algebraic thinking
5.19 Representing Contexts With Equations ..........c..... 514A musclesinasneak
preview of the next unit.
-57': CAPSTONE 520 Summiting Everest ... 522A

Xil Grade?7

END-OF-UNIT ASSESSMENT



Unit Narrative:
Solving One Step
at a Time

7@‘@

Unit 6 Expressions, Equations,
and Inequalities

Students return to the study of algebra and focus on how representation plays such a
large role in communicating mathematical ideas. In this unit, the symbols, language,
and drawings students use will help them tell the stories they see in the numbers.

{/ LAUNCH

PRE-UNIT READINESS ASSESSMENT

6.01 KeepingtheBalance ... ... 532A

Sub-Unit 1 Solving Two-Step Equations ... 541

Sub-Unit Narrative:
What are the first

6.02 Balanced and Unbalanced 542A words you learn in
6.03 Reasoning About Solving Equations (Part1) ... . 549A Cavem?n !

Dog walking, tools
6.04 Reasoning About Solving Equations (Part2) ... 555A of early civilization,

and hangers all come
6.05 Dealing With Negative Numbers 562A togetherto help you

explore new ways of
6.06 Two Ways to Solve One Equation ... 568A solving equations.
6.07 Practice Solving Equations . 574A

Sub-Unit 2 Solving Real-World Problems

Sub-Unit Narrative:

Using Two-Step Equations ... 581 Who were the VIPs of
ancient Egypt?
6.08 Reasoning With Tape Diagrams ... 582A Solving word problems

6.09 Reasoning About Equations and
Tape Diagrams (Part1) .. 589A

6.10 Reasoning About Equations and

Tape Diagrams (Part 2) ... 595A
6.11 Using Equations to Solve Problems ... 601A
6.12  Solving Percent Problemsin New Ways ... . 608A

MID-UNIT ASSESSMENT

is about making
meaning of the
quantities, and tape
diagrams return to help.

Sub-Unit 3 Inequalities 615 Sub.Unit Narrative.
. . - Did a member of

6.13 Reintroducing Inequalities ... 616A the School of Night
infil h

6.14 Solving Inequalities R, 623A lclilaS;:;ate your mat

6.15 Finding Solutions to Inequalities in Context ... 631A Expressions are not
always equal, so we

6.16 Efficiently Solving Inequalities 637A must reckon with
inequalities. Thankfully,

6.17 Interpreting Inequalities 644A finding their solutions
will feel familiar.

6.18 Modeling With Inequalities ... 650A

Sub-Unit 4 Equivalent Expressions ... 657 SubUnit Narrative:

L . . Which three
6.19 Subtractionin Equivalent Expressions ... 658A blockheads did NASA
. . send into space?
6.20 Expanding and Factoring . _665A Find efficiencies for
e : simplifying expressions

6.21 Combining Like Terms (Part1) ... _672A N

6.22 Combining Like Terms (Part2) ..o 679A Property and combining
like terms.

[ CAPSTONE  6.23 Pattern Thinking ) 685A

END-OF-UNIT ASSESSMENT

Table of Contents

xiii



Unit 7 Angles, Triangles,
and Prisms

This unit is about the math of what can be seen and what can be held. Through
constructing and drawing, students explore relationships among angles, lines,
surfaces, and solids.

PRE-UNIT READINESS ASSESSMENT

// LAUNCH 701 Shaping Up . 694A

Sub-Unit 1 Angle Relationships ... . 701
7.02 Relationships of Angles 702A
7.03 Supplementary and Complementary

Angles (Part 1) 708A
704 Supplementary and Complementary

Angles (Part 2) 715A
7.05 Vertical Angles ....... 722A
7.06 Using Equations to Solve for Unknown Angles ... 728A
7.07 Like Clockwork 734A
Sub-Unit 2 Drawing Polygons With
Given Conditions ... 741
7.08 Building Polygons (Part 1) 742A
7.09 Building Polygons (Part2) ... 749A
7.10 Triangles With Three Common Measures ... 756A
7.11  Drawing Triangles (Part 1) ... 763A
7.12  Drawing Triangles (Part 2) 769A
MID-UNIT ASSESSMENT
Sub-Unit 3 Solid Geometry 777
713  Slicing Solids 778A
714 Volume of Right Prisms 785A
7.15 Decomposing Bases for Area ..., 791A
716 Surface Area of Right Prisms 798A
7.17  Distinguishing Surface Areaand Volume ... 805A

-s‘-r;si CAPSTONE 718 Applying Volume and Surface Area ... 812A

END-OF-UNIT ASSESSMENT

Xiv Grade7

Unit Narrative:
Journey to the
Third Dimension

Sub-Unit Narrative:
Did radio kill the
aviation star?

Asyou'll see, some
angles were just meant
to go together. Here,
you'll be introduced

to complementary,
supplementary, and
vertical angles.

Sub-Unit Narrative:
How did triangles
help win a war?

In this Sub-Unit, you will
find that constructing
polygons with specific
lengths and angle
measures can have
dramatically different
results.

Sub-Unit Narrative:
This machine will
slice, but will it dice?
You've studied the
surfaces of three-
dimensional figures and
the spaces inside them.
Now, let's see what
happens when we slice
them open.



Unit 8 Probability and Sampling i crance

For the first time, students encounter how to quantify the chances of something
happening. Though the future is unwritten, probability and statistics help us make
better predictions and thus better decisions.

PRE-UNIT READINESS ASSESSMENT

/ LAUNCH 8.01 The Invention of Fairness .820A

Sub-Unit 1 Probabilities of Single-Step

Sub-Unit Narrative:

Events 827 How did the women
of Bletchley Park save

8.02 Chance Experiments 828A the free world?
Welcome to probability,

8.03 What Are Probabilities? .. 835A the math of games and
chance. Discover how

8.04 Estimating Probabilities Through Erggabilitfy caﬂtr.eveal

. laden information,
Repeated Experiments .. 841A even secret codes.
8.05 Code Breaking (Part1) 847A
8.06 Code Breaking (Part 2) 854A

Sub-Unit 2 Probabilities of Multi-Step

Sub-Unit Narrative:

Events 861 How did a blazing
shoal bring the

8.07 Keeping Track of All Possible Outcomes ... 862A Ll e [olain
Convention Center to

8.08 Experiments With Multi-step Events ... 869A its feet?
When predicting

8.09 Simulating Multi-step Events.... 876A the chances gets
complicated, a

8.10 Designing Simulations ... 883A simulation can help

make predictions.

MID-UNIT ASSESSMENT

SUb-Unlt 3 Sampllng 889 Sub-Unit Narrative:
811 C ino T P lati 890A What’s on your mind?
' omparing Two Populations ' Not all data is created
i equal. Itis important
8.12 Larger Populations 897A o know how to identify
8.13 What Makes a Good Sample? ... 903A whena sample is
representative of a
8.14 SamplinginaFairWay ... 910A population.
8.15 Estimating Population Measures of Center ... 916A
8.16 Estimating Population Proportions ... ... 922A
-5'»: CAPSTONE  8.17 Presentation of Findings 928A

END-OF-UNIT ASSESSMENT

Table of Contents XV



UNIT 5

Rational Number
Arithmetic

Students discover the need to work with both positive
and negative values to describe the vastness of the world
around them. With the entire set of rational numbers and
all four operations now at their disposal, the sky (or the
sea floor) is the limit.

Essential Questions

» How do you represent addition, subtraction, or
multiplication of rational numbers on a number
line?

* How is solving problems with rational numbers
the same or different from solving problems
with only non-negative rational numbers?

» How can rational numbers be used to
represent real-world situations?

» (By the way, do two negatives always make
a positive?)

386 Unit5 Rational Number Arithmetic




Key Shifts in Mathematics
(Focus

® In this unit...

Students interpret rational numbers in contexts
(e.g., temperature, elevation, payments and

debts, position, direction, speed and velocity)
together with their sums, differences, products,
and quotients. Students use arrow diagrams to
represent sums and differences of rational numbers
and in contexts such as temperature or elevation
change. They view situations in which objects are
traveling at a constant speed, use multiplication
equations to represent changes in position,

and interpret positive and negative velocities in
context. They become more fluent writing different
multiplication and division equations for the same
relationship.

Coherence

< Previously ... 2 Coming soon...
In Grade 6, students learned that rational numbers comprise positive In Unit 6, students apply their understanding of the entire set of rational
and negative fractions. They plotted rational numbers on the number line numbers to expressions and equations. In Grade 8, they learn that
and plotted pairs of rational numbers on the coordinate plane. In Unit 2, there are numbers that are not rational (beyond =), which can only be
students explored proportional relationships exclusively with positive approximated with rational numbers on the number line.

rational constants of proportionality.

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

Conceptual " Procedural Fluency “ '7: Application
- - .

*. Understanding **  Students compare numerical ‘ Students apply their understanding of
Operations with rational numbers are expressions with all four operations, rational number arithmetic to interpret
first explored in context, so students determining equivalent pairs negative quantities, such as negative
start with a concrete framework on using knowledge of additive and time or rates of change (Lesson 17).

which to build their understanding multiplicative inverses (Lesson 15).

(Lessons 3 and 10).

Unit 5 Rational Number Arithmetic 387



A World of Opposites

SUB-UNIT

1 Lessons 2-9

Adding and Subtracting
Rational Numbers

Students revisit rational numbers from Grade 6, including
how to represent them on the number line. They extend
their understanding by observing how values change in
context, such as temperature and elevation changes, and
generalize rules for the signs of the sums and differences
of rational numbers.

Narrative: From botany to temperature and elevation,
rational numbers are everywhere!

387A Unit5 Rational Number Arithmetic

SUB-UNIT

2 Lessons 10-14

Multiplying and Dividing
Rational Numbers

Students consider problems about position, direction,
constant speed, and constant velocity, and represent
these quantities using arrow diagrams and numerical
expressions containing rational numbers. They interpret
products of rational numbers in terms of position and
direction and use the relationship between multiplication
and division to divide rational numbers.

Narrative: Discover how hiking the Appalachian trail
relates to rational numbers.



‘4 Launch

Target: Zero

Lessonl

Students warm back up to positive and negative values by playing a card game with the goal of being the
closest to 0. They notice the benefits of getting opposite values on their cards, and they compare how far

their scores are from zero — from both above and below.

SUB-UNIT

3 Lessons 15-19

Four Operations With
Rational Numbers

Students engage in a smorgasbord of problem solving
with rational numbers that buttons up work from
throughout the unit. Ample opportunity is provided to
both practice and extend understanding of how all four
operations interact with rational numbers.

+-g‘_'

\

e o o

Narrative: Rational numbers can help you make
preparations for climbing Mt. Everest.

\ /

E DE Capstone Lesson 20

Summiting Everest

Let's end the unit the way we started: with a game. Now
equipped with how to deal with rational numbers in
various situations and contexts, students put themselves
to the ultimate test: budgeting. Working with rational
number rates, students plan for climbing Mt. Everest by
strategizing about how quickly their limited resources
will deplete.

Unit 5 Rational Number Arithmetic 387B



. Spoiler Alert: Even though there are four operations, every

® :
l 'nlt at a Glance : subtraction and division problem can be rewritten as an addition
i or multiplication problem, respectively.

Interpreting Negative Numbers ¢

A Pre-Unit Readiness Assessment 1 Target: Zero 2

A reintroduction to positive and negative values
in the form of a competitive card game.

Revisit number lines to show positive and
negative values, primarily in the contexts of
temperature and elevation.

-i a b
+ © °
_— - - ————
—————t 2-(-3)=2+3=5 32101234
101234 la-b|=|b-al
4-5= -1
6 Representing Subtraction 7  Subtracting Rational Numbers 8 Subtracting Rational Numbers

(Partl)e (Part2)e

Observe that the difference between two
numbers can be positive or negative, but the
distance between themis always positive.

Extend understanding of adding rational numbers

to subtraction. Subtract rational numbers to compare
differences and notice that the order of
subtraction changes the sign of the difference.

Sub-Unit 2: Multiplying and Dividing Rational Numbers

S ab [7] -12= -48 2+(-3)= -6
? = negative -6+2 =

12 Multiply! 13 Dividing Rational Numbers

11 Multiplying Rational Numbers

Apply understanding of the distance formula,
d =rt, to make observations about the rules for
multiplying rational numbers.

Use the relationship between multiplication and

Reason about the sign of the product when
division to develop rules for dividing rational

multiplying more than two rational numbers and
use properties to evaluate expressions. numbers.
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Key Concepts
Lesson 6: Subtracting a number is equivalent to adding the additive
inverse.

Lesson 10: Multiplying a negative by a negative results in a positive product.
Lesson 13: Dividing by a number is equivalent to multiplying by the
multiplicative inverse.

Rational Numbers

@ Pacing

20 Lessons: 45 min each
3 Assessments: 45 min each

Full Unit: 23 days
© Modified Unit: 21 days

Assumes 45-minute class periods per day. For block scheduling or
other durations, adjust the number of days accordingly.

3 Changing Temperatures 4

Represent addition of rational numbers ona

number line with arrow diagrams. rules about the sign of the sum.

“4+5-6+(-9)-(-3)+1

9 Adding and Subtracting
Rational Numbers

A  Mid-Unit Assessment

Apply knowledge of addition and subtraction of
rational numbers to real-world contexts.

Adding Rational Numbers

Explore adding rational numbers and generalize

5 Money and Debts

Use negative numbers in the context of money to
represent an amount that is owed.

Position, Speed, and Time

Formalize that the product of a positive and
negative number is negative, by relating
multiplication to repeated addition.

Sub-Unit 3: Four Operations With Rational Numbers

10000 -99999 < O

14 Negative Rates

Explore negative rates of change and how to
represent them in equations and on graphs.

Expressions With Rational
Numbers

must always be a negative number.

Address common misconceptions that can arise
about expressions involving variables, such as —x

Say It With Decimals

Use long division to express fractions as decimals
and see how calculations sometimes repeat,
resulting in a repeating decimal.
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. Spoiler Alert: Even though there are four operations, every

Unit at a Glance subtraction and division problem can be rewritten as an addition

i or multiplication problem, respectively.

<€ continued

- o 2]
. x+a =0b . 4
+ — X < - 2
pr =9
6 am 9 am 12 pm
17 Solving Problems With 18 Solving Equations With 19 Representing Contexts With

Rational Numbers Rational Numbers ® Equations e
Synthesize understanding of rational number Solve equations of the forms p + x =qgand pz =¢q Build on the work from Lesson 18 to connect,
arithmetic and interpreting negative quantities, with rational values. write, and solve equations that represent
such as rates of change. real-world scenarios.
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Key Concepts

Lesson 6: Subtracting a number is equivalent to adding the additive @ Pacing

inverse. 20 Lessons: 45 min each Full Unit: 23 days
Lesson 10: Multiplying a negative by a negative results in a positive product. 3 Assessments: 45 mineach  ® Modified Unit: 21 days
Lesson 13: Dividing by a number is equivalent to multiplying by the

o . Assumes 45-minute class periods per day. For block scheduling or
multiplicative inverse. other durations, adjust the number of days accordingly.

&

20 Summiting Everest ¢ A  End-of-Unit Assessment

Use rational number rates while role playing
as mountain climbers attempting to summit
Mt. Everest.

©® Modifications to Pacing

Lessons 2 and 3: If students enter with a very strong
foundation in their understanding of placing rational
numbers on the number line, it is possible to omit these
lessons, or combine them into a 1-day lesson.

Lessons 7 and 8: It is possible to combine Lessons 7 and
8into a 1-day lesson. Any activities not completed in class
could be assigned for homework to provide extra practice.

Lessons 18-20: Consider spending 3 days on Lessons 18
and 19, instead of 2. To gain a day back, omit the Capstone.
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Unit Supports

Math Language Development

Lesson
2

3

1

13

16

New Vocabulary

rational numbers
arrow diagram
additive inverse

balance
charge
credit
debt
deposit

withdrawal
velocity
multiplicative inverse

bar notation
repeating decimal

terminating decimal

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

Lesson(s)

4

1-5,10, 11,
13,16

6,7,18
2,3,5
9,17,19

1-5,9-13, 15,
17-19

1,6-8,12-14,
18

Mathematical Language Routines

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

MLR3: Critique, Correct, Clarify
MLR5: Co-craft Questions

MLRG6: Three Reads

MLR7: Compare and Connect

MLR8: Discussion Supports

387G Unit 5 Rational Number Arithmetic

Every lesson includes:

CE;) Exit Ticket

Ei Additional Practice

Additional required materials include:

Lesson(s) Materials
5,20 calculators
4 collection of small, short objects
19 materials for creating a poster
20 number cubes
paper clips, snap cubes, or other objects to
10,11 .
move on the number line
PDFs are required for these lessons. Refer to
1,2,4-13, - . .
each lesson’s overview to see which activities
15-19 .
require PDFs.
1,12 standard deck of playing cards
1 sticky notes

Instructional Routines

Activities throughout this unit include the following
instructional routines:

Lesson(s) Instructional Routines
15 Card Sort

19 Gallery Tour

16 Notice and Wonder

7,12,18 Number Talk

6,7,12 Partner Problems
2,7,9,12,18, Poll the Class

19

4,5,9-11, 16, Think-Pair-Share

19

15 True or False?

3,17 Which One Doesn’t Belong?



Each unitincludes diagnostic, formative, and summative assessment

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

Assessments When to Administer

Pre-Unit Readiness Assessment

This diagnostic assessment evaluates students’ proficiency with Priorto Lesson1

prerequisite concepts and skills they need to feel successful in this unit.

Exit Tickets

Each lesson includes formative assessments to evaluate students’
proficiency with the concepts and skills they learned.

End of each lesson

Mid-Unit Assessment

This summative assessment provides students the opportunity to After Lesson 9
demonstrate their proficiency with the concepts and skills they learned
in the first part of the unit.

End-of-Unit Assessment

This summative assessment allows students to demonstrate their
mastery of the concepts and skills they learned in the lessons
preceding this assessment. Additionally, this unit's Performance Task
is available in the Assessment Guide.

After Lesson 20

@ A m PS Social & Collaborative Digital Moments

desmos

Featured Activity

Target: Zero, Part 2
Put on your student hat and work through Lesson 1, Activity 2:

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

+ What best practices might you employ for integrating
technology in your classroom?

Other Featured Activities:
» Backward and Forward in Time (Lesson 10) k
» How Close Can You Get? (Lesson 13)
» Greatest Product (Lesson 15)
+ The Summit Attempt (Lesson 20)
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This unit study is designed to be completed independently or

o
' ' nlt Study collaboratively with your fellow mathematics educators. Prompts are

provided so that you can engage in a meaningful professional learning
experience to deepen your own understanding of this unit and employ

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

Anticipating the Student Experience With Fawn Nguyen

Sub-Unit 3 has all four operations of adding, subtracting, multiplying, and dividing with rational numbers. Students use arrow diagrams
and number lines to practice adding and subtracting rational numbers. They work on real-world examples of changing temperatures and
elevation. Students interpret multiplication and division with rational numbers in the context of velocity and temperature change over time.
Equip yourself to support your students with this concept by engaging in a brief problem-solving exercise to deepen your own learning.

Do the Math
Put on your student hat and tackle these problems from Put your teacher hat back on to share your work with one or more
Lesson 19, Activity 2: colleagues and discuss your approaches.

Q Points to Ponder. ..

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

» Students may not fully appreciate how deep 42 meters (in
question 1) is, it might be interesting to ask for their estimates of the
heights of different buildings on the school campus or around town.

« Arrow diagrams are used throughout this unit, what other diagrams
might you share with students to aid their understanding?

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

Focus on Instructional Routines

Number Talk

Rehearse. .. Q Points to Ponder . ..

How you'll facilitate the Number Talk instructional routine in
Lesson 18, Warm-up:

« Number Talk routines offer a chance to slow down and focus on
the process of reasoning about a mathematical problem, instead
of jumping straight to the solution.

This routine.. ..

» Encourages divergent thinking as you solicit different approaches to
the same solution.

» Helpsto lift up voices that may not always want to be first to share.

« Shows that even a seemingly straightforward problem can hold
complexity worthy of discussion.

» Requires students to be able to explain their thinking rather than just
give an answer.

Anticipate.. ..

» More students may want to share than you have time for. Have a plan
for how much time you have for each problem and which are the most
impactful to discuss further.

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

« If you have used this routine before, what went well? What would you
want to refine?

3871 Unit 5 Rational Number Arithmetic



Strengthening Your Effective Teaching Practices

Elicit and use evidence of student thinking.

This effective teaching practice. ..

» Helps you assess student progress toward the mathematical goals
and objectives of the lessons and units. By knowing where your
students are at, you can help them get to where they need to be!

» Allows you to adjust your instruction, based upon student responses,

so that you can support your students and extend their learning.

Math Language Development

MLR5: Co-craft Questions
MLR5 appearsin Lessons 2, 3, and 5.

« InLesson 2, after you display the images of the thermometers,
ask students to work with their partner to co-craft questions they
have about the thermometers. Sample questions are provided.

« InLesson 3, ask students to examine the map before revealing the
problems of the activity. Generating their own questions about the
map will help them make sense of the scenario before diving in.

« English Learners: DIsplay 1 or 2 sample questions and allow
students to say their questions aloud as opposed to writing them,
orvice versa.

(> Point to Ponder . ...

« As students work with each other to create mathematical
questions they have about graphs or scenarios, how can you
model for them how to use their developing mathematical
vocabulary?

Unit Assessments

(3 Points to Ponder . ..

* How and when will | use student responses from this unit’s
assessments to help adjust my instruction?

» Where are there moments during the lessons’ activities in which |
can informally elicit evidence of my students’ thinking? How will |
approach these moments?

Students With Disabilities

Accessibility: Guide Processing and Visualization

Opportunities to provide visual support and guidance to help students
process new information appear in Lessons 1-7, 9-11, and 14-20.

» InLesson 5, display or provide a checklist to help students complete
the energy costs statement. A sample checklist is provided.

» InLesson 10, use a think-aloud to demonstrate how the hiker's
speed was used to determine their position at various times.

» InLesson 11, ask student volunteers to demonstrate the bikers
traveling at the same speed, but in opposite directions, passing an
object at the same time.

+ Inselected lessons, display the Anchor Chart PDFs, Operations With
Rational Numbers and Solving Equations With Rational Numbers, and
the Graphic Organizer PDF, Blank Number Lines for students to use
as references.

Q Point to Ponder. ..

» As you preview or teach the unit, how will you decide when
your students may benefit from visual support or suggested
guidance? What clues will you gather from your students?

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

Look Ahead ...

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

» With your student hat on, complete each problem.

Q Points to Ponder. ..

» What concepts or skills in this unit might need more emphasis?

* Where might your students need additional scaffolding and
support?

.

How might you support your students with reasoning about
rational numbers in new and unfamiliar contexts throughout the
unit? Do you think your students will generally:

» Overgeneralize or misapply rules for operations with rational
numbers?

» Face challenges keeping track of the signs or numbersin
multi-step problems?

» Have a strong understanding when working with numerical
expressions, but lose the thread when dealing with algebraic
expressions?

Building Math Identity and Community

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

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

Q Points to Ponder. ..

» Do students establish and maintain healthy relationships?
Are they able to get along and work productively with others?
Do students communicate clearly with each other? Are they
able to negotiate through conflicts effectively?

» Do students show self-discipline while working? Are they
able to stay organized? Do they set goals, both personal and
academic and find paths towards achieving those goals? Can
students manage their stress levels? Do they control their
impulses?
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UNIT5 | LESSON 1 - LAUNCH Y

Target: Zero

Let’s aim for zero in this
card game.

Goals

+ Students build conceptual understanding

of the effects of adding positive and negative
1. Identify negative numbers. values.

2. Comprehend that pairs of integers can combine to produce
asum of 0.

3. Language Goal: Explain which card values will produce a sum
closer to 0. (Reading and Writing)

Coherence

* Today

In this Launch lesson, students are re-introduced to positive and negative
values while keeping score in a card game. They compete and strategize
to get closer to zero than their opponents. While the lesson avoids
symbolic representation of operations with integers, students reason
about opposite quantities by calculating scores resulting from combining
positive and negative numbers.

< Previously

Units 1-4 have focused mainly on proportional reasoning, so the last
known contact students had with the Number System domain stretches
to Grade 6.

> Coming Soon

As students progress through this unit, they will encounter addition,
subtraction, multiplication, and division — in roughly that order — with
the set of rational numbers. Some additional work with expressions and
equations using rational numbers will appear as well, serving as a runway
to Unit 6.
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PaCing Guide Suggested Total Lesson Time ~45 min @

O o @ o o

Warm-up Activity 1 Activity 2 Activity 3 Summary Exit Ticket
@ 5 min @ 12 min @ 12 min @ 10 min @ 5 min @ 5 min
A& Pairs #2% Small Groups #2% Small Groups 2 Independent ?éé Whole Class 2 Independent

AMPS poweredbydesmos i Activity and Presentation Slides

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

H [0] S A
Practice 2 independent Amps i Featured Activity
Materials Math Language Activity 2
« Exit Ticket Development Play Target: Zero
» Additional Practice Review words Students play a social card game to
- Activity 1 PDF, Game Cards - negative numbers determine who can generate a score closest
ti | ' N to zero. As they play, they reason about
(optional) * positive numbers positive and negative values.
 standard deck of playing

cards with face cards
removed, one per small group
(optional)

« sticky notes E

Note: Activity 1 PDF is provided if you
would rather use printed cards instead
playing cards. You do not need both.

If printing in grayscale, show students @Amps

how to identify the “red” cards.

Nl

desmos
Building Math Identity and Community ® Modifications to Pacing
Connecting to Mathematical Practices You may want to consider these
Students might be overly-competitive as they play Target: Zero additiona'_ modifications if you are
in Activity 1 or Activity 2. While discussing the rules of the game, short on time.
also discuss appropriate social behavior. Remind students that, while «  The Warm-up may be omitted. During
trying to win, they are also trying to learn. Ask them to be respectful of the Launch for Activity 1, tell students
others as they try to learn, too. that black cards increase their score

and red cards decrease their score.

» Activity 3 may be omitted. You may
consider assigning this Activity as
Additional Practice.

Lesson1 Target:Zero 388B



&8 Pairs | @ 5min

Warm-up Guess the Rule

Students examine sets of cards with given, but ambiguous, scores. They work to determine a rule that
fits all the sets of cards.

0 Launch

Tell students they will be playing a card game
during the lesson, but first they need to help
reveal one of the rules. Point out that the
numbers on the cards displayinga6ora9
will be underlined to show their orientation.

9 Monitor

Help students get started by suggesting they
think about what the different colors of the
cards might mean.

Unit5 | Lesson 1 - Launch

Target: Zero

Let’s aim for zero in this
card game.

Look for points of confusion:

Warm-up Guess the Rule o
+ Thinking that Set 2 means you subtract the

Examine each set of cards and the score shown. Describe what you think second card from the first. Have students apply
is the rule for scoring each card set, and then predict the score of Set 4. . . o
this reasoning to Set 3 and check whether it gives

Set 1Score: 8 Set 2 Score: 3 the same score.
2 6 5 2
[ J o000 [ X J [ 9 Connect
o eeoo eoo ¢ Have students share the score they predicted
Z 9 S 4 for Set 4, and the rule they used to make their

prediction. Confirm with the class that the
rule is that black cards increase your score by
the number written on the card and red cards

Set 3 Score: 4 Set 4 Score: .0

2 6 decrease your score by the number written on
® LA A the card.
[ ] o000
- 3 Display a set of cards showingared 2 and a
red 6.

What is the rule that gives the score for the card sets? Ask:

Sample response: | think the rule is that the black cards add to your score and

the red cards take away from your score. | predict the score for Set 4 will be 0. . “What would be your score for these two cards

according to the rule?” —8

» “What is another set of cards, other than Set 4,
that would give a score of 0?” Sample response:
Red 5 and black 5

Log in to Amplify Math to complete this lesson online.

388  uUnit5 Rational Number Arithmetic ©2023 Amplify Education, Inc. All rights reserved.

A
Highlight that during the Target: Zero game,
black cards will always increase your score and
red cards will always decrease your score by the
amount shown on the card.

— Math Language Development '

MLR2: Collect and Display

Listen carefully for the language students begin to use as they encounter opposite or
negative values. Collect these words and phrases and add them to a class display so
they can be revisited and refined — or adopted more widely — as you continue through
the unit.
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Activity 1 Target: Zero, Part 1

223 Small Groups | @) 12min

Students play a simplified version of the Target: Zero game to get acquainted with the rules.

Name: Date: Period:

Activity 1 Target: Zero, Part 1

Your group will be given a set of cards to play a game.
Players: 2-4

Goal: Combine your card values to produce a value as close to zero as possible.

Getting ready:
Shuffle the set of cards and place them in a pile in the middle of the group.
Choose one player to start the game.

For each round:

0 Launch

Distribute either the decks of playing cards or
the cards from the Activity 1 PDF to groups of
students. Play a mock round with a student for
the whole class to observe the game in action.

9 Monitor

Help students get started by reminding them
that the first round is meant to be played
collaboratively. Encourage them to be as

Each player takes two cards from the pile and places them, face up, in front of them.

When all players have their cards, the first player decides whether they want to take one
additional card from the pile, or pass (not do anything). This continues until all players have

had a turn. Look for points of confusion:

Complete the table for yourself at the end of each round, and compare your score to the other . Adding or Subtracting values indiscriminately.
players. The player with the score closest to zero receives a check mark for winning the round. . K
Have students first work with any black cards,

and then consider red cards.

helpful to each other as possible.

Reshuffle the cards for the next round. Sample responses shown.

* Not sure what to do in the event of a tie. Have
students decide on a fair way to break the tie,
and encourage them to share their solution during
the Connect.

Look for productive strategies:
> 1. How did you determine who was closest to zero after each round?

Sample response: We compared how far the resulting number was from
zero, regardless of whether it was positive or negative.

+ Representing card values with + and — signs.

+ Using a number line to support determining
their score.

9 Connect

Display two cards: ared 4 and ared 6. Then
show an additional black 10 as a third card.

> 2. Consider the times when you decided whether to take an additional card.

a What thinking helped you to make your decision?

Sample response: | always took another card if my resulting value was
more than 5 from zero because that seemed to be too great a number.

Have students share how they would determine
the score for these cards.
Ask:

+ “If you have two cards of the same color, will getting
another card of the same color ever help your score?”

b If you had to change your strategy for the next round, how would you change it?

Sample response: | would pay attention to the cards other students have
in my group. If | can see that they have a card that | need, | might decide
not to take another card.

» “What rules for ties were created that could be
helpful for other groups?”

Lesson1 Target: Zero 389
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Highlight that, in the next activity, students will
play the same game with some updated rules.
Importantly, the values of the cards do not
change, so students can continue to use similar
strategies for calculating their scores.

I @ Differentiated Support Math Language Development ]

Accessibility: Optimize Access to Tools MLRS8: Discussion Supports—Press for Details

Provide access to two-sided counters — or a similar physical
manipulative with two colors — for students to choose to use as
tactile representations of addition and subtraction.

During the Connect, as students share how they would determine the score for the
cards displayed (red 4, red 6, black 10), press for details in their reasoning.
For example:

Extension: Math Enrichment

If a student says. .. Press for details by asking . ..

Have students respond to the following question:
If you drew ared 7 as your first card, what is the exact value and “l added and then

subtracted.”

“Which numbers did you add? How did you

color of the second card you would need to draw to get a score of
exactly zero? Exactly 2?7 black 7, black 9

know to add them? Which number(s) did you
subtract? How did you know to subtract?”

Lesson1 Target: Zero 389



Activity 2 Target: Zero, Part 2

223 Small Groups | @ 12 min

Students play a more competitive version of the Target: Zero game to solidify their strategy and practice
with determining the sum of positive and negative numbers.

— @ Differentiated Support

390

Activity 2 Target: Zero, Part 2

Continue playing the game, with the following updates to the rules:
Instead of only taking one additional card, each player will have three chances to
take an additional card.

Keep your cards to yourself until the end of the round.

After each player has taken all the cards they wish to take (@ maximum of five
cards), calculate your score.

Show your cards to the other players and help each other confirm all scores are
accurate. The player with the score closest to zero receives a check mark for
winning the round.

Sample responses shown.

Score Closest to 0?
Round 4
Round 5
Round 6

Round 7

Round 8

&N

:: Are you ready for more?

A Target: Zero player has a score of 1 during a round. If we know the player had two
cards and neither card was greater than 6, how many different pairs of cards could
the player have had?

3, —2; 4, -3; 5, —4; 6, —5; There were 4 possible combinations of cards the
player could have had.

390 unit5 Rational Number Arithmetic ©2023 Amplify Education, Inc. Al rights reserved

Accessibility: Optimize Access to Technology

Have students use the Amps slides for this activity, in which they can play
a social card game to determine who can generate a score closest to zero.

Accessibility: Guide Processing and Visualization, Optimize
Access to Tools

Provide access to sticky notes and suggest that students keep a running tally
of their score on a sticky note or in the open space in their Student Edition.
Continue to provide access to two-sided counters — or a similar physical
manipulative with two colors - for students to choose to use as tactile
representations of addition and subtraction.

Unit 5 Rational Number Arithmetic

Amps Featured Activity . Fley Trset: 2ero NN @) Launch

Have students read through the new rules for
playing the game, and then ask someone to
explain the changes in their own words. (You
might pretend to not understand the new rules
yourself). Ask, “How might the new rules affect
your strategy?”

Monitor

Help students get started by asking, “What is
the current value of your cards?”

Look for points of confusion:

« Thinking they need to add their cards in the order
they received them. Ask, “Does the order in which
you add numbers in an expression affect the sum?”

Look for productive strategies:

» Representing the total value of the cards with an
expression.

» Using a number line to support determining their
score.

Connect

Display the following cards: black 4, black 10,
red 4, black 2.

Have students share the current score for this
set of cards, and how they determined it. Listen
for a strategy that first combines the black and
red cards displaying a 4, and then adds the black
10 and 2 cards to result in a total of 12.

Ask:

+ “How many other ways can we calculate the score
for this same set of cards?”

» “Are you adding or subtracting in your
calculations?”

» “Does the order of your cards affect your score?
How do you know?”

Highlight that red cards function similarly to
negative numbers and black cards represent
positive numbers.

Math Language Development |

MLR7: Compare and Connect

During the Connect, as students respond to the Ask questions, have them
compare the various ways the score can be calculated for the same set of cards.
Consider displaying the different strategies, such as:

One strategy: Another strategy:
1. Red4 +Black4=0 1. Combine the black cards for a total of 4 + 10 + 2 = 16.
2. Black10+Black2=12 : 2. Subtractthered4.
16-4=12

3. 0+12=12 3.

English Learners

Physically group the related cards together that show which values are added or
subtracted.



& Independent | @) 10 min

Activity 3 Playing Strategically

Given some cards, students determine an ideal set of cards to add to produce a number as close
to 0 as possible.

Name: Date: Period:

Activity 3 Playing Strategically

> 1. Remember that your goal is to combine your card values to produce a value as close
to zero as possible. Which card would be ideal to add to your current cards? Draw it in
the card provided.

0 Launch

Let students know that they are still playing
with an imaginary single deck of cards, though
they do not know what any other player has. Tell
students they do not need to make the pictures
of the cards look accurate, as long as the values
shown are clear.

Current cards New card
2 5 9 Monitor
e oo Help students get started by having them
o [ N N J )
determine the score of the current cards
4 ] shown first.
-7 Look for points of confusion:

> 2. Which two cards would be ideal to add to your current cards? Draw them in the

cards provided. + Choosing cards without paying attention to their

color. Have students add a plus or minus sign to

Current cards New cards
their cards to indicate their value.
9 3 * Not using all of the current cards shown. Tell
([ students they must consider all of the cards shown.
eoee O, Look for productive strategies:
o000 ook for productive strategies:
6 € + InProblem 2, drawing the two opposite cards of the

current cards shown.

Answers may vary, but
should have a sum of —6.

> 3. Which three cards would be ideal to add to your current cards? Draw them in the 9 Connect

cards provided.
Ask, “A player has two cards that you cannot see.

Current cards New cards
They take one more card, which is a black 1, and
3 3 they say ‘I've got zero!" What cards might they
P P have had at the start?”
oo oo Highlight that many different combinations of
€ € cards can result in a given sum. Say, “As you

continue throughout this unit, you will notice
@ that there are often many different ways to write
an expression that will give you the same result.”

Answers may vary, but
should have a sum of 0.

©2023 Ampiy Egucation, nc. Allrights reserved. Lesson1 Target:Zero 391

I 6 Differentiated Support

Accessibility: Optimize Access to Tools Extension: Math Enrichment

Continue to provide access to two-sided counters — or a similar physical Have students complete the following problem:

manipulative with two colors — for students to choose to use as tactile Suppose you have a set of cards that are labeled with numbers from 1 to 10
representations of addition and subtraction. and consist of both black and red cards. Your current cards are a black 10

and a red 3. How many ways can you select two more cards of the same color
to have a total score of 0? The current score is 7. Possible ways to select two
cards of the same color:red 1 and red 6, red 2 and red 5, red 3 and red 4

(in any order).

Lesson1 Target: Zero 391



Summary A World of Opposites

éﬁ Whole Class | @ 5 min

Review and synthesize how to produce a score of 0 with differently numbered cards.

e} Narrative Connections

A

-

Unit 5 Rational Number Arithmetic

A World of Opposites

Opposites have played a major part in how we think about our
world.

The philosopher Heraclitus believed that everything in the
universe had an opposite. These opposites were bound together
in a continuous cycle. Lao Tze, in the classic Chinese text “Tao Te
Ching,” argued that every idea arises from its own opposite. Good
cannot exist without evil. Beauty cannot exist without ugliness.

And in 1947, the physicist Neils Bohr designed his own coat-of-
arms for the King of Denmark. Instead of the usual lions and
crosses, Bohr drew a yin and yang symbol with the phrase
“contraria sunt complementa.” In English, the phrase translates
to “opposites are complementary.”

Around the globe, there are many kinds of opposites. There are
the vast depths of the Mariana Trench and the breathtaking
heights of Mount Everest. The lush, humid jungles of the Amazon
Rainforest could not be more different than the arid winds of the
Atacama Desert.

Throughout our planet, you can find opposites in temperatures,
locations, heights, sizes, and even in measurements of time. In order
to describe and understand all the characteristics of our world, we’'ll
need the full breadth of both the positive and the negative.

Welcome to Unit 5.

=
i

.
.
N
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o
G

Narrative Connections

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

Synthesize

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

Ask:

« “Were you already familiar with any of the people or
places mentioned in the Summary? What else can
you tell us?”

* “What must be true about two cards that resultin 0
by themselves?”

» “What must be true about a set of three cards that
resultin 0?”

Highlight that cards that have the same number,
but different colors result in zero automatically.
This is because they represent opposite values.

Reflect

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

»  “What are some things that feel like opposites to
you in your own life?”



Exit Ticket

& Independent | @) 5min

Students demonstrate their understanding of combining the value of positive and negative quantities

by selecting sets of cards that will produce a score of 0.

@ Printable

Name: Date: Period:

Use the cards shown to respond to the problems. The cards with the black dots
represent positive values and the cards with the gray dots represent negative values.
Sample response:

g \| 7 N
3 12 6 7
° :::: e0e0 | (000
o0 cecel||[®0® | |000e
3 2 5
g 2 RN AN

4 N |~ N I\ N\
10 3 9 3
o0 °
(XXX :. XXX :.
XXX XYY X
ot £ 6 €
|\ O\ J J

1. Circle a pair of cards that combine to result in a value of 0.

2. Draw abox around three different cards that would produce a combined score
of zero, altogether.

o
m ? R (1
I don't really I'm starting to Igotit
getit getit

a | can combine the values of rational b |canidentify sets of numbers that

numbers and compare the resulting combine to make zero.

quantity to 0.

1 2 3
1 2 3
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Professional Learning

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

> Points to Ponder . . .

What worked and didn’'t work today? What surprised you as your
students played the Target: zero game?

What resources did students use as they played the game? Which
resources were especially helpful? What might you change for the
next time you teach this lesson?

Q Success looks like . ..

Goal: Identifying negative numbers.

Goal: Comprehending that pairs of integers
can combine to produce a sum of 0.

» Selecting a pair of cards that combine to give 0.

Language Goal: Explaining which card values
will produce a sum closer to 0. (Reading and
Writing)

Q Suggested next steps

If students select two cards that are the same
color for Problem 1, consider:

Reviewing Activity 3.

If students use more than three cards for
Problem 2, consider:

Asking them to revise their thinking to
determine whether they have any cards they
can eliminate.

Assigning Practice Problem 3.

Lesson1 Target: Zero 393A



Practice

.Q, Independent

Name: Date: Period: I]Ell
> 1. Complete each pattern by writing the missing values. E
)
a 5432, 1 0 =l..,=2..

2
2]
b 1,-12 -2 .3-3 .4 ., -4 5 (]

c 84,...0...,—4 .=8._,-12, =16, ..=20

> 2. Selectall sets of cards that combine to produce a value of 0.
A.

> 3. Imagine you are playing a game of Target: Zero and these are the cards for your group.

Your cards

Player 1 cards Player 2 cards Player 3 cards

Which card would be ideal for you to select from the pile next? Red 10

2023 Amplify Education, Inc. All rights reserved. Lesson1 Target: Zero 393

Practice Problem Analysis

Type Problem
1 Activity 3 2
On-lesson
2 Activity 2 3
3 Grade 6 2
Al 4 Unit 2 5
Lesson 4
. Unit 5
Formative @ 5 Lesson 2 1

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

393-394 Unit 5 Rational Number Arithmetic

kill

Name: Date: Period:

u:,!
3 > 4. Decide whether each table could represent a proportional relationship. If the
g relationship could be proportional, determine the constant of proportionality.
- i 0
él S Number of buses Number of wheels Wheels per bus
5 30 6
8 48 6
10 60 6
15 90 6
Sample response: The relationship could be proportional because the number of
wheels per bus is 6, which shows the constant of proportionality is 6.
8 Number of train cars Number of wheels | Wheels per train car
20 184 9.2
30 264 8.8
40 344 8.6
50 424 8.48

Sample response: The relationship could not be proportional because the number of
wheels per train car is not the same.

> 5. Place the numbers in their approximate locations on the number line.

0.5 0.11 11

394 unit5 Rational Number Arithmetic ©2023 Ampify Education. Inc. Al rights reserved

Additional Practice Available

For students who need
additional practice in
this lesson, assign the
Grade 7 Additional

Practice.




Sub-Unit 1
Adding and Subtracting Rational Numbers

000
929 Whole Class

In this Sub-Unit, students generalize the rules for determining the sums and differences of rational numbers by
reasoning about rational values in real-world contexts and modeling changes in values using arrow diagrams.

SUB-UNIT Narrative Connections %

Adding and Subtracting
Rational Numbers

What was Jeanne
Baret’s big secret?

In 1765, the botanist Philibert Commergon was invited on
an expedition to sail around the world. Commercon wanted
to bring his assistant and housekeeper, Jeanne Baret.

Baret had grown up in the French Loire Valley. There, she
had become well versed in the native plant life, and was an
herbal healer for her community. Baret would have been
the perfect choice to join Commercon. But there was a
problem: Women were not allowed on French Navy ships.
So Commercon and Baret hatched a plan. Baret would
disguise herself as a man, changing her name to “Jean.”

For more than two years, “Jean” and Commergon kept
up their ruse. Together, they explored the rugged terrains
Montevideo, Rio de Janeiro, and Tierra del Fuego. When
Commercon fell ill, Baret took over as chief botanist,
collecting samples and lugging them through rough
wilderness back to the ship for further study.

Imagine the sights she must have seen. She had grown
up impoverished in the French countryside. Now, she was
seeing sights no French woman had ever seen before:
looming mountains, dense jungles, pebble beaches.
Between Commercon and Baret, the pair had collected
over 6,000 specimens, many of which had never been
seen before by a European.

For botanists like Baret, rational numbers are useful. They
can be used to track the starting and ending points of one’s
journey, describe the differences of elevation of where
different samples are collected, or compare the various
climates of different locales. In these next lessons we will
look at how to handle these rational numbers when adding
and subtracting.

©2023 Amplify Education, Inc. All rights Sub-Unit 1 Adding and Subtracting Rational Numbers 395

o

Read and discuss

Read the narrative aloud

as a class or have students
read it individually. Students
continue to explore real-world
applications of adding and
subtracting rational numbers
in the following places:

» Lesson 2, Activity 1:
Exploring the Extremes

» Lesson 3, Activities 1-2:
Warmer and Colder,
Comparing Temperatures

- Lesson 4, Activities 1-2:
Above or Below the Water?,

Energy Supply

* Lesson 5, Activity 1:
Dealing With Debt

» Lesson 7, Activity 2:
Expressions With
Temperature

* Lesson 9, Activity 1:
Writing Expressions

Sub-Unit 1 Adding and Subtracting Rational Numbers 395



UNIT5 | LESSON 2

Interpreting
Negative
Numbers

Let’s review what we know
about negative numbers.

Goals » Students build conceptual understanding
of the relative positions and values of
negative numbers on horizontal and vertical
number lines.

1. Interpretrational numbers in the contexts of temperature and
elevation.

2. Language Goal: Order rational numbers, and justify the
comparisons. (Speaking and Listening)

3. Plot points ona vertical or horizontal number line to represent
rational numbers.

4. Comprehend that the term opposite refers to numbers with the
same magnitude but different signs.

Coherence

¢ Today

Students reacquaint themselves with the number line model, which is
important for reasoning about the position and difference of rational
number values. This lesson serves as both a general reintroduction to a
model that will be used often throughout the unit and to basic operations
with rational numbers. The well-known contexts of temperature and
elevation help ease students into this work. Activity 2 is a wonderful social
moment that can serve as an anchor for the remainder of the unit.

< Previously
In Lesson 1, students revisited positive and negative values. In Grade 6,
students positioned and compared integer values on number lines.

> Coming Soon

In Lessons 3 and 4, students will add positive and negative
numbers — including fractions and decimals — using number
lines and arrow diagrams.

396A Unit 5 Rational Number Arithmetic



PaCing Guide Suggested Total Lesson Time ~45 min @

O & @ o

Warm-up Activity 1 Activity 2 Summary Exit Ticket
@ 5 min @ 10 min @ 20 min @ 5min @ 5 min
&8 Pairs 28 Pairs £2% Small Groups éé? Whole Class 2 Independent

AMPS poweredbydesmos i Activity and Presentation Slides

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

Practice 2 independent Amps | Featured Activity

Materials Math Language Activity 1
« Exit Ticket Development Interactive Number Line
- Additional Practice New word Students explore a large interactive number

. Activity 2 PDF, pre-cut cards, . r.a.ti@.n.@!.nym.bﬁrﬁ* line and learn about the eleyations of some
one set per group of Earth’'s most extreme heights and depths.

Review words
 Activity 2 PDF (answers)
» Anchor Chart PDF, )
' . tud
Wall Number Line magnitudae x=0
* opposites — =t

Note: The wall-length number line
may be a challenge to prepare, but
itis worth it. Students will benefit

from this visual, tactile, and social

» absolute value

*Students may confuse the
mathematical term rational with the
term’s everyday meaning as it relates

experience throughout the unit. toreason and logic. Be ready to g@ Am S
address how a rational number gets its p
name because it can be written as a desmos

ratio of two integers.

Building Math Identity and Community ® Modifications to Pacing
Connecting to Mathematical Practices You may want to consider these

As students try to work together to place their numbers on a number additional. modifications if you are
line in Activity 2, they might not communicate well with each other. short on time.

Remind students that effective communication is required if the group is « In Activity 1, Problem 3 may be

to succeed. Set some guidelines for conflict resolution. Differences and omitted.

mistakes will occur, so the group needs to work together to resolve them « InActivity 2, have groups of students

discuss and then place their numbers
directly on the number line, rather
than create a model on their page.

Lesson 2 Interpreting Negative Numbers 396B



Warm-up Supercooling Liquids

28 pairs | @ 5min

Students read and compare temperatures on a thermometer to review identifying positive and
negative values on a number line.

396  Unit5 Rational Number Arithmetic

Math Language Development

Unit5 | Lesson 2

Interpreting

a’:
Nebon Dl
Numbers

Let’s review what we know
about negative numbers.

Warm-up Supercooling Liquids

The image shows the measured temperature of different kinds of water after
being chilled.

> 1. What is the temperature shown on each thermometer?

Spring Distilled Alkaline

Temperature (°C): ... 4° =3 5.5° —1.5°

> 2. Which thermometer shows the greatest temperature?

The thermometer in the alkaline water shows the greatest temperature.

> 3. Which thermometer shows the least temperature?

The thermometer in the distilled water shows the least temperature.

Log in to Amplify Math to complete this lesson online.

MLR5: Co-Craft Questions

©2023 Ampiify Education, Inc. Al ights reserved.

o Power-up

During the Launch, display the introductory text and the images of the four thermometers.
Ask students to work with their partner to write 2-3 mathematical questions they could ask
about the situation and the thermometers shown. Listen for how students use the idea of
numbers being above or below zero. Ask pairs to share their questions with the whole class.
Sample questions shown.

» Which container shows the least water temperature? The greatest?
+ Which container(s) show temperatures above zero? Below zero?

» What does a zero temperature mean in this context?

English Learners

Display the thermometers and color code the numbers above and below zero as
students describe them.

396 Unit 5 Rational Number Arithmetic

0 Launch

Say, “Did you know it is possible to cool water
to below its freezing point while remaining a
liquid? Under certain conditions, it is!” Remind
students that they worked with negative
numbers in Grade 6, and that temperatures are
a common context, where negative values are
used in the real world.

g Monitor

Help students get started by demonstrating
how to start from zero and count up or down
to the temperature mark. You might also have
students label each tick mark with its value.

Look for points of confusion:

» Thinking, for example, that one mark above —5 is
—6. Ask, “Between which two labeled marks is the
temperature? Does your answer still make sense?”

+ Thinking —1.5 is the lowest temperature. Have
students compare the height of the temperature
mark across all four thermometers. Ask, “Which is
the lowest?”

Look for productive strategies:

* Marking the intermediate values on one of the
thermometers.

9 Connect

Ask, “Suppose the temperature of another
liquid is —4°. Is that colder or warmer than the
coldest temperature shown?” —4° is colder than
the coldest temperature shown.

Highlight that temperatures below 0 can be
referred to using a negative sign, such as
—3 degrees, or by saying 3 degrees below 0.
Point out that the latter example does not
include a negative sign because the words
sufficiently describe its position.

To power up students’ ability to plot values on a
number line, have students complete:
1. Place and label the numbers on the number line:
-5.2.2,-3,|-3], |§|
9

-2 1
2 2| 2.2
-5 s
—-6-5-4-3-2-1 01 2 3 4 5 6
2. Complete the statements with any values from part 1:
9 1
=5 <2 and =3 . > ‘§|
Use: Before Activity 2.

Informed by: Performance on Lesson 1, Practice Problem 6 and
Pre-Unit Readiness Assessment, Problems 2, 3, and 4.




— @ Differentiated Support

Activity 1 Exploring the Extremes

28 Pairs | @ 10 min

Students study elevations of well-known geographic landmarks next to a number line to identify their

elevations and compare their relative positions.

Amps Featured Activity Interactive Numb

Name: Date: Period:

Activity 1 Exploring the Extremes

How high — or low — are you willing to go? Humans have now managed to explore
both the highest and lowest points on Earth.

Compare the elevations of some of these extreme heights and depths.

30,000 ft - " ,,,,,,, Mt. Everest
20,000 ft - '

............................. Mt. Fuji

> 1. About how far above or below sea level
is each point?
a Mt Everest:
29,000 ft above sea level
b Mt Fuji:
12,500 ft above sea level
¢ BurjKhalifa:
3,000 ft above sea level
d  Wreck of the Titanic: - T - Burj Khalifa
12,500 ft below sea level O ft - ftt e Sea level

10,000 ft

e Mariana Trench:

36,500 ft below sea level
-10,000 ft -
> 2. Askydiverjumpedoutofaplaneflying Ao Wreck of the Titanic

12,000 ft above sea level. How does her
starting vertical position compare to
the height or depth of:
a Mt Fuji?
The same.
b Mt Everest?
The skydiver is below the top of Mt. Everest.

—20,000 ft+

—30,000 ft4

<-=-------- Mariana trench

¢ The wreck of the Titanic? —40,000 ft+

The skydiver is above the Titanic.

> 3. Ascubadiver is 100 ft below sea level. How does their vertical position compare
to the height or depth of:
a The Burj Khalifa?
The scuba diver is below the Burj Khalifa.

b The wreck of the Titanic?
The scuba diver is above the Titanic.

> 4. The vertical distance of a butterfly from the starting point of the skydiver from Problem 2
is 500 ft. (Yes, they do fly that high!) What is the butterfly’s distance from sea level?

The butterfly could be 500 ft above or below the skydiver, so it could either
be 12,500 ft or 11,500 ft above sea level.

©2023 Amplify Education, Inc. Al rights reserved.

Accessibility: Optimize Access to Technology

Have students use the Amps slides for this activity, in which they
can explore a large interactive number line to learn about the
elevations of some of Earth’s most extreme heights and depths.

Extension: Math Enrichment

Have students estimate the distance between the peak of
Mt. Everest and the Mariana trench. About 65,000 ft.

Lesson 2 Interpreting Negative Numbers 397

0 Launch

Ask, “Which do you think is greater, the height
of the highest point on earth or the depth of
the lowest point?” Conduct the Poll the Class
routine. Have students explore the elevation
chart, noting the important point that an
elevation of 0 ft is commonly referred to as
sea level. You may choose to pause the class
after Problem 1 to have a discussion about the
elevations of each marked point.

9 Monitor

Help students get started by asking them
where 15,000 ft above sea level would be on the
number line, and having them label it.

Look for points of confusion:

» Using numbers without a negative sign or
appropriate description for elevations below sea
level. Ask, “How would someone know whether this
value is above or below sea level?”

» Thinking the Titanic is 8,000 ft below sea level.
Ask, “The Titanic is between which two marked
values on the number line?”

9 Connect

Have students share how they reasoned
about the butterfly's distance from sea level in
Problem 3.

Ask:
+ “Which elevations could also be written using
negative numbers?”

« “Which elevations are the same distance from 0, or
sealevel?”

Highlight that the absolute value of a number
is its distance from 0 on the number line. In the
case of the elevations, Mt. Fuiji, the skydiver,
and the wreck of the Titanic are all 12,000 ft
away from sea level, so they all have the same
absolute value. Say, “You might recall from
Grade 6 that we write ‘the absolute value of
12,000’ using this notation: |12,000|.”

Math Language Development s————————

MLR2: Collect and Display

During the Connect, as you highlight the term absolute value, ask students to
recall this term from Grade 6. Draw connections between this term and the words
and phrases used in this activity, such as above and below sea level. Add these
words and phrases to the class display. For example:

Absolute value
[12,000| = 12,000
|-12,000| = —12,000

Distance
12,000 ft above sea level

12,000 ft below sea level

English Learners
Use gestures as students use the language of above and below.

Lesson 2 Interpreting Negative Numbers 397



Activity 2 Building a Number Line, Together

223 Small Groups | @) 20 min

Small groups of students work together to place their numbers on a number line while reasoning about

relative distances between rational numbers on both sides of 0.

— @ Differentiated Support

398

Activity 2 Building a Number Line, Together

You will be provided with cards showing different numbers.
Sample responses for Set A provided.
> 1. Discuss with your group how to order the numbers on your group’s cards
from least to greatest. Write the order you agree upon here.

Least Greatest

-
=] ]
it

=23..., ...=10 =77 3 6. 10

> 2. Thisis a model of the number line in your classroom. Mark the number

line with the approximate location of each number from your group’s cards.

(You may need to draw arrows to the location if you need more space to
write your numbers.)

—7.7

9
8
J/ 10

—23 “10 |
5

S Fe—nlm

ola

Wait for directions from your teacher about placing your cards on the
class number line.

> 3. Select one of the cards your group placed on the number line. Describe the

strategy you used for deciding where to place it on the class number line.

We decided to place the 10 to the right of the 0, and we made sure that it
was the same distance from the 0 as the —10 was on the opposite side of 0.

> 4. Arethere any cards on the number line for which you do not agree with their

placement? Explain your thinking.
Responses may vary.

398  Unit5 Rational Number Arithmetic

Accessibility: Guide Processing and Visualization

Suggest that students first sort the cards into two categories:
positive numbers and negative numbers. Then have them sort
each group according to their absolute values. Remind them
that a negative number with a greater absolute value is actually
less than a negative number with a lesser absolute value. For
example, =5 < =3 and |-5| > |-3|.

Unit 5 Rational Number Arithmetic
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Math Language DeveloPment e

. 0 Launch

Say, “While it is useful to use a vertical number line
for contexts, such as temperature and elevation,
we also know that number lines can be placed
horizontally. For this activity, your group will
receive a set of cards that you will eventually place
on the class number line.” Distribute sets of cards
from the Activity 2 PDF.

Monitor

Help students get started by asking, “Which
cards will be to the left of 0? Which will be to the
right? How can you tell?”

Look for points of confusion:

» Placing numbers to the correct side of the other
numbers, but not in the proper position on the
whole number line. Ask for the student to explain
the position of a friendly value, such as 15, relative
to 0 and 30 on the number line.

Look for productive strategies:

» Using opposite values to match distances from 0.

Connect

Have students share pairs of numbers that are
the same distance from 0, but on opposite sides
of the number line.

Highlight that these numbers have the same
absolute value, which is always represented as

a positive number because absolute value
represents distance from zero. Distance is always
positive. Numbers with the same value on opposite
sides of the number line are called opposites.

Ask:

* “How can you tell, when comparing two numbers,
which number will be farther from zero?”

» “How can you tell, when comparing two numbers,
whether they will be on the same side or opposite
sides of 0?"

MLR?7: Compare and Connect

During the Connect, as students share pairs of numbers that are the same
distance from 0, but on opposite sides, draw connections between opposites and
absolute value. Display the following sentence frame and ask students to complete
it. Then add this statement to the class display, along with an example, such as 10

and —10.

Numbers that are have the same because they are the same distance
from zero. opposites; absolute value



éﬁ Whole Class | @ 5 min

Summary

Review and synthesize that number lines can be used to compare temperatures, elevations, and the relative
value of positive and negative numbers.

G Synthesize

Display the class number line from Activity 2.

Name: Date: Period:

Summary
Have students share where to find the least

and greatest value numbers on a horizontal and

In today’s lesson ... vertical number line.

You reviewed that you can use positive numbers and negative numbers to Define rational numbers as the set of all
evation. i HER G ROk . @S

represent temperature and elevation numbers, positive and negative, that can be

Using a number line can help to compare rational numbers — especially written as fractions. For examp|e any whole

when dealing with positive and negative numbers. . .
number is a rational number.

We use the term absolute value to describe how far a number is from 0.
\ s 1 s Highlight that several important features of a
I T 1 . . .

; ; number line can help when comparing positive
"+ and negative numbers: the number’s distance
-20 -15 -10 -5 0 5 10 15 20 ) .

from 0, the distance from other numbers near it,
and the side of 0 it is on.

The numbers 15 and —15 are both 15 units from 0, so 15| = 15 and |-15| = 15.
We call 15 and —15 opposites. They are on opposite sides of 0 on the number line,
but are the same distance from 0.

Ask:

« “Cantwo numbers have the same absolute value if
> Reflect: they have the same sign?”

« “Cantwo numbers with the same sign be
opposites?”

o Reflect

After synthesizing the concepts of the lesson,
allow students a few moments for reflection.
Encourage them to record any notes in the
Reflect space provided in the Student Edition.
To help them engage in meaningful reflection,
consider asking:

*  "“How was building a number line as a group more
or less challenging than doing it by yourself?”

©2023 Amplify Education, Inc. All rights reserved. Lesson 2 Interpreting Negative Numbers 399

Math Language Development s —

MLR2: Collect and Display

As students formalize the new vocabulary for this lesson, ask them to refer to the class display
that you started in this unit. Ask them to review and reflect on the terms and phrases related to
the term rational numbers that were added to the display during the lesson. Highlight that the
term rational comes from the term ratio; numbers that are rational can be written as the ratio
of two integers.

Lesson 2 Interpreting Negative Numbers 399



Exit Ticket

& Independent | @) 5min

Students demonstrate their understanding of the value of positive and negative numbers by comparing

and ordering a set of rational numbers.

@ Printable

Name: Date: Period:

N -

Consider the set of numbers: 7, -3, % —0.8, 0.8, —%, -2

1. Order the numbers from least to greatest.

11
-3,-2,-0.8, 102 0.8,7

2. Identify a number that has a value less than all of the numbers in the set.
Sample response: —4

3. Which number in the set is the farthest away from 0?
7 is the farthest away from 0.

4. Which pair(s) of numbers are opposites?
—0.8 and 0.8 are opposites.

o0
? T v
I don't really I'm starting to Igotit
getit getit
a | caninterpret rational numbers in b |can order rational numbers.
the contexts of temperature and
elevation. 1 2 3
1 2 3 d |canidentify positive and negative
numbers that are opposites.
c | canplot points on a horizontal
number line to represent rational 1 2 3
numbers.
1 2 3
©2023 Ampiity Education, Inc. All rights reserved Lesson 2 Interpreting Negative Numbers

Professional Learning

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

> Points to Ponder . . .

What worked and didn't work today? In what ways did building the
number line go as planned?

Have you changed any ideas you used to have about building number
sense around rational numbers as a result of today's lesson? What
might you change for the next time you teach this lesson?

400A Unit5 Rational Number Arithmetic

Q Success looks like . ..

» Goal: Interpreting rational numbers in the
contexts of temperature and elevation.

» Language Goal: Ordering rational numbers,
and justifying the comparisons. (Speaking
and Listening)

» Ordering rational numbers from least to greatest
in Problem 1.

» Goal: Plotting points on a vertical or
horizontal number line to represent rational
numbers.

+ Goal: Comprehending that the term opposite
refers to numbers with the same magnitude
but different signs.

» Identifying pairs of opposites in Problem 4.

0 Suggested next steps

If students identify —% as the least value,
consider:

« Reviewing the class number line from Activity 2.
» Assigning Practice Problem 1.

» Asking, “Which number would be farther

Ao
from 0, =3 or —35°

If students do not order the numbers properly,
consider:

» Having students say each number aloud as
they consider where it should be placed on
the number line.

+ Having students mark other friendly values
on their number line, such as 1 and —1.



Practice ‘Q, Independent

—
Name: Date: Period: Name: Date: Period: I]Eli
3 > 1. Place the following numbers on the number line, and then circle the 2> 4. Hanwants to buy a $30 ticket to a basketball game, but the pre-order tickets ?
g pair of values which are the same distance from 0. are sold out. He knows there will be more tickets sold the day of the game, with g
= 1 a markup of 200%. How much should Han expect to pay for the ticket if he buys [=4
8 2 3.5 =35 —4 175 _1§ —0.5 it the day of the game? Show or explain your thinking. 8
Han should expect to pay $90 for the ticket; Sample response:
Sample response:
0% 100% ?%
-13 e : +200% 1
2 05 12 @ $0 $30 $?
t
o - 100% + 200% = 300%
> 2. Match each point on the elevation chart with a reasonable elevation. ?gg «30=90
Not all elevations will be used.
Elevation > 5. Decide whether or not each equation represents a proportional relationship.
Ts000m Show or explain your thinking.
D. 4,500 m above sea level
a Volume measured in cups, ¢, compared to the same volume measured
T¢ 4,500 m below sea level inounces, z:c =g =
Yes, the equation ils in the form of y = kx and the constant of
A A 6,500 m above sea level proportionality is g
¥D

b Areaof asquare, 4, compared to the side length of the square, s: 4

No, the ratio of s to A will not remain constant. Whensis 1, Ais 1,

—+0m (sea level) N ;
E.....8,500 m below sea level butwhen sis 2, Ais 4.

B___6,500 m below sea level s

€ Perimeter of an equilateral triangle, P, compared to the side length of the triangle,

4 C 10,000 m above sea level
s13s =P

B
E 11,500 m below sea level Yes, the equation is in the form of y = kx and the constant of
4 ’ ’ proportionality is 3.
d Length, L, compared to width, w, for a rectangle whose area is
-+-15,000m 60 square units:L:;

No, the ratio of w to L will not remain constant. When w is 1, L is 60,
but when wis 2, L is 30.
> 3. Compare each pair of values using the symbols >, <, or =.

. - - 5
a 3 > 3 b 12 < 24 > 6. Which expression is modeled by this diagram?
® -12.>. -2 & 5=l ————————— ——
-10-9 -8 -7 -6 5 4 -3 -2 -1 8 9 10
e 72 > 7 H —72..<..07
A 4+6
4 5
g -15.=_ 3 o> -7 4+2
2 5 1
C. 6-4
3 6 2 1
. » sz _
5 0 3 3 D. 6-2
400  unit5 Rational Number Arithmetic ©2023 Amplify Education, Inc. All ights reserved. ©2023 Amplify Education, Inc. Al rights reserved. Lesson 2 Interpreting Negative Numbers 401

Practice Problem Analysis Additional Practice Available

Type Problem

For students who need

1 Activity 2 2 additional practice in
this lesson, assign the
On-lesson 2 Activity 1 2 Grade 7 Additional
Practice.
3 Activity 2 2

Unit 4

Lesson 3
Spiral
5 Unit 2 >
Lesson 9
. Unit5
Formative @ 6 Lesson 3 1

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

Lesson 2 Interpreting Negative Numbers - 400-401



UNIT5 | LESSON 3

Changing
Temperatures

Let’s add positive and
negative numbers.

+ Students build the conceptual understanding
that rational numbers have both a direction and
1. Language Goal: Determine the final temperature, given the starting amagnitude.
temperature and the change in temperature, and explain the
solution method. (Speaking and Listening, Writing)

Goals

+ Students develop procedural skills by using
number lines and equations simultaneously

2. Language Goal: Explain how to create a number line diagram that torepresent addition of rational numbers.

represents adding rational numbers. (Speaking and Listening, Writing)

3. Write an addition equation to represent a situation involving a
temperature increase or decrease.

Coherence

* Today

Students represent addition of rational numbers on a number line using
arrows. There are different ways to do this; in this unit, the convention is
that each addend is represented by an arrow and the sum is represented
as a point on the number line. Positive addends are represented by
arrows that point to the right, and negative addends are represented by
arrows that point to the left. The starting point is always zero; the next
arrow starts where the first arrow ends. The sum is represented by a
point on the number line where the arrow for the last addend ends.

< Previously

In Lesson 2, students became reacquainted with using vertical and
horizontal numbers lines to position and compare rational numbers.

> Coming Soon

In Lesson 4, students will further practice adding rational numbers in context,
and they will also formulate some rules to better understand the sign of a sum.

402A Unit5 Rational Number Arithmetic



PaCing Guide Suggested Total Lesson Time ~45 min @

O @ o o

Warm-up Activity 1 Activity 2 Summary Exit Ticket
@ 8 min @ 12 min @ 10 min @ 5 min @ 10 min
2 Independent 28 Pairs 28 Pairs ?éé Whole Class 2 Independent

AMPS poweredbydesmos i Activity and Presentation Slides

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

. o .
Practice & independent Amps : Featured Activity

Materials Math Language Activity 1
. Exit Ticket Development Interactive Arrow Diagrams
» Additional Practice New word Students represent changing temperatures

on number lines using arrow diagrams. The
digital environment facilitates the ability to
Review words quickly manipulate the arrows.

- absolute value

» negative numbers

L x20
* positive numbers A
——— p

 rational numbers

CO.) Amps

desmos
Building Math Identity and Community ©® Modifications to Pacing
Connecting to Mathematical Practices You may want to consider these
Because of their understanding of addition of whole numbers, students additional. modifications if you are
might impulsively draw their own conclusions about how to add rational short on time.
numbers. Explain to students that they are using so many different - InActivity 1, provide student choice
representations of the addition in Activity 1 so that they can reason by allowing them to choose any 4 or 5
abstractly about the correct rules for adding signed integers from problems to complete, then discussing
their work. all problems as a class.

« InActivity 2, have students only
complete the first 2 or 3 problems.

Lesson 3 Changing Temperatures 402B



& Independent | @) 8 min

Warm-up Which One Doesn’t Belong?

Students explore unfamiliar, but intuitive, number line diagrams with arrows to discover a
new representation for adding rational numbers on the number line.

402

402 unit5 Rational Number Arithmetic

Differentiated Support

Unit5 | Lesson 3

Changing
Temperatures

Let’s add positive and negative
numbers.

Warm-up Which One Doesn’t Belong?

Which number line does not belong? Be prepared to explain your thinking.

A. +—
—
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
T T T T T T T T T T T T T T T T T T T T T
-10-9-8-7-6-5-4-3-2-1 012 3 45 6 7 8 910
B —
—

|
—
15
&4
|
L4
!
&4
1]
a4
|
g
|
o4
|
-
o 4
-
N4
w -4
'S
3}
=)
~
=)
©
—
=]

1 1 1 1 1 1 1 1 1 1

T T T T T T T T T T
-10-9 -8 -7-6-5-4-3-2-1 01 2 3 45 6 7 8 910
Sample responses:

Diagram A does not belong because it is the only number line where both
arrows start at the same place.

Diagram B does not belong because it is the only number line where the
arrows have different lengths.

Diagram C does not belong because it is the only number line where
neither arrow starts at 0.

Diagram D does not belong because it is the only number line where both
arrows point in the same direction.

Log in to Amplify Math to complete this lesson online.

Accessibility: Guide Processing and
Visualization

Suggest that students ask themselves these questions
as they compare the number line diagrams.

Where do the arrows start?

Where do the arrows end?

In which direction does each arrow point?
What is the length of each arrow?

Unit 5 Rational Number Arithmetic

©2023 Ampiify Education, Inc. Al ights reserved.

o Power-up

0 Launch

Conduct the Which One Doesn’t Belong?
routine. Encourage students to jump right in
by examining all of the diagrams and noting
differences between them. Have students who
finish early try to create a rule for why each
diagram does not belong.

9 Monitor

Help students get started by having them draw
lines from the start and end of each arrow down
to the number line.

Look for points of confusion:

» Thinking that Diagram A shows 3 + (—3). Ask,
“Would a similar diagram work for 4 + 37"

Look for productive strategies:

» Annotating the arrows with their length and direction.

9 Connect

Display Diagram B, alongside the expression
34 (—6).

Ask:

» “How does this expression represent the diagram?”

+ “What expressions could you write to represent
Diagram D?"

Have students share their expressions for
representing Diagram D.

within a number line to show positive and
negative numbers and operations on them.

Highlight that the second arrow is always
placed slightly above the first arrow. This helps
indicate which is the first, or starting, value.

Ask, “Why are Diagrams A and C impossible
representation for adding two numbers?

To power up students’ ability to interpret arrow diagrams, have students
complete:

1. Add the numbers 3, 4, and 7 to the appropriate boxes in the given arrow diagram.

e

-10-9-8-7-6—-5—-4-3-2-1 01 2 3 45 6 7 8 910
2. Write the equation that is modeled by the arrow diagram using the numbers 3, 4, and 7.
3+4=7
Use: Before the Warm-up.

Informed by: Performance on Lesson 2, Practice Problem 6.




Activity 1 Warmer and Colder

28 Pairs | @ 12min

The context of temperature is used to help students make sense of adding rational numbers, writing
equations, and representing using them arrow diagrams.

Amps Featured Activity

Name:

Interactive Arrow Diagrams

Activity 1 Warmer and Colder

Consider each starting temperature and how much it changes.

For each set:

Represent the values on the number line.

Determine the final temperature.

Write an equation to represent the scenario.

> 1. Start:25°C

Change: 10° warmer

T T T T T T T T
-40 -35 -30 -25 -20 -15 -10 -5

Equation: 25+ 10=35
> 2. Start:25°C

Change: 5° colder

0 5 10 15 20 25 30 35 40

Final temperature: 35°C

<4

T T T T T T T T
-40 -35 -30 -25 20 -15 -10 -5
Equation: 25+ (=5) =20

> 3. Start:25°C

Change: 25° colder

T T T T T T T
0 5 10 15 20 25 30 35 40

Final temperature: 20°C

T T T T T T T T
-40 -35 -30 -25 -20 -15 -10 -5

Equation: 25+ (—25)=0

> 4. Start:25°C

Change: 50° colder

! ! ! ! ! ! ! }
0 5 10 15 20 25 30 35 40

Final temperature: 0°C

&
<

T T T T T T T T
-40 -35 -30 -25 -20 -15 -10 -5

Equation: 25+ (-50) = —25

T
0 5 10 15 20 25 30 35 40

Final temperature: —25°C

0 Launch

Ask, “If the temperature is 40° and it

becomes 10° colder, what temperature is it?"”
Demonstrate representing this situation on a
number line using arrows and write the equation
40 + (—10) = 30. Tell students that placing the
—10 inside parentheses is a convention that
helps to separate the + operator from the
negative sign. They do not need the parentheses
when the negative number is first, or when a
positive number follows the addition sign, such
as in the expression —3 + 4.

Monitor

Help students get started by saying, “The first
arrow should always startat 0.”

Look for points of confusion:

» Drawing only one arrow — the change from the
value of the first number. Say, “That is another
way to represent the situation, but it will be more
helpful for future situations to represent both
values with arrows.”

« Drawing both arrows starting from 0. Say, “Your
second arrow should end at the new temperature
after the change. Is that true for your diagram?”

Look for productive strategies:

» Drawing dots at the start and end of each arrow to
help organize the representation.

Activity 1 continued >

©2023 Amplify Education, Inc. All rights reserved.

Lesson 3 Changing Temperatures 403

I — @ Differentiated Support Math Language Development m———_—

Accessibility: Optimize Access to Technology MLR7: Compare and Connect

Have students use the Amps slides for this activity, in which they
can represent changing temperatures on number lines using
interactive arrow diagrams. The digital environment facilitates
the ability to quickly manipulate the arrows.

During the Connect, draw connections between the visual representations of

adding positive and negative numbers with numerical expressions. For example,

for Problem 5, write the expression —20 + 35. Ask:

+ “Which arrow represents the first addend in the expression?”

» “How is adding a positive number represented on the number line? In
Problem 7, how is adding a negative number represented?”

* “Where is the sum represented on the number line?”

Accessibility: Vary Demands to Optimize Challenge

Students may visually benefit from drawing jumps on the
number line instead of drawing straight arrows. Allow them to do
so and connect the length of all of their jumps in one direction to
the length of a straight arrow.

English Learners

Add annotations to the number lines, such as labeling “warmer” as “add a positive
number” and “colder” as “add a negative number.”

Lesson 3 Changing Temperatures 403



&R pairs | @ 12 min

Activity 1 Warmer and Colder (continued)

The context of temperature is used to help students make sense of adding rational numbers, writing
equations, and representing using them arrow diagrams.

. g Connect

Have students share their thought process as
Activity 1 Warmer and Colder (continued) they walk through their solution to one of the

problems.

> 5. Start: —20°C Change: 35° warmer A
Display two of the problems so that both are
L, & visible at the same time.

T T T T T T T T T T T T T T T T T
-40 -35 -30 -25 -20 -15-10 -5 0 5 10 15 20 25 30 35 40

Ask:
Equation: —20+35=15 Final temperature: 15°C
» “How is the addition of a positive number
> 6. Start: —20°C Change: 15° warmer represented on a number line?”
_’1 An arrow pointing to the right.
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
40 -35-30 25 20 1510 =5 0 5 10 15 20 25 30 35 40 + “How is the addition of a negative number
represented on a number line?”
Equation: —20+15=-5 Final temperature: —5°C An arrow pointing to the left.
> 7. Start: —20°C Change: 15° colder « “Where does the second arrow always start?”
— The second arrow always starts where the first

—_— arrow ends. It is drawn slightly above the first arrow.
-40 -35-30 -25 -20 -15-10 -5 0 5 10 15 20 25 30 35 40

Highlight that the end of the second arrow is the
sum of both numbers.

Equation: —20 + (—15) =-35 Final temperature: —35°C

:: Are you ready for more?

You know the following things about three numbers, a, b, and c:
aisless thanb

cis greater than b

|a| is greater than |c|
(Hint: It may be helpful to draw a number line and mark possible values for a, b, and c.)
Mark each statement in the table as always true, sometimes true, or never true.

Statement Always true Sometimes true Never true

atose [] L]
jatl<e L] L]
atb=c ] []
O ]
404 Unit5 Rational Number Arithmetic ©2023 Amplify Education, Inc. All rights reserved.
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——— @ Differentiated Support

28 Pairs | @ 10 min

Activity 2 Comparing Temperatures

Students use their understanding from the previous activity to determine temperature differences and

connect them to addition equations.

o Launch

Name: Date: Period:

Activity 2 Comparing Temperatures

Ask, “Which place on the map would you
expect to be the warmest? The coldest?” Let

Refer to the map to complete the following problems. All temperatures shown are in °C. students know that because the number lines

3 '..sg«s
H ~ ,.

One city's current temperature is given. For each of the remaining cities, write an expression to
represent the current temperature, and then use an arrow diagram to evaluate the expression.

are unmarked, it will be up to them to determine
reasonable lengths for their arrows.

9 Monitor

Co-craft Questions:

Examine the map before Help students get started by helping them
beginning this activity. Work . .

with your partner to write locate Houston, where the temperature is given.
2-3 questions you could ask

about the information shown. LOOk for points Of confusion.

+ Thinking that the temperature is the number in
the text after the city name. Have students read
the text carefully, then ask, “What does that mean?
Do you have enough information yet?”

» Starting with Bozeman, because it’s at the

a City: SaltLakeCity Expression: 8+ (—8) Temp.: 0° .
¢ top and left of the map. Say, “It says Bozeman
e is 2° colder than Minneapolis. Do you know the
o s temperature of Minneapolis? Is there another city
that might make more sense to reference as a
b City: Orlando Expression: 8+ 4 Temp.: 12° starting point?”
_’ . . .
. > Look for productive strategies:
o s 12 + Planning an order of which remaining temperatures
to find.
€ City: Minneapolis Expression: 8+ 4 + (—24) Temp.: —12° + Marking each number line with the 0 point.
<
f f ; Reflect: How well did you 6 ConneCt
-12 0 12 ccljtrolyourlmpu\se_s and
;ﬁ?ﬁ?ﬁ?&iﬁgﬂ;‘;'ﬁg@ Display two different strategies for Minneapolis —
d City: Bozeman Expression: 8+ 4+ (—24) + (=2) Temp.: —14° one that shows 8 + 4 + (—24) and one that
<+ shows 12 + (—24). Ask, “Which do you think is
4—
1i llz (l) more accurate? Which better represents the
statement?”
@ Highlight that both expressions accurately
model the situation, because both use numbers
©2023 Ampiity Education, Inc. Allrights reserved. Lesson 3 Changing Temperatures 405

Accessibility: Guide Processing and Visualization

Suggest that students draw arrows from each city to the other
city that helps them determine the temperature. For example,
draw an arrow from Salt Lake City to Houston, and draw an
arrow from Bozeman to Minneapolis.

Extension: Math Enrichment

Tell students that Detroit is 6° colder than St. Louis and St. Louis
is 8° warmer than Denver. Ask them to write a statement that
only compares the temperatures of Detroit and Denver. Denver
is 2° colder than Detroit, or Detroit is 2° warmer than Denver.

that come from the other relevant cities. Either
expression may be more helpful depending on
how students prefer to add the values.

Ask, “How can using a number line — even a
blank one — help make sense of what the final
temperature should be?”

Math Language Development ]

MLR5: Co-Craft Questions

During the Launch, display the map. Ask students to work with their partner to
write 2-3 mathematical questions they could ask about the information shown.
Ask pairs to share their questions with the whole class. Sample questions shown.

» How can | determine the temperature for each city?
« Inwhich order should | determine the temperature for each city?
« How does the temperature of Bozeman compare to Salt Lake City?

English Learners

To support students in developing metalinguistic awareness, model how to craft a
mathematical question. Consider displaying one of the sample questions.

Lesson 3 Changing Temperatures 405



Summary

iii Whole Class | @ 5min

Review and synthesize that changing temperature can be represented using arrow diagrams and

expressions with positive and negative numbers.

Summary

In today’s lesson . ...

You learned that we can represent a change in temperature with a positive number
ifitincreases and a negative number if it decreases.

addition of positive numbers are represented with arrows pointing to the right
and the addition of negative numbers are represented with arrows pointing to the
left. When adding rational numbers, each arrow begins where the previous arrow
ended.

This arrow diagram models the equation 7 + (-10) = -3

P
<

S rEE——

! T
LI —
1 2 3 4

T R R B
LI S S
-10 -9 -8 -7 -6 -5

© -+
—
=]

TR
LI —
6 7 8

o+
o -+

T
L
-3 -2 -1

Ll

> Reflect:

406 Unit5 Rational Number Arithmetic

©2023 Amplify Education, Inc. All rights reserved

MLR2: Collect and Display

As students formalize the new vocabulary for this lesson, ask them to refer to the
class display that you started in this unit. Ask them to review and reflect on the terms
and phrases related to the term arrow diagram that were added to the display during
the lesson.

406 Unit5 Rational Number Arithmetic

G Synthesize

Display the arrow diagram from the Summary
in the Student Edition.

Ask:

+ “What expression could be written to represent
this arrow diagram?” 7 + (—10)

« “"How many different expressions could be written?”
Only one. There are other expressions that are
equivalent to this, but there is only one way to
write the expression that is modeled by this arrow
diagram.

Highlight that using arrow diagrams and
equations in conjunction with one another
strengthens and reinforces both visual and
symbolic reasoning about adding rational
numbers.

Ask:

» "How canyou represent an increase or decrease in
temperature using an addition equation?”

* “How canyou represent an addition equationona
number line?"”

o Reflect

After synthesizing the concepts of the lesson,
allow students a few moments for reflection.
Encourage them to record any notes in the
Reflect space provided in the Student Edition.
To help them engage in meaningful reflection,
consider asking:

»  “Which representation — expressions or arrow

diagrams — helps you to make sense of adding
positive and negative numbers?”

E— Math Language Development ]



& Independent | @) 10 min

Exit Ticket

Students demonstrate their understanding of adding rational numbers by creating, representing, and
solving a temperature change problem.

.
Q Success looks like . ..

Name: pate: Fertod - Language Goal: Determining the final
temperature, given the starting temperature

Exit Ticket m and the change in temperature, and explaining

the solution method. (Speaking and Listening,
Writing)

» Drawing an arrow diagram to determine the final

1. Write a situation about temperature change that could be represented by the
expression 27 + (—11).

Answers may vary. Sample response: The temperature at noon was 27°C. By 9 pm, temperature in Problem 2.
the temperature had fallen 11°C. o
» Language Goal: Explaining how to create a

number line diagram that represents adding
rational numbers. (Speaking and Listening,

2. Draw an arrow diagram and write an equation, including the final temperature, Writin )
to represent this situation: “On Tuesday at lunchtime, it was 29°C. By sunset, the g
temperature had dropped by 13°C." + Goal: Writing an addition equation to
«— represent a situation involving a temperature
= = = increase or decrease.
0 16 29
29+ (-13)=16 » Writing an equation to determine a temperature
decrease in Problem 2.
O Suggested next steps
If students struggle to write a coherent story
for Problem 1, consider:
kY + Reviewing the contexts from Activity 2.
e L Stes it 10 et + Assigning Practice Problem 2 or 3.
« Asking, “How can you use times of day to help
a | candetermine the final b | can explain how to create an arrow ShOW hOW something has changed?”
temperature, given the starting diagram that represents adding A
temperature and the change in rational numbers. If students show a Change to 13°C, consider:
temperature. 12 s
1 2 3 » Having them reread the last sentence aloud.
¢ | can write an addition equation to
represent a situation involving a
temperature increase or decrease.
12 3
©2023 Amplify Education, Inc. All rights reserved. Lesson 3 Changing Temperatures
Professional Learning
] ]

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

> Points to Ponder . . .

What worked and didn't work today? Did students find Activity 1 or Activity 2
more engaging today? Why do you think that is?

Which groups of students did and didn't have their ideas seen and heard
today? What might you change for the next time you teach this lesson?

Lesson 3 Changing Temperatures 407A



Practice

‘Q, Independent

Name: Date: Period: [lEli
> 1. Match each arrow diagram with an expression it could represent. 3
)
Diagram Expression ,9..
2]
a — b -3+ (-3) o
+
0
b S m—
‘_I c 54 (=7)
t
0
c +—
— a 3+(-2)
t
0
d —>
<_| d —-3+2
t
0

> 2. Drawan arrow diagram to represent each of the given situations. Then write an addition
equation that represents the change in temperature and the final temperature.

a The temperature was 80°F and then fell 20°F.

<«

—
) 60 80
80 + (—20) = 60; The final temperature was 60°F.

b The temperature was —13°F and then rose 9°F.

—_—
—
n 4 L
t t t
-13 -4 0

—13 + 9 = —4; The final temperature was —4°F.

¢ The temperature was —5°F and then fell 8°F.

—

-13 -5 )
—5 + (—8) = —13; The final temperature was —13°F.

©2023 Amplify Education, Inc. All ights reserved. Lesson 3 Changing Temperatures 407

Practice Problem Analysis

Type Problem

1 Activity 1 2
On-lesson 2 Activity 2 2
3 Activity 2 2
Unit 4
) 4 Lesson 6 2
Spiral
5 Unit4 >
Lesson7
. Unit 5
Formative @ 6 Lesson 4 1

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

407-408 Uit 5 Rational Number Arithmetic

aonpoed [

Name: Date: Period:

> 3. Draw an arrow diagram to represent each scenario and to determine the
unknown value.

a Thetemperature is —2°C. If the temperature rises by 15°C, what would be the new
temperature?

15
—_—)
«
~ .
+—+ t

20 13

The new temperature would be 13°C.

b At midnight the temperature was —6°C. At midday the temperature is 9°C.
By how much did the temperature rise?

15
—)
! ¢ ! !
T T T
-6 0 9
The temperature rose 15°C.

> 4. Lastweek, the price, in dollars, of a gallon of gasoline was g. This week, the
price of gasoline per gallon increased by 5%. Which expressions represent this
week's price, in dollars, of a gallon of gasoline? Select all that apply.

A g+005
4+ 0.05g
©) 1059

D. 0.05¢

® (1+0.05)

> 5. Maiwas assigned to make 64 bracelets for the craft sale. She made 125% of
that number. 90% of the bracelets she made were sold. How many of Mai's
bracelets were left after the craft sale?
There were 8 bracelets left after the craft sale.
Sample response: 1.25 « 64 = 80
0.9.80=72
80-72=8
> 6. Determine each sum.

a 06+04 =1
b 08+053 =133

€ 115+285 =4

408 unit5 Rational Number Arithmetic ©2023 Ampify Education. Inc. Al rights reserved

Additional Practice Available

For students who need
additional practice in
this lesson, assign the
Grade 7 Additional

Practice.




UNIT5 | LESSON 4

Adding Rational
Numbers

Let’s solve problems about adding
rational numbers.

=

Goals » Students build conceptual understanding
1. Create and interpret equations and diagrams that represent adding OT the stru.c.ture of addifcion problems that
rational numbers in the context of elevation. give apositive or negative result.

« Students apply their rules for adding
positive and negative numbers in context
with climbing up and down.

2. Language Goal: Generalize a method for determining the sum of
two rational numbers. (Speaking and Listening)

Coherence

¢ Today

In this lesson, students build fluency adding rational numbers. Using the
structure of opposites on the number line, they see that when adding two
numbers with different signs, the sign of the sum will match the sign of
the addend with the greater magnitude. Students then practice adding
rational numbers with decimals.

< Previously

In Lesson 3, students represented addition of positive and negative
numbers using arrow diagrams.

> Coming Soon

In Lesson 5, students will encounter adding positive and negative
numbers within the context of money.

Lesson 4 Adding Rational Numbers 409A



PaCing Guide Suggested Total Lesson Time ~45 min @

O o @ o o

Warm-up Activity 1 Activity 2 Activity 3 Summary Exit Ticket
(Optional)
@ 5 min @ 15 min @ 13 min @ 20 min @ 5 min @ 5 min
% Independent A& Pairs A& Pairs A& Pairs ?éé Whole Class % Independent

AMDPS poweredbydesmos i Activity and Presentation Slides

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

. o .
Practice ~ independent Amps : Featured Activity
Materials Math Language Activity 3
. Exit Ticket Development School Supply Number Line
+ Additional Practice New word Students select objects of their choice and

arrange them on a digital number line to
compare the values of rational-number
Review words variable expressions.

* Anchor Chart PDF, * additive inverse
Operations, Part 1 (for display)

« Anchor Chart PDF,
Operations, Part 1 (answers)

» absolute value

) » arrow diagram
« acollection of small, short

objects (e.g. erasers, paper * opposite x2H
. _ —t Ot
clips, pen caps) * rational numbers
CO.) Amps
desmos
Building Math Identity and Community ® Modifications to Pacing
Connecting to Mathematical Practices You may want to consider these
As students complete the Think-Pair-Share routine in Activity 1, they additional modifications if you are
might not persevere in problem solving with their partner. As students short on time.
are probably well aware of their strengths, during an exercise such as «  Inthe Warm-up, Problem 2 may be
this, they should also lean on their partner to help them stretch beyond omitted.
what thely :layltmnk;]s a pe;onal Ilfnf'.nt'atloln. Working together will help - During Activity 2, instead of having
accomplish solving the problems efficiently. students write responses for Problem
2, ask this question during the
discussion.

+ Optional Activity 3 may be omitted.

409B Unit 5 Rational Number Arithmetic



& Independent | @) 5min

Warm-up What'’s the Opposite?

Students explain, based on their background knowledge, what the opposite of a certain action
is to better understand how opposites can appear in context.

0 Launch

Activate background knowledge by asking
Unit5 | Lesson 4 students what it means to “retrace your steps.”

Prompt students to describe opposite directions.
You might ask students to give you directions to

Name: Date: Period:

a specific location in the classroom (your desk,
for example) and then give directions for how to
get back to your original spot.

= 9 Monitor

Help students get started by having students
sketch what is happening in the action described
in each problem.

Adding Rational
Numbers

Let’s solve problems about adding
rational numbers.

Puse

| e

Warm-up What'’s the Opposite? Look for points of confusion:

> 1. Describe the opposite of each action: » Only giving a direction or a number, but not both.
a  Jumping down 10 steps. Ask, “Would someone know you are doing exactly
Climbing up 10 steps. the opposite of the action described?”

+ Inpartc, saying walking is the opposite of
running. Ask, “Will changing the speed affect the
position at the end of the opposite action?”

b Taking the northbound train 6 stops.
Taking the southbound train 6 stops.

© Running 150 m west. Look for productive strategies:
Runni :
unning 150 m east « ldentifying the important directional word in the

action first.
d Spending $5.50. C

Earning $5.50.
9 Connect

> 2. Write your own exan.wple‘ with two opposite actions. o Have students share their own examples of
Sample response: Climbing up 8 rungs on a ladder and climbing down

8 rungs on a ladder. opposite actions. After a few examples, conduct
the Think-Pair-Share routine while asking, “Are
these clear examples of opposite actions? How
do you know”

Ask, “Why is traveling 100 steps north, and

then 100 steps west not an example of opposite
Log into Amplify Math to complete this lesson online. aCtlons?n

©2023 Ampiy Education.nc. Allrights reserved Lesson 4 Adding Rational Numbers 409

A Highlight that combining two opposite actions will

always bring the action back to where it started.

Define the additive inverse of a number a as the

number such that, when added to «, results in a
sum of zero. Itis the number’s opposite.

Math Language Development

o Power-up

MLR2: Collect and Display To power up students’ ability to reason about how the
During the Connect, collect informal student language used to make placement of the decimal point affects the sum of decimal
sense of the additive inverse, such as “It is the opposite of a number,” values, have students complete:

“It returns to the start,” and “It makes zero.” Add the language
students use to the class display and remind them to continue to refer
to and use the display during class discussions. 1. 80cents plus53cents. Greater than 1.

Determine whether each sum is greater than or less than 1.

2. 0.80 + 0.53 Greater than 1.

English Learners 3. 0.08+0.53 Lessthan 1.

Display or draw a compass rose annotated with north, south, east, and

west to help students reason about opposite directions in parts b and c. Use: Before Activity 2.

Informed by: Performance on Lesson 3, Practice Problem 6.

Lesson 4 Adding Rational Numbers 409




28 pairs | @ 15 min

Activity 1 I Saw the Sign

Students examine patterns in repeated calculations to develop a rule for the sign of a sum of an expression
including positive and negative numbers.

e 0 Launch

Ask, “What similarities or differences do you

Activity 1 I Saw the Sign notice between Columns 1, 2, and 37" Conduct
the Think-Pair-Share routine. Point out that

Evaluate each expression shown in the table. You may use the number line to help for Problem 1, students are only considering

reason about each expression. Columns 1 and 2. Remind students that the

absolute value means “the distance from zero.”

! - !
T T T
—10-9 —

TR B ! T R B
LI T T T
-5-4-3-2-1 0 1 2 3 4 5

9 Monitor

Help students get started by suggesting they

;,,__
o4
a4
o4
o4
s

1
T
7 —

& -+

—3+4 =1 44+ (-4)=0 -3+ (-2)=-5 . . . .
draw an arrow diagram for the first expression in
—-3+3 =0 4+ (=5)=-1 -3+ (-3)=-6 Columnl
342 =-1 44(=3)=1 —34(—4)=-7 . .
Look for points of confusion:
> 1. Examine Columnsland 2. + Not thinking that the results for positive and
a  When do you notice that the solution results in a positive sum? negative sums can be generalized to larger
Sample response: | noticed that the solution results in a positive sum numbers. Ask students to write an additional
when the absolute value of the positive number is greater than the . .
negative number. expression that fits the pattern for each
column.
Look for productive strategies:
+ Noticing that the numbers in Columns 1and 2
b When do you notice that the solution results in a negative sum? have different signs, but Column 3 has
Sample response: | noticed that the solution results in a negative sum numbers with only negative signs.

when the absolute value of the negative number is greater than the
positive number.

+ Using the term absolute value when comparing
the size of numbers with different signs.

Activity 1 continued >

410 Unit5 Rational Number Arithmetic ©2023 Amplify Education, Inc. All rights reserved.

— 6 Differentiated Support Math Language Development e———

Accessibility: Guide Processing and Visualization MLRI1: Stronger and Clearer Each Time
During the Launch, consider providing the following hints as After students complete Problem 3, have pairs meet with 1-2 other pairs of students to
students note the similarities and differences between the share their responses. Encourage reviewers to ask clarifying questions such as:
columns. + “Doyour rulesinclude examples of when the addends are positive or negative?”
o i 7"
+ “What s true about signs of the addends in Column 1? “Xtha’;math Ikanguage car|1 you UST n yotur riscponse. includ lest t thern?”
Column 2? Column 32" ow do you know your rules are always true? Can you include examples to support them?
“How are the addends in Columns 1 and 2 similar? Have students revise their responses, as needed.

How are they different?” .
g English Learners

While students complete Problems 1and 2, suggest they
record the absolute value of each number to help them
notice any patterns.

Consider chunking the feedback and revision portion of this routine. For example, after
students meet with their first pair of students, have them refine their rules based on this
initial feedback before meeting with the second pair of students.

410 Unit5 Rational Number Arithmetic



Activity 1 I Saw the Sign (continued)

&8 Pairs | @ 15 min

Name: Date: Period:

Activity 1 I Saw the Sign (continued)

> 2. Now examine Column 3.

a When do you notice that the solution results in a positive sum?

Sample response: There are no positive sums in
Column 3.

b When do you notice that the solution results in a negative sum?

Sample response: | noticed that the solution is always a negative sum in
Column 3.

> 3. Whatrules could you write that are always true for

adding positive and negative numbers?
Sample responses:

When the signs of the numbers being added are
different, you have to determine which number has

the greater absolute value. The sign of the number other clarifying questions,
with the greatest absolute value will be the same as such as, “How do you know
the sign of the sum. your rules are always true?”

When the signs are different, the sum is equal to the
difference of the absolute values of the two numbers.
The solution will have the same sign as the number
with the greatest absolute value.

When the two numbers being added are both
negative, the sum will always be negative.

on their feedback.

*  When the two numbers being added are both
positive, the sum will always be positive.

Stronger and Clearer:
Share your rules with 1-2 other
pairs of students. Ask each

Revise your responses based

:: Are you ready for more?

Fill in the boxes to make each equation true without using any number more than once.
Sample responses are shown.

[2]+[7)=-5
[-2]+[=3]=—5
Ha]+[1]h=-5

©2023 Amplify Education, Inc. All rights reserved.
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Students examine patterns in repeated calculations to develop a rule for the sign of a sum of an expression
including positive and negative numbers.

9 Connect

Display the expressions from Columns 1, 2,
and 3.

Have students share their observations from
Problems 1and 2. After each share, ask whether
anyone in the class disagrees.

Ask:

* “How canyou tell, just from looking at an expression,
whether the sum will be positive or negative?”

« “lf youknow that |a| is greater than |b|, can you
predict the sign of the sum of a + b? What else do
you need to know?"”

*  “What rules did you write for Problem 3?7 Would your

rules work when adding more than two numbers?”

Highlight that it is possible to predict the sign
of the sum of two numbers based on only a
couple of assumptions. When the signs of the
addends are the same, determine the sum of
the absolute values, and then give the sum the
same sign as the addends. If the signs of the
addends are different, determine the difference
of their absolute values, and then give the result
the same sign as the addend with the greater
absolute value.

Lesson 4 Adding Rational Numbers 411



&~ Pairs | @ 13 min

Activity 2 Above or Below the Water?

Students predict the final position of a crab by comparing distances with a given direction. This helps them
reason about the sum of rational numbers in an elevation context.

. o Launch

Have students examine the number line.
Ask, “"How is the number line partitioned? About
how high is the top of the cliff from the water line?”

@ Monitor

Help students get started by having them
annotate each part of Problem 1, noting the
specific direction of each value.

Activity 2 Above or Below the Water?

A rock crab climbs up and down a cliff by the sea, searching for food.

> 1. First, predict whether the crab will be above or
below sea level. Then write an equation to check
your prediction. Note: Assume the crab always
starts at sea level, 0 m. The crab:

a Climbs up 1.2 m, and then climbs down 1.3 m.

Below sea level; . i
1.2+ (-1.3) = —0.1 T Look for points of confusion:
-{ Im » Not knowing how to write the equation. For now,
b Climbs down 1.8 m, and then climbs down 0.2 m. 1 allow students to reason about the final position of
Below sea level; 1 the crab however they feel comfortable. They will
18+ (0.9 =2 I have opportunities to practice writing equations in
T later lessons in the unit.
¢ Climbs down 1.23 m, and then climbs up 1.23 m. LN T D . .
At sea level: o o Look for productive strategies:
-1.23+1.23=0 T » Firstidentifying which absolute value is greater, and
1 then comparing the directions to decide whether
@ Climbs down 0.7 m. and then climbs up 0.65 m. T the crab will be above or below the water line.
Below sea level; T+
—0.7 + 0.65 = —0.05 T,
-+ -1m
T 9 Connect
e Climbs up 1.3 m, and then climbs down 1.29 m. 1 Dlsplay the number line.
Above sea level; ar
1.3 + (—1.29) = 0.01 T “ .
129 T Ask, “Suppose the crab climbs 0.9 m up the wall.
T How far does it need to climb down to be under
-+ -2m
v the water?”
|

Have students share their responses to
Problem 2.

> 2. How can you predict whether the crab will be above or below sea level
without performing any calculations?

Sample response: | can predict whether the crab will be above water or
below water by comparing the absolute values. If the signs are different, ASk
the number with the greatest absolute value will correlate to the sign of "
the sum. If the signs are the same, the sum will have the same sign as the

Lo : A
numbers being added. Does the order of the signs matter?

» “Are there differences for determining the sign
of the sum when the numbers are decimals,
compared to when they are only integers?”

412 Unit5 Rational Number Arithmetic ©2023 Ampiify Education, Inc. Al ights reserved

Highlight that comparing the magnitude of

rational numbers is helpful when adding them.
Knowing which number is greater gives a good
reasonable check for whether the result makes
sense.

— 6 Differentiated Support I

Accessibility: Guide Processing and Visualization

Because this activity involves decimal values, suggest that students label the
tick marks on their number line before beginning the activity. Consider having
students make all of their predictions for each part of Problem 1 first, before
going back to write the equations.

412 Unit5 Rational Number Arithmetic

Extension: Math Enrichment

As a follow-up to Problem 2, have students determine whether the final
location of the crab will be above or below sea level, if it starts at sea level,
climbs up 1.4 m, climbs down 1.6 m, and then climbs up 1 m. Ask them to
explain their thinking, without using the number line. Above sea level; Sample
response: The absolute value of the difference of 1.4 and 1.6 is 0.2. Because the
absolute value of 1.6 is greater than the absolute value of 1.4, the crab is below
sealevel by 0.2 m. To climb up 1 m means the crab’s final location will be above
sea level, by 0.8 m.



Optional 22 Pairs | @) 20 min

Activity 3 School Supply Number Line

Students see that even without actual numbers, knowing the signs and magnitudes of two numbers is
enough to determine whether their sum will be positive or negative.

Amps Featured Activity School Supply Number Line I 0 Launch

Name: Date: Period:

Have students gather, or provide them access

Activity 3 School Supply Number Line to, two small, short objects that are no longer
than the length given in Problem 1. Point out

> 1. Select two objects that are different lengths, and no longer than the that Problem 2 specifies the longer object will
number line shown here. (Hint: an eraser, marker cap, or paper clip be represented by a and the shorter will be
might work.) 24 represented by b.
I ]
T 1

> 2. Letthe length of the longer object be represented by a and the length atb 9 Monltor

of the shorter object be represented by b.

Help students get started by demonstrating
how to lay the objects on the number line to
mark the positions of a and b.

Use the objects to measure and label each of the following points on 2b
the number line.

a b 2a
Look for points of confusion:
20 b =
or “ b + Confusing the comparison symbols. Have
—b a+ (=b) b+ (-a) students write “less than” and “greater than" above
a+(=b) their respective symbols.
> 3. Complete each statement using <, >, or =. Use your number line to + Being confused between comparing the value
explain your reasoning. Sample responses shown. <10 of the expression and the magnitude of the
a a..>..b expression. Explain that the number to the left or
b(—a) lower on a number line has the lesser value but
greater magnitude because it is further from 0.
b —a. . .<..-b b
6 Connect
¢ at(Ca) oz b+ (=h) - Display a completed number line to the class.
Have students compare the number line on
display to their own.
d a+(=b)..> . b+ (—a)
Ask:
+ “Is the order of the expressions on this number line
e a+(—b)..>...—a+b .
the same or different than on yours?”
» “Would it be possible for a + b to ever be greater
@ than 2a? Why or why not?”

2023 AmpityEcucaton,n, Al ights reserved Lesson 4 Adding Rational Numbers 413 + “What must always be true about 2a and —2a?"
Highlight that, even without knowing the actual
numbers, knowing how the signs and magnitudes
of two numbers compare is enough to determine
whether their sum will be positive or negative.

I @ Differentiated Support Math Language Development ]
Accessibility: Optimize Access to Technology MLR7: Compare and Connect
Have students use the Amps slides for this activity, in which they During the Connect, have students compare verbal descriptions with the algebraic
can select objects of their choice and arrange them on a digital comparison statements in Problem 3. For example, consider displaying a table
number line to compare the values of rational-number variable similar to the one shown. Highlight math words and phrases, such as additive
expressions. inverse or opposite.

aislongerthanb. ... ais greater than b. a>b
The length of ais greater than the length of b.

The opposite of ais less than the opposite of b. —a<-b

The sum of a and its opposite is equal to the sum of b a+ (—a) =b + (-b)
and its opposite.

Lesson 4 Adding Rational Numbers 413



éﬁ Whole Class | @ 5 min

Summary

Review and synthesize how to add rational numbers.

G Synthesize

Display the Anchor Chart PDF, Rational
Summary Numbers (Part 1). Obtain the missing
information from your class and complete the

Highlight that, when adding two numbers
with different signs, the sign of the sum will

You formulated some rules for adding rational numbers:

To add two numbers with the same sign, determine the sum of the absolute value of

each number, and then give the sum the same sign as the addends. match the sign of the number with the greater
2 +3 magnitude.
-3 +2
— — Formalize vocabulary: additive inverse
Lo Ly 4 4y L.  FOlmalize VocabUlaly. additive VeSS
T T T T T T T T T T T T T T T T
—-6-5-4-3-2-1 0 1 -1 01 2 3 4 5 6
Ask:
To add two numbers with -5 * "What is the opposite of 57 Of —8? Ofl? Of —0.6?"
d|ffer_ent signs, determine ‘—_'_3 3
the difference of the —_— « “What is the sum of a number and its opposite?”

absolute values, and then |

1 1 1 1
ive th Itth i T T . o
glsvfhe ﬁJ‘?ﬁﬁer Wﬁsi:ee o 6-5-4-3-2-1 0123456 » “Are the numbers 3 and 3 additive inverses? Are the
greater absolute value. -3 numbers 4 and —4.1 additive inverses? Why or
+4 why not?”
—_—
1 1 1 1 1 1 1 1 1 1 1 1 1
T T T T T T T T T T T T T
—6-5-4-3-2-1 0 1 2 3 4 5 6 o R
eflect
When you add a number and —4
its opposite, the sumis zero. — P
These numbers are called +4 After synthesizing the concepts of the lesson,

: — allow students a few moments for reflection.
—6-5-4-3-2-1 0 1 2 3 4 56 Encourage them to record any notes in the
Reflect space provided in the Student Edition.
To help them engage in meaningful reflection,
2 Reflect: consider asking:

additive inverses. ,

+ “How do you add two numbers with the same sign?
How do you add two numbers with different signs?”

414 Unit5 Rational Number Arithmetic ©2023 Amplify Education. Inc. All ights reserved.

— Math Language Development L

MLR2: Collect and Display

As students formalize the new vocabulary for this lesson, ask them to refer to the class
display that you started in this unit. Ask them to review and reflect on the terms and
phrases related to the term additive inverse that were added to the display during

the lesson.

414 Unit 5 Rational Number Arithmetic



& Independent | @) 5min

Exit Ticket

Students demonstrate their understanding of how to add rational numbers.

.
Q Success looks like . ..

Name: Date: Period:

» Goal: Creating and interpreting equations

and diagrams that represent adding rational
Exit Ticket numbers in the context of elevation.
» Language Goal: Generalizing a method for
determining the sum of two rational numbers.
(Speaking and Listening)

Determine each sum. Show or explain your thinking.

1. 56+ (—56) =0;

| know that adding opposite values results in a sum of 0. » Determmmg sums of two rational numbers

and explaining how to calculate the sumsin

Problems 1-3.
2. 954+110=15 Q Suggested next steps
110 — 95 =15;
The positive number has the greater absolute value, so the sum is 15. If students are confused about the rules

for adding numbers with the same versus
different signs, consider:
3. 57+ (—4.2)=-99

5.74+4.2=9.9;
Because both numbers are negative, the sum will also be negative.

» Suggesting they draw a number line to
represent the problem.

» Assigning Practice Problem 1to help connect
the computations with context.

If students add the absolute values, but give
the assign the sign of the number with the
greater magnitude incorrectly, consider:

» Having them represent the problemon a
number line with directional arrows.

m < Note: If students are showing facility with the
? I o computations, you may choose to not require
Idon't (eally I'm start_mg to I gotit . . ) .
getit getit them to explain their thinking.
a |understand how to add positive b | canfind the sum of positive and
and negative numbers in general. negative decimal numbers.
1 2 3 1 2 3

© 2023 Amplify Education, Inc. All rights reserved. Lesson 4 Adding Rational Numbers

Professional Learning

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

> Points to Ponder . . .

What worked and didn't work today? What did asking students to generate
rules themselves reveal about your students as learners?

Who participated and who didn't participate in Activity 3 today? What trends
do you see in participation? What might you change for the next time you
teach this lesson?

Lesson 4 Adding Rational Numbers 415A



Practice .Q, Independent

Name: Date: Period:

Name: Date: Period:

[l =
> 1. Determine the final elevation for each of the following: E 3 > 4. Lastweek, it rained g inches. This week, the amount of rain decreased by 5%. Which
o : . .
@  Abird starts at 20 m and B Afish starts at —9 m and 2 g expressions represent the amount of rain that fell this week? Select all that apply.
rises 16 m. descends 11 m. = %': A g—0.05 D. 0.059
36m; 20 + 16 =36 —20m; o o0
94+11=20 9—0.059 ® (-00s)y
94 (~11) = —20 ©) 0959
¢ Adiverstarts at 5 mand d Awhale starts at =9 mand
descends 16 m. rises 11 m. 2> 5. Ineachdiagram, z represents a different value. For each diagram, write a statement or
—11m; 2m; an equation that is definitely true about the value of z, and a statement or an equation
5+ (-16)=-11 —9+11=2 that could be true about the value of z. Sample responses are shown.
16-5=11 11-9=2 -
: : : :
> 2. Atoms are the smallest units of matter. One of the particles in an atom -1 0 1
is called an electron. It has a charge of —1. Another particle in an atom Definitely true: = is negative. Could be true: = =—0.4
is a proton. It has a charge of 1. The charge of an atom is the sum of the
charges of the electrons and the protons. A carbon atom has an overall
charge of 0, because it has 6 electrons and 6 protons and —6 + 6 = 0. b } } } b
Determine the overall charge for these other elements in the table. -1 0 1
| | Definitely true: « > 1 Could be true: = =1.4.
Charge from | Charge from | Overall
electrons | protons | charge
L x 1 1 1
t t t
-1 0 1
Definitely true: < -1 Could be true: ==-1.5
d x
| | |
t t t
-1 0 1
. ini : xi itive. : =07
> 3. Determine each sum. Definitely true: = is positive Could be true: =
a 14.7+28.9=436 b —8l4+(-12)=-93.4
14.7 + 28.9=43.6 81.4+12=93.4
> 6. Write a positive or a negative value that represents each scenario.
a Andre spent $12 at the movie theater. —12
© -92+44=-48 d 51.8+(—0.8)=51
9.2-44=48 51.8—0.8 =51 .
b Jada earned $42 mowing her neighbor’s lawn. 42 or +42
1,3 1 2 5 1 . . . .
22 Zi(-a72 === ¢ Linlost$2inth hi Il —2
) 2+4 1 f 473+( 476) s in lost $2 in the wishing wi
3_1_1 25 a2 1
4 274 6 36 d Han was gifted $13 by his grandmother. 13 or +13
©2023 Amplify Education, Inc. Allights reserved. Lesson 4 Adding Rational Numbers 415 416 Unit5 Rational Number Arithmetic 2023 Ampify Education,Inc. Al ights reserved.

Practice Problem Analysis Additional Practice Available

Type Problem

For students who need

1 Activity 2 2 additional practice in
this lesson, assign the
On-lesson 2 Activity 2 2 Grade 7 Additional
Practice.
3 Activity 2 1
Unit4
. 4 Lesson 6 2
Spiral
5 Unit 5 5
Lesson 2
Formative ©@ 6 s 1
Lesson 5

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

415-416 Unit 5 Rational Number Arithmetic



UNIT5 | LESSON 5 -

Money and Debts

Let’s apply what we know about positive
and negative numbers to money.

Goals « Students apply their understanding of adding

1. Language Goal: Apply addition of rational numbers to calculate rational numbers to the contexts involving

an account balance after a deposit or withdrawal, and explain the money — debts, bills, and banking.

solution method. (Speaking and Listening)

2. Language Goal: Explain how rational numbers can be used
to represent situations involving money, including deposits or
withdrawals and assets or debts. (Speaking and Listening,
Reading and Writing)

3. Write an equation with an unknown addend to represent a situation
where the amount of change is unknown.

Coherence

* Today

Students are introduced to using negative numbers in the context of
money to represent debts or debits. One point that often gets overlooked
is that it is a convention that we do this, rather than a necessity, so be
prepared to handle students’ curiosities about why it is done this way.
Using a mathematical structure (rational numbers) to represent a
context (a balance with an energy company) is an example of modeling
with mathematics.

< Previously

In Lessons 2—-4 in this unit, students worked with and reasoned about
adding rational numbers in primarily distance contexts.

> Coming Soon

Students will begin to subtract rational numbers in Lesson 6, realizing
that this operation is closely linked with addition, even within the set of
rational numbers.

Lesson 5 Money and Debts - 417A



PaCing Guide Suggested Total Lesson Time ~45 min @

O @ o C

Warm-up Activity 1 Activity 2 Summary Exit Ticket
@ 7 min @ 12 min @ 15 min @ 5 min @ 5min
28 Pairs 28 Pairs 28 Pairs ?ié Whole Class 2 Independent

AMPS poweredbydesmos i Activity and Presentation Slides

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

Practice 2 independent Amps | Featured Activity

Materials Math Language Activity 2
« Exit Ticket Development Using Work From Previous
+ Additional Practice New words Slides
« Activity 1 PDF, Are you ready * balance* Charges and credits students enter in a table
for more? (as needed) .+ charge help them calculate balances later on.
« Activity 1 PDF, Are you ready . credit :
for more? (answers) 7 C—
* debt 1,
+ calculators . ~ J-
* deposit »
n

- withdrawal C—1

*Students may confuse the term balance
with the many other variations of meaning
for the term. Be ready to address the

similarities and differences between the

various definitions of this term. C@ A m ps

Review words desmos

* additive inverse

* commutative property
Building Math Identity and Community ® Modifications to Pacing
Connecting to Mathematical Practices You may want to consider these
Students might not see any real-world application of the new skills additional modifications if you are
and, therefore, might lack motivation to complete Activity 2. However, short on time.
applying addition of rational numbers as a model should grab students’ «  In Activity 2, have different pairs of
attention. Have students set two goals for this activity. The first goal students each complete one row, and
should be about the process of adding rational numbers. The second then complete the rest of the table
goal should be about interpreting the rational numbers and the sums in and balance column as a class.
areal-world context. « In Activity 2, Problem 2 may be

omitted.

417B Unit 5 Rational Number Arithmetic



2R Pairs | @ 7 min

Warm-up Taking a Loan

Students explore a context where it is necessary to borrow money and go into debt to understand
why this value can be represented with a negative number.

0 Launch

Activate background knowledge by prompting
Unit5 | Lesson5 . students to think of a time they borrowed
money to pay for something they wanted. Ask,
“What did you have to do after you borrowed
the money?"” Provide access to calculators
throughout the lesson.

9 Monitor

Help students get started by asking, “WIll Priya
spend $1.25 for all of her clay?”

Name: Date: Period:

Money and Debts

Let’s apply what we know about
positive and negative numbers
to money.

Look for points of confusion:

» Thinking Priya needs to borrow the total cost of
the supplies. Remind students that Priya’s current

Priya makes and sells pottery. Sometimes she needs to borrow money from the bank cashis givenin the introduction to the problem.
to purchase supplies for making a batch of new pottery.

Warm-up Taking a Loan

Look for productive strategies:

Priya’ t cash: $150
riva’s current cash: $ » Noticing that the combination of $125 + $25 for the

Needed supplies for next batch of pottery: 100 Ib of clay, a new apron, and 3 sponges clay and apron is equal to how much cash Priya has,
K P e and determining that she needs to borrow the cost
T . ‘e ) "Ter 4
|- [ ., of the sponges.
\ 2.0 Y

[ e 9 Connect

Display different student strategies. Look for
an expression that shows the opposite values of

$1.25 per pound $25 $2 per sponge
perp perspong 150 and —150.

How much does Priya need to borrow to pay for her supplies? Show or explain your thinking.

Priya needs to borrow $6 to pay for her supplies. She may need to borrow more if she wants Have students share which strategy they

to have a little extra money left over. . .

s ) believe helps to make the calculations more
ample response:

1.25.100 = 125 efficient.
2.3=6
125 + 25 + 6 = 156

Highlight that under certain circumstances,
Priya has $150, so 156 — 150 = 6.

people or businesses need to borrow more

money than they currently have. Banks can help
Log in to Amplify Math to complete this lesson online. Wlth thlS The money that yOU need tO pay baCk’
T 2028 Amplty Educationdne At renisreserved Lesson5 Moneyand Debts 417 or that you owe, is called a debt.

Ask:

» “What do you already know about debt?”

» “Is adebt always a bad thing? Is it ever a good thing?”

+ “"Why might we typically represent debt as a negative
number?”

Math Language Development o Power-up

MLR5: Co-craft Questions To power up students’ ability to identify the meaning of
positive and negative values in the context of money, have

During the Launch, display the introductory text and images. Have pairs

examine Priya’s current amount of cash and the supplies she needs to buy. students complete:
Ask them to work with their partner to write 2-3 mathematical questions Determine whether each scenario would best be represented by a positive
that could be answered based on the information given. or a negative value.
. 1. Aloss of $4. Negative
English Learners 2. Anearnings of $53. Positive
After students have had time to craft one of their own questions, provide an 3. Adebt of $82. Negative
exemplar question for students to use as areference, such as “What is the 4. Receiving a gift of $120. Positive

total cost of the clay that she needs to purchase?” Encourage students to

use this exemplar question as a model for writing 1-2 more mathematical

questions. Informed by: Performance on Lesson 4, Practice Problem 6 and Pre-Unit
Readiness Assessment Problem 5.

Use: Before Activity 1.

Lesson 5 Money and Debts 417




28 Pairs | @ 12min

Activity 1 Dealing With Debt

Students consider a set of transactions to determine whether an account has a negative balance and see
how the commutative property can help make calculations more efficient.

I @) Launch

Read the introduction to the activity together

Activity 1 Dealing With Debt as aclass. Introduce the term balance as the
current amount of money in an account, either

During the 10th century CE, many artisans in the Middle East were paid to positive or negative to represent the amount

craft ceramic tiles used in decorating important buildings, such as mosques of money available or owed. A negative balance

and palaces. Helpfully, at nearly the same time, the Persian mathematician
Abu al-Wafa' Buzjani was busy writing a book showing how people could use
negative numbers to keep track of debts in their business dealings.

We could imagine an artisan buying supplies for crafting the tiles 9 Monltor

and needing to go into debt over 1,000 years ago, just as today.

would indicate a debt.

Help students get started by mentioning that
The artisan keeps track of their . .
account balance by scratching the there may be multiple ways to solve this problem.
number of silver coins they spend

and earn into pieces of clay. Look for points of confusion:

. + Being unsure of how to incorporate the

Write and evaluate an expression

to represent the artisan’s balance values of the counting rods. Let students

in coins. know that the counting rods are just another
way to express the value that is at the top of
The artisan has a balance of —1 silver coins; Sample responses: the bit of paper.
17 + 14 + 6 + (—20) + (—18) 17 + 14 + 6 + (—20) + (—18) i i
=371 +(-38) = i; + ?olz)(-zo) +(-18) Look for productive strategies:
= — = + —

=" » Noticing that the combination of $14 + $6
earned is the opposite of $20 spent.

Connect

@

{ Featured Mathematician

Display several student strategies. Be prepared
Abu al-Wafa' Buzjani should have been quite popular in his with examples of e_xpreSS|ons that show different
day, owing to the fact that he wrote about mathematics for methods for Ol’del’lng and Comblnlng the values.

several different audiences. In 10th century Irag, astronomers,
craftspeople, businesses, and accountants all could have

Abu al-Wafa’ Buzjani

- — picked up one of his “how-to" books to help them understand HaVe Students Share thelr Observatlons abOUt
=5 how math could help them in their field. similarities and differences among the strategies.
‘ “ ‘ Abu al-Wafa's “Book on What Is Necessary from the Science of
[T11 [TT1] Arithmetic for Scribes and Businessmen” is apparently the first ASk, ”HOW mlght |t be he|pfu| tO |OOk over a” the
and only place where negative numbers were used in Arabic . . .
texts during this time period. values in a set of positives and negatives before

adding them?”

“Buzjani, Persian mathematician and astronomer.” Public Domain via Wikimedia Commons

418 units Rational Number Arithmetic Highlight that it can be helpful to first consider
the values before operating with them. Just

as the pieces of clay could be rearranged

into a more helpful order, the addends in an
addition sentence can be reordered using the
commutative property.

— e Differentiated Support s Math Language Development wsmm @ Featured Mathematician =——————

Accessibility: Optimize Access to MLR?7: Compare and Connect Abu al-Wafa’ Buzjani

Technology During the Connect, after displaying several Have students read about featured

Have students use the Amps slides for this student strategies, use a Think-Pair-Share mathematician Abu al-Wafa' Buzjani,

activity, in which they can rearrange the values routine to encourage partners to compare the who was the first of his time to include

into an order that aids their calculations, by various strategies. Ask: a discussion of negative numbers in

using the commutative property. - “What do the strategies have in common? an Agrablc math text during the 10th
century.

. . : .
Extension: Math Enrichment o e WAy i elen

+ "How much was earned? How much was
spent? How can grouping these together aid
calculations?”

Have students complete the Activity 1 PDF, Are
you ready for more?

418 Unit 5 Rational Number Arithmetic



—— e Differentiated Support

Activity 2 Energy Supply

&8 pairs | @ 15 min

Students complete a balance statement with missing credits and charges to make sense of
a common real-world context and work with values that include decimals.

Name: Date: Period:

Activity 2 Energy Supply

Homes with solar panels may actually produce more energy than they
use, depending on the amount of sunlight they get. If a solar panel
system produces more energy than a household can consume over a
period of time, the excess energy is sent back into the electric grid.

Bard's home has a rooftop solar panel system. The statement from the
local energy company shows Bard's family whether they consumed or

produced more energy. Unfortunately, it seems that the printer ran out
of ink as it was printing the statement!

> 1. Bard knows that the cost for energy is $0.25 per kilowatt hour (kWh).
Complete the missing information in the statement.

Have students look over the statement in
Problem 1. Then have them share anything they
think is important or anything that they have
questions about. Point out that each line will

to explain the meaning of each term.

9 Monitor

Help students get started by asking, “What
does the information in the Details column tell
you? How much more energy was consumed
than produced in the first month?”

Details Charges ($) Credits ($) Balance ($)
‘ ‘ Look for points of confusion:
Consumed: 500 kwH
Produced: 480 kwH S - R B
,,,,,,, * Not finding the difference of the energy
Consumed: 525 kwH 878 BT consumed and produced. Have students
Produced: 490 kwH . : . . .
,,,,,,, check, for the first few months, if their strategy
Consumed: 497 kwH i i i
B 500 K 0.75 13.00 works to determine the charge or credit given.
rrrrrr + Being confused about why the balance
C d: 482 kwH ., .
P 550 K 17.00 ~4.00 for the second month isn’t $8.75. Remind
"""" students that balance refers to the current
Consumed: 470 kwH 12.50 _16.50 o . .
Produced: 520 kwH : - amount, so it is a running total that includes
Constmed: 515 kwH s the previous months.
Produced: 515 kwH .
Consumed: 545 kwH 375 12.75 9 Connect
Produced: 530 kwH . -
1750 20,25 . Display a completed table.
Have students share at least two different ways
> 2. How much does the energy company need to pay Bard's family to for determining the final balance at the bottom
result in a balance of $0? fthe stat t
—12.75 + 12.75 = 0; The energy company needs to pay Bard's family 0 € statement.
$12.75 to reach a balance of $0. " . ,
Ask, “Does the negative balance mean that Bard's
@ family owes money or that the energy company
owes them money? Why do you think that is?”
©2023 Amplify Education. Inc. Allrights reserved. Lesson 5 Money and Debts 419 nghllght that Sometimes the Sign of a number

Accessibility: Guide Processing and Visualization

Consider displaying or providing students with a checklist to help them
complete the statement, such as the following:

« Determine the difference between the energy consumed and produced.
» Deciding whether the customer will be charged or given a credit.

+ Usethe given rate to determine the total cost.

Provide access to colored pencils and suggest that students color code the
cells in the Details column with whether it represents a charge or a credit.

is conveyed by the word or words used to
describe it. For example, someone might say
that they “owe $3" or that they “have a balance of

—$3." However, it would not make sense to say that
someone “owes —$3."

Math Language Development s———————————

MLR5: Co-craft Questions

During the Launch, display the image of the statement. Ask students to
work with their partner to write 2—3 mathematical questions they could ask
about the information shown. Ask pairs to share their questions with the
whole class. Sample questions shown.

+  What does it mean when more energy is consumed than produced?
+ How can | determine the amount charged or credited?
+  What does a positive balance mean? A negative balance?

English Learners

Clarify the meanings of the terms in the statement (e.g., credit, charge,
balance, consumed, and produced) in this context.

Lesson 5 Money and Debts 419



Summary

éﬁ Whole Class | @ 5 min

Review and synthesize the vocabulary and contexts that may be involved when dealing with money

and debt.

Summary

In today’s lesson . ..

You saw that it is sometimes necessary to borrow money to cover costs that

you will pay back in the future. Though there are different names for what we call
this owed money (e.g. debt, balance), we typically represent these amounts as
negative values. This makes sense — if the money we have can be represented as
a positive number, the money we owe may rightly be referred to as negative.

We can use positive numbers to represent payments into a bank account
(deposits) and negative numbers to represent money taken out of an account

> Reflect:

420 unit5 Rational Number Arithmetic ©2023 Amplify Education. Inc. All ights reserved.

MLRZ2: Collect and Display

As students formalize the new vocabulary for this lesson, ask them to refer to the class
display that you started in this unit. Ask them to review and reflect on the terms and phrases
related to the terms balance, charge, credit, debt, deposit, and withdrawal that were used
during the lesson. Add these new terms, along with any informal student language or visual
examples, to the class display.

420 Unit5 Rational Number Arithmetic

G Synthesize

Highlight that sometimes the sign of the
number depends on who is writing the number.
If a company owes you money, they might
consider the amount a negative, whereas

you might consider it a positive (because

it is money you will receive). When adding
positive and negative amounts, you can use the
commutative property to rearrange the order of
the amounts for easier calculations.

Formalize vocabulary:

« balance

+ charge

» "“If you borrow $5 from your friend, would you
consider that amount to be a positive value or a
negative value? How might your friend consider it?”

» "What does it mean to have a balance of $0?"

Reflect

After synthesizing the concepts of the lesson,
allow students a few moments for reflection.
Encourage them to record any notes in the
Reflect space provided in the Student Edition.
To help them engage in meaningful reflection,
consider asking:

« “Why might the same amount of money be
represented as a negative value to one person and
a positive value to another?”

Math Language Development . _________________________________________________________________________________________________________|]



& Independent | @) 5min

Exit Ticket

Students demonstrate their understanding of money and debt contexts by finding the account balance
after various transactions.

.
0 Success looks like . ..

Name: Date: Period:

N -

1. Clare has $150 in her bank account. She buys a bike for $200. What is Clare’s account
balance? Show or explain your thinking.
Sample response: Clare’s account balance is —$50. and 2.
200 — 150 =50
150 + (—200) = —50

» Language Goal: Applying addition of rational
numbers to calculate an account balance after
a deposit or withdrawal, and explaining the
solution method. (Speaking and Listening)

» Determining Clare’s account balance and
explaining how to determine it in Problems 1

« Language Goal: Explaining how rational
numbers can be used to represent situations
involving money, including deposits or
withdrawals, and assets or debts. (Speaking
and Listening, Reading and Writing)

2. Refer to Clare’s final account balance from Problem 1. If Clare earns $75 from
delivering newspapers and deposits it into her account, what is her final account
balance? Show or explain your thinking.

Sample response: Clare’s ending account balance will be $25.

+ Goal: Writing an equation with an unknown

75-50=25 . .
—504+75=25 addend to represent a situation where the
amount of change is unknown.
Q Suggested next steps
If students add the cost of the bike to the
amount in Clare’s bank account, consider:
+ Assigning Practice Problem 3.
+ Asking, “If Clare buys a bike, did she earn or
spend money?”
If students correctly find the difference
of 150 and 200, but forget to represent the
2 [ . @ difference as a negative value, consider:
it o « Asking, “Would Clare have any money left in
her bank account after buying the bike? How
a | understand what positive and negative numbers do you know?"
mean in a situation involving money.
1 2 3

©2023 Ampliy Egucation, nc. Al rights reserved. Lesson 5 Money and Debts

Professional Learning

Math Language Development s

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

> Points to Ponder . . .

Language Goal: Explaining how rational
numbers can be used to represent situations
involving money, including deposits or
withdrawals, and assets or debts.

What worked and didn't work today? What different ways did students
approach writing expressions for adding several positive and negative
numbers? What does that tell you about the similarities and differences
among your students?

Which teacher actions made interpreting negative numbers in the context of
money and debt strong? What might you change for the next time you teach

this lesson?

Reflect on students’ language development toward
this goal.
» How did using the Co-craft Questions routine during

Activity 2 help students make sense of positive and
negative balances?

« How have students progressed in their comfort using
the terms balance, charge, credit, debt, deposit, and
withdrawal that were used in this lesson?

Lesson 5 Money and Debts  421A



Practice

.Q, Independent

Name: Date: Period:

> 1. Abaker has an account with her flour supplier. Each month, she purchases
flour as needed to bake the bread she sells at her store. She tracks her
spending and how much she earns from sales in this table.

Spent $45.50 Sold $37.55 Spent $40.00

Sold $40.00 Sold $75.00 Spent $37.55

Shawn and Priya are helping the baker determine whether she will be in debt.

Shawn'’s strategy | Priya’s strategy

—45.50 + (—40.00) + (—37.55)
37.55 + 40.00 + 75.00
152.55 + (—123.05) = 29.50

=0+ 0+ (—45.50) + 75.00
= —45.50 + 75.00
=29.50

Both Shawn and Priya agree the baker will not be in debt. She will have
$29.50 left over after paying her flour supplier.
a Describe Shawn and Priya's strategies.
Shawn added all of the negative and positive numbers separately.
Then Shawn found the sum of those numbers.
Priya str i values to result in zero.
Then she added the remaining numbers.

b Whose strategy do you prefer? Why do you prefer this strategy?
Sample response: | prefer Priya’s strategy because it makes use of
the opposite values in the problem. Using opposite values to make 0
simplifies the calculations.

> 2. The table shows five transactions
A Amount ($; Balance
and the resulting account balance ® ®
in a bank account, but some values Transaction 1 200
are missing. Complete the table S
with the missing information. Transaction 2 -147 53
90 143
Transaction 4 —229 —86
86 0

©2023 Ampity Education, Inc. Allights reserved. Lesson 5 Money and Debts.

Practice Problem Analysis

Type Problem
1 Activity 1
On-lesson 2 Activity 2
3 Exit Ticket
. Unit 5
Spiral & Lesson 4
. Unit 5
Formative © 5 Lesson 6

this problem addresses, consider assigning the Power-up in the next lesson.

421-422 Unit5 Rational Number Arithmetic

[l
)
2
2
3

—40.00 + 40.00 + (—37.55) + 37.55 + (—45.50) + 75.00

421

© Power-up: If students need additional support with the key prerequisite concept or skill

aonoeId

422 unit5 Rational Number Arithmetic

Name: Date: Period:

> 3. Solve each problem. Show your thinking.

a Maihas $54 in her bank account. A store credits her account with a $10
refund, which means the store gave her money back. How much does
she now have in the bank?

She now has $64 in the bank; Sample responses: 54 + 10 = 64.
b Priya’s bank account is overdrawn by $60, which means her balance

is —$60. She gets $85 for her birthday and deposits it into her account.
How much does she now have in the bank?

She now has $25 in the bank; Sample responses: 85 — 60 = 25
—60 + 85 =25.

¢ Diego is overdrawn at the bank by $180. He gets $70 for his birthday and
deposits it. What is his account balance now?
His account balance is now —$110; Sample responses: 180 — 70 = 110
—180 + 70 = —110.

d  Han has $37 in his bank account and writes a check for $87. After the
check has been cashed, what will the bank balance show?
His account balance will show —$50; Sample responses: 87 — 37 = 50
37 + (—87) = —50.

. Evaluate the following expression.

o2 mrvecos(Yorsens(fel-fn

> 5. Write an equation to represent the sum shown on each arrow diagram.
a  —
—
: : : : : —443=-1
-10 -5 0 5 10
b D —
—_—
: : : : : 3+ (- =-1
-10 -5 0 5 10
c —
—
t t t t t 5+ (-3)=-8
-10 -5 0 5 10
d Dl
—_—
: : : + : 74(-2)=5
-10 =5 0 5 10

©2023 Ampity Education, Inc. Al rights reserved

Additional Practice Available

For students who need
additional practice in
this lesson, assign the
Grade 7 Additional
Practice.




UNIT5 | LESSON 6

Representing
Subtraction

Let’s subtract rational numbers.

Goals » Students build conceptual understanding
1. Language Goal: Use a number line to determine the difference of subtra.cting rational numbers using a

of rational numbers, and explain the reasoning. (Speaking and number line.

Listening) + Students build conceptual understanding

of the relationship between subtracting and

2. Language Goal: Generalize that subtracting a number from a given adding rational numbers.

value results in the same value as adding the additive inverse of that

number. (Speaking and Listening, Writing) * Students apply their understanding of
determining the sum of rational numbers

to determining the difference of rational

Coherence numbers.

* Today

Students extend their understanding of adding rational numbers to
subtraction. They begin by applying the zero sum property to relate
addition of opposites to subtracting a value from itself both on number
lines and in equations. Students build on their observation that subtracting
avalue is the same as adding its opposite value (or additive inverse)

when the sum or difference is zero to other values. They generalize this
relationship, concluding that subtracting a number results in the same
value as adding the additive inverse.

< Previously

In Lessons 2-5, students generalized rules for adding rational numbers
with and without the use of a number line.

> Coming Soon

In Lesson 7, students connect their understanding of subtraction to
determine the change in elevation and temperature.

Lesson 6 Representing Subtraction 423A



PaCing Guide Suggested Total Lesson Time ~45 min @

O @ o C

Warm-up Activity 1 Activity 2 Summary Exit Ticket
@ 10 min @ 13 min @ 12 min @ 5min @ 5 min
% Independent I%%% Small Groups 2 Pairs iii Whole Class ,9\ Independent

AMPS poweredbydesmos i Activity and Presentation Slides

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

. o .
Practice & independent Amps : Featured Activity
Materials Math Language Activity 2
« Exit Ticket Development Digital Partner Problems
- Additional Practice Review words Students individually complete a series
« Anchor Chart PDF. « additive inverse of problems digitally. After each problem,

Operations. Part 2 ' students check their response with their
p _ ' * negative numbers partner to come to a consensus before
(for display)
» Anchor Chart PDF,
Operations, Part 2 (answers)

« opposites moving to the next one.

A B

* positive numbers

« calculator (as needed) * rational numbers

CO.) Amps

desmos
Building Math Identity and Community ® Modifications to Pacing
Connecting to Mathematical Practices You may want to consider these
Defining subtraction in terms of addition might confuse some students additional modifications if you are
in Activity 1 and make them question whether this new skill is really short on time.
necessary. Challenge students to focus on the patterns that they see « InActivity 1, omit part a.

when rewriting subtraction as addition. Remind them that they know that
addition and subtraction are inverse operations and that any nonzero
: : .. . any three rows of the table. Encourage
nu.mb.er has an opposite. Therefore, they areIS|mply combining previous pairs who are prepared for more
skills into one that for now looks more complicated. challenging examples to complete the
final three rows.

» InActivity 2, have students complete

423B Unit 5 Rational Number Arithmetic



& Independent | @) 10 min

Warm-up Getting to Zero

Students apply their understanding of a sum or difference of 0 to determine the missing rational
value in equations.

0 Launch

Activate students’ prior knowledge by
asking, “How do you use number lines to
represent addition of rational numbers?”

9 Monitor

Help students get started by asking, “If two
numbers have a sum of zero, what do you know
about their signs?”

Name: Date: Period:

Unit5 | Lesson 6

Representing
Subtraction

Let’s subtract rational numbers.

Look for points of confusion:
» Thinking that the missing value for Problem

4 is 4. Ask, “"How is Problem 4 similar or different
Warm-up Getting to Zero from Problem 22"

Determine the missing value that would make each equation true. Add an arrow to Look for prOdUCtlve StrategleS:
each diagram representing the value being added or subtracted.

» Recognizing that an arrow of the same length, but
opposite direction, needs to be added to each
> 1 a+[-4=0 ) diagram to return to zero.

’ 1 e Connect

Display samples of student diagrams.

-10 -5

> 2 4-[4]=0

Have students share their method for
determining the missing value in each equation.

el

> 3. —4+[4]=0 +4 Ask:

— + ‘“Ingeneral, whatis true about two values whose
sum is zero?" They are opposites.

—
<_A
0
» “Ingeneral, for any value, what do you need
> 4 —a-[4]=0 —(—4), to subtract from it to result in zero?”
4—¢ . The same value.
0

-10 -5 5 10 » “Which diagrams are drawn the same?"

Highlight that Problems 1 and 2 model the same
© 2023 Amplify Education. Inc. All ights reserved. Lesson 6 Representing Subtraction 423 relatlonShlp’ and PrObIemS 3 and 4 mOdel the

A same relationstip.

Log in to Amplify Math to complete this lesson online.

— o Power-up ____________________________________________________________________________________________________|

To power up students’ ability to write equations to match an c. —» c 3+1=-2
arrow diagram, have students complete: -+

-3 -2 -1 0 1 2
Use: Before Activity 1.

Match each diagram with the equation it models.

: — ~2+43= :
a —_) o =Aaras Informed by: Performance on Lesson 5, Practice Problem 5.
- $ + } t i
-3 -2 -1 0 1 2
b D> al+(-2)=-1
—
- t t t ¢ 1

-3 -2 -1 0 1 2

Lesson 6 Representing Subtraction 423



223 Small Groups | @ 13 min

Activity 1 Addition or Subtraction?

Students use number lines to make connections between equivalent addition and subtraction
expressions involving rational numbers.

C @) Launch

Explain that each number line should correspond

Activity 1 Addition or Subtraction? to two expressions.
> 1. Matcheach Qumber line with _the expression that ?est represents it. Monitor
Then determine the sum or difference. A number line may be used more
than once.

Help students get started by suggesting they

a a4+ (=3)=.1 . . X
first match the addition expressions to number
— .
— lines.
————t e b...~4-3=.=2
- - ot ° 1 Look for points of confusion:
. et + Thinking that —4 — (—3) is represented by
. | —— . . . Diagram c and not b. Ask, “How is —4 — 3
o -7 -5 o s 10 Trey= similar to or different from —4 — (-3)? How
are their representations on the number line
. aodmI= the same or different?”
—
P 0 e N ¢ —a—(H= -1 Look for productive strategies:
1 - e ° 10 + Comparing the number lines in the Warm-up
to the number lines in Problem 1.
> 2. Complete the table below based on your responses in Problem 1. 9 conneCt

Display the completed table for Problem 2.

Subtraction expression Addition expression

Have groups of students share how they

Number line b matched each expression to a number line.

DEmEERinelc —4-(3) —4+3 Highlight that the corresponding diagrams have
the same initial value, but when the operation is
> 3. What do you notice? inverse (addition versus subtraction) the second
Sample response: | notice that when the expressions changed from value is also inverse (Opposite Sign).

subtraction to addition, the second value changed signs.

Ask:

* “How would you represent 8 — 10 using
addition?” 8 + (—10)

424 Units Rational Number Arithmetic + “How would you represent —6 + 8 using
subtraction?” —6 — (—8)

« “Canyou think of any real-world examples of
when you would subtract a negative value?”
Sample response: Removing a debt.

— e Differentiated Support Math Language Development ]

Accessibility: Guide Processing and MLR3: Critique, Correct, Clarify

Visualization During the Connect, display an incorrect statement about adding and subtracting numbers
Display these questions that students can ask themselves that reflects a possible misunderstanding, such as “8 — 10 has the same value as —8 + 10,
as they complete the matching in Problem 1. because | can change subtraction to addition of the opposite.” Ask:

+ What number represents the starting number? - Critique: “Do you agree or disagree with this statement? Explain your thinking.”

« Inwhich direction is addition of a positive number . Correct: “Write a corrected statement.”

CRICRCICR A e R X + Clarify: "How can you convince someone that your statement is correct? What

» Inwhichdirection is subtraction of a positive number mathematical language or reasoning can you use?”
represented? Subtraction of a negative number?
English Learners

Annotate a clear example showing subtraction being rewritten as addition of the opposite,
where the second addend becomes the opposite (or additive inverse) and the first addend

424 Uunit5 Rational Number Arithmetic stays the same.



Activity 2 Partner Problems

&R Pairs | @ 12min

Students solidify their understanding of equivalent addition and subtraction problems by comparing
their solutions with a partner who has the inverse representation.

Amps Featured Activity Digital Partner F;delemsb'_— 0 Launch

Name: Date: Period:

Activity 2 Partner Problems

With your partner, decide who will complete Column A and who will
complete Column B. After each row, share your responses with each
other. Your responses should be the same. If they are not the same,
work together to correct any errors or resolve any disagreements.

Use the number lines provided, if helpful.

Column A Column B

2. -8—(-1)=-7 —8+1=-7
-1 +1
»> »>
«— —
t t t t t t t t t t
-10 -7 =5 ) 5 10 -10 -7 =5 0 5 10
3. 6+3=9 6—(-3)=9
+3 —(=3)
b e
t t t t t t t t t t
-10 -5 0 5 910 -10 =5 0 5 910

1 1 1 1 1 1
4 +(-3)=- 172771
o4) 4
«— «—
> >
} } } } } } } } | |
-2 -1 _10 1 2 -2 -1 _10 1 2
4 4
5. —14—(—0.8)=—0.6 —14+08 =—0.6
—(-0.8) +0.8
— —
— —
} } } } } } } } } }
-2 -1 —0.6 0 1 2 -2 -1 —-0.6 0 1 2

©2023 Ampiy Education. Inc. Allrights reserved Lesson 6 Representing Subtraction 425

—— e Differentiated Support

Accessibility: Vary Demands to Optimize Challenge

If students need more processing time, have them only complete calculations
for Problems 1-3, and then in Problems 4 and 5, only determine whether the
sum or difference will be positive or negative. This will still allow them access
to the main goal of the activity.

Extension: Math Enrichment

Have students rewrite the following expression so that it only uses the
operation of addition.

1 2
—-11 —32-‘1— (—4.6) = 1§+9

—11+(-33) + (-46) + (-12) + 9

Explain and conduct the Partner Problems
routine.

9 Monitor

Help students get started by suggesting they
use the provided number lines to help them to
make sense of their problems.

Look for points of confusion:

+ Changing subtraction to addition of the
same value. Ask students if that relationship
is true for a difference with simple whole
numbers. For example, if 3 — 2 is the
equivalent to 3 + 2. Ask, “What would be
equivalentto 3 —2?"

Look for productive strategies:

« Changing subtraction expressions into
adding the inverse value.

9 Connect

Display the partner problems.

Have pairs of students share their reasoning
for the last two rows of the table.

Highlight that for any subtraction expression,

it can be rewritten as addition using the additive
inverse of the second term. This means students
will not need to learn a new procedure for
subtracting rational numbers. They can rewrite
the problem using addition, and then use the
rules they already know.

Ask, “How would you determine the value of
—10 — (—5)?"

Math Language Development s———————————

MLRS8: Discussion Supports—Revoicing

While students work, encourage partners to revoice each other's
reasoning before correcting or resolving disagreements or errors. This will
help foster productive mathematical discussions. Display sentence frames
and/or questions students could ask each other, such as:

“I'hear you say that subtracting _____isrepresentedby _____but when
| use addition, | find that . ..”
+ “Whatideas do you have?”
“Do you agree or disagree?”
“Can you explain what you mean by ...?"
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éﬁ Whole Class | @ 5 min

Summary

Review and synthesize how to determine the difference of two rational values by rewriting a subtraction
expression as an addition expression using the additive inverse.

— G Synthesize

Display the Anchor Chart PDF, Operations With
Summary Rational Numbers, Part 2. Obtain the missing
information from your class and complete the

Ask, “What is the relationship between addition

You reasoned that subtraction expressions can be expressed as equivalent . . "
and subtraction of rational numbers?

addition expressions.

In general, when looking at an arrow on a number line, it can represent either Highlight that Subtracting avalueis the same
addition or subtraction. K " . .
as adding the additive inverse of that value. This
Left facing arrow Right facing arrow can be represented on a number line and in an
+(=3) +(+3) ion.
expression
1 1 1 1 1 1 1 1 1 1 1 1 1 1
T T T T T T T T T T T T T T
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
“—= = o Reflect
Using this representation, you found that you could determine the difference of After synthesizing the concepts of the lesson,
two values by rewriting the expression as an addition expression using the additive allow students a few moments for reflection

inverse of the second value.

s on one of the Essential Questions for this unit.

G ) Encourage them to record any notes in the

ot M S 4:5;__1 X Reflect space provided in the Student Edition.

To help them engage in meaningful reflection,
%, consider asking:
e : - o= “ i i
—10 _5 10 5 10 54d=—1 * “How do you represent subtraction of rational
numbers on a number line?”
> Reflect:
426  Unit5 Rational Number Arithmetic ©2023 Amplify Education. Inc. All rights reserved.
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& Independent | @) 5min

Exit Ticket

Students demonstrate their understanding subtracting rational numbers by determining whether
two expressions showing addition and subtraction are equivalent.

.
0 Success looks like . ..

Name: pate: Fertod + Language Goal: Using a number line to
determine the difference of rational numbers,

Exit Ticket m and explaining the reasoning. (Speaking and

Listening)

» Using a number line to determine whether

Determine whether each equation is true or false by placing a check mark in each R X .
each difference of rational numbers is true

box. If the equation is false, change the right side of the equation to make it true,

and write the alternate equation on the line. Use the numberline, if helpful. and changing the equation, if needed, in
Problems 1-4.
True False
3 C Attered Equati - Language Goal: Generalizing that
quation subtracting a number from a given value
1. —8-2=8+(-2) [] —8-2=-84(=2) results in the same value as adding the
ey additive inverse of that number.
-10 -5 0 5 10 (Speaking and Listening, Writing)
» Determining whether the correct additive
2 4-(9=4+3 U] inverse is acgjded in Problems 1-4.

—-10 -5 0 5 10

3. 3-4=-3+(-4) D

0 Suggested next steps

If students incorrectly identify the equations
that are true or false, consider:

—-10 -5 0 5 10
» Reviewing Problem 1 from Activity 1.
4. -9—-(-3)=-9+(-3) D —-9-3=-9+3 ) ) )
. . . . . « Asking, "How do you rewrite a subtraction
10 s o 5 10 expression as an equivalent addition
expression?”
+ Assigning Practice Problems 1and 2.
m ? e ——— (V] gning
I don’t really I'm starting to I got it
getit getit
a | canuseanumber line to determine b | canrepresent an expression of
the difference between rational the difference in two values as
numbers. an equivalent expression that
determines the same sum.
1 2 3
1 2 3
©2023 Ampiify Education, Inc. All rights reserved. Lesson 6 Representing Subtraction
Professional Learning
| _______________________________________________________________________________________________________________________________________________________________|

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

> Points to Ponder . . .

What worked and didn't work today? During the discussion in the Partner
Problems routine, how did you encourage each student to listen to one
another’s strategies?

In this lesson, students represented subtraction of integers on a number
line. How did that build on the earlier work students did with adding rational
numbers? What might you change for the next time you teach this lesson?

Lesson 6 Representing Subtraction 427A



Practice

.Q, Independent

Name: Date: Period: I]Ell

> 1. Match each subtraction expression with its corresponding equivalent E
addition expression. g
a -3-2 €..34+(-2) g

o

b -3-(-2) d.3+2
c 3-2 b. -3+2
d 3-(-2) a_. -3+(-2)

. For each number line, write an expression using addition and an equivalent
expression using subtraction.

Number line I Addition I Subtraction
—_—
: : : : : S48 53
-10 -5 o 5 10
4_
: : : : : 2409 24
-10 =5 o 5 10

c..
sl
&
Ll
ol
al
Ll
sl
s
Ll
-1
ol
w
a1
ol
ol
o1
ol
ol
's--

—_—
—
+ + ; : —6+7 —6—(=7)
-10 =5 o 5 10
—V’
t t t t 4+1 4=
—-10 -5 ) 5 10
> 3. Determine each difference. Use the number line, if helpful.
a 6-4 =2 b 6—(-4) =10
c 4-6 =-2 d 4-(-6) =10
@ —6-4 =-10 f6-(-4) =-2
g -4-6 =-10 h —4-(-6) =2
-10 = - -3 -2 - 1
©2023 Amplify Education, Inc. All ights reserved. Lesson 6 Representing Subtraction 427

Practice Problem Analysis

Type Problem Refer to
1 Activity 2 1
On-lesson 2 Activity 1 2
g Activity 2 2
Unit 4
) 4 Lesson 8 2
Spiral
5 Unit 2 >
Lesson 5
. Unit5
Formative @ 6 Lesson 7 1

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

427-428 Unit 5 Rational Number Arithmetic

aonpoedd [

428 Unit5 Rational Number Arithmetic

Name: Date: Period:

2> 4. Arestaurant bill is $59 and you pay $72 including gratuity. What percentage
represents the amount of gratuity paid? Show your thinking.
22% gratuity; Sample response:
72-59=13
1

3
o * 100 =22
59 00

. A company produces screens of different sizes. Based on the table, could
there be a proportional relationship between the number of pixels and the
area of the screen? If so, write an equation representing the relationship. If
not, explain your thinking.

Area of screen (in Number of pixels

6 31,104
72 373,248
105 544,320
300 1,555,200

Yes; Sample response: p = 5184s, where p represents the number of
pixels and s represents the size of the screen in square inches.

31104 + 6 =5184 373248 + 72 =5184
544320 + 105 = 5184 1555200 - 300 = 5184

> 6. Determine each sum or difference. Use a number line, if helpful.
a 6+(-4) =2 b -10+5 =-5
€ —3+(-2) =-5 d —2-4 =—6
e 5-10 =—5 f 3-(-2) =5

©2023 Ampity Education, Inc. Al rights reserved

Additional Practice Available

For students who need
additional practice in
this lesson, assign the
Grade 7 Additional
Practice.




UNIT5 | LESSON 7

OF Oc

Subtracting 78 [y

10— 40

Rational Numbers
(Part 1)

Let’s determine the difference
of rational numbers.

Goals + Students gain fluency in subtraction of rational
1. Recognize that the difference of two numbers can be positive or ngmbers by comparir.wg subtraction expressions
negative depending on the order given in the expression. with the same values in reverse order.

« Students apply their understanding of

2. Language Goal: Subtract rational numbers, and explain the
reasoning. (Speaking and Listening)

3. Language Goal: Compare subtraction expressions that give the
same numbers in the reverse order. (Speaking and Listening)

Coherence

* Today

Students apply their understanding of subtracting rational numbers
to compare differences and notice that, unlike addition, the order of
subtraction changes the sign of the difference. Students apply this
understanding to determine the change in temperature over time
representing increases as a positive change and decreases as a
negative change.

< Previously

In Lesson 6, students discovered that a subtraction expression can be
written as an equivalent addition expression using the additive inverse of
the second term.

> Coming Soon

In Lesson &, students will apply their understanding of subtraction
to reason about difference and distance on number lines and on the
coordinate plane.

subtraction of rational values to determine
change as arational value.

Lesson 7 Subtracting Rational Numbers (Part1) 429A



PaCing Guide Suggested Total Lesson Time ~45 min @

O o @ o

Warm-up Activity 1 Activity 2 Summary Exit Ticket
@ 10 min @ 15 min @ 10 min @ 5 min @ 5min
28 Pairs £25 Small Groups 28 Pairs ééé Whole Class 2 Independent

AMDPS poweredbydesmos i Activity and Presentation Slides

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

. o .
Practice 2 independent Amps | Featured Activity
Materials Math Language Activity 1
« Exit Ticket Development Digital Partner Problems
« Additional Practice Review words Students individually complete a series
- Activity 1 PDF, Are you ready . additive inverse of problems d|g|tally. After each problem,
for more? (as needed) ) students check their response with their
: « commutative property partner to come to a consensus before
« Graphic Organizer PDF, Blank . difference moving to the next one.

Number Lines (as needed)

@ O
a

A B
CO) Amps
desmos
Building Math Identity and Community ©® Modifications to Pacing
Connecting to Mathematical Practices You may want to consider these
While working with a partner to determine whether the differences are additional modifications if you are
equivalent in Activity 1, students might not take the time to be precise short on time.

when writing subtraction as addition, which may cause conflict with their
partner. Students should recognize that it is beneficial to both of them

to cooperate and help each other when needed. They should both be
willing to provide help if it guides the other person, and thus their team,
to success.

* Inthe Warm-up, have students only
complete the first four rows of the
table.

» InActivity 1, have students complete
any three rows of the table. Encourage
students who are ready for more
challenging examples to complete the
last two rows.

429B Unit 5 Rational Number Arithmetic



Warm-up Number Talk

&~ Pairs | @ 10 min

Students compare the sums of pairs of values expressed in the reversed order.

Name: Date: Period:

Unit5 | Lesson7

Subtracting
Rational Numbers
(Part 1)

Let’s determine the difference of
rational numbers.

Warm-up Number Talk

Determine each sum.

Column A Column B
342 =5 243 =5
5+(-9) =—4 —945 =—4
—1142 =-9 24 (-11) =-9
—6+(=3) =-9 —3+4(-6) =—9
—1.2+(-3.6) =—4.8 —3.6+(—1.2) =—4.8

1 1 1 1
ol (gl) —— 314(-2%) =-6
23+ (-33) = 33+(-23)

What do you notice about the expressions in Column A compared to Column B?
What do you notice about the sums in Column A and Column B?

Sample response: The values in each expression in Column A and Column B
are ordered differently. The value of the sums are equivalent.

Log in to Amplify Math to complete this lesson online.

©2023 Amplify Education, Inc. Al rights reserved.

Math Language Development

MLRS8: Discussion Supports—Press for Details

Lesson 7 Subtracting Rational Numbers (Partl) 429

o Power-up

During the Connect, as students share what they noticed, press them for
details in their reasoning by asking:

« “Does the order of the addends matter when adding two numbers?”

+ “How do you know?"

« “Does it always work this way?"

«  “Canyou provide an example or a counterexample?”

Highlight student reasoning that demonstrates the importance of
mathematical structure when adding negative numbers.

0 Launch

Conduct the Number Talk routine.

9 Monitor

Help students get started by covering up all
but the first row of expressions. Suggest they
uncover one row at a time.

Look for points of confusion:

+ Thinking that the sign of the first addend
determines the sign of the sum. Remind students
that the sign of the sum matches the sign of the
addend with the greater absolute value.

» Adding the magnitudes regardless of the original
signs of each value. Ask students to represent
5+ (—9) on a number line and to compare their
sum from the number line with the sum from
adding the magnitudes.

Look for productive strategies:
» Splitting the expressions in Columns A and B among
their group, and then comparing their sums.

g Connect

Display the table from the Warm-up in the
Student Edition.

Have students share what they notice about
each pair of sums.

Highlight that, by the Commutative Property of
Addition, the sum of two numbers is the same
regardless of the order of the addends.

Ask, “Do you think the commutative property
holds true for subtraction?” Conduct the

Poll the Class routine to assess student
thinking. Do not ask students to explain their
thinking, instead inform the class that they will
be answering this question in the next activity.

To power up students’ ability to write equations to
determine the sum and difference of integers, have
students complete:

Recall that subtracting in an integer is the same as adding its opposite.
For example, =3 —4 = =3 + (—4).

Determine each sum or difference. Use a number line if helpful.
1. -9+5=—4

2.5+ (-9)=—4

3.5-9=-4

Use: Before the Warm-up.

Informed by: Performance on Lesson 6, Practice Problem 6.

Lesson 7 Subtracting Rational Numbers (Part1) 429




— e Differentiated Support

Activity 1 Partner Problems

223 Smallgroups | @ 15min

Students compare differences of pairs of values in the reversed order to determine whether the differences

are equivalent.

Activity 1 Partner Problems

With your partner, decide who will complete Column A and who will
complete Column B. After each row, share your responses with your partner.
Compare your responses, and decide if they should be the same or not.

> 1. Determine each difference.

Column A Column B
3-2 =1 2-3 =-1
5—(-9) =14 -9-5 =-14
—11-2 =-13 2—(-11) =13
—6—(-3) =-3 —3—(-6) =3
—1.2—(-3.6) =24 —3.6—(-1.2) =—2.4

1 1 1 1
ol (31} oy ,_,(, _) =1
2y (32) 337172

> 2. What do you notice about the expressions in Column A compared to
Column B? What do you notice about their values?

Sample response: The values in each expression in Column A and Column B
are ordered differently. The value of the differences are opposites.

:: Are you ready for more?

Complete this table so that every row and every

column has a sum of 0. Can you determine another -18 -12 0 25 5
way to solve this puzzle? No; there is only one
solution, in which each column has —18, —12, 0 5 —12 —-18 25

0, 5, and 25 once.

430 Unit5 Rational Number Arithmetic ©2023 Amplify Education, Inc. All rights reserved.

Accessibility: Guide Processing and Visualization,
Optimize Access to Tools

Provide copies of the Graphic Organizer PDF, Blank Number Lines for students
to choose to use to help them organize their thinking and make sense of
subtracting rational numbers.

Extension: Math Enrichment

Have students complete the table puzzles from the Are you ready for more? PDF.

430 Unit5 Rational Number Arithmetic

Amps Featured Activity Digital Partner Problems I 0 Launch

Conduct the Partner Problems routine,
explaining to students that in this modified
version, they should determine whether their
differences are equivalent.

9 Monitor

Help students get started by suggesting that
they rewrite the subtraction expressions as
addition expressions using the additive inverse
of the second term.

Look for points of confusion:

+ Thinking that the differences have to be equal
because they have the same values. Have
students sketch their differences from the first row
on anumber line and compare. Ask, “What do you
notice about the two differences?”

Dropping a negative sign when rewriting
subtraction expressions as addition. Remind
students that any expression a — b is equivalent to
adding the additive inverse, or a + (—b).

Look for productive strategies:

» Comparing the equivalent addition expressions
and noticing that when they change the order
of subtraction that the addends in the addition
expressions have opposite values.

9 Connect

Display the table from the Student Edition.

Have students share what they noticed about
the differences between Columns A and B.

Ask, “How could you represent the expressions in
the first row as addition?” 3 + (—2) and 2 + (-3)

Highlight that, unlike addition, the commutative
property does not apply to subtraction. Compare
the addition expressions for the first row, noting
that they are adding opposite addends when

the order of subtraction is reversed so the
differences are opposite values.

Math Language Development |

MLRS8: Discussion Supports—Press for Reasoning

During the Connect, as students share what they noticed about the
differences between Columns A and B, display the following prompt:

+ “Changing the order of the numbers in a subtraction expression does/
does not change the value because .. ."

Ask students to complete the prompt, encouraging them to justify their
reasoning using examples and nonexamples.
English Learners

Encourage students to respond to each other’s ideas using the frames, “I
agree or | disagree with because...”



&R Pairs | @ 10 min

Activity 2 Expressions With Temperature

Students compare temperatures to connect the relationship between differences in rational
numbers and how far apart they are on the number line.

0 Launch

Activate prior knowledge by asking, “What is the

Name: Date: Period:

Activity 2 Expressions With Temperature first row in this table modeling?” Give students
a chance to discuss with their partners prior to
Tyler and Lin took a hike from Death Valley to Telescope Peak discussing as a class. Model the change on the
and back. They began their hike at Shorty’s Well and ended at number line by drawing an arrow from 25 to 20
Badwater. They recorded the temperature throughout their hike. . . .
The temperature of each location was recorded in the table shown. and Iabellng it with —5.
Using the table, write an expression, and then determine the change in 9 Monitor
temperature between each location. The first row has been completed for
you. Consider using the number line to help with your thinking. He|p students get started by having them p|ace
one finger on the temperature for Hanaupah
Location | Tem'ffcr;’t”re ‘ T30 Spring and second finger on the temperature for
' Expression | Change (°C) Telescope Park on their number line to help them
Shorty's Well 25 ] T
) 75 3 1 to make sense of the chart.
+ 25
Hanaupah Spring 20
—-3-20 —-23 T A A .
Telescope Peak 3 ) { Look for points of confusion:
South Fork I D 20-(=3) +23 + 20 + Giving the change as only a positive value. Bring
D 22.8-_20 428 1 their attention back to the first row of the table.
Badwater 228 1 Ask, “Why was this change expressed as a negative
T value?”
» Reversing the order when determining change.
T Remind students that the expression to determine
change is final value — initial value.
[ Look for productive strategies:
1 + Rewriting each subtraction expression as addition
1 to determine the change in temperature.
+0
1 e Connect
15 Have students share their strategies for
1 determining the change in temperature between
locations.
+ -10
Ask, “What does it mean when the change in
@ temperature is positive? Negative?”
©2023 Amplify Education, Inc. All rights reserved. Lesson 7 Subtracting Rational Numbers (Partl) 431 nghllght that the Change in temperature reﬂeCtS
how far apart the two values are as well as if the

temperature was increasing or decreasing. Draw
attention to Rows 2 and 3 of the table to highlight
how the order of subtraction changed the sign of
the change in temperature.

I e Differentiated Support — Math Language Development ]

Accessibility: Guide Processing and MLR3: Critique, Correct, Clarify

Visualization During the Connect, present anincorrect statement that reflects a potential misunderstanding such as,
Demonstrate how the first row in the second “If the final temperature is —3°C and the starting temperature is 20°C, then the difference is 17°C.” Ask:
table was completed_to serveasa referencg for «  Critique: “Do you agree or disagree with this statement? Explain your thinking.” Listen for

students. Ask, “Why is 20 the first number in students who reason that —3 and 20 are on opposite sides of zero on the number line.

the expression, and not 25? Why is the change

negative. not positive?” « Correct: “Write a corrected statement.”

« Clarify: "How can you convince someone that your statement is correct? What mathematical
language or reasoning can you use?”
English Learners

Listen for ways students use the words, “negative,” “difference,” and “subtract,” and clarify the
meanings of these words.

Lesson 7 Subtracting Rational Numbers (Part1) 431



Summary

iﬁ Whole Class | @ 5 min

Review and synthesize how the order of subtraction affects the difference of two values.

Summary

In today’s lesson . ..

You saw that when we talk about the difference of two numbers, we mean,
“subtract them.” But unlike addition the order of the numbers in the subtraction
expression affects the result.

Consider the following examples:

—3-2=-34(-2)=-5
+—
1 1 1 1 1 1 1 1 1 1 1
T T T T T T T T T T T
-5 -4 -3 -2 -1 0 1 2 3 4 5

2—(-3)=2+3=5

! ! ! ! ! ! ! ! ! ! !
T T T T T T T T T T T
-5 -4 -3 -2 -1 0 1 2 3 4 5

The difference can be positive or negative, depending on the order.

> Reflect:

432 Unit5 Rational Number Arithmetic ©2023 Amplify Education. Inc. All ights reserved.

432 Unit5 Rational Number Arithmetic

G Synthesize
Display the Summary from the Student Edition.

Ask:
« “Does changing the order of the values in an
addition expression change the sum? Why?”

+ “Does changing the order of the valuesina
subtraction expression change the difference? Why?”

Highlight that the difference between two
numbers can be positive or negative depending
on the order. If the order is changed, then the
difference becomes the opposite value.

Have students share real-world scenarios
where they would want to determine the
change between two rational values and would
want to know whether the change was positive
or negative.

o Reflect

After synthesizing the concepts of the lesson,
allow students a few moments for reflection.
Encourage them to record any notes in the
Reflect space provided in the Student Edition.
To help them engage in meaningful reflection,
consider asking:

+  “How did using the number line in Activity 2 help
you determine the change in temperature?”



& Independent | @) 5min

Exit Ticket

Students demonstrate their understanding determining the difference of two rational numbers
by identifying equivalent subtraction and addition expressions.

.
Q Success looks like . ..

Name: pate: Fertod « Goal: Recognizing that the difference of
two numbers can be positive or negative

Exit Ticket depending on the order given in the
expression.

» Language Goal: Subtracting rational

Select all of the expressions that are equal to the expression —5 — (-12). o )
numbers, and explaining the reasoning.

Ao (Speaking and Listening)

7 » Selecting all the expressions equal to -5 — (-12).

C. -12-(-5) » Language Goal: Comparing subtraction

124 (-5) expressions that give the §ame nurr_1bers_ in
the reverse order. (Speaking and Listening)

- 2
Chas » Recognizing that 12 + (-5) is equal to -5 - (-12).
F. —5+(-12)

Q Suggested next steps
If students select Choice C, consider:
» Reviewing Activity 1.
+ Assigning Practice Problem 1.
« Asking, “Whatis 5 — 3? What about 3 — 57"

If students select Choice E, but not Choice D,
consider:

» Reviewing the Warm-up.

» Asking, “Does order matter when adding?”

==y - —— —— (]

I don't really I'm starting to I gotit
getit getit
a | can determine the difference of b |understand that order matters
rational numbers. when subtracting rational values.
1 2 3 1 2 3

©2023 Ampiy Egucation, nc. Allights reserved. Lesson 7 Subtracting Rational Numbers (Part 1)

Professional Learning

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

> Points to Ponder . . .

What worked and didn't work today? In what ways in Activity 1 did
things happen that you did not expect?

How did the Partner Problems routine support students in understanding
how order affects the sign when determining the difference of two values?
What might you change for the next time you teach this lesson?

Lesson 7 Subtracting Rational Numbers (Part1) 433A



Practice ‘Q. Independent

Name: Date: Period: I]Ell = Name: Date: Period
> 1. Write an expression to model each scenario, and then solve the problem. 5 ? > 4. Consider the 4 points shown on the Y
a  How much warmer is 82°F than 40°F? 2 g coordinate plane.
42°Fwarmer; 82 — 40 =42 a- g: a Determine the coordinates of each point. 7
5
L) L Point A: (5,2)
b How much warmer is 82°F than —40°F? Point B: (~3,2) B £ A
122°F warmer; 82 — (—40) = 82 + 40 =122
Point C: (0,4) E o
T
> 2. Diego measured the temperature when he left for school in the Point D: (5, —2) D

morning, and then again when he got home in the afternoon.
He said the change in temperature was —3°F.

b Which point is 8 units from point A?

a  What does it mean for the change in temperature to be —3°F? Point
The temperature went down by 3 degrees. ©  Plot two points that are 3 units from
point B, and label them E and F.
b Identify a pair of values that could represent the temperature when he Sample responses shown

left for school versus when he arrived home in the afternoon.
Answers may vary, but the temperature in the morning should be

3 degrees higher than the afternoon temperature. > 5. Afamily goes to a restaurant. When the bill is delivered by the server,
the gratuity chart shown is provided.
> 3. After their hike, Lin and Tyler researched their elevation at each of How much was the price of the meal? Gratuity Guide For Your Convenience:

the locations at which they had temperature recordings. Write an Show or explain your thinking
expression then determine the change in elevation between each : 15% would be $4.89
$32.60; Sample response:

location from Shorty’s Well to Badwater. Let m represent the price of the meal. 18% would be $5.87
0.20m =6.52
: i : 0.20m + 0.20 = 6.52 + 0.20 AvbueulE e B
Location n ! m=32.6
! Expression | Change (ft)
Shorty's Well —262 .
4003 — (—262) 4,265 . .
Hanaupah Spring 4,003 > 6. Plotand label each point on the coordinate plane.
11049 — 4003 7,046 A:(0,2) y
Telescope Peak 11,049 5
3700 — 11049 —7,349 B:(=3,0) 4 c
South Fork 3,700 C:(1,4)
—289 — 3700 —3,989 o 3
Badwater —289 D:(=2,-3) PY
E:(3,-4) S 1
B
Fi(-2,1) 4 3 2 1o
£
2
D,

©2023 Ampity Education, Inc. Allights reserved. Lesson 7 Subtracting Rational Numbers (Part1) 433 434 unit5 Rational Number Arithmetic ©2023 Ampiy Education, Inc. Al ights eserved.

Practice Problem Analysis Additional Practice Available

Type Problem For students who need

1 Activity 2 1 additional practice in
this lesson, assign the

On-lesson 2 Activity 1 2 Grade 7 Additional
Practice.
3 Activity 2 2
4 Grade 6 2
Spiral .
5 Unit 4 5
Lesson 8
. Unit 5
Formative @ 6 Lesson 8 2

© Power-up: If students need additional support with the key prerequisite concept or skill
this problem addresses, consider assigning the Power-up in the next lesson.
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UNIT5 | LESSON 8 .

Subtracting
Rational Numbers
(Part 2)

Let’s get more practice subtracting
rational numbers.

Procus e

Goals « Students build conceptual understanding of
1. Language Goal: Recognize and explain that the difference of two the distance between two points.
numbers can be positive or negative depending on the order of « Students gain fluency in solving subtraction
an expression, while the distance between two numbers is always problems related to difference and distance.

positive. (Speaking and Listening)

2. Determine the distance between values on a number line and points
on a coordinate plane.

3. Determine the location of events on a number line by determining
the change from the current pointin time.

Coherence

* Today

Students see that the difference of two numbers can be positive or
negative, but the distance between two numbers is always positive.
Using both a number line and points on a coordinate plane, they relate
the value of the difference of two points to the distance between them
concluding that the distance is the absolute value of the difference.
Finally, they apply their understanding of difference and distance to
create a number line of their lifetime, given that 0 represents today.

< Previously
In Lesson 7, students used a number line to determine the difference
between two values concluding that the order of subtraction affects the
sign of the difference.

> Coming Soon

In Lesson 9, students will apply their understanding of addition and
subtraction to solve a variety of real-world problems.

Lesson 8 Subtracting Rational Numbers (Part2) 435A



PaCing Guide Suggested Total Lesson Time ~45 min @

O o @ o

Warm-up Activity 1 Activity 2 Summary Exit Ticket
@ 7 min @ 10 min @ 20 min @ 5 min @ 5min
28 Pairs £25 Small Groups 2 Independent éé:’; Whole Class 2 Independent

AMDPS poweredbydesmos i Activity and Presentation Slides

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

- o .
Practice & independent Amps : Featured Activity
Materials Math Language Activity 2
. Exit Ticket Development Digital Timeline
. Itional Practice eview words tudents create a digital timeline o
Additi | Practi Revi d Stud d | | f
. ) . absolute value important moments in their lifetime by
Power-up PDF (as needed) ) determining the difference between their
« Power-up PDF (answers) * difference current age and the age at which the event
« Activity 2 PDF, one per . distance happened or is anticipated to happen.
student « magnitude
« Activity 2 PDF (answers)
a=—18
—— et

CO~ Amps

desmos
Building Math Identity and Community ©® Modifications to Pacing
Connecting to Mathematical Practices You may want to consider these
The concept of representing today as 0 on a timeline might not sit well additional modifications if you are

with students who think of today as having a date that is composed of short on time.
numbers. Rather than give up before even getting started, students
should persevere in their attempts to make sense of this problem. Ask
them to identify the emotion they feel at the beginning of the problem and
describe what they will do to turn it into a growth mentality.

* Inthe Warm-up, Problems 4-6 may
be omitted.

+ InActivity 2, have students only
choose two events in Problems 1 and 4.
Alternatively, Activity 2 may be omitted
entirely or assigned outside of class
time. It makes for a great display ina
classroom!
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2R Pairs | @ 7 min

Warm-up Determining Distance

Students use a number line to determine the distance between two points.

0 Launch

Activate background knowledge by asking if
Unit5 | Lesson 8 . . any students know the distance around a track
(400 mor i mile). Ask, “Does the direction you run
around the track change the distance?” Explain
that regardless of the direction you run around
the track the distance is always the same.

9 Monitor

Help students get started by saying, “Imagine
the number line shown were a ruler, how far
apart are points A and B?”

Name: Date: Period:

Subtracting
Rational Numbers
(Part 2)

Let’s get more practice subtracting
rational numbers.

Look for points of confusion:
Warm-up Determining Distance + Giving the distance as a negative value. Remind

Determine the distance between each set of points, based on students about the distance around the track

the given number line. 15 example from the launch. Ask, “Would it make
1 sense to say that the distance around a track
> 1. AandC A4 is —400 meters?”

4

] Look for productive strategies:

S 2. DandC 12 » Counting the spaces between values on the
4 B { number line.

1 » Writing subtraction expressions to represent the
> 3. AandD oo difference between each value to aid in determining

¢ 1 -1 the distance.
> 4. BandC T-2 9 Connect

1.5 T

T3 Display the number line from the Student

> 5. Band A D —4 Edition.

* T-° Have students share their methods for

. . determining the distance between the points,

- e f.:n v including writing expressions.

Define distance as the length between two

Log in to Amplify Math to complete this lesson online. pOiI’]tS, |I'] gel’]el’a', the distance betWeen two
©2023 Ampity Education.Inc. Al ights reserved. Lesson 8 Subtracting Rational Numbers (Part2) 435 .
valuesaandbis |a — b|.

Highlight that the distance is the magnitude of
the difference.

Ask, “Does order matter when determining the
distance between two points?”

E— o Power-up ]

To power up students’ ability to plot points on the coordinate plane:

Provide students with a copy of the Power-up PDF.
Use: Before Activity 1.

Informed by: Performance on Lesson 7, Practice Problem 6. and Pre-Unit Readiness
Assessment, Problem 6.

Lesson 8 Subtracting Rational Numbers (Part2) 435



Activity 1 Differences and Distances

A3 Small groups | @ 10 min

Students connect their work with determining distance on the coordinate plane in Grade 6 to

subtracting coordinate values.

. o Launch

Activity 1 Differences and Distances

> 1. Plotthese points on the coordinate plane:

A (5,4)

B (5,-2)
C (-3,-2)
D (-3,4)

6
5
D . 8|unjts A
3
n n
£ 2 2
c c
3 1 3
© ©
x
c 8lunits B

¢ b G b O

> 2. Connect the dots in order. What shape is created?

A rectangle

> 3. What are the side lengths of Figure ABCD?

Response shown in diagram.

> 4. What is the difference between the y-coordinates of A and B? Show your thinking.

6 units;4 — (—2) =6

> 5. What is the difference between the y-coordinates of B and A? Show your thinking.

—6 units; (—2) —4=—-6

> 6. How do the differences of the coordinates relate to

the distance between the two points?

Discussion Support:
What math language can

you use in your response
to Problem 6? How can you

Sample response: The absolute value of each difference
is equal to the distance between the two points.

436 Unit5 Rational Number Arithmetic

— e Differentiated Support

Accessibility: Activate Prior Knowledge

Remind students they previously plotted points in all four quadrants of the coordinate

represent this idea using both
words and symbols?

©2023 Amplify Education, Inc. All rights reserved

plane in Grade 6. Students may benefit from a review of the four quadrants of the

coordinate plane and how to plot points that have positive and negative coordinates.

Extension: Math Enrichment

Without plotting, have students determine the distance between each pair of points.

+ (—4,1)and(2,1) 6

+ (3,6)and(3,-3) 9

* (a,b)and(c,b) |c—al

© (myn)and(m,p) [p—nl

436 Unit5 Rational Number Arithmetic

Activate prior knowledge by asking, “What does
each value in the point (5, 4) tell you about the
location of the point on the coordinate plane?”

9 Monitor

Help students get started by asking, “What

do you remember about plotting points on the
coordinate plane?” Model how to determine the
location of point A.

Look for points of confusion:

» Mixing up the = and y-values when plotting
points. Remind students the first value is the
horizontal movement and the second value is the
vertical movement.

* Not realizing that Problems 4 and 5 should give
opposite values. Ask, “How does changing the
order of the values in an expression affect the
difference between them?”

9 Connect

Display a student sample of the completed
coordinate plane.

Have students share their thinking for Problem 6.

Highlight that the values of the answers for
Problems 4 and 5 are opposites. Distance is
the magnitude of the difference. The distance
between points A and B is the same regardless
of the direction it is measured because the
magnitude is the same. Generally, for any two
values a and b, the distance between them is
the same regardless of the order given in an
expression; |a — b| = |b — al.

Ask:

* “When you are determining the distance between
two points on the coordinate plane, how do you
determine when to look at the z-coordinate or the
y-coordinate?”

» “How can you determine the distance between the
points (3, 6) and (-5, 6)?”

Math Language Development ]

MLRS8: Discussion Supports

While students complete Problem 6, ask them to think about how they
can use the math language they have been learning in their responses.
During the Connect, have students share their responses. Listen

for and amplify the ways students describe the distinction between
distance and difference. Add this language to the class display and
connect it to the language collected during the Warm-up.

English Learners

Add the coordinate plane to the display and add annotations to highlight
the distinction students make between distance and difference.



Activity 2 My Lifetime Timeline

& Independent | @ 20 min

Students expand their understanding of subtracting rational numbers to create a number line of

their life where “today” is represented by 0.

Name: Date: Period:

Activity 2 My Lifetime Timeline

John Denver once sang, “Today is the first day of the rest of my life.”
Imagine today is a fresh start, and create a number line of the life
you've had so far and the life you hope to have in the future. Your
teacher will provide you a large number line for this activity.

> 1. Including the day that you were born, think of three important events
that have happened so far in your lifetime. Write down how old you
were when each event happened, to the nearest month. (For example,
Mai was 2 years and 1 month old the day her brother was born, so she
would say that she was 2 é yearsold.) Sample responses shown.

a Theday | was born.|was 0 years old.

p The day my little brother was born. | was 211—2 years old.

@ Whenl started taking ice hockey lessons. | was 8% years old.

> 2. Iftoday is represented by 0, write and simplify and an expression to
determine what number on your timeline would represent each event
from Problem 1. Write each value as a mixed number to the nearest
month. (For example, Mai is currently 12 years and 3 months old, so
her day of birth would be represented by —12 i.) Sample responses shown.

1 1
a 0-12=-12;

1

1 1 1 1 1
B 2 —124_—106,because124—2 =10

12 12 6
10 1 5 1 10 5
® BE_ 121 = _3E' because 121— BE_ = 3E

> 3. Add each event from Problem 1 to the number line. Use the labels a, b,
and c.

©2023 Ay Egucation, Inc. Al rights reserved Lesson 8 Subtracting Rational Numbers (Part2) 437

Explain that students will be using what they
know about rational numbers and differences
to create a timeline of their life where “today” is
represented by 0. Distribute the Activity 2 PDF
to each student.

Monitor

Help students get started by asking, “Can you
share an interesting fact about yourself?”

Look for points of confusion:

» Plotting the age (or the negative of the age) that
each even happened, rather than the difference
from their current age. Ask, “If something
happened when you were 5, how would you
represent how many years ago that was compared
to today?”

- Difficulty in converting negative mixed numbers
into improper fractions. Remind students that
they can convert the magnitude of the mixed
number into an improper fraction first, and then
incorporate the sign.

Activity 2 continued >

— e Differentiated Support L |

Accessibility: Optimize Access to Technology

Have students use the Amps slides for this activity, in which they can create a digital
timeline of important moments in their lifetime by determining the difference between
their current age and the age at which the event happened or is anticipated to happen.

Accessibility: Vary Demands to Optimize Challenge

Allow students to approximate their ages to the nearest 6 months, or % year, instead of the
nearest month.

Lesson 8 Subtracting Rational Numbers (Part2) 437



& Independent | @) 20 min

Activity 2 My Lifetime Timeline (continued)

Students expand their understanding of subtracting rational numbers to create a number line of
their life where “today” is represented by 0.

. 9 Connect

Display examples of students’ number lines.

Activity 2 My Lifetime Timeline (continued) _
Have students share how they determined the

. ) o values that would represent each life event on
> 4. Think of three goals you would like to accomplish in the next 15 years.

Describe them in the space provided. Next to each goal, identify what their timeline.

age you hope to be when you reach that goal. (For example, Mai has ; ) ) X .

a goal of graduating from high school with her class. She would be ngh"ght that' in this scenario, each value

17 years and 11 months old.) Sample responses shown. represents the difference between their current
d' Getting my driver’s license when | am 16 years old. age and the age at which the event occurred or

is projected to occur.

e Starting college when | am 17 % years old.

Ask, “If you add your fourth and a half birthday
on your number line, what value would represent
f Traveling to Machu Picchu when | am 22 years old. it?" Answers may vary.

> 5. Iftoday is represented by 0, write and simplify and an expression to
determine what number would represent each event from Problem 4.
Write each value as a mixed number to the nearest month.
(For example, Mai's high school graduation would be represented by
the expression 17% -12 i =5 %.) Sample responses shown.

3

1
4 16— IZZOFSZ

n_o,1_ .2
o 17,,-12,=57

1_43
§ 22-12,=97

> 6. Add each event from Problem 4 to your timeline. Use the labels d, ¢,
and f.

438  Unit5 Rational Number Arithmetic ©2023 Amplify Education, Inc. All rights reserved.
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Summary

éﬁ Whole Class | @ 5 min

Review and synthesize the relationship between determining the distance between two points and

the difference between two values.

Name: Date: Period:

Summary

In today’s lesson . ...

You continued your study of subtracting numbers, recognizing that whether you
are determining the “difference of” or “distance between” two values you are
determining how far apart they are.

When determining the difference, the order of the values in an expression matters.

A positive or negative difference indicates whether the second value is greater
than or less than the first value.

+14 N
8= (~6) b —————————————
-10-9 -8 -7-6-5-4-3-2-1 01 2 3 45 6 7 8 910
P —14
4
=68 b ————————————
-10-98-76-5-4-3-2-101 23456 7 8 910

aandb,|a—bl=|b—al

[8 —(=6)| = PR T T N S T TN TR T T TN TN SN NN SN A S S S R
|6 — 8| T+ttt %1
10-9 8 -7 -6-5-4-3-2-1 01 2 3 45 6 7 8 910
> Reflect:
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G Synthesize
Display the Summary from the Student Edition.

Ask:

» “Does the order of two numbers being subtracted
matter when determining the difference?”

» “Does the order of the numbers being subtracted
matter when determining the distance?”

« “How are difference and distance related?”

Highlight that difference can be positive or
negative, and distance is the magnitude of the
difference, therefore is always positive.

o Reflect

After synthesizing the concepts of the lesson,
allow students a few moments for reflection.
Encourage them to record any notes in the
Reflect space provided in the Student Edition.
To help them engage in meaningful reflection,
consider asking:

«  “How are difference and distance similar? How are
they distinct?”

Lesson 8 Subtracting Rational Numbers (Part2) 439



Exit Ticket

& Independent | @) 5min

Students demonstrate their understanding of determining the difference and distance by analyzing and

representing real-world scenarios.

@ Printable

Name: Date: Period:

I < P

Use the provided information to answer each question.

A seagull is 6.8 m above sea level.
A dolphin jumping out of the water is 0.45 m above sea level.
A manta ray is 9.4 m below sea level.

1. What is the distance between the seagull and the manta ray? Show or explain
your thinking.
16.2 m; Sample response: | 6.8 — (—9.4) | =| 6.8 + 9.4| = | 16.2 | = 16.2

2. What is the distance between the manta ray and the seagull? Show or explain
your thinking.

16.2 m; Sample response: the distance is always positive so the order of the animals
doesn’t matter.

3. What is the difference in the location of the manta ray compared to the dolphin? Show
or explain your thinking.

—9.85 m; Sample response: —9.4 — 0.45 = —9.4 + (—0.45) = —9.85; The manta ray is
9.85 m below the dolphin.

N
2 § 3 N f
[ Self-Assess ? ]
I don’t really I'm starting to I got it
getit getit
a | can explain the distinction between b | can determine the difference of
difference and distance. two values.
1 2 3 1 2 3
¢ | candetermine the distance
between two values.
1 2 3
©2023 Ampiity Education, Inc. All rights reserved Lesson 8 Subtracting Rational Numbers (Part 2)

Professional Learning

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

> Points to Ponder . . .

+ What worked and didn’t work today? What challenges did students
encounter as they worked on creating their timelines? How did they
work through them?

« Theinstructional goal for this lesson was for students to understand
the relationship between distance and difference. How well did students
accomplish this? What did you specifically do to help students accomplish it?
What might you change for the next time you teach this lesson?

440A Unit5 Rational Number Arithmetic

Q Success looks like . ..

Language Goal: Recognizing and explaining
that the difference of two numbers can be
positive or negative depending on the order
of an expression, while the distance between
two numbers is always positive. (Speaking
and Listening)

Goal: Determining the distance between
values on a number line and points on a
coordinate plane.

» Determining the distance between pairs of
animals above sea level in Problems 1-3.

Goal: Determining the location of events on a
number line by determining the change from
the current point in time.

9 Suggested next steps

If students provide a negative distance for
Problem 1 or 2, consider:

Reviewing the definition of distance.

Assigning Practice Problem 1.



Practice .Q, Independent

—
T Name: Date: Period: Name: Date: Period: I]Eli
? > 1. Use the graph to answer each problem. Y > 4. Complete each statement with a number that makes the statement true. 3

oQ
9'. a What is the distance between points 4 and B? S a <7°C b .<=3C g
o 8 units A : g:
o 5 o
b What is the difference of the y-coordinates of = ¢ -08C< -<-0.1°C d ->-2C
points B and A? - = Responses may vary.
—8 units = 2
5 3
o
> 5. Determine each difference.
€ Whatis the distance between points B and C? B 9ynits | [C ® s_c —_11 B 35-(-8) —43
9 units
d  What s the difference of the z-coordinates of points ' and B? @ 2.3 _2 a _43_ (—ll) —_3L
9 units 25 5 8 4 8
. 1 PR 1
2 2. Tyler starteq practicing karate 35 years ago and starteq pla)./mg piano 45 years ago.. . > 6. Use the rules for addition and subtraction to determine whether the sum or
How much time passed between when he started playing piano and started practicing difference is a positive or negative value and explain your thinking. You do not
karate? Show or explain your work. need to evaluate each expression:
iyears or 10 months; o | . | .
6 1 f f f 1 f 2 5 Positive | Negative | Explanation
Sample response: —35—(—43)=—3§+4§=4§+(—3§)=4§+(—3%)=§ ! !
Sample response: Because |9| is greater
9+ (=7) D than |-7|, the sum keeps the sign of 9,
which is positive.
2> 3. Determine a missing value that would make each equation true.
Sample response: This expression is the
a —6-(-10)= E 9—(-7) D same as 9 + 7. The sum of two positive

values is always positive.

Sample response: The sum of two
negative values is negative.

b |4’7|:E —10 + (—4) D

Sample response: This expression is

—3-6 the same as —3 + (—6). The sum of two
c negative values is always negative.
@ | ]-31=9120r-5
440 unit5 Rational Number Arithmetic ©2023 Amplity Education, Inc. All rights reserved. ©2023 Amplify Education, Inc. Al rights reserved. Lesson 8 Subtracting Rational Numbers (Part2) 441

Practice Problem Analysis Additional Practice Available

Type Problem Refer to

For students who need

1 Activity 1 2 additional practice in
this lesson, assign the
On-lesson 2 Activity 2 2 Grade 7 Additional
Practice.
3 Activity 1 2

Unit5

Lesson 2
Spiral
5 Unit5 1
Lesson 6
. Unit5
Formative @ 6 Lesson 9 2

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

Lesson 8 Subtracting Rational Numbers (Part 2)  440-441



UNIT5 | LESSON 9

Adding and
Subtracting
Rational Numbers

Let’s determine the sum and
difference of rational numbers. 27

[|
) A

-y ®

Procus e

Goals - Students apply their understanding of addition
and subtraction of rational numbers to write

1. L Goal: Apply additi d subtraction of rational b
anguage Goal: Apply addition and subtraction of rational numbers P A———

to solve problems in unfamiliar contexts, and explain the solution
method. (Writing, Speaking and Listening)

2. Language Goal: Evaluate expressions involving both addition and
subtraction, and explain the reasoning. (Speaking and Listening)

3. Language Goal: Determine whether the sum or difference of two
rational numbers is positive or negative, and explain the reasoning .
(Speaking and Listening)

Coherence

Today

Students put their knowledge of addition and subtraction of rational
numbers to use in real world contexts. They make sense of scenarios,
writing expressions to determine the unknown quantity and reason
about whether it would be a positive or negative value. Students continue
working with expressions by writing their own scenarios to match a

given expression and receiving feedback from a peer. Finally, students
compare and contrast methods for simplifying expressions that include
more than two rational values.

Previously

In Lessons 2-8, students gained fluency in adding and subtracting
rational numbers.

Coming Soon

In Lesson 10, students will extend their understanding of adding rational
numbers to multiplication.

442A Unit5 Rational Number Arithmetic



PaCing Guide Suggested Total Lesson Time ~45 min @

O @ @ @ o

Warm-up Activity 1 Activity 2 Activity 3 Summary Exit Ticket
(optional)
@ 7 min @ 15 min @ 10 min @ 10 min @ 5 min @ 8 min
88 Pairs #2928 Small Groups 88 Pairs £2% Small Groups ?éé Whole Class 2 Independent

AMDPS poweredbydesmos i Activity and Presentation Slides

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

F o)
Practice 2 independent Amps Featured Activity
Materials Math Language Activity 2
. Exit Ticket Development Writing Scenarios
 Additional Practice Review words Students choose an expression and write
- Graphic Organizer PDF. « absolute value a scenario that matches it. After trading
Labeled Number Lines ' o scenarios with their partners, display multiple
* associative property scenarios that match each expression and

(as needed) « commutative property facilitate a discussion about the similarities

) and differences between them.
« difference

- distance

* magnitude . O
 rational numbers - @

A B
CO Amps
desmos
Building Math Identity and Community ® Modifications to Pacing
Connecting to Mathematical Practices You may want to consider these
As students determine whether they agree or disagree with each additional modifications if you are
evaluation method in Activity 3, they might forget to consider others’ short on time.

backgrounds. Math is universal, and, at this level, there is usually one

correct answer, but the approaches can be varied, especially if students *  The Warm-up may be omitted.

received part of their mathematics training in other parts of the world. » InActivity 1, have students choose
Ask students to take on the perspective of the person speaking and work any two scenarios to analyze, write
diligently to understand what they are describing. expressions for, and answer.

» Optional Activity 2, may be omitted.

+ InActivity 3, have students discuss
Problem 2 without writing their
responses on their paper.

Lesson 9 Adding and Subtracting Rational Numbers 442B



Warm-up Positive or Negative?

2R Pairs | @ 7 min

Students reason about whether scenarios are representing positive or negative values without doing
any calculations to prepare them to write expressions to represent them.

Unit5 | Lesson 9

Adding and
Subtracting

Rational

Let’s determine the sum and
difference of rational numbers.

Numbers

Warm-up Positive or Negative?

Without performing

any calculations, determine whether each scenario could be

represented by a positive or negative value. Be prepared to explain your thinking

Scenario Positive

Negative

3

. 1
Scenario 1: How much greater is 45 than —12=7 D

8

Scenario 2: A company had $5,350 of sales during

the first week of the month. They spent $6,432 on

salary, rent, and supplies during that same week. D
What is their total earnings?

442  Unit5 Rational Number Arithmetic

Log in to Amplify Math to complete this lesson online.

©2023 Ampiify Education, Inc. Al ights reserved.

To power up students’ ability to determine whether the sum or difference

of rational numbers

is positive or negative, have students complete:

Without calculating, determine whether each sum or difference is positive or negative.

1. 4 + 13 Positive
3. —4 + 13 Positive

5. 4 — 13 Negative

2. 4 — (—13) Positive
4. —4 — 13 Negative

6. —4 — (—13) Positive

Use: Before the Warm-up.

Informed by: Performance on Lesson 8, Practice Problem 6.

442 Unit5 Rational Number Arithmetic

0 Launch

Conduct the Think-Pair-Share routine, asking
students to read through each scenario twice
prior to their partner discussion.

Monitor

Help students get started by asking, “What do
you need to do to determine how much greater
one value is than another?”

Look for points of confusion:

» Taking the time to solve each scenario. Remind
students that they should be making sense of each
scenario to reason about the sign of the solution,
and they are not being asked to determine the
solution.

Look for productive strategies:

» Comparing the magnitude of the two given
values in each scenario as well as the relationship
between the values to help them to determine the
sign of each solution.

Connect

Display the scenarios one at a time. Conduct
the Poll the Class routine to determine the sign
of each solution.

Have students share how they determined
whether each solution would be positive or
negative without doing any calculations.

Ask:

» “What expression could you write to represent the

first scenario?” 4% - (—12 %)
» “What expression could you write to represent the
second scenario?"” 5350 — 6432
» “Doyou feel that knowing the sign of the solution
helped in writing the expressions?”

Highlight that when solving real-world problems,
itis helpful to consider what type of solutions are
possible prior to completing any calculations as a
way to check the reasonableness of your answer.



223 Smallgroups | @ 15min

Activity 1 Writing Expressions

Students apply their understanding of adding and subtracting rational numbers to write and evaluate
expressions that represent scenarios.

0 Launch

Activate students’ background knowledge by

Name: Date: Period:

Activity 1 Writing Expressions

Antarctica has some of the most extreme conditions
on Earth, holding the record for both the coldest and

asking what they know about Antarctica. Ask,
“Itis colder in Antarctica in July thanitisin
December. Can anyone explain why?” Explain
that they will be using what they know about

driest location. Approximately 98% of Antarctica

is covered with ice, but, due to climate change, the addition and subtraction of rational numbers

amount of ice is shrinking each year. One scientist to write and evaluate expressions about the
working to study this phenomena is NASA’s Sheila extreme conditions in Antarctica
Wall. She served as the lead structural analyst on the Volodymyr Goinyk/Shutterstock.com '
Ice, Cloud and Land Elevation Satellite-2 (ICESat-2)
mission which investigates the changes of the polar M -t
ice sheets and how they affect rising sea levels. onitor
Three Reads: Read each Help students get started by asking, “Which
scenario three times. )
L. Make sense of the scenario. operation would you use to model each
2. What quantities are given? . "
3. Willthe solution be positive scenario?

or negative?

> 1. Write an expression that represents each scenario. . .
Without calculating, determine whether each Look for points of confusion:
expression would result in a positive or negative value.

} } }  Struggling to write an equation. Suggest students
Scenario | Expression | Positive = Negative sketch a number line to help them make sense of
‘ ‘ | each scenario.

a The highest temperature ever
recorded in Antarctica was 69.3°F. ] Thinking that they have to use subtraction for
The lowest temperature was —135.8 - 69.3 _ K
_135.8°F. What is the difference all of the gxpresspn.s. Remind students that they
between these temperatures? may use either addition or subtraction to best

represent each scenario.

b Atthe South Pole, the average
maximum temperature in July is
—67°F. This is 52°F lower than the

Thinking that there is only one correct expression.

average maximum temperature 67452 ] Encou rage students-to check whether their
in January. What is the average expressions are Equwalent-
maximum temperature in
January? Look for productive strategies:
¢ The highest point in Antarctica is » Rewriting subtraction expressions as addition to

the top of Vinson Massif Mountain
at 16,050 ft above sea level. The
lowest pointis within the Denman  [16050 — (=11500)| ] - Checking the reasonableness of the solution with
Glacier, reaching 11,500 ft below |—11500 — 16050 | . .

sea level. What is the distance the or|g|nal scenario.
between the highest and lowest

point of Antarctica?

determine the sign of the solution.

Activity 1 continued >

©2023 Ampiy Egucation, nc. Allrights reserved. Lesson 9 Adding and Subtracting Rational Numbers 443

I e Differentiated Support Math Language Development ]

Accessibility: Guide Processing and Visualization MLR6: Three Reads

Suggest that students draw number lines to help them visualize what is happening in Use this routine to help students make sense of each scenario.

each scenario. + Read 1: Students should understand the basic context for each

scenario and what they are asked to determine.

Extension: Math Enrichment, Interdisciplinary Connections . Read 2: Ask students to name or highlight the given quantities
Let students know the highest point on Earth is Mt. Everest, at about 29,000 ft above and relationships from each of the scenarios.

sea level. The deepest point on Earth is the Mariana Trench, in the Pacific Ocean, - Read 3: Ask students to plan their solution strategy and predict
with a depth of about 36,000 ft below sea level. Have students compare the distance whether the answers will be positive or negative.

between the highest and lowest points of Antarctica to the distance between highest

and lowest points on Earth. (Geography) The distance between the highest and English Learners

lowest points on Antarctica is 27,500 ft, which is about 24%of the distance between After each read, provide students an opportunity to discuss their
the highest and lowest points on Earth, 65,000 ft. understanding with a partner to ensure comprehension.
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223 Smallgroups | @) 15min

Activity 1 Writing Expressions (continued)

Students apply their understanding of adding and subtracting rational numbers to write and evaluate
expressions that represent scenarios.

S ) Connect

Display each scenario to the class, one at a time.

Activity 1 Writing Expression (continued) ) )
Have students share their expressions for

. . . . _ _ each one and how they determined whether the
> 2. After coming to a consensus on which expressions are positive or negative, determine X T X
the solution to each scenario. Show or explain your thinking. Sample responses shown. solution would be positive or negative.

a The difference between the lowest and highest temperatureis .. —=205.1 . Ask:
—135.8 — 69.3 = —135.8 + (—69.3) = —205.1 '

+ “How did you determine which operation to use
when writing your expressions?”

» “How did thinking of the sign prior to evaluating
your expression help you to determine whether

your answer was reasonable?”
b The average maximum temperature in January is .....=15°F

67 —52=15,50 —67 +52 = —15 Highlight that, for each scenario, considering
the sign of the solution can aid in writing the
expression that represents the scenario, as
well as to assess whether the solution after
evaluating the expression is reasonable.

¢ The distance between the highest and lowest point in Antarctica is ... 27,550 ft .
116050 — (—11500)| =|16050 + 11500) =|27550| =27550

Sheila M. Wall

As an aeronautical engineer, Sheila Wall uses mathematics to
create models of proposed designs and evaluate the structural
integrity of each design. As she described, “Creating my
mathematical models, 3D numerical representations of the
instruments, is one of my favorite aspects of my job. | feel like
I'm creating my very own jigsaw puzzle or elaborate LEGO set.”
Along with working on the ICESAT-2 mission, Sheila Wall has
also worked on the Lunar Reconnaissance Orbiter mission and
the Lucy mission to five Jupiter Trojans.

444 Unit5 Rational Number Arithmetic ©2023 Amplify Education, Inc. All rights reserved.

I @ Featured MathematiCian s —

Sheila Wall

Have students read about the featured mathematician, Sheila Wall, an aerospace engineer
working for NASA. Her designs have been used to study Earth, the Moon, and Jupiter trojans
(large asteroids that follow the same orbit as Jupiter around the Sun).
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—— e Differentiated Support

Optional
Activity 2 Writing Scenarios

28 Pairs | @ 10 min

Students write a real-world scenario to represent an expression with rational numbers and confirm

with a peer.

Name: Date: Period:

Activity 2 Writing Scenarios

You will write a scenario about one of these expressions. Choose your
expression and circle it. Do not share which expression you chose with
your partner!

Sample response shown:

—35-28 2.8 —(~3.5) —35+28

> 1. Write a real-world scenario that can be represented by the expression.
Be creative!

Mai and Clare are playing badminton together. Mai is 2.8 m to the right
of the net, and Clare is 3.5 m to the left of the net. How far is Mai from
Clare?

Stop here and wait for your partner to finish. Cover the top of your
paper so that your partner cannot see which expression you chose, but
can read your scenario. Once you are both ready, swap pages with your
partner, and respond to Problems 2 and 3 on their paper.

> 2. Which expression matches your partner's scenario? Circle the expression.

—35-28  28-(-3.5) —35+28

> 3. Uncover the top of your paper. Does the expression you chose match
the expression your partner chose? If not, determine where the
misunderstanding occurred.
Responses may vary.
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Accessibility: Optimize Access to Technology

Have students use the Amps slides for this activity, in which they can choose an
expression and write a scenario that matches it. You can display multiple scenarios
that match each expression and facilitate a discussion about the similarities and

differences between them.

Accessibility: Guide Processing and Visualization

Provide a sample real-world scenario that can be represented by an expression
not shown, such as |2.8 — (—3.8)| representing the scenario: Priya climbed 2.8 m up
amountain at the same time Andre descended 3.8 m of a cave. How far apart are

they? Have students refer to this sample as a reference.

445

Explain to students that they will begin by
writing their own scenario to match one of the
given expressions. They should not share which
expression they chose. Once all students have
written their scenarios, they should cover the
expression they chose, and swap papers with
their partner.

9 Monitor

Help students get started by asking, “What
are the two values being added or subtracted in
each expression?”

Look for points of confusion:

+ Writing a literal translation of the expression
(e.g. the difference between —3.5 and 2.8).
Remind students that their goal is to write a real-
world scenario. Ask, “Can you think of a real-world
scenario that would involve these values?”

e Connect

Display the four expressions.

Have students share the scenarios they wrote.
Try to have at least three scenarios for each
expression.

Ask:

*  “What similarities do you notice about the
scenarios that were read aloud for the first
expression?” Repeat this question for each
expression.

+  “Was there any confusion between the scenario
that was written and the expression chosen?”

+  “What was the most difficult part about writing
your own scenario?”

Highlight that there are multiple scenarios for
each expression. Although they all are unrelated
in narrative, the description of the relationship
between the values (e.g. difference, distance, or
change) is similar.

Math Language Development s——

MLR?7: Compare and Connect

During the Connect, as students share their scenarios, draw their
attention to the similarities and differences between different
scenarios represented by the same expression. Ask:

“How did you choose the quantities in your scenario? How do you
know they matched the expression?”

“Did you use the terms distance and/or difference in your
scenarios? How did the expressions indicate to you to use these
terms?”

“If you chose an expression with absolute value bars, how was
that described in your scenario?”
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A3 Small groups | @ 10 min

Activity 3 Different Methods

Students explore different methods for simplifying expressions with both addition and subtraction by
comparing and contrasting their method with their group.

. 0 Launch

Explain that students will be responding to

Plan ahead: How will you show

Activity 3 Different Methods respect towards your group Problem 1 independently, and then they will
members as they share their .
strategies? compare their methods as a group.

Tyler evaluated the expression —4 + 5 — 6 + (—9) — (-=3) + 11

and determined that it was equal to 0. -
Monitor

> 1. Without discussing with your group, verify Tyler's value.
Sample responses shown:

Help students get started by covering all but

—4+5-6+(-9) — (-3)+11 —4+5-6+(-9)—(-3)+11 the first three values. Ask, “What would be your
:fﬁf&'f&;’i}gﬁf H Z(__44++5_";(;2;L))(19()5133Tlll) first step in simplifying this expression with
AR R P three values?”

ZEH i Look for points of confusion:

» Completing all of the addition, prior to
subtracting. Remind students that addition and
subtraction are done from left to right according to
the order of the operations.

Look for productive strategies:
> 2. Compare your method of evaluating the expression with your group. . Rewriting all of the subtraction in the original
a Do you all agree with Tyler? If not, check each person’s work. expression as adding the additive inverse.
b Did you all approach the problem the same way? If not, what were : Usmg the aSSOCI.a_tlve and CommUtatlve propertles
some differences? to make the addition more efficient.

No; Sample response: We all started by changing subtraction to
adding the additive inverse. | added all of the values in order, while
others added pairs of numbers, and then added the three new 9

Connect

values.

Display student samples of correct methods
for evaluating the expression. Ask students to

¢ Did anyone in your group use a method that you may wantto try ina determine whether they agree or disagl’ee with
similar problem? Explain the method.
each method.

Sample response: Yes, someone added all the negative numbers
together, then added all of the positive numbers. They only had to

add one pair of numbers with different signs. Have students share what they notice are
similar or different between the methods
displayed.

Ask, “Did any of the methods use a strategy or
@ idea that you did not consider?”
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Highlight that when the expression is rewritten
using only addition, the values can be added in
any order.

— e Differentiated Support Math Language Development m———

Accessibility: Guide Processing and Visualization, MLR7: Compare and Connect
Optimize Access to Tools

During the Connect, as students share what they notice about the different
Provide copies of the Graphic Organizer PDF, Blank Number Lines for methods, draw their attention to the connections between them. Ask:
students to choose to use to help them organize their thinking and

) ] ) + “Did anyone rewrite the subtraction as addition? How do you know that this
make sense of the expression and the operations involved.

is a valid approach?”
» “Did anyone group the positive numbers (or negative numbers) together
and add them separately? What property allows you to do so?”

English Learners

Encourage students to refer to and use the class display to support their use of
appropriate mathematical language.
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iéi Whole Class | @ 5min

Summary

Review and synthesize methods for writing and evaluating expressions involving adding and subtracting
rational numbers.

G Synthesize

Have students share strategies they used
Summary throughout class today to determine the sum
or difference of rational numbers.

Highlight that rational numbers can be used

o , , o to represent problems in context. To solve
You solidified your understanding of adding and subtracting with rational values. . . .
You reasoned about which operation is most appropriate to represent a variety of problems in these situations, students have to
real-world scenarios and applied your understanding of addition and subtraction understand what it means when the quantity is

to reason about whether sums or d|f‘ferences. would be positive or.negahve prior to positive, when itis negative, and what it means
completing any computations. You then applied all of your strategies for addition
and subtraction to simplify expressions involving both operations, noting that to add and subtract them

there are multiple paths to the same solution.

Name: Date: Period:

Ask, “What are some other situations where
adding and subtracting rational numbers can
> Reflect: help solve problems?”

o Reflect

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

»  “How can rational numbers be used to represent
real-world situations?”
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S e Differentiated Support '

Extension: Math Around the World, Interdisciplinary Connections

Ask students if they have ever wondered when the rules for addition Brahmagupta used the idea of “fortunes” as representing positive values and “debts”
and subtraction with rational numbers first appeared in the history as representing negative values. He stated:

of mathematics. Tell them that in his writings around 620 CE, Indian o A CEhE mins e s 8 dbh. o A sk ulbiracied from & feruns s 2
mathemat_l(:lan Brahmagupta fI-I’St usedaspeC|a_1IS|gr_1 for neggtwe values . Afortune minus zero is a fortune. IR,

and described the rules for adding and subtracting with negative values. The )

need to operate with negative numbers in India likely arose out of necessity * Zerominus zerois a zero. * Afortune subtracted from zero is a debt.
of their highly developed and cosmopolitan civilization that began four to Ask students to rewrite Brahmagupta’s rules using the terms “positive number” and
five thousands years ago. They traded with other civilizations including “negative number.” Then ask them to provide numerical examples that illustrate
some from thousands of miles away which required them to grapple with Brahmagupta's rules.

concepts like assets, debts, revenues, expenses, and income.
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Exit Ticket

& Independent | @) 8 min

Students demonstrate their understanding of expressions with rational numbers by writing expressions to

represent scenarios and determining the sign of the solution.

Name:

Date: Period:

Exit Ticket

For each scenario, write an expression and determine whether it equals a positive or
negative value. You do not need to evaluate your expression.

Scenario

1. Thetemperature in Antarctica
dropped by 18°F between 2:00 p.m.
and 12:00 a.m. If the temperature
at 12:00 a.m. was —16°F, what was
the temperature at 2:00 p.m?

2. The population of a town increased
by 1,240 people between 1980 and
2000, then decreased by 1,350
people between 2000 and 2020.
What value represents the total
change in population between
1980 and 20207

Expression Positive Negative

_16— (-18) []

1240 — 1350

or []

1240 + (—1350)

Self-Assess
[ seitassess Y

getit

I don’t really I'm start_ing to I got it

—— —— (]

get it

a | can determine whether the sum or
difference of two rational numbers
will be positive or negative.

1 2 3

¢ | canadd and subtract multiple
rational values without the use
of a number line.

1 2 3

b | can write an addition or
subtraction expression to represent
scenarios with rational numbers.

1 2 3

©2023 Amplify Education. Inc. All rights reserved.

Professional Learning

Lesson 9 Adding and Subtracting Rational Numbers

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

> Points to Ponder . . .

+ What worked and didn't work today? In what ways have your students become

better at making sense of problems and persevering in solving them?

«  During the discussion about Activity 3 how did you encourage each student
to share their understandings? What might you change for the next time you

teach this lesson?

448A Unit 5 Rational Number Arithmetic

1) .o

Q Success looks like . ..

» Language Goal: Applying addition and
subtraction of rational numbers to solve
problems in unfamiliar contexts, and
explaining the solution method. (Writing,
Speaking and Listening)

» Solving the problems of temperature and

population by adding and subtracting rational
numbers in Problems 1and 2.

» Language Goal: Evaluating expressions
involving both addition and subtraction, and
explaining the reasoning. (Speaking and
Listening)

» Language Goal: Determining whether the
sum or difference of two rational numbers
is positive or negative, and explaining the
reasoning. (Speaking and Listening)

Suggested next steps

If students incorrectly write the expression,
consider:

* Reviewing Activity 1.

» Suggesting that students model the
scenario on a number line prior to writing an
expression.

+ Assigning Practice Problem 1.

If students correctly write the expressions but
incorrectly identify the sum or difference as
positive, consider:

» Reviewing the rules for adding and
subtracting rational numbers.

» Suggesting that students model the
expression on a number line.

+ Assigning Practice Problem 2.



Practice

‘Q, Independent

Name Date: Period:

E > 1. Afishdives Zé ft. If its initial location was 5% ft below sea level. What is its current
g location? Show your thinking.
g: 7i ft below sea level; Sample response:
[ sl _,1_ 51 ( _ l)
5 5 2 3= 5 5 +|{-2 3
3 5
=-575+ (—2 i
8
=715

> 2. Determine whether each expression has a positive or negative sum or difference
without completing any calculations. Explain your thinking for each expression.

Expression ! | Negative
Explain your thinking. Sample response: The two values are inside the absolute value,
which means it’s a distance, and a distance is always positive.

| —12.854 + 89.998|

13.11 — 15.83 D

Explain your thinking. Sample response: Subtracting a positive is the same as
adding a negative. When adding numbers of opposite signs, the sign will be the same
as the number with a larger magnitude. 15.83 is greater than 13.11 so the sum has
the sign of 15.83, which is negative.

] 0

Explain your thinking. Sample response: Subtracting a negative is the same as
adding a positive. When adding numbers of opposite signs, the sign will be the same
as the number with a larger magnitude. 12% is greater than 2% so the sum has the
sign of 1243, which is negative.

> 3. Bard's work for simplifying —4 — (—3) + 8 is shown. Explain why Bard is incorrect, and
then simplify the expression correctly.
| know that addition comes before Sample response: Bard is incorrect because

; : addition and subtractions should be done in
subtraction in the order of operations, the order they appear from left to right.
s0,—4—(-3)+8=—-4-5

—4—(—3)+8=-4+3+8
because (—3) + 8 =5. =3 —_1+8
—4—-5=-9,s0 =7
—4—(-3)+8=-9.
448 unit5 Rational Number Arithmetic ©2023 Amplify Education, Inc. Allights reserved.

Practice Problem Analysis

Type Problem Refer to

1 Activity 1
On-lesson 2 Activity 1

3 Activity 3
Unit 5

Lesson7
Spiral
5 Unit 4
Lesson 8
) Unit5
Formative ©@ 6 Lesson 10

© Power-up: If students need additional support with the key prerequisite concept or skill

this problem addresses, consider assigning the Power-up in the next lesson.

Name: Date: Period:

> 4. Determine the solution to each problem. Show your thinking.

a How much higher is 500 m than 400 m?
It is 100 m higher; 500 — 400 = 100

b How much higher is 500 m than —400 m?
It is 900 m higher; 500 — (—400) =900

¢ Whatis the change in elevation from 3,400 m and 8,500 m?
The elevation changed by 5,100 m; 3400 — 8500 = 5100

d  What is the change in elevation from —300 m and 8,500 m?
The elevation changed by 8,800 m; 8500 — (—300) = 8800

e How much higher is —200 m than —450 m?
Itis 150 m higher; —200 — (—450) = 150

> 5. Tyler orders a meal that costs $15.

a |Ifthe tax rate is 6.6%, how much will the sales tax be on Tyler's meal? Show your thinking.
$0.99; Sample response: 15 « 0.066 = 0.99

b Tyler also wants to leave a tip for the server. How much do you think he should pay in all?
Explain your thinking.
Answers may vary, but should include a tip percentage (generally between 15%
and 20%) as well as the work for determining the total including sales tax and tip.

> 6. Atruckis traveling a constant rate down a section of the highway.
It took 8 seconds to travel 704 ft. Show your thinking for each part.

a  Whatis the speed of the truck in feet per second?
88 ft/second; Sample response: 704 + 8 = 88

b How far will the truck travel in 5 seconds?
440 ft; Sample response: 88 « 5 = 440

¢ Ifthe truck traveled 5,280 ft (1 mile), how long would that take?
60 seconds or 1 minute; Sample response: 5280 = 88 = 60
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Additional Practice Available

For students who need
additional practice in
this lesson, assign the
Grade 7 Additional

Practice.
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S“b'Unit 2 iéi Whole Class

Multiplying and Dividing Rational Numbers

In this Sub-Unit, students build on their prior knowledge of distance, rate, and time, to model and interpret
products and quotients of rational values in terms of position and direction, ultimately developing the rules
for multiplying and dividing rational numbers.

SUB-UNIT Narrative Connections % %

o - Read and discuss
Multiplying and Dividing

Rational Numbers Read the narrative aloud

as a class or have students
How 00 ALY Mt. Everests read it individually. Students
can a grandma climb continue to explore real-world
g applications of multiplying
between Georgla and dividing rational numbers
and Maine? in the following places:

« Lesson 10, Activity 1:
Backward and Forward in
Time

APPALACHIAN
TRAIL
—

Emma Gatewood stood atop Mt. Oglethorpe. The Georgia
wilderness lay before the 67-year-old great-grandmother —

» Lesson 11, Activity 1:

hundreds of mountains, trees, rivers, and streams. She had Velocity and Time

told her family back in Ohio that she was going for a walk. L

What she didn't tell them was that the walk was going to * Lesson 14, Activities 1-2:
cover 2,168 miles along the length of the Appalachian Trail. Drilling a Well, Diving With
The Appalachian Trail follows the Appalachian Mountains the Ama

across nearly a dozen states. Established in 1937, the trail
was a place anyone could go to reconnect with nature. The
trail linked work, study, and farming camps that were set
up along the mountain range. Every year, “thru-hikers” like
Gatewood take up the challenge of hiking its total length.

In the summer of 1955, equipped with barely any supplies
and a pair of tennis shoes, Gatewood set to conquer the
trail. Over the course of a season, she faced rocky passes,
dizzying heights, floods, storms, and rattlesnakes. She
ate off the land and slept rough in improvised shelters.
Soon, newspapers caught wind of her story, and strangers
started offering her food and a place to stay. Finally, after
146 days, across 14 states, she emerged from the trail at
Maine's Mount Katahdin.

By the time her trip was done, she had trekked the
equivalent of climbing up and down Mt. Everest 16 times.
Not only was she the oldest hiker to thru-hike the trail, she
was also the first woman. When reporters asked her why
she set out on this task, she simply answered, “For the
heck of it!”

KATA HD’N To determine that Gatewood hiked the equivalent of
16 times the height of Mt. Everest (up and down), we need

to understand how to multiply and divide rational numbers.
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UNIT5 | LESSON 10

Position, Speed,
and Time

Let’s use rational numbers to
represent time and movement.

Goals « Students use number lines and repeated
1. Language Goal: Explain how rational numbers can be used to additi0|.'1 to.build cor.u.:eptual understanding
represent elapsed time and distance before and after a chosen of multiplying a positive and negative value.

reference point. (Speaking and Listening, Writing)

2. Write a multiplication expression to represent a situation involving
constant speed and time.

3. Language Goal: Generalize that the product of a positive number
and a negative number is negative. (Speaking and Listening)

Coherence

* Today

Students explore the product of a negative number and a positive
number by analyzing the location of a person traveling at a constant
speed given a positive or negative time. They model movement on a
number line, noting that when going forward in time the location on the
number line is positive and when moving backward in time the location is
negative. Students formalize that the product of a positive number with
a negative number is negative, by relating multiplication expressions to
repeated addition.

< Previously

In Lessons 3-9, students developed and practiced the rules for adding
and subtracting rational numbers.

> Coming Soon

In Lesson 11, students will generalize the rules for multiplying rational
numbers.

452A Unit 5 Rational Number Arithmetic



Suggested Total Lesson Time ~45 min @

Pacing Guide

O @ o o

Warm-up Activity 1 Activity 2 Summary Exit Ticket
@ 7 min @ 15 min @ 13 min @ 5 min @ 5min
22 Pairs 225 Small Groups 225 Small Groups éé? Whole Class 2 Independent

AMPS powered by desmos Activity and Presentation Slides

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

Practice 2 independent Amps

Featured Activity

Materials Math Language Activity 1
« Exit Ticket Development Interactive Number Line
* Additional Practice Review words Students use interactive number lines to
 Graphic Organizer PDF, « absolute value determine the location of vehicles as they
Blank Number Lines - magnitude move at constant speeds forward and

(as needed) backward in time.
_ * negative numbers
* paper clips, snap cubes, or
other objects to move on the

number line * rational numbers a=—18

* positive numbers

CO.) Amps

desmos

® Modifications to Pacing

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

Building Math Identity and Community

Connecting to Mathematical Practices

While working on Activity 1, students might be stressed with the different
concepts all being modeled in one problem. Prior to starting, have
students brainstorm ways that they might lower their stress levels in order
to focus on the task at hand. They might need to take a quick break, do
some deep breathing, or get a drink of water. It might help them to color
code their work to help them focus on the different goals of the Activity.

+ InActivity 1, ask students to discuss
Problem 3 with their group, without
writing down their responses.

* In Activity 2, have students choose
any three rows to complete along with
the final row. Have students discuss
Problem 2 as a group without writing
down their responses.
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Warm-up Before and After

2~ Pairs | @ 7min

Students reason about location in the past and future using positive and negative values for a person
traveling at a constant speed.

Unit5 | Lesson 10

Position, Speed,
and Time

Let’s use rational numbers to
represent time and movement.

Warm-up Before and After

Kiran is walking at a constant speed of 4 ft/second. His position at this moment is
indicated by 0 on the number line shown.

Kiran
d a b
| IR BRI BRI SN EVEN SR SR ST SR SR | T 1 TP SR |
T T T hd T T T hd T T T T T T T
-32 -28 -24 -2 -16 -12 -8 -4 0 4 8 12 16 20 24

For each description, identify and mark his location on the number line.
Be prepared to explain your thinking.

a  Where will Kiran be in 1 second? 4

b Where will Kiran be in 5 seconds? 20

Compare and Connect:
What do you notice about the
locations on the number line
that represent Kiran's position
before his current position?
After his current position?

¢ Where was Kiran 1 second ago? —4

d  Where was Kiran 5 seconds ago? —20

Log in to Amplify Math to complete this lesson online.

452 Unit5 Rational Number Arithmetic

Math Language Development

MLR7: Compare and Connect

During the Connect, ask students to share their responses to the questions

posed in the Student Edition:

+  “What do you notice about the locations on the number line that represent
Kiran's position before his current position? After his current position?”

Encourage students for details about their reasoning by asking:
+  “How did your solution to part a help you with part c?”
+  “How did your solution to part b help with part d?”

English Learners

Use the number line to demonstrate Kiran moving forward and backward in
time. Clarify the meaning of the word ago.

452 Unit 5 Rational Number Arithmetic
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o Power-up

0 Launch

Conduct the Think-Pair-Share routine. Provide
students with an object (block, paper clip, etc.)
to represent Kiran moving on the number line as
well as the hiker moving in the next activity.

9 Monitor

Help students get started by asking them to
stand and model what it would look like for them
to walk forward in time and backward in time to
help them make sense of the number line model.

Look for points of confusion:

» Not taking Kiran’s walking speed into
consideration and placing his location at 1
second at 1 on the number line. Bring students
attention to Kiran's speed of 4 ft/second. Ask,
“Without using the number line, think about his
walking rate. How far would he travel in 1 second? 2
seconds?”

9 Connect

Display a large number line in the front of the
room and ask for a student to represent Kiran.

Have students share how they determined the
location of Kiran on the number line with the
student volunteer acting out the movements.

Highlight that students can skip count by
Kiran's walking speed, where each movement of
4 to the right represents moving forward in time
and 4 to the left represents moving backward in
time.

Ask, “What integer value could be used to
represent 5 seconds in the future? 5 seconds in
the past?” 5; —5

To power up students’ ability to use proportional reasoning
to solve problems involving distance, rate, and time, have
students complete:
Mai travels at a rate of 8 mph when cross-country skiing.
1. Her total distance traveled can be modeled by the equation d = 8t¢.
Match each part of the equation with what it represents.
a.d b Thespeed.
b. 8 ¢ Thetimeinhours.
c. t a_ Thedistanceinmiles.
2. What is her distance traveled after half an hour? Show your thinking.
She traveled 4 miles; ¢ = 0.5; d = 8(0.5)
d=4
Use: Before the Warm-up.
Informed by: Performance on Lesson 9, Practice Problem 6.




223 Smallgroups | @ 15min

Activity 1 Backward and Forward in Time

I 6 Differentiated Support

Amps Featured Activity Interactive Number Line

Name: Date: Period:

Activity 1 Backward and Forward in Time

The Appalachian Trail runs from Georgia to Maine,
and it is the longest hiking-only footpath in the
world. One of the most scenic sections of the path
is Max Patch in North Carolina. A photographer has
set up a camera to capture the vista in different
types of light. Hikers pass the camera throughout
the day while it is set up on the trail.

Russell_Martin/Shutterstock.com

> 1. Here are some positions and times for one of the hikers:

a  Where was the hiker at time 0? Directly in front of the camera.
b What s the speed of the hiker? 4 ft/second
¢ Complete the table. Use the number line to help you.

[ R
T T T
8ft 10ft 12ft

TR RTINS TR ST NUR NI N S |
T T T T T T T T T T
-12ft -10ft -8ft -6ft -4ft -2ft Oft 2ft 4ft 6ft

> 2. Use the number line to help you to complete the table to determine position of each
hiker if the hiker is traveling at a constant speed for the indicated time period.

Speed ‘ Time ‘ Expression describing i

(ft/second) = (seconds) | ending position \

2 3 2.3 6
3.5 -2 3.5.(=2) -7
4.5 -4 4.5.(—4) -18

Ending position

Students explore the relationship between speed and time noticing that the product of positive and
negative values seems to be negative.

0 Launch

Activate students’ background knowledge

by asking whether they have heard of the
Appalachian Trail. Explain that students will be
working together to determine the location of a
variety of hikers traveling at different speeds in
relation to a camera. Provide access to objects
to use to represent the hikers moving in time on
the number line.

9 Monitor

Help students get started by covering the first
three columns of the table. Ask, “What do you
notice about the values in the table?”

Look for points of confusion:

+ Skip counting by 2 instead of by 4 because that
is the unit on the number line. Ask, “What is the
speed of the car?”

Look for productive strategies:

» Noticing a pattern in the sign of the values of the
ending position, and then checking the pattern by
using the number line.

9 Connect

Display the completed table from Problem 2.

Ask:
+ “What does the negative value represent in each

— — I IR IR A A —
T T T T T T T T T T T T
—20ft -18ft -16ft -14ft -12ft -10ft -8ft -6ft -4ft -2ft oft 2ft 4ft 6ft 8ft 1

> 3. What do you notice about the relationship between the expressions and the
sign of the ending position?

Sample response: When | multiplied the speed by a positive time, the location was
positive. When | multiplied it by a negative time, the location was negative.

oft expression?”

+ “What does the negative value represent in the
ending position?”

Have students share what they noticed about
the relationship between each expression and
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Accessibility: Optimize Access to Technology

Have students use the Amps slides for this activity, in which they can use
interactive number lines to determine the location of vehicles as they move at
constant speeds both forward and backward in time.

Accessibility: Guide Processing and Visualization

Use a think-aloud to demonstrate how to respond to Problems 1a and 1b and
how the hiker's speed was used to determine their position at 1 second and
2 seconds. Then have students work backward to complete the rest of the
table. Ask, “What does a negative position mean?" The hiker was moving
away from the camera, in the opposite direction.

Highlight that it appears that the product of a
positive and a negative value is negative. Explain
that students will explore whether this is true
outside of speed and time in the next activity.

Math Language Development s—————————

MLR?7: Compare and Connect

During the Connect, draw students’ attention to the connections between
the signs of the factors in the expression and the sign of the product. Ask:

«  “What do you notice about the ending position when one of the factors is
negative?”
*  “Why does this make sense in this context?”

English Learners

Annotate the number line by writing “camera” at 0 ft, “moving away from the
camerain one direction” for positive distances, and “moving away from the
camera in the opposite direction” for negative distances.

Lesson 10 Position, Speed, and Time 453
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23 Smallgroups | @) 13 min

Activity 2 Multiplication or Addition?

Students use repeated addition to determine that the product of a positive and negative will always be

negative.

Activity 2 Multiplication or Addition?

> 1. Complete the missing expressions and values in the table.

Expression as a product Expression as a sum Value of the expressions
4.4 (=3) (=3) + (=3) + (-3) + (-3) —12
5e(-2) 2)+(-2)+ (-2) + (-2) + (-2) -10

3.0.8 0.8+0.8+0.8 2.4
2. (-1.6) (-1.6) + (-1.6) -3.2

5. (-1) =D + (=) + (=) + (1)+ (-1 -5
Answers may vary. Answers may vary. —24

> 2. Complete each sentence. Be prepared to explain your thinking.

a The sign of a positive value multiplied by a positive value is always positive

b The sign of a positive value multiplied by a negative values is always negative

454 unit5 Rational Number Arithmetic ©2023 Amplify Education. Inc. All ights reserved.

Accessibility: Guide Processing and Visualization,
Optimize Access to Tools

Provide copies of the Graphic Organizer PDF, Blank Number Lines for students
to choose to use to help them organize their thinking and make sense of the
expression and the operations involved.

Extension: Math Enrichment

Have students explain whether they could use similar reasoning to determine
the value of the expression = « (—6). Sample response: Yes, this represents half
of one group of —6, which is —3.

454 Uunit 5 Rational Number Arithmetic

. 0 Launch

Activate students’ prior knowledge by asking,
“How could we model what 10 « 2 means?”
After eliciting responses, illustrate that 10 « 2
represents 10 groups of 2.

9 Monitor

Help students get started by asking, “Can you
explain why the two expressions in the first row
are equivalent?”

Look for points of confusion:

« Thinking that a « b is b groups of a. Remind
students that itis a groups of b, or b being added to
itself a times.

6 Connect

Display correct student responses for the last
row of the table. Give students a minute to look
at the different responses.

Have students share what they notice about
all of the responses as well as what conclusion,
or rule, they can make about the product of a
positive and a negative number.

Highlight that, in each case of multiplying a
whole number by a negative value, it could

be represented by repeated addition of the
negative value resulting in a negative sum. In
general, when multiplying a positive number by
a negative number, first determine the product
of the absolute value of the numbers, and then
make the value negative.

Ask:

+ “How would you determine the value of 2 « (—4)?"
Write the expression as a sum of two groups of
—4; (—4) + (—4) = -8.

+ “Whatis the value Of%o (—4)?" —=2; Sample
response: Think of this as half of one group of —4,
which is —2.

Math Language Development ]

MLR2: Collect and Display

During the Connect, as students share their responses to Problem 2, add
these statements — or a condensed version of them — to the class display.
Include examples of multiplication expressions written as a sum, such as:

The product of two 4e3=3+3+3+3=12
positive numbers is

o Four groups of positive 3 = positive 12.
always positive.

The product of a positive 40 (=3)=(-3)+(-3)+(-3) + (-3) =12
number and a negative

: i Four groups of negative 3 = negative 12.
number is always negative.



Summary

éﬁ Whole Class | @ 5 min

Name: Date: Period:

Summary

In today’s lesson . ...

You saw that multiplying rational numbers is very similar to multiplying positive
numbers. In fact, the product of a positive and a negative, is the same as the
product of two positive numbers with a change of sign.

To determine the product of a positive number and a negative number, first
determine the product of the absolute value of the two numbers, and then make
the product negative.

For example, to determine the product of 2 « (—%) think about the product of 2 « %

3

2 3

5=
3 [
So,z-(—i)_ 3.

> Reflect:
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Review and synthesize that the product of a positive and a negative is always positive.

G Synthesize

Display the Summary from the Student Edition.
Ask:

+  “What kind of value do you get when you multiply a
positive and a negative value?”

*  “How cananumber line be used to represent
multiplication?”
« “Canyou think of any scenarios other than speed

and time that could be represented by the product
of a positive and a negative value?”

Highlight that the product of a positive and
a negative is always negative for any pair
of rational values; integers, fractions, and
decimals.

Reflect

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

*  “How do you represent multiplication of rational
numbers on a number line?”

Lesson 10 Position, Speed, and Time 455
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Exit Ticket

Students demonstrate their understanding of determining the product of a positive and a negative by
explaining why the product must be negative in their own words.

9 rintable
Q Success looks like . . .

Name: pate: Fertod - Language Goal: Explaining how rational
numbers can be used to represent elapsed
Exit Ticket m time and distance before and after a chosen
reference point. (Speaking and Listening,
Writing)
In your own words, explain why 4 « (=5) = —20. . o . )
Sample responses: » Goal: Writing a multiplication expression
The product of 4 and 5 is 20, so the product of 4 and —5 would be —20. to represent a situation involving constant
4 « (—5) could represent the location of a person walking 4 ft/second 5 seconds ago. Speed and time

They would be behind their current location of 0, so it would be represented by a

negative value. 4 « 5 = 20, so the location would be —20. . ..
4 « (—5) mean 4 groups of —5 which can be represented by (—5) + (=5) + (—5) + (=5). Language Goal: Generallzmg that the prOdUCt

The sum of (=5) + (=5) + (~5) + (~5) is —20. of a positive number and a negative number is
negative. (Speaking and Listening)

o Suggested next steps

If students use the rule as their reasoning,
consider:

» Encouraging them to use one of the other two
methods discussed in class from Activity 1 or
Activity 2 to explain why the rule makes sense.

« Assigning Practice Problem 3.

N
[ seitassess SN e — (Y
I don’t really I'm starting to I gotit
getit getit
a | candetermine the product of a b | canexplain why the product of
positive and a negative value. a positive and negative value is
negative.
1 2 3
1 2 3
©2023 Ampiity Education, Inc. All rights reserved Lesson 10 Position, Speed, and Time
Professional Learning
| _____________________________________________________________________________________________________________________________________________|]

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

> Points to Ponder . . .

What worked and didn’t work today? In earlier lessons, students added
and subtracted values on the number line. How did that support students’
understanding of moving at a constant rate on the number line?

Thinking about the questions you asked students today and what the
students said or did as a result of the questions, which question was the most
effective? What might you change for the next time you teach this lesson?

456A Unit 5 Rational Number Arithmetic



Practice

,Q. Independent

Name Date: Period:

T
-l 2> 1. Match each multiplication expression with its equivalent addition expression.
g. a 5.(-2) a =2+ (=2)+(=2)+(-2) +(-2)
§. b 6.(-1) e —5+(-5)
€ 3.(-8) b 1t (=1) 4+ (=) + (=1) + (=1) + (=1)
d 1.(-6) d.. -6
e 2.(-5) f =34 (=3)+(=3)+(-3) +(=3) + (=3) + (=3) + (-3)
£ 8.(-3) ¢ -8+ (=8) + (—8)

> 2. Determine whether each equation is true or false, and place a mark in the
appropriate box. If the equation is false, change one value of the equation
to make it true, and write the altered equation on the line.

Sample altered equations are shown.  True False
Responses may vary, as long as
students can show why their altered g ‘ Altered Equation
equation is true.
a 3.(-6)=-18 O
b 5.(-2)=10 | 5+(=2)=-10
2
c 3 (-3)=-2 D
d 1.(-0.03)=0.03 O 1.(=0.03) = —0.03

> 3. Shawn and Jada are walking in the same direction on a path through the park.
They walk by the fountain on the side of the path at the same time. When they
pass the fountain, Jada is walking at a speed of 5 ft/second and Shawn is walking
at a speed of 3.5 ft/second.
a If0represents the location of the fountain, what values represent the location of each
person in 5 seconds? Show or explain your thinking.
Jada will be at 25 ft beyond the fountain and Shawn will be at 17.5 ft beyond the
fountain. Sample answer: 5+5=25and 3.5 5 =17.5.

b 8seconds before arriving at the fountain, how many feet in front of Jada was Shawn?
Show or explain your thinking.

Shawn is 12 ft in front of Jada. Sample response: Shawn’s location is 3.5 « (—8) = —28

and Jada’s location is 5 « (—8) = —40. —28 — (—40) = —28 + 40 =12.

456 Unit5 Rational Number Arithmetic ©2023 Amplify Education, Inc. Allights reserved.

Practice Problem Analysis

Type Problem Refer to

1 Activity 2
On-lesson 2 Activity 2

3 Activity 1
Unit 5

Lesson 8
Spiral
5 Unit 2
Lesson 1l
) Unit5
Formative @ 6 Lesson 11

Name: Date: Period: I]Eli
> 4. Foreach equation, write two more equations using the same numbers that express ?
the same relationship in a different way. Sample responses shown. g
; -
iginal equation | Equation 1 | Equation 2 8
34+2=5 3-(-2)=5 3=5-2
714+34=10.5 71— (-3.4)=10.5 71=10.5-3.4
15-8=7 15+ (-8) =7
3,.9_33 3 ( 2) _33
2510 2775/ 10

> 5. Which of the following graphs could not represent a proportional relationship?
Select all that apply. Explain your thinking.

v v
A Yy C. Yy
B s
o 5 ) o 5 )
= =
v
o
=
!
=
s
0 3 © o 5 i
e e

B and D; Sample response: B is not a straight line and D does not go through the origin,
so neither graph can represent a proportional relationship.

2> 6. Anelevator in a building with multiple levels of parking under it, travels at a speed
of 10 ft/second. If it is currently on the ground floor (0 ft), and is traveling up and not
making stops, determine its location at each given time.

a After 5 seconds have passed. 50 ft; 10« 5 =50
b After 12 seconds have passed. 120 ft; 10« 12 = 120
¢ 4 seconds before it made it to the ground floor. —40 ft; 10 « (—4) = —40

©2023 Amplify Education, Ine. Al ights reserved. Lesson 10 Position, Speed, and Time 457

Additional Practice Available

For students who need
additional practice in
this lesson, assign the
Grade 7 Additional

Practice.

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

Lesson 10 Position, Speed, and Time  456—-457



UNIT5 | LESSON 11

Multiplying
Rational Numbers

Let’s multiply rational numbers.

Goals » Students build conceptual understanding

1. Language Goal: Explain how rational numbers can be used to of multiplying rational numbers.
represent position and speeds in opposite directions. (Speaking
and Listening)

2. Language Goal: Generalize that the product of two negative
numbers is positive. (Speaking and Listening)

3. Language Goal: Generalize that the product of two rational
numbers with different signs is negative. (Speaking and Listening)

Coherence

* Today

Students apply their understanding of the distance formula, d = rt,

to make observations about the rules for multiplying rational numbers.
They connect their understanding from the previous lesson that

time can be represented by positive and negative values with objects
moving in opposite directions. Students determine that a negative
velocity and a negative time gives a positive position, and a negative
velocity and a positive time result in a negative position. Finally,
students generalize the rules for multiplying rational numbers by
applying the order of operations and the Distributive Property to
expressions inthe forma (b + ¢).

< Previously
In Lesson 10, students modeled before and after as negative and positive
time. They concluded that the product of a positive number and a
negative number is negative.

> Coming Soon

In Lesson 12, students will gain fluency in multiplication of rational
numbers, determining the products of three or more rational values.

458A Unit 5 Rational Number Arithmetic



PaCing Guide Suggested Total Lesson Time ~45 min @

O @ o o

Warm-up Activity 1 Activity 2 Summary Exit Ticket
@ 5 min @ 18 min @ 12 min @ 5 min @ 5min
28 Pairs 225 Small Groups 28 Pairs éé? Whole Class 2 Independent

AMPS poweredbydesmos i Activity and Presentation Slides

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

Practice & independent Amps | Featured Activity
Materials Math Language Activity 1
- Exit Ticket Development Interactive Number Lines
* Additional Practice New word Students use interactive number lines
+ Graphic Organizer PDF, Blank * velocity to determine the location of bicyclists as
Number Lines (as needed) they move at constant speeds forward and

Review words backward in time and in opposite directions.

 paper clips, snap cubes, or

other objects to move on the
number line * Distributive Property

« absolute value

* magnitude

X
\
[m]

®

 order of operations

 rational numbers

CO Amps

desmos
Building Math Identity and Community ® Modifications to Pacing
Connecting to Mathematical Practices You may want to consider these
In Activity 1, students predict the location of the bicycles and they might additional modifications if you are

struggle to see any sort of repeated reasoning in the problem. Encourage short on time.
students to continually evaluate their results, determining whether or not
they are reasonable. Remind them that predictions could be incorrect,
but they should apply a growth mindset and recognize that they have not
determined the correct locations yet.

«  The Warm-up may be omitted. Instead,
share the definition of velocity during
the Launch for Activity 1.

* InActivity 2, have students work in
pairs on Problem 3. One student should
use the Distributive Property, while
the other student uses the order of
operations. Then they should compare
their values.

Lesson 11 Multiplying Rational Numbers 458B



Warm-up Going Up or Down?

28 Pairs | @ 5min

Students reason about representing the speed and direction of an elevator moving within a
building.

Unit5 | Lesson 1l

Multiplying
Rational Numbers

Let’s multiply rational numbers.

Warm-up Going Up or Down?

An elevator in a certain building travels at an average speed of
20 ft per second.

If the manager at a hotel wants to be able to predict the location of the
elevator after ¢ seconds, how could she use mathematics to model the
difference between the elevator going up and the elevator going down?
Sample response: She could say that the speed when it is going up is

20 ft/second and the speed when it is going down is —20 ft/second.

Note: Students will learn the term velocity during the Connect section.

0 Launch

Activate prior knowledge by asking, “How did
you use rational numbers to represent moving
forward and backward in time in the previous
lesson?” Have a student read the scenario, and
then conduct the Think-Pair-Share routine.

Monitor

Help students get started by having them
sketch a picture of how an elevator moves.

Look for points of confusion:

» Not considering using positive and negative numbers.
Ask, “How can you use mathematics to represent
direction?”

Connect

Have pairs of students share their responses
for how to represent the direction the elevator is
traveling.

Accept student responses that talk about speed being positive or negative
at this point, since they have not yet learned the term velocity.

Highlight that 20 can be used to represent the
speed and direction of an elevator going up and
—20 can be used to represent the speed and
direction of an elevator going down.

speed and the direction of motion. In general,
speed, like distance, is always positive but
velocity can be either positive or negative.

Ask, “Can you think of any other scenarios
where you would want to compare velocity and
not just speed?”

Log in to Amplify Math to complete this lesson online.

458  Uunit5 Rational Number Arithmetic ©2023 Amplify Education, Inc. Allrights reserved.

To power up students’ ability to determine location with positive and
negative times, have student complete:

Complete each statement with the values —10, -2, 2, or 10.

A man is jogging at a constant speed of 5 mph. His current location can be represented by 0
on a number line.

1. 2__represents the time after 2 seconds have passed.

2. _=2 represents the time 2 seconds before his current location.
3. _10_ represents the location of the runner after 2 seconds have passed.
4. _—10 represents the location of the runner 2 seconds before.

Use: Before Activity 1.

Informed by: Performance on Lesson 10, Practice Problem 6.

458 Unit5 Rational Number Arithmetic



Activity 1 Velocity and Time

223 smallgroups | @) 18 min

Students use number lines and expressions to explore and represent the location of people traveling in
opposite directions forward and backward in time.

—— e Differentiated Support

Amps Featured Activity Interactive Number Lines

Name: Date: Period:

Activity 1 Velocity and Time

The longest recreational trail in the world
(open for hikers, bikers, horseback riders, and
snowmobilers) is 14,913 miles long. It stretches
from the Pacific to the Atlantic Ocean, across
13 provinces in Canada, and is called The Great
Trail. A section of the trail, named the Kettle
Valley Rail Trail, was built on a 1915 railway

and has the largest collection of stone ovens

in North America, built by masons during the
construction of the original railway.

2 1. Two bikers pass one of the stone ovens at the same time. Bicycle A is traveling
east at a speed 7 m/second, while Bicycle B is traveling west at a speed of
7 m/second. Use the number line shown to help you.

West ~e—prrHtbrhrr e East
-35m -28m -21m-14m -7m Om 7m 14m 21lm 28m 35m

a  Whatis the velocity of Bicycle A? 7 m/second

b Use the number line to help you complete the table for the location
of Bicycle A at the given times.

Time (seconds) -3 -2 -1 0 1 2

Position (m) —21 —14 -7 0 7 14

¢ Whatis the velocity of Bicycle B? —7 m/second

d  Use the number line to help you complete the table for the location of Bicycle B at
the given times.

Time (seconds) -3 -2 -1 0 1 2

Position (m) 21 14 7 0 -7 —14

> 2. What is the relationship between the location of Bicycle A and Bicycle B
at any time?
They are opposites.

©2023 Amplify Education, Inc. Al ights reserved.

Accessibility: Optimize Access to Technology

Have students use the Amps slides for this activity, in which they can use
interactive number lines to determine the location of bicyclists as they move
at constant speeds forward and backward in time and in opposite directions.

Accessibility: Guide Processing and Visualization

Consider asking two student volunteers to demonstrate the bikers traveling
at the same speed, but in opposite directions. Have them pass an object,
such as a desk, to represent passing the stone oven at the same time.

Anna Dunlop/Shutterstock.com

0 Launch

Activate students’ background knowledge by
asking if they've ever been hiking or biking on a
trail. Explain that in this activity they will build on
their work from the previous lesson with hikers
traveling on the Appalachian Trail, but now they
will have people moving in opposite directions.
Provide access to objects (paper clip, block, etc.)
that could represent the vehicles moving in time
on the number line.

9 Monitor

Help students get started by covering the first
three columns of each table in Problem 1 and
asking them to reason about the positive

times first.

Look for points of confusion:

* Not starting their ‘bicycles’ at 0 for each scenario
in Problem 1. Encourage students to place their
“bicycle” at 0; then model one side of the table, and
then the other (forward in time, then backward
intime).

» Thinking that, because Bicycles A and B have the
same speed, they also have the same velocity.
Review the definition of velocity from the Warm-up.

« Thinking that Bicycle B would have a negative
position for negative time. Ask, “What does the
velocity tell you about the direction the bicycle is
traveling? What direction would it be going if they
were going backward in time?”

» For Problem 2, applying rules of addition to
multiplication to determine the sign of the final
position. Ask students to use the number line from
Problem 1 to check their values.

Lesson 11 Multiplying Rational Numbers 459

Look for productive strategies:

» Using a noticed pattern to predict the location of
Bicycle A and Bicycle B then using the number line
to check their predictions.

Activity 2 continued >
Math Language Development |

MLR2: Collect and Display

During the Connect, as students share their responses to Problem 4, add
anew statement about the product of two negative numbers to the class
display, such as the one shown here.

4.(3)=12

A biker is traveling at 4 m/second
in the opposite direction. Three
seconds ago, the biker traveled a
distance of 12 m.

The product of two negative
numbers is always positive.

Lesson 11 Multiplying Rational Numbers 459



Activity 1 Velocity and Time (continued)

£ Small groups | @) 18 min

Students use number lines and expressions to explore and represent the location of people traveling in
opposite directions forward and backward in time.

. 9 Connect

Activity 1 Velocity and Time (continued)

> 3. Complete the table for several different bikers passing the oven.

Velocity
(m/second)

Time (s)

Expression

Position (m)

Biker A 5.10
-2 30 —2+30 —60
3 —40 3. (—40) —120
—10 —20 —10 - (—20) 200
Biker E -1.5 -8 —1.5+(—8) 12
> 4. Complete each sentence. Be prepared to explain your thinking.
a The sign of a positive number multiplied by a positive number is positive
b The sign of a positive number multiplied by a negative number is negative
€ The sign of a negative number multiplied by a positive number is negative
d The sign of a negative number multiplied by a negative number is positive.

460  Unit5 Rational Number Arithmetic
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Display a large number line. Ask two students
to represent Bicycles A and B and model the
bicycles moving in opposite directions forward
and backward in time.

Have students share what they noticed about
the relationship between speed, time, and
location.

Highlight that a negative velocity and positive
time result in a “negative” location. A negative
velocity and a negative time result in a “positive”
location. Explain that students will explore if this
is true outside of velocity and time in the next
activity.

Ask, “Can you think of any other real-world
examples of multiplying two negative values?”
Sample response: Determining a previous
temperature if it has been decreasing at a
constant rate.



E—— e Differentiated Support

Activity 2 Distributing With Negatives

2~ Pairs | @ 12 min

Students apply their understanding of order of operations and the Distributive Property to simplify
expressions and solidify their understanding of the product of rational numbers.

Period:

Name: Date:

Activity 2 Distributing With Negatives

Analyze both methods for evaluating each expression. Use what you know about
multiplying rational numbers to determine each missing value.

> 1. Study the work shown.

Order of operations

Distributive Property

4+ (3=(10)+(-3) (44 (4)+ (3= 14+ () + (-4 +(-3)

=-30 =—42+D

a  Whatis the sign of the missing value? Explain your thinking.

Positive; Sample response: —30 is greater than —42, so | have to add a
positive number to —42 to get up to —30.

b What must the product of —4 and —3 be to make the last line true?
12

> 2. Study the work shown.

Distributive Property

Order of operations

—4e(=3+2)=—4.(-1) —4e(=3+2)=—4+(=3)+(-4)+(2)

-4 —12+] ]

¢ What is the sign of the missing value? Explain your thinking.

Negative; Sample response: 4 is less than 12, so | have to add a negative
number to 12 to get down to 4.

d  What must the product of —4 and 2 be to make the last line true?
-8

> 3. Simplify the expression (—6 + 16) « (=10) using the Distributive Property. Check your
response by using the order of operations.
—100;
Distributive Property:
(=6 + 16) « (—10) = (—6) + (—10) + 16 + (—10)
=60 + (—160)
=-100

Order of operations:
(=6 + 16) « (—10) = (10) « (—10)
=-100
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Accessibility: Guide Processing and Visualization,
Optimize Access to Tools
Provide copies of the Graphic Organizer PDF, Blank Number Lines for

students to choose to use to help them organize their thinking and make
sense of the expression and the operations involved.

0 Launch

Activate prior knowledge by asking, “What are
the two methods for simplifying (1 + 3) « 37"
Verify that students are comfortable with
simplifying Distributive Property expressions in
the form (a + b) « c.

9 Monitor

Help students get started by asking, “How is
(14 + (—4)) « (—3) related to —3(14 + (—4))?"

Look for points of confusion:

» Dropping the signs of the values when
showing their work in Problem 3. Remind
students to organize their work and check it
carefully to ensure they aren't leaving off any
negative signs.

9 Connect

Display samples of student work from Problem 3.

Ask, “If you were to write a rule for multiplying
integers, what would you write?”

Have students share their rules with their group,
and then ask groups to share with the class.

Highlight that, in this activity, students
observed that the product of two integers
with the same sign is alway positive. The
product of two integers with different signs is
always negative. Explain that this rule is true
for all rational values (including fractions and
decimals), not just integers.

Math Language Development s———————————

MLR?7: Compare and Connect

During the Connect, as students share their responses to Problem 3,

draw their attention to the connections between the two methods: the

Distributive Property and the order of operations. Ask:

+  “Whenusing the Distributive Property, what do you do first?"

«  “When using the order of operations, what do you do first?”
“Compare the results of these first steps: (—6) « (—10) + 16 « (—10) and
10 « (—10) . Are they equivalent expressions? Explain your thinking.”

English Learners

Use color coding to annotate the parts of the expression students describe.
This will help students visualize the relationships being discussed.

461
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Qﬁ Whole Class | @ 5min

Summary

Review and synthesize the rules for multiplying rational numbers.

— G Synthesize

Display the Summary from the Student Edition.
Summary
Have students share real-world examples of

when they may want to determine the product

In today’s lesson.. .. of rational numbers.

You noticed that multiplying rational numbers, no matter the order, is very similar High"ght that unlike adding rational numbers
to multiplying positive numbers. You formulated the following rules: . i T
the sign of the product is not based on the sign

+  The product of two numbers with the same sign is positive. of the factor with the greater magnitude.

« The product of two numbers with different signs is negative.

Once you have determined the sign of the product, multiply the magnitudes ofthe 7 =0 E= D i I i
numbers as you would when multiplying two positive numbers. These rules work
for all rational numbers, including integers and rational numbers. o

Reflect

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

> Reflect:

*  “How do you represent multiplication of rational
numbers on a number line?”
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Math Language Development ________________________________________________________________________________________________________ |

MLRZ2: Collect and Display

As students formalize the new vocabulary for this lesson, ask them to refer to Consider adding a table to the class display, such as the one shown here.
the class display that you started in this unit. Ask them to review and reflect

on the terms and phrases related to the term velocity that were added to ] Speed : Velocity

the display during the lesson. Highlight that velocity can be either positive Represents the magnitude. Represents both the magnitude
or negative, while speed is always positive. Velocity represents both the and the direction.

magnitude and direction, while speed only represents the magnitude. E Always positive Can be positive or negative

A negative velocity represents an
object traveling in the opposite
direction.
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& Independent | @) 5min

Exit Ticket

Students demonstrate their understanding of multiplying rational numbers by evaluating expressions.

.
Q Success looks like . ..

Name: pate: Fertod - Language Goal: Explaining how signed
numbers can be used to represent position

Exit Ticket and speeds in opposite directions. (Speaking

and Listening)

+ Language Goal: Generalizing that the
product of two negative numbers is positive.
L 4-5=20 (Speaking and Listening)

Determine the value of each expression.

« Language Goal: Generalizing that the

: product of two rational numbers with

2 6:(—3)=- different signs is negative. (Speaking
and Listening)

» Determining the product of two rational

numbers with different signs in Problems 2, 3
and 5.

2 (3)-2=3 Q Suggested next steps

If students use the Distributive Property for

5. 3¢(—4+2)=—6 Problems 5 and 6, consider:

» Asking them to evaluate one of those
expressions using the order of operations.

6. —2-(10+(=5)) =10 If students use the order of operations for
Problems 5 and 6, consider:

» Asking them to evaluate one of those

m , i — @ expressions using the Distributive Property.
g M ettt If students struggle with determining the sign
of an evaluated expression, consider:
a | can determine the product of two b | canuse the order of operations . Reviewing ACtIVIty 2.

rational numbers. and the Distributive Property to
evaluate expressions with rational . i i i

1 2 3 e Assigning Practice Problem 1.
1 2 3 » Asking them to reread the Summary in the

Student Edition.
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Professional Learning

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

> Points to Ponder . . .

What worked and didn't work today? What did students find frustrating
about Activity 1? What helped them work through this frustration?

The focus of this lesson was developing the rules for multiplying rational
numbers. How did this focus go? What might you change for the next time
you teach this lesson?

Lesson 11 Multiplying Rational Numbers 463A



Practice ‘Q, Independent

Name: Date: Period: Name: Date: Period:

> 1. Determine whether each expression has a positive or negative product.
Place a checkmark in the appropriate column. Explain your thinking.

> 4. Tomake a specific hair dye, a hair stylist uses a ratio of 1% oz of red tone,
% oz of gray tone, and % oz of brown tone.
a If the stylist needs to make 20 oz of dye, how much of each dye color is needed?
Show or explain your thinking.
The stylist will need 9 oz of red tone, 6 oz of gray tone, and 5 oz of brown tone;

[l
3
)
2
3

aonpoedd [

Positive Negative

) Sample response: 1 1 + 3 + % =2 % One batch makes 2 15 0z.20+2 15 =8. The stylist
1 (—7) will need 8 batches of dye.
N =
@ 534 12.8=9 .8=0 2.8=5
—4.62 « 5

b If the stylist needs to make 100 oz of dye, how much of each dye color is needed?
Show or explain your thinking.

The stylist will need 45 oz of red tone, 30 oz of gray tone, and 25 oz of brown tone;
Sample response: 100 -+ 20 = 5. The stylist will need to multiply the dye for 20 oz by 5.
> 2. Determine the missing value in each equation. 9.5=45 6+5=30 5.5=25

a —2.(-45) :@ b —8.7.(-10)=

c -7.@:14 d

(—698) « (—4.506)

> 5. The vertices of Rectangle FROG are at coordinates (-2, 5), (2, 1), (6, 1), and (6, 5).

+(=10)=90 a Determine the perimeter of the rectangle. Plot the points on a coordinate plane if you
need help. Show or explain your thinking.

24 units; Sample response: The length of sides FR and OG is 4, and the length of

> 3. Aweather station reports that the temperature is currently 0°C and has 5 sides RO and GFis8.2+4+28=24
been falling at a constant rate of 3°C per hour. If it continues to fall at 11
this rate, determine each indicated temperature. Show or explain :g
your thinking. 11
a  What will the temperature be in 2 hours? 5‘,0 b Determine the area of Rectangle ' ROG. Show your thinking.
—6°C; Sample response: =3+ 2 = —6 g 32 square units; 8+ 4 = 32
6
5
b What will the temperature be in 5 hours? 4
—15°C; Sample response: —3 +5 = —15 g
. ! ‘l) € The coordinates of the vertices of Rectangle PLAY are (—11, 20), (—11, -3), (-1, —3),and
€ What will the temperature bein a 2 hour? -1 (—1,20). Determine the perimeter and area of this rectangle. Show or explain your thinking.
—1.5°C; Sample response: —3 « % =-L5 :; The perimeter is 66 units and the area is 230 square units; Sample response:
—; The length of PL and AY is 23, the length of LA and Y P is 10.
d  What was the temperature 1 hour ago? :s P=2.2342.10=66; A =23+ 10 = 230.
3°C; Sample response: =3+ (=1) =3 -7
-8
-9
@ What was the temperature 3 hours ago? -10 > 6. Evaluate each expression. Show your thinking.
—11
9°C; Sample response: —3 + (—=3) =9 —g a 3:15.2 b 3-2+4 .%
T1a =2.2 =3-2+1
f  What was the temperature 4.5 hours ago? —15 =4 =141
13.5°C; Sample response: —3 « (—4.5) =13.5 =2
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Practice Problem Analysis Additional Practice Available

Type Problem

For students who need

1 Activity 2 1 additional practice in
this lesson, assign the
On-lesson 2 Activity 2 2 Grade 7 Additional
Practice.
3 Activity 1 2

Unit 2

Lesson 2
Spiral
5 Unit5 >
Lesson 8
. Unit5
Formative @ 6 Lesson 12 1

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

463-464 Unit 5 Rational Number Arithmetic



UNIT5 | LESSON 12

Multiply!

Let’s get more
practice multiplying
rational numbers.

Goals .

1. Language Goal: Identify multiplication expressions that are equal,
and justify that they are equal. (Speaking and Listening) c

2. Language Goal: Multiply rational numbers, including expressions
with three factors, and explain the reasoning. (Writing, Speaking
and Listening)

Coherence

Today

Students reason about multiplying more than two rational numbers.
First, they return to the cards from the Launch lesson, now with the goal
of producing the greatest product. They must strategize about how the
sign of their cards impact the final product and when taking an additional
cardis or is not necessary. Next, students apply their understanding of
the commutative, associative, and Distributive Properties to evaluate
expressions, comparing and contrasting equivalent expressions with
their partner.

Previously

In Lessons 10 and 11, students applied their understanding of the distance
formula to reason about and generalize the rules for multiplying rational
numbers.

Coming Soon

In Lesson 13, students will extend their understanding of multiplying
rational numbers to generate the rules for dividing rational numbers.

Students gain fluency in determi

ning the

product of two or more rational numbers.

Students apply their understand

ing of

addition, subtraction, and multiplication of

rational numbers to evaluate and
compare expressions.

Lesson 12 Multiply!
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PaCing Guide Suggested Total Lesson Time ~45 min @

O o & o

Warm-up Activity 1 Activity 2 Summary Exit Ticket
@ 5 min @ 18 min @ 13 min @ 5 min @ 5 min
2 Independent £2% Small Groups 28 Pairs ?é? Whole Class 2 Independent

AMmPS poweredbydesmos | Activity and Presentation Slides

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

Practice & independent Amps | Featured Activity
Materials Math Language Activity 1

- Exit Ticket Development Formative Feedback for Students

- Additional Practice Review words

- Students revisit the cards from the Launch

* Lesson 1, Activity 1 PDF, Game « absolute value lesson, now working to obtain the greatest
Cards, pre-cut cards, one set product. They are able to compare their
per group (optional) hands and get immediate feedback on

- Activity 1 PDF (for display) * commutative property whether their calculated product is correct.

« Activity 2 PDF (for display) + Distributive Property

» Anchor Chart PDF, Operations * magnitude
With Rational Numbers - opposites v
(Part 3) (for display)

» Anchor Chart PDF, Operations
With Rational Numbers
(Part 3) (answers)

 standard deck of playing cards (T S )
with face cards reFr)ngveg, one dAe:rIn‘:)ES
per small group (optional)

Note: Activity 1 PDF is provided if you
would rather use printed cards instead

 associative property

 rational numbers

playing cards. You do not need both.
If printing in grayscale, show students
how to identify the “red” cards.

Building Math Identity and Community ® Modifications to Pacing
Connecting to Mathematical Practices You may want to consider these

Students might miss any regularity in the multiplication of rational numbers additional modifications if you are
if they do not approach the process with great organization, documenting short on time.

each step along the way. Encourage students to not only write the
equations of the problems they solve, but also write equation skeletons
where they just use the signs of the numbers (+/-) and the multiplication
and equals symbols. Looking at these skeletons will help students draw « In Activity 2, have pairs of students
valid conclusions about the signs of products. complete only 2 or 3 of the rows.

+ InActivity 1, have students only
complete two rounds of the game.

465B Unit 5 Rational Number Arithmetic



Warm-up Math Talk

& Independent | @) 5min

Students reason about the sign of missing value in equations that represent the product of
rational numbers.

Name: Date:

Period:

Unit5 | Lesson 12

Multiply!

Let’s get more
practice multiplying
rational numbers.

Warm-up Math Talk

Determine whether each missing value is positive or negative.

Be prepared to explain your thinking.

> 1 D 12 =—48 Negative
> 2. 3. D =81 Positive
12 )
> 3. “3°5°= D Negative
> 4. —6.82. D =38 Negative

> 5. —31- (—62) = D Positive

Log in to Amplify Math to complete this lesson online.

©2023 Amplify Education, Inc. Al rights reserved.

Power-up

Lesson 12 Multiply! 465

To power up students’ ability to evaluate expressions with non-negative

rational numbers, have students complete:

Recall that you follow the order of operations to evaluate expressions. For each expression,

circle the step that would be completed first based on the order of operations.

1.3+15.4 1544
2.3+4.5-8 3+4
3.4-246+7 2+6

Use: Before Activity 2.

Informed by: Performance on Lesson 11, Practice Problem 6 and Pre-Unit Readiness

Assessment, Problem 1.

0 Launch

Activate students’ prior knowledge by asking,
“How do you determine the sign of the product
of two rational numbers?” Explain to students
that they are only responsible for determining
the sign of each missing value. Conduct the
Number Talk routine.

Monitor

Help students get started by asking, “What do
you know about the sign of each value in the first
equation?”

Look for points of confusion:

+ Trying to determine the value of the missing
number, rather than just its sign. Remind students
that they are not responsible for solving for the
missing amount.

Look for productive strategies:

» Annotating the sign above each value in an equation
so they are focusing on the signs and not the values.

Connect

Display the expressions.

Have students share their strategies for
determining the missing sign for each problem.
Focus the discussion on the problems that did
not have consensus.

Highlight that, for a product of two factors

to be positive, the two factors must have the
same sign. For the product of two factors to be
negative the factors must have different signs.

Ask:

+ “Doyou think that this is true if there are more than
two factors?”

» “What would the sign of the value of the expression
(=1) ¢ (=2) e (=3) »...+(—=2021) be?"

Note: Do not confirm student responses at this point.
You will address these questions throughout the
lesson.
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Activity 1 Greatest Product

223 smallgroups | @) 18 min

Students reason about products of rational numbers by determining a strategy to obtain the greatest
product from up to four positive and negative numbers.

— e Differentiated Support

Activity 1 Greatest Product

Your group will be given a set of cards to play a game.
Players: 2-4
Goal: Produce the greatest product when the values of the cards are multiplied.

Getting ready:

Shuffle the set of cards and place them in a pile in the middle of the group.
Choose one player to start the game.

Black cards represent positive values. Red cards represent negative values.
Note: Cards printed in black and white will show the red cards as light gray.

For each round, follow these steps

Step 1

Step 2 When all players have their cards, the first player decides whether they want to select one
more card from the pile or to pass (not do anything). This continues until all players have
had a turn.

Each player selects two cards from the pile. Do not show your cards to other players.

Step 3 Repeat Step 2. Each player can have a maximum of four cards. Once all players have
selected their cards, they calculate their score and complete the first two columns of the
table.

Step 4 Allplayers present their cards to their group and come to a consensus on the winner.

Step 5 Reshuffle cards for the next round.

Greatest product?

Round 1

Round 2

Round 3

> 1. Consider the times when you decided whether to take an additional card.

a  What thinking helped you to make your decision?

Sample response: If | had only one negative card, | took an additional card hoping to get
another negative so that the overall product would be positive.

b If you had to change your strategy for the next round, how would you change it?
Sample response: If | had either no negative cards or two negative cards, | would not
take additional cards because there is a chance it would be negative and then my
product would be a negative value with a large magnitude.

466 Unit5 Rational Number Arithmetic ©2023 Amplify Education, Inc. Allrights reserved.

Accessibility: Optimize Access to Technology

Have students use the Amps slides for this activity, in which they can receive
immediate feedback on whether their calculated product is correct.
Extension: Math Enrichment

Students can play more rounds of the game, as time allows. Consider asking
them to alter the rules to make the game more challenging. For example, each
player can have a maximum of three cards, instead of four.

466 Unit 5 Rational Number Arithmetic

Invite one or more students to read the
directions aloud for the class and model a
round of the game with two players. Assess
understanding by asking, “If Student A had
—4,1,and 5 and Student B had —1, 2 and 3,
who would win the round?” Student B

Monitor

Help students get started by asking, “For
the cards you currently have, is their product
positive or negative?”

Look for points of confusion:

» Thinking that they are comparing the magnitudes
of the products, not the products. Remind students
that they want the greatest product, not the product
with the greatest absolute value.

Connect

Display the top half of the Activity 1 PDF.
Conduct the Poll the Class routine asking,
“Would you take a fourth card in this scenario?”
Repeat for the bottom half of the PDF.

Have students share their strategies for
determining when they should or should not
take an additional card.

Ask, “If you have more than two cards (factors),
how do you determine whether the productis
positive or negative?”

Highlight that when three negative values

are being multiplied, the product is negative.
When four negative values are being multiplied,
the product is positive. Ask, “What do you
think would happen with 5 negative factors?”
Generalize that if there are an odd number of
negative factors, the product will be negative.
Otherwise, the product is positive.

Math Language Development |

MLRS8: Discussion Supports

As you play the mock round during the Launch of this activity, talk through
the directions as you go. Make sure to verbalize your thinking for any
decisions that you make as you play. For example:

« [If one of your cards was negative] “Right now, | have one positive card
and one negative card, so the product is negative. In order to obtain a
positive product, | need one more negative card.”

« [If both of your cards were positive, or if both are negative] “Right
now, the product is positive. If | select one more card, | might select a
negative card, which would result in the product being negative.



28 Pairs | @ 13 min

Activity 2 Partner Problems

Students simplify expressions involving rational numbers, addition, subtraction, and multiplication to
come to a consensus with their partner.

I e Differentiated Support

Name: Date: Period:

Activity 2 Partner Problems

With your partner, decide who will complete Column A and who will complete
Column B. After each row, share your responses with your partner. Compare
your responses, and discuss and resolve any differences.

Column B

Column A

—(=0.5) =0.5 (-1)(-1)« 0.5 =0.5
1
-5 (=8)« (—4) =-16

(%.(_3))-(—6) =12 %-(—3%—6)) =12

:: Are you ready for more?

Continue the Partner Problem routine. Explain why each pair of expressions are equivalent.

2(~0.35 + (—2.15)) =—5

—2(0.35+2.15) =5

1 1
—6-2) =-1 2-6)e~ =-1

76-2 @=6)+
Sample response: The first pair of expressions are equivalent because the values
have the same magnitudes, but the sign has moved from outside the parentheses
(with the —2) to inside the parentheses. Using the Distributive Property, they both
have the same products with the same signs.

For the second pair of expressions, if you change the sign of —%. you also need to

(=6 — (=2)) = (-6 + 2) = (2 + (—6)) = (2 — 6). So, both expressions are equivalent.

change the signs of the values inside the parentheses. (6 — 2) changes to (—6 — (—2)).

©2023 Amplify Education, Inc. All rights reserved

Accessibility: Vary Demands to Optimize Challenge

Allow students to choose three of the four rows to complete. Offering them
the power of choice can lead to greater engagement and ownership of the
task.

Extension: Math Enrichment

Have students determine whether the product of each of the following
descriptions of expressions will be positive or negative, without performing
any calculations.

+  Thenumber —1 is multiplied by itself thirty times. Positive

*  Thenumber —5is multiplied by itself seventeen times. Negative

Lesson 12 Multiply! 467

Math Language Development s———————————

0 Launch

Conduct the Partner Problems routine.

9 Monitor

Help students get started by suggesting they
cover up all of the expressions, except the one
they are evaluating.

Look for points of confusion:

» Thinking that any expression with at least two
negatives must be positive. Remind students that,
in the previous activity, they saw that the product of
three negative cards resulted in a negative value.

9 Connect

Display the Activity 2 PDF.
Ask:

+ “How would you read the first expression, —(—0.5) out
loud?” The opposite of negative 0.5 or positive 0.5.

« “What if the expression was —(—(—0.5))? How else
could the expression be represented?”

Highlight that when there are multiple “—" signs
in front of a number, it can be thought of taking
the opposite multiple times. The opposite of
any value is that value multiplied by —1, so the
expression can be rewritten as the product of
multiple factors of —1.

Have students share what other relationships
they notice in the other pairs of expressions.
Encourage them to use vocabulary, such as
associative and commutative properties.

Highlight that, in the remaining expressions, the
magnitudes of the values are the same, but the
placement of the negative sign or the order of
the values is different between the expressions.
Generalize that the sign of the product is
dependent on the number of negative factors.

MLR?7: Compare and Connect

During the Connect, as you highlight how the sign of the product is
dependent upon the number of negative factors, display these sentence
frames and have students complete them. Add these completed
statements to the class display.

In a multiplication expression, if the number of negative factorsis . ..
+ odd, the sign of the product will be .
+ even, the sign of the product will be .

English Learners

Include examples of expressions and clarify the meanings of the terms odd
and even.
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Summary

éﬁ Whole Class | @ 5 min

Review and synthesize that the sign of the product of rational numbers is dependent on the number of

negative factors.

Summary

In today’s lesson . ..

You reasoned that rules for multiplying rational numbers extend beyond integer
values to all rational numbers. In general, for any pair of rational numbers, if the
two numbers have the same sign their product is positive, and if the two numbers
have different signs, their product is negative.

This rule extends to the product of more than two rational numbers.

If the number of negative factors is even, then the product is positive.
If the number of negative factors is odd, then the product is negative.

> Reflect:

468  Unit5 Rational Number Arithmetic ©2023 Amplify Education. Inc. All ights reserved.
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G Synthesize

Display the Anchor Chart PDF, Operations With
Rational Numbers (Part 3). As a class, complete
the section on multiplication.

Ask:

+ “What would the sighof — (= (= (= (= (—6)))))
be?" Positive

+ “What would the sign of (—1)  (—=2) ¢ (=3) »... ¢ (—2021)
be?” Negative

Have students share how they determined the
sign of each problem with the class.

Highlight that, in order to determine the product
of multiple rational numbers, first determine

the product of the absolute value of each factor.
Then determine the number of factors that are
negative.

« Ifthereis an odd number of negative factors, the
product is negative.

« If there is an even number of negative factors, the
product is positive.

Reflect

After synthesizing the concepts of the lesson,
allow students a few moments for reflection.
Encourage them to record any notes in the
Reflect space provided in the Student Edition.
To help them engage in meaningful reflection,
consider asking:

» “How do you determine the sign of the product of
two or more rational numbers?”



Exit Ticket

& Independent | @) 5min

Students demonstrate their understanding multiplying multiple rational numbers by assessing the

reasonableness of each other’s work.

@ Printable

Name: Date: Period:

Noah was doing some homework and answered the following questions. Do you
agree with his solutions? If you disagree, explain your thinking.

1. —27¢(-2.5)+(-1)=—-6.75
| agree with Noah.

2 395

| disagree with Noah; Sample response: The product of two negative values is positive,
so the product should be g, not —%

3. ~(-55)(-3) =33

| disagree with Noah; Sample response: —(—5.5) is the same as —1 « (—5.5). The product
of three negative values is negative, so the product should be —3.3, not 3.3.

5y
? 2 | v
I don’t really I'm starting to I gotit
getit getit
a | can solve problems involving b | candetermine whether expressions
multiplying rational numbers. involving the product of two or more
rational numbers are equivalent.
1 2 3
1 2 3

©2023 Ampiy Egucation, nc. Allights reserved. Lesson 12 Multiply!

Professional Learning

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

> Points to Ponder . . .

What worked and didn’t work today? What routines enabled all students to do
mathin today's lesson?

Which students’ ideas were you able to highlight during Activity 2? What might
you change for the next time you teach this lesson?

Q Success looks like . ..

» Language Goal: Identifying multiplication
expressions that are equal, and justifying that
they are equal. (Speaking and Listening)

» Language Goal: Multiplying rational numbers,
including expressions with three factors, and
explaining the reasoning. (Writing, Speaking
and Listening)

» Multiplying rational numbers and explaining
whether Noah was correct in Problems 1-3.

Q Suggested next steps

If students incorrectly identify that Noah was
correct for Problem 2, consider:

» Reviewing the rules for multiplying a pair of
rational numbers.

» Assigning Practice Problem 1.

If students incorrectly identify that Noah
was incorrect for Problem 1 or correct for
Problem 3, consider:

» Reviewing the rules for multiplying more than
two rational numbers.

» Assigning Practice Problems 2 and 3.
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Practice

.Q. Independent

Name: Date:

Period:

> 1. Evaluate each expression.

1
C12e= =—4
a 12 3

> 2. Evaluate each expression.
a _1.2.3% =-1
b 71.(72).3.% =1
c _1.(_2).3.(%) =1
@ 1423k =1
e _(_z).(_a).(_é) =1

> 3. Match each expression with an equivalent expression.
a 3.(-4) d.—1e(=3+2)s2
b —1.(-1)-5 fo—(=(-9)
& —(-(-3) a sese(-3)
@ (-1.(=3))-(2-2) b —15+(-1)- (1)

1 3 1 3

o 52-(3) e —12:(3)- ()
b s e (3)-conf2)

©2023 Ampity Education, Inc. Allights reserved.

Practice Problem Analysis

Type Problem Refer to

1 Activity 2
On-lesson 2 Activity 2
3 Activity 2
Unit 5
) v Lessonb5
Spiral
5 Unit 5
Lesson 1l
. Unit5
Formative @ 6 Lesson 13

=
)
2
2
3

Lesson12 Multiply! 469 ‘ |

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

469-470 unit5 Rational Number Arithmetic

aonpoedd [

Name:

Date: Period:

> 4. Consider the equation 30 + (—30) = 0.

Write another sum of two numbers that equals 0.
Answers may vary, but the two values must be opposites.

Write a sum of three numbers that equals 0.
Answers may vary.

Write a sum of four numbers that equals 0, none of which are opposites.
Answers may vary.

> 5. Clare and Han are both riding bikes and pass each other on a trail.

Clare is cycling at a velocity of 12 miles per hour. If the position when
she passes Han is 0, what will her position be after 45 minutes?
Show or explain your thinking.

9 miles; Sample response: 45 minutes is equal to % hours. 12« % =9.

Han is cycling at a velocity of —8 miles per hour. If the position when he
passes Clare is 0, what will his position be after 45 minutes?

—6 miles; Sample response: 45 minutes is equal to % hours. -8« % =—6.

> 6. Determine each quotient.

470 unit5 Rational Number Arithmetic

824 =% b 8-l =24 e 1

Additional Practice Available

©2023 Ampity Education, Inc. Al rights reserved

For students who need
additional practice in
this lesson, assign the

Grade 7 Additional

Practice.




UNIT5 | LESSON 13

Dividing
Rational
Numbers

Let’s divide rational numbers.

Goals

+ Students build conceptual understanding
of why the rules for one set of operations
1. Language Goal: Generalize a method for determining the quotient also apply to another set.

of two rational numbers. (Speaking and Listening) . Students develop procedural skills

2. Generate a division equation that represents the same relationship multiplying and dividing rational numbers.
as a given multiplication equation with rational numbers.

3. Apply the order of operations while working with rational numbers.

Coherence

* Today

Students complete their work extending all four operations to signed
numbers by studying division. They use the relationship between
multiplication and division to develop rules for dividing rational
numbers. They practice applying the rules for the order of operations
and using the multiplicative inverse to evaluate expressions involving all
four operations with rational numbers.

< Previously

In Lessons 10-12, students explored multiplication with rational numbers.

> Coming Soon

In Lesson 14, students will apply their understanding of rational numbers
to contexts with negative rates.
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Pacing Guide

Suggested Total Lesson Time ~45 min @

O o @

Warm-up Activity 1 Activity 2
@ 5 min @ 15 min @ 15 min
2 Independent 28 Pairs Q8 Pairs

AMDPS poweredbydesmos i Activity and Presentation Slides

C

Summary Exit Ticket
@ 5 min @ 5min
000 o
999 Whole Class M Independent

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

Practice % Independent

Materials Math Language
« Exit Ticket Development
« Additional Practice New word
» Activity 2 PDF (answers, for * multiplicative inverse
display) Review words

» Anchor Chart PDF, Rational
Numbers, Part 3
(for display)

« Anchor Chart PDF, Rational * solution
Numbers, Part 3 (answers)

* inverse operations

 rational numbers

Building Math Identity and Community

Connecting to Mathematical Practices

Students might want to draw a conclusion for the sign of quotients
without completing the activity, but explain that using the structure

of the relationship between multiplication and division will help them
verify or alter their conjecture. By the end of the activity, students
should note that the pattern for the signs in division is the same as with
multiplication.

471B Unit 5 Rational Number Arithmetic

Amps | Featured Activity

Activity 2
Track Your Path

Students move across a game board,
evaluating rational number expressions,
sometimes with multiple operations. Using the
digital version allows them to efficiently track
their path and revise their thinking.

\l./
=
C@Amps

desmos

® Modifications to Pacing

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

+  The Warm-up may be omitted.

» InActivity 1, Problem 2 may be omitted.



& Independent | @) 5min

Warm-up Thinking About the Sign

Students use what they know about multiplication with rational numbers to reason about the sign of
the solution to an equation involving negative numbers.

0 Launch

Have students examine the table for 30 seconds.
Ask, “What do you notice about the numbers

in the last two columns? What parts of the
equations are most important for you to pay
attention to?”

9 Monitor

Help students get started by asking, “What
types of numbers would need to be multiplied to
produce a negative product?”

Name: Date: Period:

Unit5 | Lesson 13

Dividing
Rational
Numbers

Let’s divide rational numbers.

Look for points of confusion:
+ Thinking that « can’t be negative because it

Warm-up Thinking About the Sign doesn’t have a negative sign in front of it in the
For each equation, determine which number, A or B, makes the equation true. equation. Have students substitute a negative
Circle the correct number and be prepared to share your thinking. number into the equations.
TEeEm | Nl | s Look for productive strategies:
o 3 ; \ : @ «+ Dividing the product by the given factor, noticing
T that the same rules for multiplication of negative
5z =-35 @ —7 numbers also apply to division.
6x =48 -8
6 Connect
—8r="72 9
Display students’ responses to the activity.
Have students share their thinking for how they
found which number makes each equation true.
Highlight that this lesson will use multiplication
equations, similar to those in the Warm-up, to
help students make sense of dividing positive
and negative numbers. Have students recall that
the number that makes each equation true is
called the solution.
Log in to Amplify Math to complete this lesson online. ASk, “How are multiplication and division related
©2023 Amplify Education, Inc. Al rights reserved. Lesson 13 Dividing Rational Numbers 471 to each other?” They are inverse operations. YOU
_ can think of one of these operations undoing the

other operation.

Math Language Development 0 Power-up

MLRS8: Discussion Supports To power up students’ ability to divide when the divisor is a
fraction, have students complete:

During the Launch, read the first equation aloud by saying, “12 times

an unknown number equals negative 36" or “The product of 12 and an Determine each quotient.
unknown number is negative 36." Encourage students to say verbal 1. 8-4-2
statements about the remaining equations to help them make sense ’
of their structure. 2. 8+2=4
3. 8+-1=8
L1
4. 8+ 7= 16

Use: Before Activity 2.

Informed by: Performance on Lesson 12, Practice Problem 6.

Lesson 13 Dividing Rational Numbers 471




Activity 1 Equation Famailies

28 pairs | @ 15 min

Students work through several equation families relating multiplication to division to articulate a rule for

the sign of a quotient based on the signs of the dividend and divisor.

Activity 1 Equation Families

Refer to this fact family of multiplication and division equations.
3e4=12 4.3=12 12+3=4 12+4=3

> 1. Complete the missing parts of the equation in each fact family.

a —3.4=-12 4-=—12 —12+=4 E|+E|=—3

b -(—3):—9 3-:—9 +3:—3 —9+:

& [6]-[-7]=12 ~7.[-6) =22 w2:[-7]=-6  [a2]:[-6]=[-7]

> 2. Create a different fact family of multiplication and division equations,
using at least one negative number.
Sample response:
—8+(-3)=24 —3.(-8) =24 24+ (—-8)=-3 24+ (-3)=-8

> 3. Complete each sentence. Be prepared to explain your reasoning.

a The sign of a positive number divided by a positive number is positive
b The sign of a positive number divided by a negative number is negative
¢ The sign of a negative number divided by a positive number is negative
d The sign of a negative number divided by a negative number is positive

472 Unit5 Rational Number Arithmetic ©2023 Amplify Education, Inc. All rights reserved.

Differentiated Support

Accessibility: Activate Prior Knowledge

MLR2: Collect and Display

e 0 Launch

Read through the introduction to the activity as
aclass. Ask, “What do you notice about these
equations that make them belong to the same
fact family?” Note that for the purposes of this
activity, the sign of a number must stay the
same throughout the fact family of equations.

Monitor

Help students get started by asking, “Which
number from the first equationin partais
missing from the second?”

Look for points of confusion:

« Thinking for part c they can make their own factors
because there are two blanks in the first equation.
Have students check the rest of the equations in the
family to see which factors should be used.

Look for productive strategies:

« InProblem 3, noticing that the rules are the same
for division of rational numbers as they are for
multiplication.

Connect

Have students share their responses to
Problem 3.

Highlight that students took two things

they knew to be true — multiplication and
division as inverse operations, and the rules

for multiplication of rational numbers — and
combined them into a new understanding. They
were able to conclude that the same rules for
multiplying rational numbers also apply to the
division of rational numbers.

Ask:

+ “How can you predict the sign of the quotient of a
division problem?”

» “Why did none of the equations in the families have
3 negative numbers? Would that ever be possible?”

Math Language Development | |

Remind students they previously learned about
fact families in prior grades. A fact family consists
of three numbers that are used together to create a
set of math facts. Those math facts can be addition,
subtraction, multiplication, or division.

Two positive numbers is always positive.

One positive number and one negative
number is always negative.

Multiplication: The product of . ..

During the Connect, as students share their responses to Problem 3, add these statements — or
a condensed version of them — to the class display. Compare them to the multiplication rules for
rational numbers that students previously formulated.

Division: The quotient of . ..
Two positive numbers is always positive.

One positive number and one negative
number is always negative.

Two negative numbers is always positive. Two negative numbers is always positive.

472 Unit5 Rational Number Arithmetic



&8 pairs | @ 15 min

Activity 2 How Close Can You Get?

Students choose their path through a gameboard of expressions to practice order of operations and explore
the effect of the multiplicative inverse with rational numbers.

Amps Featured Actvity  TrackYour P IS @) Launch

Name: Date: Period:

Read through the instructions together as a class

Activity 2 How Close Can You Get? and let students know the target score they will
aim for. Note: Suggestions for target scores:

Your goal is to reach the End hexagon of the game board with a score as close Choose0asa target to focus on balancing

to the target score as possible. positive and negative values; Choose —1,000 to

Write your target score here. Target score: 50 help kids focus on reasoning about SignS; Orlet

your students choose their own target number.
Beginning at the start, move from one hexagon to an adjacent hexagon.

Evaluate the expression. The value you produce is your score for that hexagon.

As you move, add your scores together to determine your final score. 9 Monitor

Rules: .
uies Help students get started by modelling how
You can only move to an adjacent hexagon.

» a student might think about choosing which
You may not move back to a hexagon you have already visited. .
Sample response shown. SpOt to jump to next.

Look for points of confusion:

+ Thinking dividing by% is the same as dividing by 2.
Help students recall that dividing by a fraction
is the same as multiplying by its reciprocal.

+ Performing operations from left to right
regardless of type. Have students record the
order of operations on their paper.

Look for productive strategies:

» Noticing that some expressions can be evaluated
by using the properties of operations.

9 Connect

Display the Activity 2 PDF (answers) and
discuss any questions students might have.

Have students share how they made their

Final score:
—40 4+ (—32) +84.5+ 16,5+ 10 + (—3) = 36 decisions for the route they took. Highlight
student reasoning where division by a fraction
@ is rewritten as multiplication by the fraction’s
reciprocal.

©2023 Ampiy Egucation, Inc. Al rights reserved Lesson 13 Dividing Rational Numbers 473

Highlight that when evaluating expressions
with multiple operations and groupings, even
with negative numbers, the order of operations
remains the same.

for the reciprocal of a number.

I —— e Differentiated Support Math Language Development m———_—_—_—_—_—

Accessibility: Optimize Access to Technology MLR7: Compare and Connect
Have students use the Amps slides for this activity, in During the Connect, as you define the term multiplicative inverse, draw students’
which they can move across a digital game board, evaluating attention to how the multiplicative inverse of a number compares to its additive
rational number expressions, sometimes with multiple operations. inverse. Consider displaying a table like the following, or add it to the class display.
Using the digital version allows them to efficiently track their path .
and revise their thinking. Additive inverse Multiplicative inverse

The sum of a number and its additive The product of a number and its
Accessibility: Vary Demands to Optimize Challenge inverse is 0. multiplicative inverse is 1.
Have students select a pathway first (in lightly drawn pencil), and then Also called the opposite of a number. Also called the reciprocal of a number.

they evaluate the expressions along that path. If they would like to

change their path, they can go back and redraw it. 3 and —3 are additive inverses 3and gare multiplicative inverses

(opposites) of each other. (reciprocals) of each other.
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Summary

éﬁ Whole Class | @ 5 min

Review and synthesize the relationship between multiplication and division to understand the rules for
dividing rational numbers.

Summary

In today’s lesson . ..

You saw that every multiplication equation belongs to a family of equations that
includes a division equation. Because of this, every multiplication problem can
be rewritten as a division problem:
6 +2=3because2+3=6.

—6 + 2= -3 because 2+ (-3) = —6.

6 + (—2) = —3 because —2+ (—3) = 6.

—6 + (—2) =3 because —2+3 = —6.
Because you know how to reason about signs when multiplying rational numbers,
you also know about the signs when dividing them.

The sign of the quotient of a positive number divided by a negative number
is always negative.

The sign of the quotient of a negative number divided by a positive number
is always negative.

The sign of the quotient of a negative number divided by a negative number
is always positive.

Once you have determined the sign of the quotient, divide the magnitudes
of the numbers as you would when dividing two positive numbers.

> Reflect:

474 Unit5 Rational Number Arithmetic ©2023 Amplify Education. Inc. All ights reserved.

Differentiated Support

Extension: Math Around the World, Interdisciplinary Connections
Tell students that, in his writings around 620 CE, Indian mathematician Brahmagupta

described the rules for multiplying and dividing with negative values. He again used the idea of
“fortunes” as representing positive values and “debts"” as representing negative values and stated:

« The product or quotient of two fortunes is one fortune.

»  The product or quotient of two debts is one fortune.

» The product or quotient of a debt and a fortune is a debt.
*  The product or quotient of a fortune and a debt is a debt.

Ask students to rewrite Brahmagupta's rules using the terms “positive number” and “negative
number.” Then ask them to provide numerical examples that illustrate Brahmagupta's rules.

474 Unit 5 Rational Number Arithmetic

G Synthesize

Highlight that students were able to
generalize their own rule for dividing rational
numbers using what they already knew about
multiplication of rational numbers.

Display the Anchor Chart PDF, Rational Numbers
(Part 2). Obtain the missing information from your
class and complete the chart together.

Ask:

»  “What kind of number do you get when you divide
anegative number by a positive number? Use a
multiplication equation to explain why this makes
sense.”

+  “What kind of number do you get when you divide
a negative number by a negative number? Use a
multiplication equation to explain why this makes
sense.”

+  “Whatis the sign of the quotient of —3 + 47"
Negative

+  “Whatis the magnitude of the quotient of —3 + 4?"
0.750r3

+ “Whatis the quotient of =3 + 47" —0.75 or —%

Reflect

After synthesizing the concepts of the lesson,
allow students a few moments for reflection.
Encourage them to record any notes in the
Reflect space provided in the Student Edition.
To help them engage in meaningful reflection,
consider asking:

*  “How is dividing rational numbers similar to or
different from multiplying rational numbers?”

Math Language Development s—

MLR2: Collect and Display

As students formalize the new vocabulary

for this lesson, ask them to refer to the class
display that you started in this unit. Ask them
to review and reflect on the terms and phrases
related to the term multiplicative inverse that
were added to the display during the lesson.
Compare the terms additive inverse and
multiplicative inverse and highlight how they
are similar and different on the class display.




& Independent | @) 5min

Exit Ticket

Students demonstrate their understanding of dividing rational numbers.

.
0 Success looks like . ..

Name: pate: Fertod - Language Goal: Generalizing a method for

determining the quotient of two rational
Exit Ticket m numbers. (Speaking and Listening)

» Dividing two rational numbers in Problems 1-6.
Determine the value of each expression. « Goal: Generating a division equation that

represents the same relationship as a given

1. -24+12=-2 T . . . .
multiplication equation with rational numbers.

» Goal: Applying the order of operations while
2. 24+ (-12)=2 working with rational numbers.

Q Suggested next steps

3. 15+12=125 If students use the wrong sign for the
quotient in any problem, consider:

* Reviewing the rules in the Summary.
4. 12+ (-15)=—0.8

If students have difficulty with Problems 5 or

6, consider:
5 12+ (%) =24 » Reuvisiting the Power-up for this lesson.
Lo(_1)
o e[
===y @
[ 2 | v
I don't really I'm starting to I got it
getit getit
a | candivide rational numbers. b |canapply the rules for the order
of operations while using all four
1.2 3 operations with rational numbers.
1 2 3
©2023 Amplify Education, Inc. Al rights reserved. Lesson 13 Dividing Rational Numbers
Professional Learning
I . ______________________________________________________________________________________________________________________________________|

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

> Points to Ponder . . .

What worked and didn’t work today? Which groups of students did
and didn't have their ideas seen and heard today?

What was especially satisfying about seeing students create their own
rule for division of rational numbers? What might you change for the
next time you teach this lesson?
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Practice

.Q, Independent

Name: Date: Period: I]Ell
> 1. Determine whether the solution of each equation is positive or negative. E
)
a 2er=6 b —2.r=61 0
. X [=4
Positive Negative o
€ 29.1=-6.04 d  —2473+1=-6.859 ©
Negative Positive
4. ,.-62 202=—
e —2?—1763 f 1.0.2-7 0.6
Negative Negative

©2023 Ampity Education, Inc. Allights reserved.

. Determine each quotient.

a 24:(-6) =—4 b —15+(03) =—50

e —4:(-20) =é @ 0015+ (—03) =—0.05
e FEEES
e JER

. Evaluate each expression.

a 8614739+ (—7.39) +739 =16

b o)) -

. Inorder to make a specific shade of green paint, a painter mixes 1% quarts

of blue paint, 2 cups of green paint, and%gallon of white paint. How much
of each color is needed to make 100 cups of this shade of green paint?
Sample response:

| know there are 4 cups in a quart and 4 quarts in a gallon.

Blue (cups) Green (cups) White (cups) Total (cups)
6 2 8 16
6+6.25 =375 2.6.25=12.5 8+6.25 =50 16 +6.25 =100

37.5 cups of blue paint, 12.5 cups of green paint, and 50 cups of white paint are needed.

475
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Practice Problem Analysis

Type Problem
1 Activity 1 1
On-lesson 2 Activity 2 1
3 Activity 2 2
Unit 2
. 4 Lesson 2 2
Spiral
5 Unit5 >
Lesson 3
. Unit5
Formative @ 6 Lesson 14 1

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

475—-476 Unit5 Rational Number Arithmetic

aonpoerd [
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Name: Date: Period:

> 5. The table shows the highest and lowest elevations on each continent.
Complete the table to determine the difference between the highest and
lowest elevations for each continent.

Highest point (m) I Lowest point (m) I Difference

5,895 —155 6,050

4,892 —50 4,942

777777 8,848 —427 9,275

4,884 —15 4,899

4,810 —28 4,838

North Ame car 6,198 —86 6,284
V gouth Aimerru;z’i V 6,960 -105 7,065

Which continent has the greatest difference in elevation? The least?

The continent with the greatest difference in elevation is Asia. The least
difference is Europe.

> 6.

Place a checkmark in the appropriate column that describes the solution
for each scenario.

| Lessthan = Exactly | More than

Scenae [ 100 | 100 | 100

]

A car travels for 2 hours at 40 mph.
How many miles did it travel?

An employee earns $15 per hour
and works 8 hours. How much
money did they earn?

A sprinter runs 100 min 9.8
seconds. How fast were they
running, in meters per second?

[]

©2023 Ampity Education, Inc. Al rights reserved

Additional Practice Available

For students who need
additional practice in
this lesson, assign the
Grade 7 Additional
Practice.




UNIT5 | LESSON 14

Negative Rates

Let’s apply what we know about
rational numbers.

Goals
1. Language Goal: Apply operations with rational numbers to solve

problems involving constant rates, and explain the solution method.
(Speaking and Listening)

2. Language Goal: Explain how rational numbers can be used to
represent situations involving constant rates. (Speaking and
Listening, Reading and Writing)

3. Write an equation of the form y = kz to represent a situation that
involves descending at a constant rate.

Coherence

* Today

Students are introduced to negative rates of change and their
representations in equations and on graphs. They apply their
understanding of operating with rational numbers to solve problems

in context. The first problem is about drilling a water well. The second
problem deals with the famous pearl divers, known as ama, in Japan.
Through these real-world contexts, students reason quantitatively about
what it means for a rate to be negative.

< Previously

In Unit 2, students encountered writing equations for proportional
relationships, almost exclusively with positive values.

> Coming Soon

In Lesson 18, students will solve equations with negative coefficients,
similar to the equations they formulate in this lesson.

Students build conceptual understanding
of proportional relationships that have
negative rates.

Students apply their previous understanding
of the constant of proportionality to include
rational numbers.
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PaCing Guide Suggested Total Lesson Time ~45 min @

O & @ o

Warm-up Activity 1 Activity 2 Summary Exit Ticket
@ 5 min @ 15 min @ 15 min @ 5 min @ 7 min
28 Pairs L8 Pairs 28 Pairs ?é? Whole Class 2 Independent

AMPS poweredbydesmos i Activity and Presentation Slides

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

F o)
Practice & independent Amps Featured Activity
Materials Math Language Activity 1
« Exit Ticket Development Interactive Graphs
» Additional Practice Review words Students see negative rates in action as they

plot the height of a drill over time. The digital
environment allows them to plot the points

* proportional relationships on the graph and notice the direction of the
. rate line, which helps them to see what makes
these graphs special.

» constant of proportionality

o
Oy \1
—(\k
CO. Amps
desmos

Building Math Identity and Community ©® Modifications to Pacing
Connecting to Mathematical Practices You may want to consider these
Students might be frustrated that the graph of a proportional relationship additional. modifications if you are
with a negative rate looks different than a graph of a proportional short on time.
relationship with a positive rate. To alleviate some of the frustration, have «  The Warm-up may be omitted.

students identify how the graphs are the same before concentrating
on the differences. In order to completely understand why the slopes
are different, students will need to use the context of the problem to
reason quantitatively. By making the connection between the scenario,
the numbers, and the shape of the graph, students will become more
comfortable with proportional graphs with negative rates.

* InActivity 1, Problem 2 may be
omitted.

« Alternatively, Activity 1 may be
omitted entirely. Instead, mention
during the Activity 2 Launch that
constants of proportionality can be
negative.

477B Unit 5 Rational Number Arithmetic



28 Pairs | @ 5min

Warm-up Water Consumption

Students are reacquainted with per language to prepare them for working with rates in this lesson.

0 Launch

Activate students’ prior knowledge by asking,
Unit 5 | Lesson 14 “What do you remember about proportional
relationships?” Then ask, “What does the lesson
title make you think of?”

9 Monitor

Help students get started by suggesting
students model the relationship between
gallons and loads using a table or an expression.

Name: Date: Period:

Negative Rates

Let’s apply what we know about
rational numbers.

Look for points of confusion:

» Thinking that for Problem 3, that they need
Warm-up Water Consumption to multiply 5 and % Ask, “How is this problem

different from Problems 1and 27"
Complete each sentence.

_ Look for productive strategies:
> 1. Ifalaundry machine used 9 gallons of water per load for 3 loads of

laundry, it will have used ... 27 gallons..._for 3 loads. » Writing an equation to model Problems 1 and 2.

> 2. Ifyoudrink 5 cups of water per day for 8 days, you will 9 ConneCt

drink 40 cups altogether. .
€ Display responses to each problem.
Have students share which value is the rate in

> 3. Ifyou drink%gallon of water per day, it will take you 10.days -to
each problem.

drink 5 gallons of water.
Ask:

+ “If you were to write an equation to model each of
these, what would they look like?"

- “How did the structure of each problem change?”

Highlight that students had been working with
positive rates in prior grades, but that today's
lesson will introduce an important new kind of
rate — negative rates.

Log in to Amplify Math to complete this lesson online.

©2023 Amplify Education.Inc. All rights reserved. Lesson 14 Negative Rates 477

— o Power-up ]

To power up students’ ability to reason about proportional relationships,
have students complete:

Suppose a car is traveling at 40 mph.

1. Determine the missing values in the ratio table.

40 80 40z
2. Write an equation representing the number of miles y traveled in z hours. y = 40z

Use: Before Activity 2.
Informed by: Performance on Lesson 13, Practice Problem 6 and Pre-Unit Readiness
Assessment, Problem 8.
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Activity 1 Drilling a Well

28 pairs | @ 15 min

Students use their skills of multiplying and dividing rational numbers to represent and solve problems in

a new context, involving a decreasing rate.

Activity 1 Drilling a Well

A water well drilling rig has dug to an elevation
of —20 ft after 8 hours of continuous use.

> 1. Assuming the rig drilled at a constant rate,
what was the elevation of the drill after 5 hours?
—20 + 8 =—2.5; Therig drills at rate of —2.5 ft per hour.
5 (—2.5) = —12.5; The drill is at —12.5 ft after 5 hours.

> 2. Ifthe rig has been running constantly and is
currently at an elevation of —147.5 ft, for how long
has the rig been running?
—147.5 + (—2.5) = 59; The rig has been drilling for 59 hours.

> 3. Plotand label the points, relating time in hours to the height of the drill,
from your solutions to Problems 1 and 2 on the graph shown. Draw a line
through the points.

S |
=
< (5, 12/5)
c 0
g 10 (20 | 30 | 40 | 50 | 60 | 70
g Time (hours)| =
2 50
] (d, J20)
-100
-150 N
(59, +147.5) \
-200 ™~
\J
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— e Differentiated Support

Accessibility: Optimize Access to Technology

Have students use the Amps slides for this activity, in which they
can see negative rates in action as they plot the height of a drill
over time. The digital environment allows them to manipulate
the points on the graph and notice the direction of the line, which
helps them to see what makes these graphs special.

Accessibility: Guide Processing and Visualization

Suggest that students create a table of values relating the height of
the drill for various times to help them respond to Problems 1 and 2,
and graph the corresponding values on the graph in Problem 3.

478 Unit5 Rational Number Arithmetic

Amps Featured Activity Interactive Graphsi_ 0 Launch

Activate students’ background knowledge

by asking what they already know about
drilling. Say, “Water wells are dug deep into the
earth until the hole reaches the groundwater.
Sometimes, it is impossible to know how deep
the groundwater lies until you drill.” Remind
students that they can model positions below
the surface with negative values.

Monitor

Help students get started by asking, “How might
knowing the unit rate help you to solve Problem 17"

Look for points of confusion:

» Thinking the drill’s rate is 0.4 ft per hour. Ask, “If
the drill is at —20 ft after 8 hours, is the magnitude
of the rate more or less than 1 ft per hour?”

» Using a positive number to represent the rate.
Ask, “What equation could you write to find the
elevation of the drill after any amount of time?”

Look for productive strategies:

+ Writing an equation or using a table to model the
relationships between the elevation of the drill and
the time elapsed.

9 Connect

Display a graph with the drill's elevation over
various times plotted.

Have pairs of students share observations
about the graph.

Ask:
» “Does this graph show a proportional relationship?
How do you know?”

+ “What is the constant of proportionality for this
relationship?”

Highlight that, because students can now
complete any calculation with any rational
number, they can extend constants of
proportionality, &, to include negative values.

Math Language Development |

MLRS8: Discussion Supports

During the Connect, as students share their observations, encourage the use

of mathematical language by reviewing the terms proportional relationship

and constant of proportionality. Remind students of the general equation for a

proportional relationship, y = kx, and ask:

« “What s the value of k in this context?” —2.5

« “What does it mean, in this context, that the constant of proportionality is
negative?” The drill is below the ground.

English Learners

Clarify the meaning of continuous use in the introductory text. Tell students
that this means the drilling rig did not stop during these 8 hours.



Activity 2 Diving With the Ama

&8 Pairs | @ 15 min

Students model the rate of a Japanese pearl diver to build on the previous work with proportional
relationships and understanding of multiplying and dividing rational numbers.

Name: Date: Period:

Activity 2 Diving With the Ama

The ama are Japanese female divers who free dive — without using oxygen
tanks — to collect food and pearls from the bottom of the cold sea. Ama
typically dive to 30 ft below the surface to reach the seafloor.

Nakarin_thailand/iStock

> 1. Anamadives at a rate of —1.9 ft per second.

a Complete the table to find the depths of the ama at different times.

0 -1.9 -19 —28.5 —1.9z

b Write an equation to model the relationship for the depth in feet y of the ama,
if you know the time in seconds, .

y=-19z

©2023 Amplify Education, Inc. Al rights reserved. Lesson 14 Negative Rates 479

I e Differentiated Support

0 Launch

Activate students' background knowledge

by asking, “How deep can you dive? How long
can you hold your breath underwater?”

Read through the introduction as a class.

Let students know that, for the purpose of
this activity, they will assume the divers are
moving at a constant rate.

Monitor

Help students get started by saying that the
ama is at sea level at the start of the dive. Ask,
“What number is usually used to represent sea
level?”

Look for points of confusion:

» Not knowing how to write an equation. Suggest
students use the formy = kx, where k is the unit rate.

Look for productive strategies:

» Scaling up from the unit rate to calculate other
columns in the table.

» Using the unit rate from the table to help write the
equation for the relationship.

Activity 2 continued >

Math Language Development '

Accessibility: Vary Demands to Optimize Challenge MLRS8: Discussion Supports

Have students use the rate —2 ft per second, instead of —1.9 ft per During the Connect, as students respond to the Ask questions, demonstrate the
second, to aid their calculations. By doing so, they will still be able use of mathematical language by reviewing the meanings of the word descending.

to access the targeted goal of the activity. Connect this to the negative unit rate and have students recall that for a proportional

relationship, the unit rate has the same value as the constant of proportionality.

Extension: Math Enrichment

Ask students to explain how to use the table, graph, and equation
to determine the depth of the ama after 6 seconds. Sample
response: Scale the table from —1.9 ft at 1 second by multiplying
both values by 6. In the equation, substitute 6 for z. On the graph,
draw a line to connect the points and estimate the coordinates of
a point on the line whose z-coordinate is 6.

English Learners

Use pointing gestures to illustrate where the table, graph, and equation indicate that
the ama are descending.

Lesson 14 Negative Rates 479



&8 Pairs | @ 15 min

Activity 2 Diving With the Ama (continued)

Students model the rate of a Japanese pearl diver to build on the previous work with proportional
relationships and understanding of multiplying and dividing rational numbers.

e 9 Connect

Display the graph with the equation written next
Activity 2 Diving With the Ama (continued) to the line on the graph.

Have students share their solutions for part d.
¢ Plot and label the depth of the ama on the graph for 3 different times. .
Draw a line through the points. Sample responses shown. Select students who can share strategies that
used both the graph and the equation to reason

=
) about the solution for part d.
£ ° 4|6 11| |16]18]20 )
8, JUAN Time (setonds)| = Highlight that a graph of a proportional
relationship, even where the value of k is
10 n(1%9) negative, will still be a straight line that passes
- through the origin.
. Neo[-9 Ask:
+ “How canyou tell from the graph that the ama
d are descending?” The graph of the line is moving
30 downward.
+ “How can you tell from the equation that the ama
d gﬁfw")f,”rge‘iﬁ;fnt?ﬁi?lﬁ.i”ﬁ.i;" reach the seafloor, located at —30 ft? are descending?" The equation has a negative sign.
Sample responses: + “Where on the graph can you find the constant of
« lcan tell from the graph that it took a little more proportionality? (17 _1'9) Where can you finditin

than 15 seconds to reach the seafloor.

¢ —30+ —1.9 = 15.8; It took the ama about
15.8 seconds to reach the seafloor.

the equation?” The number —1.9 in front of

» “What is different about the graph of a positive
proportional relationship from a negative
proportional relationship?”

480  Unit5 Rational Number Arithmetic ©2023 Amplify Education, Inc. All rights reserved.
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Summary

éﬁ Whole Class | @ 5 min

Review and synthesize how negative rates appear in equations and graphs.

Name:

Date:

Period:

Summary

In today’s lesson . ..

You saw that you can have a negative rate of change when you need to describe
a relationship where something is decreasing. You can probably already think of
several contexts where a negative rate might be useful. In this lesson, both drilling

a well and diving to the seafloor illustrated a decreasing height.

When writing an equation for a negative rate in the form of y = kx, the rate k
will be a negative number. These equations are all examples of relationships

with negative rates:

y=-3z Y
1

Y= —Ez o

y=—1.5z

The graph of a relationship with a

negative constant rate will be a line 2

that slopes downward as you read the

coordinate plane from left to right. 3

> Reflect:

©2023 Amplify Education, Inc. Al rights reserved.

y=-3
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G Synthesize

Display the Summary from the Student Edition.

Have students share observations about the
equations and graphed lines.

Ask, “What do the three lines have in common?
What makes them different?”

Highlight that velocity is used to represent
speed with the added component of direction,
using rational numbers. This is also true for
vertical movement (in fact with any rate). In

an equation, this negative value will appear as
the constant of proportionality, as it did with
positive proportional relationships. When
relationships with negative constants of
proportionality are represented on graphs, the
lines slope downward as the coordinate plane is
read from left to right.

Reflect

After synthesizing the concepts of the lesson,
allow students a few moments for reflection.
Encourage them to record any notes in the
Reflect space provided in the Student Edition.
To help them engage in meaningful reflection,
consider asking:

*  “What other rates have you encountered where it
makes sense to have positive and negative values?”

Lesson 14 Negative Rates 481



Exit Ticket

& Independent | @) 5min

Students demonstrate their understanding of negative rates of change by solving problems involving
a vehicle descending at a constant rate.

482A

Name: Date: Period:

Exit Ticket 5.14

1. Asubmarine is descending to examine the seafloor 2,100 ft below the surface. It
takes the submarine 2 hours to make this descent. Write an equation to represent the
relationship between the submarine’s elevation in feet, y, based on the time in hours, z.
y =—1050z; —2100 + 2 = —1050

2. Another submarine's descent can be represented as y = —240z, where y is the
elevation in feet and z is time in hours. How long will it take this submarine to make the
same descent?

It will take the second submarine 8.75 hours to make the same descent.
y = —240z; If y = —2100, then

—2100 = —240x
—2100 + (—240) = —240x + (—240)
8.75=x

N
2 § 3 N
=== @
I don't really I'm starting to I got it
getit getit
a | can solve problems that involve b | can solve problems that involve
multiplying and dividing rational negative rates.
numbers.
1 2 3
1 2 3

©2023 Ampiy Egucation, nc. Allights reserved. Lesson 14 Negative Rates

Professional Learning

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

> Points to Ponder . . .

+ What worked and didn’t work today? When you compare and contrast today’s
work with work students did earlier this year on proportional reasoning, what
similarities and differences do you see?

+ How was Activity 2 similar to or different from graphing proportional
relationships in Unit 2? What might you change for the next time you teach
this lesson?

Unit 5 Rational Number Arithmetic

Q Success looks like . ..

» Language Goal: Applying operations with
rational numbers to solve problems involving
constant rates, and explaining the solution
method. (Speaking and Listening)

» Solving problems about the descent of
submarines in Problems 1and 2.

» Language Goal: Explaining how rational
numbers can be used to represent situations
involving constant rates. (Speaking and
Listening, Reading and Writing)

» Goal: Writing an equation of the form y = kx
to represent a situation that involves
descending at a constant rate.

O Suggested next steps

If students use —2,100 as the constant of
proportionality, consider:

» Reviewing how to determine a unit rate.
» Assigning Practice Problem 3.

If students multiply —240 by —2,100 to solve
Problem 2, consider:

» Asking, “What does the variable y represent
in the equation? What does the variable =
represent? Where should you substitute
2,100?"

Math Language Development s———

Language Goal: Explaining how rational
numbers can be used to represent situations
involving rates.

Reflect on students’ language development toward
this goal.

» How did using the Discussion Supports routines in
Activities 1 and 2 help students use mathematical
language, such as proportional relationship, constant
of proportionality, and unit rate?

» How did these routines support their understanding
of what a negative constant of proportionality or
negative unit rate means in context?



Practice .Q, Independent

Name: Date: Period: Name: Date: Period:
E > 1. Describe a real-world situation where each of the following quantities > 4. Evaluate each expression.

o . y

a might be used to describe a rate of change. 3 —924(-7) =—162 b _4% _ (_1%) _ _3%

a' a —20gallons per hour

(] Sample response: This could describe a tank leaking water.

b —10feet per minute
Sample response: This could describe a diver swimming down in

the ocean. 7 4, 1
c 724-(76) =28 d 3+ (-24) =qp

€ —0.1 kilograms per minute
Sample response: This could describe the weight of a bowl of peanuts
as | am eating them.

> 2. Asubmarine is only allowed to change its depth by rising toward the

surface in increments of 60 m. It starts off at —340 m.

a Atwhatdepthis it after: > 5. Ashopper bought a watermelon, a pack of napkins, and some paper plates.
1 stage? 2 stages? 3 stages? In his state, there is no. tax on food. The tax rate on non-food items is S‘T/B.
340+ 60 = —280 340+ (2+60) 340+ (3+60) The tgtal for the three |tems he bought was $8.2i before tax, and he paid

— 340 + (120) = 220 —_340 + (180) = —160 $0‘.19v|n tax. How much did the watermelon cost? Show or example your
thinking.

b How many stages will it take to return to the surface? The watermelon cost $4.45; Sample response:

After 4 stages: —160 + 60 = —100 Let = be the cost of non-food items.
After 5 stages: —100 + 60 = —40 0.05z = 0.19
After 6 stages: —40 + 60 = 20; It will reach the surface between 0.19 + 0.05 = 3.80

stages 5 and 6. 8.25 — 3.80 = 4.45
> 3. Asubmarine was testing its buoyancy system and was diving and rising
below the surface of the ocean.
a The submarine was traveling —3.4 m per minute for 7.5 minutes.
How far did it go? Show your thinking.

> 6. Evaluate each expression.
It traveled a distance of 25.5 m below the ocean’s surface; Sample response:

1 1 1
—3.4.7.5=-25. a 1.. = b 1+4 =1
3.4.7.5 25.5 1 1 n 1+4 1
b The submarine traveled —1.5 m in 0.3 minutes. What was its velocity? Show your thinking.
Its velocity was —5 m per minute; Sample response: —1.5 + 0.3 = -5
¢ What do you think that negative values for distance and velocity could mean
in this situation?
It could mean that the submarine was diving because moving down, relative c 1=+ 1 _4 d 4=+ 1 _6
to sea level, can be considered a negative distance and velocity. 4 4
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Practice Problem Analysis Additional Practice Available

Type Problem Refer to

For students who need

1 Activity 1 2 additional practice in
this lesson, assign the
On-lesson 2 Activity 2 2 Grade 7 Additional
Practice.
3 Activity 2 2

Unit5

Lesson 13
Spiral
5 Unit 4 >
Lesson 8
. Unit5
Formative @ 6 Lesson 15 1

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

Lesson 14 Negative Rates 482-483






SUb'Unit 3 iié Whole Class

Four Operations With Rational Numbers

In this Sub-Unit, students apply their understanding of the four operation on rational numbers to solve
problems involving more than one operation as well as to solve equations with rational coefficients or addends.

SUB-UNIT Narrative Connections 9 %

_ _ Narrative Connections
Four Operations With
Rational NUmBErs Read the narrative aloud
as a class or have students

How do you climb read it individually. Students
continue to explore

the world’s most connections between
i \ dangerous mountain" rational numbers and hiking

or recreational trails in the
following places:

* Lesson 17, Activities 1-2:
Energy Supply, Revisited,

For decades, no one thought you could climb Mount Deep Ocean Exploration
Everest. Let alone the fact that its summit is more than .
29,000 ft above sea level. And forget the freezing air of its * Lesson 19, Activity 2:
infamous “Death Zone,” where just a moment of exposed Changing Elevation

= s skin can end in frostbite. No, the real problem is pressure.
The air pressure at Everest's summit is about % what it : Less,on 20, ACtIYItIeS 1-2:
is at sea level. That means our lungs have to work much Making Preparations, The
harder to breathe. Oxygen tanks help, but climbers must Summit Attempt
also gradually let their lungs adjust to the difference in
pressure. It's the same concept scuba divers use to reach

o | ]

extreme ocean depths. But to adjust properly, you must

spend extra days on the mountain. And every moment in
the “Death Zone,” where the weather can change quickly, is
a moment spent in danger.

In other words, to succeed in climbing Everest, you must
be very good at making decisions and understanding

/-

tradeoffs. One day of rest to acclimatize may save you
some oxygen, but it will cost you time. And if you fill your
pack with spare oxygen, you cannot fill it with warm clothes
to protect you from the air. Every part of the preparation
has to be kept carefully in balance.
Rational numbers, both positive and negative, are a
powerful tool for modeling these difficult decisions
climbers must make. They are some of the tools climbers
use to help ascend straight through the Death Zone and all
the way to the summit.

Sub-Unit 3 Four Operations With Rational Numbers 485
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UNIT5 | LESSON 15 )

Expressions
With Rational
Numbers

Let’s develop our number sense
with rational numbers.

Procus e

Goals + Students build conceptual understanding

. . of inverse operations.
1. Language Goal: Evaluate an expression for given values of the F

variable, including negative values, and compare the resulting + Students develop fluency with operations
values of the expression. (Speaking and Listening) involving rational numbers.

2. Language Goal: Generalize about the relationship between additive
inverses and about the relationship between multiplicative inverses.
(Speaking and Listening)

3. Language Goal: Identify numerical expressions that are equal, and
justify that they are equal. (Speaking and Listening)

Coherence

* Today

The purpose of this lesson is to help students make sense of expressions,
such as whether a number is positive or negative, which of two numbers is
greater, or whether two expressions represent the same number. Students
work through common misconceptions that can arise about expressions
involving variables, for example the misconception that —x must always be
a negative number. When students look at a numerical expression and see
without calculation that it must be positive because it is a product of two
negative numbers, they are making use of structure.

< Previously

In Lesson 4, students related the lengths of school supplies to algebraic
expressions and noticed that certain relationships stayed the same no
matter the values of the variables, but found other relationships change.

> Coming Soon

In Lesson 16, students will revisit long division in order to represent
fractions as decimals.

486A Unit5 Rational Number Arithmetic



PaCing Guide Suggested Total Lesson Time ~45 min @

O @ @ o

Warm-up Activity 1 Activity 2 Summary Exit Ticket
@ 5 min @ 15 min @ 15 min @ 5 min @ 5 min
. . . 000 o
28 Pairs 28 Pairs A8 Pairs 299 Whole Class A Independent

AMDPS poweredbydesmos i Activity and Presentation Slides

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

- [e) H P
Practice & independent Amps : Featured Activity
Materials Math Language Activity 1
« Exit Ticket Development Digital Card Sort
» Additional Practice Review words Digital card sorts save set-up time, allowing
. Activity 1 PDF, pre-cut cards, « additive inverse stude.nts to §pend more‘t|me .thlnklng about
and discussing the relationships among the

one set per pair * inverse operations expressions on the cards.

* multiplicative inverse

L=Il=I[=]
EE =

I,

CO.) Amps

desmos

Building Math Identity and Community ® Modifications to Pacing
Connecting to Mathematical Practices You may want to consider these
As students have been building understanding of operating with rational additional modifications if you are
numbers, they might not feel completely confident in their ability to do short on time.
soin Activity 1. In order to gain confidence, students need to focus on « In Activity 1, Problem 2 may be
the structure of the signs for each operation. The more easily they can omitted.
verbalize these patterns, the more confident they will feel. - In Activity 2, Problem 4 may be

omitted.
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28 pairs | @ 5min

Warm-up True or False?

Students reason about numeric expressions using what they know about operations with negative and
positive numbers.

0 Launch

Display one problem at a time. Give students
Unit5 | Lesson 15 : ) 1 minute of think-time per problem and ask them
to give a signal when they have completed each
problem. Remind students that sometimes

Expressions the multiplication dot is not included before

With Rational parentheses and that it is assumed the
operation is multiplication.

Numbers

Let’s develop our number sense
with rational numbers.

9 Monitor

Help students get started by asking, “How else
could you refer to any number that is less than
zero?”

Warm-up True or False?

Decide whether each statement is true or false, and then place a checkmark Look for pomts of confusion:

in the appropriate box. Be prepared to explain your thinking. . Not using the order of operations properly in

‘ Row 4. Ask, “Which operation — multiplication
or subtraction — comes first in the order of
operations?”

[]
Y

(~38.76) (~15.6) < 0

Look for productive strategies:

N
[]

10,000 — 99,999 < 0
+ Thinking of the fractions in Row 5 as division

(%)(_%) =0 [] problems.
30(—80) — 50 = 50 — 30(—80) [] c
onnect
1 -1 1 1 9
=753 ]

Display the statement in Row 5 for all to see.

Have students share what all the fractional
expressions have in common.

Highlight that students can think of any

fractional expression as a division problem.

If each of these fractions were rewritten as

division, they would see that the end result will
486 Units Rational Number Arithmetic always be a negative number. Because the

A magnitude of all the fractions is the same. they

are all equivalent.

Log in to Amplify Math to complete this lesson online.

Ask, “How could you alter each false expression
to make it true?”

To power up students’ ability to divide with fractions, have students
complete:

Recall that division expressions can be rewritten as multiplying by the reciprocal. For
example, 3 + %: 8 %

Rewrite each division expression as an equivalent multiplication expression.

1. 8:4=8- 2. 9:1-9.3

Wl s

3
1.1 1
4. 3+ 4

Zog_%, Ty
3. 3+3=3 g =3

3
Use: Before Activity 1.

Informed by: Performance on Lesson 14, Practice Problem 6.
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28 pairs | @ 15 min
Activity 1 Card Sort: The Same, but Different

Students match different expressions that have the same value to build fluency operating with signed
numbers.

Amps Featured Activity Digital Card Sort '
’ 0 Launch
reme pere reredt Distribute sets of cards from the Activity 1 PDF
Activity 1 Card Sort: The Same, but Different to each pair of students. Let students know the
sets of matching expressions do not need to be in
You will be given a set of cards. Group them into pairs of expressions that any particular order in the table.
have the same value.
9 Monitor
> 1. Write the pairs of matching expressions in the table so that each row
contains a matching pair of expressions. He|p students get started by having them
focus on one set of values first (for example,
1+42=1- (-2 1-2=1 —2 .
* 2 e the cards with 1 and 2 on them).
O@=1:1 “1ha=1:(-3) Look for points of confusion:
» Struggling to determine matches. Encourage
“1047=-10-(=7) T+ D =107 them to think of the operations in different
1 L ways. Ask, “How else can you think of (addition,
8+a= (s)(i) BxH=06) ('Z) subtraction, multiplication, division)?”
_152 (—6) = 15% 152 (—6) = —15 % Look for productive strategies:
» Grouping cards into sets that have similar values
on them.
2 2. Write an expression that is equivalent to each expression. Sample responses shown.
9 Connect
0 doen -4 | . .
Display the matching sets of expressions.
b —1.91—(-1.91) =_1.91+ 191 Ask, “What patterns do you see in the
matched sets of expressions?” One pattern |
o —1.(-3) =(M) see is that division problems can be rewritten

as multiplication problems by changing the
operation to multiplcation and using the
multiplicative inverse of the divisor.

Reflect: How did your
confidence level about

equivalent expressions Have students share their responses for
e R Problem 2 with a partner. Have them discuss

until they agree that all expressions are, in fact,
equivalent to the original.

Highlight that students can rewrite a division
problem as a multiplication problem if they
change the divisor to the multiplicative inverse
(or reciprocal). They can also change a subtraction
problem into an addition problem if they change
the number being subtracted into its additive
inverse (or opposite).

©2023 Ampiy Egucation, nc. Allights reserved. Lesson 15 Expressions With Rational Numbers 487

I — e Differentiated Support Math Language Development m———_—_—_—_—_——

Accessibility: Optimize Access to Technology MLR?7: Compare and Connect
Have students use the Amps slides for this activity, in which During the Connect, as students share the patterns they see in the matched expressions,
they can spend more time thinking about and discussing highlight the inverse relationships between operations. Display these sentence frames
the relationships among the expressions on the cards. and have students complete them. Add these statements to the class display.
Digital card sorts save set-up time. + Subtracting a number is the same as the . adding; additive inverse

(or opposite)
Accessibility: Vary Demands to Optimize » Dividing by a number is the same as by that number's . multiplying;
Challenge multiplicative inverse (or reciprocal)
Distribute Cards 1-10 first and have students work with this English Learners
subset of cards to determine any possible matches. After Add examples to the class display and annotate the additive inverse and multiplicative
they have determined all possible matches, distribute the inverse with “additive inverse or opposite” and “multiplicative inverse or reciprocal.”

remaining cards.
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&8 Pairs | @ 15 min

Activity 2 Near and Far From Zero

Students see that when comparing two expressions with the same variable, it is not possible to know which
expression is larger or smaller (without knowing the values of the variables).

. 0 Launch

Display the expressions from the first row of

Activity 2 Near and Far From Zero the table. Ask, “Which expression do you think
will have the greatest value? Which will have the
> 1. Foreach set of values for a and b, evaluate the given expressions — on a separate least? Which will be closest to zero? Is it possible
piece of paper when necessary — and record your solutions in the table. to say if a or —ais greater without knowing the

value of a?”

g Monitor

Help students get started by having them
substitute the original value into the expression
first, and then simplifying as a second step.

> 2. Whena= —% and b = 6, which expression:

a Has the greatest value? b Has the least value? ¢ Istheclosest to zero?

Look for points of confusion:
b3 =216 —4b=-24

« Struggling to find the greatest value, least value,
or value closest to zero in the set. Encourage
students to create a number line to help them
reason about the positions of different expressions.

a+(—b)=$

> 3. Whena= % and b = —6, which expression:
a Has the greatest value? b Has the least value? ¢ Istheclosest to zero?
—4b=24 bi=-216 as(b)=L Look for productive strategies:
. 12
+ Noticing that the sign of a* will always be positive, but

the sign of b* will match the original sign of b.
> 4. Whena—6andb= —% , which expression:
a Has the greatest value? b Has the least value? ¢ Istheclosest to zero? Connect
a?=36 a+(-b)=-12 po L
8
Display the completed table.

Have students share their values that are the

:: Are you ready for more? greatest, least, and closest to zero from each

set and explain their reasoning.

Are there any values could you use for a and b that would make all of these expressions
have the same value? Explain your reasoning. ASk'

The only values for a and b to make all of the expressions have the same
value is if both variables are 0. | tried several other values for a and b, but it

.« U i ?
is impossible to make —4b and b® have the same value because the signs will Were you surprlsed by any of the results?

always be opposite. Which ones?”
@ « “Why is b® not always the greatest value?”
' Highlight that when substituting values into
488  Unit5 Rational Number Arithmetic ©2023 Amplify Education, Inc. All ights reserved. algebraiC eXpreSSionS, |-t iS important tO pay
A attention to the signs in both the expression

and the number being substituted in. If a negative
number is substituted into a variable with a
negative sign, the value of the expression

will be positive. For example, if a = —3, then

—a = —(=3), whichis 3.

E—— e Differentiated Support ]

Accessibility: Guide Processing and Visualization Extension: Math Enrichment

Suggest that students first focus on substituting the values into the Have students respond to the following questions.

expressions. After they have done so, they can go back and evaluate them.
»  When|a| is greater than 1, which is farther from zero: a or a?? Why? a? is farther

from zero because a? has a greater magnitude than a.

»  When [a] is between 0 and 1, which is farther from zero: a or a*? Why? a is
farther from zero because a has a greater magnitude than a?.

488 Unit5 Rational Number Arithmetic



éﬁ Whole Class | @ 5 min

Summary

Review and synthesize the ways in which expressions with various operations can be
written to have the same value.

G Synthesize

Highlight that addition and subtraction and
Summary multiplication and division are considered
inverse operations because they are able to

, undo each other.
In today’s lesson . ..

Ask, “Can you give an example of a number
whose additive inverse is the same as its

Name: Date: Period:

You saw that making sense of rational numbers requires some flexible thinking.
For instance, the value of the number —x is not always negative! If the value of

zis =31 then: multiplicative inverse? Why not?”
)57
el
When working with rational numbers, reasoning about the signs is one of the most o Reﬂect
important considerations. There are some generalizations you have been able to
make and can continue to use: After synthesizing the concepts of the lesson,
When adding rational numbers, the sum will have the same sign as the addend with allow students a few moments for reflection.

the greater absolute value. .
Encourage them to record any notes in the

Subtracting a number is the same as adding its opposite, or additive inverse.

» Aneven amount of negative numbers will give a positive result. Reflect space provided in the Student Edition.
» An odd amount of negative numbers will give a negative result. To he|p them engage in meaningfu| reﬂect]onv
W,h,er? multiplying or dAividing rational nurr?ber‘:;. . consider asking:

Dividing by a number is the same as multiplying by that number's reciprocal, or

multiplicative inverse. «  “What does it mean for something to be the

inverse of something else?”

> Reflect:

©2023 Ampiy Egucation, nc. Allrights reserved. Lesson 15 Expressions With Rational Numbers 489
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& Independent | @) 5min

Exit Ticket

Students demonstrate their understanding of performing operations with rational numbers.

.
Q Success looks like . ..

Name: pate: Fertod - Language Goal: Evaluating an expression
for given values of the variable, including

Exit Ticket m negative values, and comparing the resulting
values of the expression. (Speaking and
Listening)

For each equation, select an operation (., +, +, —) to make the equation true. o
s + Language Goal: Generalizing about the

118 relationship between additive inverses and
about the relationship between multiplicative
inverses. (Speaking and Listening)

1. 24

3 « Language Goal: Identifying numerical
4 expressions that are equal, and justifying that
they are equal. (Speaking and Listening)

o Suggested next steps

If students use multiplication for Problems 2
and 5, consider:

+ Asking, “Does multiplication always give
a greater product than both factors? Is it
possible for a quotient to be greater than the
dividend and divisor?”

4. 12 ..=..-15=27

5. 18+ -%:24 If students struggle with Problem 4, consider:

» Asking, “What happens when you add a
negative number? When you subtract a
negative number?”

==y - —— —— (]

I don't really I'm starting to I gotit
getit getit
a |canadd, subtract, multiply, and b |canevaluate expressions that
divide rational numbers. involve rational numbers.
1 2 3 1 2 3
©2023 Amplify Education,Inc. Allights reserved: Lesson 15 Expressions With Rational Numbers
| __________________________________________________________________________________________________________________________________________________|

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

> Points to Ponder . . .

What worked and didn't work today? What routines enabled all
students to do math in today's lesson?

During the discussion about Activity 1, how did you encourage each
student to listen to one another’s strategies? What might you change
for the next time you teach this lesson?

490A Unit 5 Rational Number Arithmetic



Practice .Q, Independent

—
Name: Date: Period: Name: Date: Period: I]Eli
E > 1. Evaluate each expression. > 4. The price of an ice cream cone is $3.25, but it costs $3.51 with tax. 3
g B 2245 =17 B _22-(-5) =17 What is the sales tax rate? g
[=4 Let = represent the sales tax as a percent. [=4
3 3.252 = 3.51 8
3.25x + 3.25 =3.51 + 3.25
¢ (-22)(-5) =110 & -22:5 =—44 « =1.08; The sales tax rate is 8%.
> 5. Whichis a scaled copy of Polygon A? Identify a pair of corresponding sides
> 2. Evaluate each expression when x is % yis —4,and zis —0.2. and a pair of corresponding angles. Compare the areas of the scaled copies.
a z+y Polygon A Polygon B Polygon C Polygon D
2 3
s =-3;
4 8
b 2r—=
2 4, 2 90
oF)-con=g+i5=1
90

Polygon D is a scaled copy of Polygon A. The side lengths of Polygon D are
c z+y+z all 2 times the length of the corresponding sides in Polygon A. The area of

g +(—4) + (—0.2) = 0.4 + (—4) + (~0.2) = 0.4 + (—4.2) = 3.8 Polygon D is 4 times greater than the area of Polygon A.

> 6. Uselong division divide each of the following. Show your thinking.

d yez
Y a Divide 496 by 4. b Determine the quotient of
—4.(-0.2)=0.8 496 +4=124; 3.8.and 0.004.
124 3.8 +0.004 = 950;
4)4¢
-4
> 3. Order the expressions from least to greatest based on their values _g
when zis 1. =
16
)
i) l-=z z—1 e
Least Greatest
z—1 z 1-z -1+
490  unit5 Rational Number Arithmetic ©2023 Amplify Education. Inc. Allrights reserved. ©2023 Amplify Education. Inc. Al rights eserved. Lesson 15 Expressions With Rational Numbers 491

Practice Problem Analysis Additional Practice Available

Type P BTN For students who need

1 Activity 1 1 additional practice in
this lesson, assign the
On-lesson 2 Activity 2 2 Grade 7 Additional
Practice.
3 Activity 2 2
Unit4
) 4 Lesson 8 2
Spiral
5 Unit1 >
Lesson 3
. Unit 5
Formative @ 6 Lesson 16 1

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

Lesson 15 Expressions With Rational Numbers  490-491



UNIT5 | LESSON 16

Say It With
Decimals

Let’s represent fractions with decimals.

Goals

.

1. Language Goal: Understand and use the term repeating decimal
when describing a decimal expansion does not terminate, and
represent a repeating decimal expansion with bar notation.
(Speaking and Listening, Writing)

2. Language Goal: Use long division to generate a decimal
representation of a fraction, and describe the decimal that results.
(Writing)

3. Represent a complex fraction as a fraction with integers in
simplest form.

Coherence

¢ Today

Students use long division to express fractions as decimals. They see
how the calculations can sometimes be repeated resulting in a repeating
decimal. Students also evaluate complex fractions to a single fraction in
simplest form.

< Previously

In Lesson 15, students performed operations involving rational numbers.

> Coming Soon

In Lesson 17, students solve problems with rational numbers.

492A Unit 5 Rational Number Arithmetic

Students practice procedural skills of long
division to represent fractions as decimals,
including repeating decimals.

Students apply their knowledge of operations
with fractions to express complex fractions
as a single fraction in lowest terms.



PaCing Guide Suggested Total Lesson Time ~45 min @

O o & & o

Warm-up Activity 1 Activity 2 Activity 3 Summary Exit Ticket
@ 5 min @ 10 min @ 10 min @ 10 min @ 5 min @ 5 min
2 Independent 28 Pairs 28 Pairs 28 Pairs ééé Whole Class 2 Independent

AMPS poweredbydesmos i Activity and Presentation Slides

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

Practice 3 independent Amps | Featured Activity
Materials Math Language Exit Ticket

. Exit Ticket Development Real-Time Exit Ticket

» Additional Practice New words Check in real time if your students

can express a fraction as a repeating

+ Warm-up PDF, A Different * bar notation decimal using a digital Exit Ticket that is
Calculator View (for display) - repeating decimal automatically scored.

* Power-up PDF » terminating decimal

» Power-up PDF (answers) Review words

« Anchor Chart PDF, Examples . integer -~ —
of Division Methods L
(from Grade 6) « long division =

 rational numbers

CO. Amps

desmos
Building Math Identity and Community ® Modifications to Pacing
Connecting to Mathematical Practices You may want to consider these
In Activity 1, students may not recognize when a decimal begins to additional modifications if you are
repeat. They need to recognize when the process they are using to divide short on time.
continually will result in the same number(s) as they determine the value «  Omit the Warm-up. Instead, share
of a fraction expressed as a repeated decimal. It might help students to the definitions for repeating decimals
whisper aloud what they are doing in order to hear the repetition of the and terminating decimals during the
process. As soon as they can identify the repetition, they can write the Activity 1 Connect.
decimal using bar notation. « In Activity 2, give students a time limit

and allow them to complete as many
problems as possible during that time.

«  Omit Problem 3 in Activity 3.

Lesson 16 Say It With Decimals 492B



& Independent | @ 5min

Warm-up Notice and Wonder

Students look at decimal expansions of unit fractions to prepare for the upcoming activities involving
repeating decimals.

0 Launch

Conduct the Notice and Wonder routine.

9 Monitor

Help students get started by asking whether
they recognize or are familiar with any of the
decimals.

Unit5 | Lesson 16

Say It With

Decimals

. . . Look for points of confusion:

Let’s represent fractions with decimals.

+ Trying to find a pattern among the list of
decimals. Having a numerator of 1 in common
does not yield a pattern among the decimal

expansions.

Warm-up Notice and Wonder Look for productive strategies:

A calculator gives the following decimal representations for some unit fractions. . . .
g € P » Wondering if some of the decimals are rounded.

%:o.s L _ 0.166666667 L_onmmm

° ’ 6 Connect
% =0.333333333 % =0.142857143 % =0.1

Display the Warm-up PDF, A Different Calculator

$=025 %:0.125 L= 0090909091 View and ask students if these expanded
. decimals help answer any of their questions.
—=0.2
5 Ask, “How did the calculator get these decimal

What do you notice? What do you wonder? representations? The numbers were divided.

S 1. Inotice. .. Have students share what they noticed and
Sample responses: what they wondered.

I notice that some decimals have more place values than others.

Highlight that calculators cannot always
show the entire decimal value because it may
continue forever. Calculators round; therefore,
students will need to be aware there may be

| recognize some of the decimals, such as 0.5, 0.25, and 0.1.

> 2. lwonder...
Sample responses:
| wonder why some of the decimals have more place values than others.

| wonder why the decimal for%is so different from the others. repetition even if the last digit is different. If
| wonder why the last digit shown is different from the previous digits in gand e thereis a pattern of repeatmg d|g|tsv itis known
as a repeating decimal. In the next activity,
Loginto Amplify Math to complete this lesson online. students will learn how to write those numbers

492 Unit5 Rational Number Arithmetic ©2023 Amplify Education, Inc. All rights reserved.

more precisely than a calculator.

decimals that end at a specific place value.

To power up students’ ability to determine the quotient of two values
using long division:

Provide students with a copy of the Power-up PDF.

Use: Before Activity 1.

Informed by: Performance on Lesson 15, Practice Problem 6.

492 Unit5 Rational Number Arithmetic



28 Pairs | @ 10 min

Activity 1 Repeating Decimals

Students use long division to rewrite fractions as decimals and use bar notation to represent digits which
repeat forever.

o Launch

Name: Date: Period:

Activate prior knowledge and review that

Activity 1 Repeating Decimals fractions represent division between two whole
numbers. Discuss the long division example.
Let's review how to write % as a decimal using long division. Consider displaying the Long Division example
0.875 from the Anchor Chart PDF, Examples of Division
877000 Methods from Grade 6
o} ethods from Grade 6.
70 Monit
—64 7 onitor
60 5= 087 9
- 5460, Help students get started by reminding them
40 there are infinitely many zeros after a decimal
0 point and they can add as many as they need to
expand their number.
> 1. Determine the decimal value 01‘29—5 > 2. Dgtermine thg qecimal value of% Look for points of confusion:
using long division. using long division. A A . ) .
0.36 066 + Setting up their long division with the divisor and
Zigﬁj" iﬁg.oo dividend in the incorrect places. Prompt them to
90 20 think about what is being divided and what it is being
—if_‘o —120 divided by. Consider writing the fraction as a division
_150 _18 problem with the obelus symbol (<) to help them
0 20 determine which is the divisor and/or dividend.
9 036 2 _0.6666... o L :
25 3 + Misaligning their digits. Remind students to be very

careful and methodical when performing long division.

Look for productive strategies:
» Recognizing the pattern continues forever when

dividing 2 by 3.
Connect
> 3. Whatdid you notice in Problem 2?
Sample response: The pattern repeats and is not going to end. Dlsplay any problems or SO|UtiOﬂS necessary to

facilitate class discussion.

Highlight the example in Problem 2 is known as
arepeating decimal and can be represented with
bar notation, such as% =0.666666...=0.6. The
forever, as seen in the long division in Problem 2.
Lesson16 Say It With Decimals 493 Also, show how the ellipses (. . .) can be used to show
repetition if a few iterations of the pattern are shown.

Ask, “How could you write 0.4545454545 . . .
using bar notation? How could you write
the decimals in the Warm-up using the bar
notation?”

I e Differentiated Support Math Language Development |

Accessibility: Activate Prior Knowledge MLR2: Collect and Display

Review with students how to write fractions as As students share what patterns they notice, capture and define language related to repeating and
decimals using long division. Consider walking terminating decimals and add this to the class display. For example, consider adding the following to
through the given example, %. Ask a student the class display:

volunteer to demonstrate each step, using a : . . o .

think-aloud to illustrate what is happening at Repeating decimals Terminating decimals

RS, The long division results in a repeating, nonzero The long division results in 0.

digit. Bar notation can represent the repeating
digit, for example, 0.6.

English Learners

Provide examples of fractions that lead to terminating and repeating decimals.

Lesson 16 Say It With Decimals 493



28 Pairs | @ 10 min

Activity 2 Practice With Repeating Decimals

Students express rational numbers as decimals to build fluency.

\_____________________ 0 Launch

Activity 2 Practice With Repeating Decimals

Use long division to express each fraction as a decimal. If you recognize repetition,

stop and write the decimal using repeating bar notation.

Have students conduct the Think-Pair-Share
routine as they work through the problem set.

9 Monitor

> 1 2 o4 S 2% _os >3 5 _oss Help students get started by' havm.g.them refer

5 9 6 to the example and problems in Activity 1.

29 97800 615000
ey —oy —0y Look for points of confusion:

20 40 50
=20 36y -48 + Writing the repeating bar over both the 8 and

0 0 2 the 3 in Problem 3. Remind students that the bar
20 only is above the digit or digits which repeat over
and over.

» Not stopping when they see repetition. Remind
students that these numbers will continue forever,
so they will need to stop.

4 7 - 3
> 4. T =036 > 5. 13 =0-583 > 6. 3 =037
0.3636 0.5833 0.375
11)4.(3 12)7.0 858.30 ) @ ConneCt
-0 -0 -0
40 70 30 Display any problems and solutions which will
—33 —60 —24 - . .
70 100 60 help facilitate class discussion.
—66 —96 —56y
_gg _;g _:g Highlight the many patterns of repetition, such
70 1 0 as in Problem 1, there was one digit that did not

repeat, Problem 4 has two digits that repeat,
and Problem 5 has two non-repeating digits with
one repeating digit.

Ask:

» “When did you decide to stop the division? Why?"

:: Are you ready for more?

As you saw in a previous lesson, 2 is used as an approximation for . Express this fraction « “Order the numbers from least to greatest. Did you
as a decimal. How does this approximation compare to 3.14?

) compare the fractions or the decimals to help you
3.142857; When rounded to the hundredths place, the rounded value is equal H .
to 3.14. order the numbers?

494 unit5 Rational Number Arithmetic ©2023 Amplify Education, Inc. All rights reserved.

— e Differentiated Support '

Accessibility: Vary Demands to Optimize Challenge Extension: Math Enrichment

Allow students to choose three of the six problems to complete. Offering them
the power of choice can lead to greater engagement and ownership of the task.

Ask students to create a graphic organizer of common fractions and whether
their decimal representations are repeating or terminating. Have them consider
fractions, such as the following:

+ Denominators of 2, 4,5, 8, 10 Terminating

» Denominators of 3, 6,9 Some are repeating, while others are terminating.

The ones that terminate can be written in simpler forms, such as% = %

494 unit 5 Rational Number Arithmetic



Activity 3 Complex Fractions

&~ Pairs | @ 30 min

Students use division of fractions to rewrite complex fractions as a single fraction in lowest terms.

Name: Date: Period:

Activity 3 Complex Fractions

> 1. Review the two expressions shown. Do you think they have the same or different
values? Explain your thinking.

wlwins

NN

Sample response: They have different values. Part a is equivalent to 2 +%
and part b is equivalent to § +4.

> 2. Determine the value of each complex fraction. Write your response as a fraction in
simplest form.

a % b
1

|
|

L8]

Wi wiafwin
|
I
H

W

o
|

—
Y
D= ey

> 3. Express each of your responses in Problem 2 as a decimal. Show your thinking.
1

8 = 1 =
—=2.6 —~=0.16 ==0.5
a 3 b 6 c 2
2.66 0166 0.5
3)8. 6)1.0 2)1.0
—6y| -0y -0y
20 10 10
—18y —4 —-10
20 60 0
—36 Note: Some students

40 may recognize this
decimal without having

to show long division. @

©2023 Amplify Education, Inc. All rights reserved Lesson 16 Say It With Decimals

I e Differentiated Support

Accessibility: Guide Processing and Visualization

Help students make sense of the structure of a complex fraction by having

them think of a complex fraction as “a fraction within a fraction.” Provide access
to colored pencils and have them color code the longest fraction bar in each
problem. This indicates the “overall fraction.” Then ask them to describe whether
the numerator, denominator, or both of each overall fraction are also fractions.

I:l <+— The numerator could also be a fraction.

I:l <+—— The denominator could also be a fraction.

495

o Launch

Activate background knowledge that when
dividing two integers the result will either be

a terminating or repeating decimal. Today,
students will see what happens when they
divide two rational numbers. Remind them that
dividing by a fraction is equivalent to multiplying
by the reciprocal of that fraction.

Monitor

Help students get started by helping them
rewrite the complex fractions using the obelus
(<) symbol.

Look for points of confusion:

» Not reciprocating the second fraction in Problem 2.
Have students reference an example of how dividing
fractions is equivalent to multiplying by the reciprocal.

Look for productive strategies:
. Recognizingg is 2% and % = 0.6 without having to
perform the long division calculations.

Connect

Have students share their thinking and
solutions to the problems.

Highlight how complex fractions are called
complex because they have multiple fraction
bars, not because they are complicated. Students
already possess the skills necessary to evaluate
these numbers. They need to pay attention to
where the longest fraction bar is located, because
this will represent the division of the two rational
numbers.

Ask:

« “How do you evaluate a complex fraction?” Rewrite
the division problem as multiplication of the
reciprocal of the number in the denominator of the
complex fraction.

« “Evaluate 1 + % +%

Extension: Math Enrichment

Have students examine the structure of the following complex fractions and
evaluate them, without performing long division. Have them explain their

thinking.
1

w\m|w|

oo|~1|oo\w

é; One third out of five thirds is the same as one out of five.

%; Three eighths out of seven eighths is the same as three out of seven.

Lesson 16 Say It With Decimals 495



388 Whole Class | @ 5min

Summary

Review and synthesize how to rewrite fractions as terminating or repeating decimals.

— G Synthesize

Display the Summary from the Student Edition.

Summary .
Formalize vocabulary:

 bar notation
In today’s lesson . . . |

You used long division to represent fractions as decimals. Sometimes the decimal

Highlight rational numbers are numbers which
can be expressed as a ratio of two integers

Y B which can either be expressed as terminating
g9 = 0-14141414...=0.14 decimals or repeating decimals.

which repeat or with the ellipses (... ) at the end.

1 ~
3—0.333...—0.3

Remember to put the bar only over the repeating digits.

o Ask, “Did you recognize any patterns in what

g0 = 09888... =058 type of fractions produced repeating decimals
versus ones that produced terminating
decimals?”
> Reflect:

o Reflect

After synthesizing the concepts of the lesson,
allow students a few moments for reflection.
Encourage them to record any notes in the
Reflect space provided in the Student Edition.
To help them engage in meaningful reflection,
consider asking:

» “How do you rewrite a fraction as a decimal?”

496 Unit5 Rational Number Arithmetic ©2023 Amplify Education. Inc. All ights reserved.

— Math Language Development . _________________________________________________________________________________________________________ |

MLR2: Collect and Display

As students formalize the new vocabulary for this lesson, ask them to refer to the class
display that you started in this unit. Ask them to review and reflect on the terms and
phrases related to the terms bar notation, repeating decimal, and terminating decimal that
were added to the display during the lesson.

496 Unit5 Rational Number Arithmetic



& Independent | @) 5min

Exit Ticket

Students demonstrate their understanding by rewriting fractions as repeating decimals using
proper notation.

Amps Featured Activity ~Real-Time Exit Ticket : .
............................... Q Success looks like . . .

Name: Date: Period:

» Language Goal: Understanding and using
the term repeating decimal when describing

Exit Ticket m a decimal expansion does not terminate, and

representing a repeating decimal expansion

with bar notation. (Speaking and Listening,
Write each fraction as a decimal. If you recognize repetition, stop and write Writing)
the decimal using bar notation.

+ Language Goal: Using long division to

5 5
1. = =05 2. —=045 . .
9 1 generate a decimal representation of a
0.55 0.4545 i ibi i
oy g fraction, an(fi f:lescrlblng the decimal that
-0 -0 results. (Writing)
50 50
—45 —44 » Using long division to find the decimal
%0 _‘;‘; representation of%andf—lin Problems1and 2.
50
-4 » Goal: Representing a complex fraction as a

fraction with integers in simplest form.

Q Suggested next steps

If students write the repeating bar above the
incorrect digits, consider:

» Reviewing Activity 2.
» Assigning Practice Problems 1and 2.

Note: Students will revisit this content in

Grade 8.
o
? I (4
I don't really I'm starting to I gotit
getit getit
a | canrepresent fractions as b | canrepresent repeating decimals
decimals. with bar notation.
72 3 1 2 3
©2023 Amplity Education, Inc. Allights reserved Lesson 16 Say It With Decimals
Professional Learning
| __________________________________________________________________________________________________________________________________|]

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

> Points to Ponder ...

What worked and didn’t work today? In what ways did things happen that
you did not expect?

The focus of this lesson was rewriting fractions as repeated decimals. How
did that go? What might you change for the next time you teach this lesson?

Lesson 16 Say It With Decimals 497A



Practice

.Q. Independent

Name:

Date: Period:

> 1. Diego was writing fractions as repeating decimals. He used long division
and determined 2% = 0.23111111. He wrote his answer as 0.231.

225

Is he correct? Explain your thinking.
No; Sample response: Diego’s answer of 0.231 represents 0.231231231 ... . .

He should have written 0.231.

> 2. Write each fraction as a decimal. If you recognize repetition, stop and
write the decimal using bar notation.

[l
o
2
2
3

aonoead [

Name; Date: Period:

> 4. Bardsays that because 4 + (—3) is equivalent to (=3) + 4, this means that 4 — (-3)
must be equal to (—3) — 4. Explain why Bard is incorrect. Use the provided diagrams in
your explanation, if helpful.

Sample response: The order does not matter when adding, but when subtracting,
when you change the order, the differences are opposites.

4 — (—3) represents the distance from —3 —3 — 4 represents the distance from 4 to

to 4 whichis 7. —3 whichis —7.
7 -7
_— —
543 -z -1 0 1 2 3 4 5 543z o1 0 1 i s

a 2 _oa b 3 _os1
11 90 1
08181 0811 > 5. Each of the expressions shown has a value of -
11)9.0 90)73.0
-0y -0y 1. (1 1 1 .
90 730 =z =1 o -1+2
—88 =720
20 100 . . . .
11 —90 Write five expressions of your own: a sum, a difference, a product, a quotient,
90 100 and one using at least two operations that all have the value of —%.
—88y Sample responses:
20 1 2 1 1
_Z+(_Z) 71 -3 —3+4 —3e1:+4

> 3. Determine the value of each complex fraction. Write your response as a
fraction in simplest form. Show your thinking.

> 6. Evaluate each expression.

4 a —5-8 =-13 b —12+4(-3) =-15

4_,1 8_1
gty T

9

Sample response: 3 1
Sample response: 4., 11_1 € 5.8 =-40 d 16+ -3 =-32

28499 4,1 87729718
1rg=t T2 h
€ —3+2+(-8)+(-10) =157 f —6+(-2)+(-3) =-9

©2023 Ampity Education, Inc. Allights reserved

Lesson 16 Say It With Decimals

Practice Problem Analysis

Type Problem

Refer to

497

498 Unit5 Rational Number Arithmetic

©2023 Amplify Education. Inc. Allights reserved.

Additional Practice Available

For students who need

1 Activity 1 1 additional practice in

On-lesson 2 Activity 2 1 this lesson, assign the
3 Activity 3 1 Grade 7 Additional
4 Unit 5 5 Practice.

. Lesson 7

Spiral

5 Unit5 >
Lesson 15
. Unit 5
Formative © 6 Lesson 17 1

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

497-498 Unit 5 Rational Number Arithmetic



UNIT5 | LESSON 17

Solving Problems
With Rational
Numbers

Let’s use all four operations with
rational numbers to solve problems.

Goal

1. Language Goal: Apply operations with rational numbers to solve
problems, and present the solution method. (Writing, Speaking
and Listening)

Coherence

Today

Students put together what they have learned about rational number
arithmetic and interpretation of negative quantities, such as negative
time or rates of change. The problems are designed so that it is natural
to solve them by completing tables or making numeral calculations to set
the foundation for writing and solving equations with rational numbers.

Previously

In Lesson 15, students evaluated expressions with rational numbers and
all four operations.

Coming Soon

In Lesson 19, students will write equations with rational numbers to
solve problems.

Students apply their understanding of the
four operations with rational numbers to
solve real-world problems.

Lesson 17 Solving Problems With Rational Numbers 499A



Pacing Guide

Suggested Total Lesson Time ~45 min @

O O @

Warm-up Activity 1 Activity 2
@ 5 min @ 10 min @ 18 min
000 00 . 000
37 Small Groups A Pairs 37 Small Groups

AmMmPS poweredbydesmos | Activity and Presentation Slides

o

Summary Exit Ticket
@ 5 min @ 7 min
090 O
999 Whole Class A~ Independent

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

Practice % Independent

Materials Math Language
- Exit Ticket Development
+ Additional Practice Review words
» Anchor Chart PDF, Operations + associate property
with Rational Numbers, - commutative property
Parts 1-3 (answers, as o
needed) « Distributive Property

 rational numbers

Building Math Identity and Community

Connecting to Mathematical Practices

Students should keep in mind that good relationships are an important
part of math practice. Just as they must be precise when working with
signed numbers, students must also be precise in their communication.
They must clearly communicate when they are contributing to the group
task, as well as when they need something from the group.

499B Unit 5 Rational Number Arithmetic

Amps | Featured Activity

Warm-up

Poll the Class

Assess, in real-time, which equation(s)
students do not believe belong with the others.
Use the results to facilitate a discussion about
why each equation might not belong.

-

CO Amps

desmos

©® Modifications to Pacing

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

+  Omit the Warm-up.

»  Omit Activity 1. Consider assigning it
as Additional Practice.



000 .
23 small Groups | @) 5min

Warm-up Which One Doesn’t Belong?

Students apply their understanding of the four operations on rational numbers to analyze equations
representing properties of addition and multiplication.

Amps Featured Activity PQIItHé’CIa\'éé 0 Launch

Conduct the Which One Doesn’t Belong? routine.

9 Monitor

Help students get started by asking, “What do
you notice about each equation?”

Name: Date: Period:

Unit5 | Lesson 17

Solving Problems
With Rational

Numbers Look for points of confusion:

» Thinking that there is only one correct answer.
Remind students that there are multiple correct
answers, but they must be able to justify their
reasoning.

Let’s use all four operations with
rational numbers to solve problems.

» Citing a reason that eliminates more than one

Warm-up Which One Doesn’t Belong?

Four equations are shown. Which expression does not belong with the

others? Explain your thinking.
A —2(3+1)=—-2+3+(-2)1
B. —2+4=14.(=2)

C. —2+10=10+(-2)

D. 2+ (-2+(-8))=(2+(-2))+(-8)

Sample responses:
Choice A is the only equation that has both multiplication and addition.
Choice B is the only equation that has only multiplication.

Choice C is the only equation that when evaluated on each side, the result

is +8 (the rest are —8).
Choice D is the only equation that has two addition signs.

Log in to Amplify Math to complete this lesson online.

©2023 Amplify Education, Inc. Al rights reserved.

To power up students’ ability to evaluate expressions with rational values,

have students complete:

Evaluate each expression. Show your thinking.

1.1-8+2 2.-3-9.(-2
=742 =—3—(-18)
=-5 =—3+18
=15

Use: Before Activity 2.

Informed by: Performance on Lesson 16, Practice Problem 6.

Lesson 17 Solving Problems With Rational Numbers 499

equation. Ask, “Is this the only equation that has
that quality?”

Look for productive strategies:

» Comparing the operations used in each equation.

» Comparing the value of each equation once
evaluated on each side.

Connect
Display the four equations.

Have students share which equation they chose
and their reasoning. Ask the class whether they
agree or disagree and to justify their reasoning.

Ask, “What property of addition or
multiplication does each equation model?”

+ Equation A: Distributive Property

» Equation B: Commutative Property of Multiplication
» Equation C: Commutative Property of Addition

» Equation D: Associative Property of Addition
Highlight that the associative and commutative
properties, as well as the Distributive Property,

can be helpful when simplifying expressions that
represent problems involving rational numbers.

Lesson 17 Solving Problems With Rational Numbers 499
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Activity 1 Energy Supply, Revisited

Students apply their understanding of rational numbers and operations to solve problems involving
energy generation.

. 0 Launch

Activate prior knowledge by asking what
students remember about how the cost of
energy is calculated for families who have solar
panels. Remind students of the work they did in
Lesson 5, Activity 2.

Activity 1 Energy Supply, Revisited

Bard's family decided to change their energy company and they want to better
understand their new rates for energy consumption. The statement from the energy
company shows their usages, charges, and credits for the first three months of the
new year.

Balance

9 Monitor
20.25

Help students get started by asking, “How does
the energy company determine whether Bard's

Details Charges ($) Credits ($)

Consumed: 515 kwH
Produced: 425 kwH

Consumed: 484 kwH

Produced: 456 kwH 630 26.58
,,,,,,,,,,, i family is charged or whether they earn a credit?”
Consumed: 515 kwH
4.05 22.50 . )
Produced: 533 kwH Look for points of confusion:
Totals 26.55 4.05 22.50

» Forgetting that the balance is not the amount due
that month. Remind students that the balance is
the running total or the sum of the current month’s
charges with the previous month's balance.

> 1. Complete the missing information in the statement.

> 2. What is the new rate for the energy company in dollars per kilowatt-hours?

— e Differentiated Support

500

Show your thinking.
$0.225 per kwh; Sample response:
For January: 515 — 425 = 90. They used 90 kwh.
20.25 + 90 =0.225
> 3. During the previous year, Bard's family consumed 484 kwh of power and produced
520 kwh of power in April. Assuming they use and produce the same amount of
power this year, what charges or credits should they expect on their April bill?

Show your thinking.

They will have a credit of $8.10; Sample response: 0.225(484 — 520) = 0.225(—36) = —8.10

:: Are you ready for more?

1. Determine the value of the expression without a calculator.
2(=30) + (=3)(~20) + (~6)(~10) — 23+ 10

Sample response: 2(—30) + (—3)(—20) + (—6)(—10) — 2(3)(10)

=—60+60+60—60=0

2. Write an equivalent expression using addition, subtraction, multiplication,

and division and only negative numbers that have the same value.
Sample response: —1 + (=1) — (=1) — (1) « (=1) + (-1)

500  unit5 Rational Number Arithmetic

©2023 Amplify Education, Inc. All rights reserved

Accessibility: Activate Prior Knowledge,
Guide Processing and Visualization

Ask students to look back at their work from
Lesson 5, Activity 2 and ask, “What is similar about
these activities? What is different?” Guide them to
see that the new rate is not known in this activity,
asitwasinLesson 5, Activity 2.

Unit 5 Rational Number Arithmetic

MLRG6: Three Reads

Look for productive strategies:

» Determining the difference between the kwh used
and generated each month and checking that the
cost per kwh is consistent from month to month.

Connect
Display the table from the Student Edition.

Have students share how they used the values
in the table to determine the missing values and
the cost per kwh for energy.

Ask, “For Problem 3, what expression can you
write to determine the cost for April?” Sample
response: 0.225(484 — 520)

Highlight that, when working with problems
with rational numbers, students must keep in
mind the signs of the values, the operations that
represent the scenario, and the order for each
operation.

Math Language Development |

Use this routine to help students make sense of the introductory text.

« Read 1: Students read the problem with the goal of comprehending the situation (e.g., A utility

company charges for energy use.)

« Read 2: Ask students to name or highlight the given quantities and relationships, without focusing
on specific values. For example, ask, “Was more energy consumed or produced in February? How do

you know?"

* Read 3: Ask students to plan their solution strategy as to how they will complete the statementin

Problem 1.

English Learners

Clarify the meaning of the terms consumed and produced for students.
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Activity 2 Deep Ocean Exploration

Students investigate the location of an automated underwater vehicle to reason about a real-world situation
involving the four operations on rational numbers.

0 Launch

Activate students’ background knowledge by
Activity 2 Deep Ocean Exploration asking what they know about ocean exploration
or automated underwater vehicles (AUVs).

Name: Date: Period:

According to the National Oceanic and Atmospheric

Administration (NOAA), over 80% of the world’s -

oceans remain unexplored. As part of the 9 M on |t°r

international goal of mapping the entire ocean floor

by 2030, the NOAA ship Okeanos Explorer completed Help students get started by asking, “How
research in the North Atlantic Ocean. During their does each given expression in the table
expedition they tested the autonomous underwater o e g Ao e represent the situation being described?”

vehicle Orpheus.

) ) Look for points of confusion:
> 1. Orpheus can descend at a constant rate of 30 m per minute. A sensor on the vehicle

begins gathering data when Orpheus is 250 m below sea level. Complete the table that » Not following the order of operations when
shows Orpheus's location for the given times. simplifying their expressions. Remind students
that they should evaluate multiplication prior to

Time (minutes) Change (m) Expression Location (m)

addition.

0 0 —250 + 0+ (—30 —250
50+0- (30 ° » Confusing the rules for multiplication and

1 —30 —250 + 1+ (=30) —280 addition when they are in the same expression.
Have students reference the posted Anchor Chart
PDF, Operations on Rational Numbers.

5 —150 —250 + 5« (—30) —400

10 —-300 —250 + 10 « (—30) —550

» Struggling to determine the time it took
Orpheus to reach 250 m below sea level from
the surface (0). Encourage students to apply

> 2. Using the data provided, determine the location of Orpheus prior to the sensor repeated reasoning to the table in Problem 2.
being activated.

Look for productive strategies:

Time (minutes) Change (m) Expression Location (m) ) ) ) )
3 3 3 » Applying their understanding of the equation
L = =230 o (=& =D d = rt to Problem 3, and dividing —250 by 30 to
0 0 —250 + 0+ (—30) —250 determine the time to get to 250 m below sea level
from the surface.
-1 30 —250 + (~1) « (~30) —220
=2 e —250+(-2) - (=30) —190 Activity 2 continued >
-3 90 —250 + (—3) - (—30) -160
-5 150 —250 + (—5) « (—30) —-100
©2023 Amplify Education, Inc. All rights reserved. Lesson 17 Solving Problems With Rational Numbers 501

I e Differentiated Support Math Language Development |

Accessibility: Activate Prior Knowledge, MLR7: Compare and Connect

Guide Processing and Visualization During the Connect, as you display completed tables and have students respond to the Ask questions,
Provide students with copies of the Anchor Chart draw their attention to the connections between the structure of the expressions. Ask these follow-up
PDFs, Operations with Rational Numbers, Parts 1-3 questions:

(answers) to reference throughout the activity. + “Where do you see the change in location in your expression?”

» “How is the time represented in your expression?”
» “How do repeated computations appear in your expression?”

» “Why does the time in the second table start at 1 minute and decrease? What do the negative times
mean in this context?”

+ “Why do the changes in location become more negative in the first table, but become more positive
in the second table?”

Lesson 17 Solving Problems With Rational Numbers 501
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Activity 2 Deep Ocean Exploration (continued)

Students investigate the location of an automated underwater vehicle to reason about a real-world situation
involving the four operations on rational numbers.

. 9 Connect

Display tables completed by students for
Activity 2 Deep Ocean Exploration (continued) Problemsland 2.

Ask:
> 3. How many minutes was Orpheus descending before the sensor turned on?

8% min; Sample response: If | continue the pattern in the table, at —8 minutes * “What do the positive and negative values in each
.the_Orpheuls w.ould be at —10 m. Because it is traveling at a rate olf 3(.) m/minute, expression represent?"
it will take 3 minutes to travel 10 m, so the Orpheus was at 0 m 85 minutes

before the sensor turned on. + “How does each expression match the scenario?”

Have students share their reasoning for
Problem 3. If possible, have students share
strategies with and without expanding the table
from Problem 2.

Highlight that writing expressions can help

to see and reason about repeated operations
and make sense of problems. When simplifying
these expressions, it is important that the order
of operations is followed.

:: Are you ready for more?

Evaluate each of the following expressions.
1. 1-2+3-445-6 =-3
2. 1-2+3-4+...499-100 =-50

3. 1-34+45-7+...+97-99 =-50

4. 12-224+32-42452-62 =-21
@ 5. 12-22+32-4%24+...+992-100> =-5,050
502 unit5 Rational Number Arithmetic ©2023 Amplify Education, Inc. All rights reserved.
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éﬁ Whole Class | @ 5 min

Review and synthesize how to use the four operations with rational numbers to solve problems.

Name: Date: Period:

Summary

In today’s lesson . ...

You solved problems involving all four operations with rational numbers. You
saw that each operation could be used to determine different information, such
as in the activity about electricity. In other scenarios, such as the activity about
Orpheus, you have to use multiple operations together to model a situation.

No matter the scenario, the order of operations and rules for adding, subtracting,
multiplying, and dividing still hold true.

Remember, when working with two rational numbers:

Same sign Different signs

Add their magnitudes Subtract their magnitudes
and keep the same sign for and use the sign of the
the sum. number with the greater
magnitude for the sum.

Addition

Rewrite the difference as the sum of the additive inverse, and

Subtection then follow the rules for addition.

Multiply or divide as you Multiply or divide as you
Multiplication would with two positive would with two positive
or Division values. The product or values. The product or

quotient is positive. quotient is negative.

> Reflect:

©2023 Ampiy Egucation, nc. Allrights reserved. Lesson 17 Solving Problems With Rational Numbers 503

G Synthesize

Display the Summary from the Student Edition.

Ask, “How did you determine which operations
to use and in what order when solving problems
in the activities today?”

Highlight that the order in which computations
are completed depends on the scenario. In
Activity 1, students needed to subtract prior to
multiplying. However, in Activity 2, they needed
to multiply by the rate of change first and then
add that to —250 to determine the final location.

Reflect

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

+  “How is solving problems with negative rational
numbers similar to or different from solving
problems with only non-negative rational numbers?”

Lesson 17 Solving Problems With Rational Numbers 503
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Exit Ticket

Students demonstrate their understanding of how to use rational numbers and the four operations
to solve problems.

Q Success looks like . ..

Name: pate: Fertod - Language Goal: Applying operations with
rational numbers to solve problems, and
Exit Ticket 5.17 presenting the solution method. (Writing,

Speaking and Listening)

» Using rational numbers to solve problems in the

Lin’s sister has a checking account. If the account balance ever falls below zero, X
context of account balances in Problems 1and 2.

the bank charges her a fee of $5.50 per day that the account balance is below zero.
Today, the balance in Lin’s sister’s account is —$2.60.

o Suggested next steps

If students struggle to make sense of each
problem, consider:

1. If she does not make any deposits or withdrawals, what will be the balance in her
account after 2 days? Show your thinking.
—$13.60; Sample response: —2.60 + 2 « (—5.50) = —2.60 + (—11.00) = —13.60

+ Asking, “How would you determine how much

2. In 14 days, Lin's sister will be paid $430 and she will deposit it into her checking

account. If there are no other transactions other than this deposit and the daily fee, will
Lin's sister continue to be charged $5.50 each day after this deposit is made? Show or
explain your reasoning.

No; Sample response:

—2.60 + 14 « (—5.50) = —2.60 + (—77) = —79.60

—79.60 + 430 = 350.40

Lin’s sister will have $350.40 in her account after the deposit, so she will no longer be
below zero and no longer be charged a fee.

money is in Lin's account after one day? Two
days? Ten days?”

» Reviewing strategies from Activity 2.

» Assigning Practice Problems 1and 3.

(s )

1 don’t really

getit

(]
I'm starting to I got it
getit

a | can represent real-world scenarios
with expressions that include
rational numbers.

1 2 3

b | can solve real-world problems
involving rational numbers using the
four operations.

1 2 3

©2023 Amplify Education. Inc. All rights reserved.

Lesson 17 Solving Problems With Rational Numbers

Professional Learning
_________________________________________________________________________________________________________________________________________________________________________|

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

> Points to Ponder . . .

+ What worked and didn’t work today? Thinking about the questions you asked
students today and what the students said or did as a result of the questions,
which question was the most effective?

« Thislesson asked students to apply their understanding of operations on
rational numbers to solve problems. Where in your students’ work today did
you see or hear evidence of them doing this? What might you change for the
next time you teach this lesson?

504A Unit5 Rational Number Arithmetic



Practice .Q, Independent

Name: Date: Period: Name: Date: Period:
> 1. Abank charges $7.50 per month for a checking account. A bank account has a balance > 3. Alarge aquarium of water is being filled with a hose. Due to a problem, the sensor
of $85.00. No money is withdrawn or deposited, except the service charge. does not start working until some time into the filling process. The sensor starts
@ How much money will be in the account after five months? its recording at the time zero minutes. The sensor initially detects the tank has
Show your thinking. 225 liters of water in it.

$47.50; Sample response: 85.00 — 7.50 « 5 = 85.00 — 37.50 = 47.50 a  The hose fills the aquarium at a constant rate of 15 liters per minute.

What will the sensor read at the time 5 minutes?
300 liters; Sample response: 225 + 15 « 5 = 225 + 75 = 300

b How many months until the account balance is negative? Show your thinking.

12 months; Sample response: 85.00 + 7.50 ~ 1.3 b Later, someone wants to use the data to find the amount of water at times before

the sensor started. What should the sensor have read at the time —7 minutes?
120 liters; Sample response: 225 + 15 « (—7) = 225 + (—105) = 120
> 2. Each table shows the transactions, in dollars, in a checking account for one month.

2> 4. Afurniture store pays a wholesale price for a mattress. Then the store marks up the

—38.50 250.00 ~14.00 —86.80 retail price to 150% of the wholesale price. Later they put the mattress on sale for
50% off the retail price. A customer just bought the mattress on sale and paid $1,200.

126.30 —135.20 99.90 —570.00 a  What was the retail price of the mattress, before the discount? Show or explain
429.40 35.50 ~82.70 100.00 yourthinking. ) o
The retail price was $2,400; Sample response: $1,200 is 50% of the retail price.
~265.00 ~62.30 ~1.50 ~280.10 1200+ 0.50 = 2400

b What was the wholesale price, before the markup? Show or explain your thinking.

a Determine the total of the transactions for each month. Show your thinking. The wholesale pri $1,600: S | $2,400 is 150% of th
e wholesale price was $1,600; Sample response; $2,400 is of the

January: $252.20. Sample response: February: $88.00. Sample response: wholesale price. 2400 + 1.50 = 1600
—38.50 + (—265.00) = —303.50 250.00 + 35.50 = 285.50
126.30 + 429.40 = 555.70 —135.20 + (—62.30) = — 197.50
555.70 + (—303.50) = 252.20 285.50 + (—197.50) = 88.00
2> 5. Solve each equation. Show your thinking.
March: $1.70. Sample response: April: —$836.90. Sample response: 1 3 3 1
—14.00 + (—82.70) + (—1.50) = — 98.20  —86.80 + (—570.00) + (—280.10) = —936.90 a =38 b gty=23
99.90 + (~98.20) = 1.70 100.00 + (—936.90) = —836.90 1.1 .3, .1 3 3, _,1 3
22z—22—34—22 14 14+y—22 14
b Determine the mean (average) total for the four months. Show your thinking. w=§;§ y =§_l
4 "2 2 4
—$123.75 each month; Sample response: 3 1 3
252,20 + 1.70 + 88 + (—836.90) = —495 r=30rly v=1
—495 £ 4=-123.75 © 8.4=24) d 9.03=2:+0.82
8.4 +-24=24b+24 9.03 —0.82 =z + 0.82 — 0.82
0.35=0 82l==z
504 unit5 Rational Number Arithmetic ©2023 Amplify Education, Inc. All ights reserved. ©2023 Amplify Education, Inc. Al rights reserved. Lesson 17 Solving Problems With Rational Numbers 505

Practice Problem Analysis Additional Practice Available

Type Problem Refer to

For students who need

1 Activity 2 2 additional practice in
this lesson, assign the
On-lesson 2 Activity 1 2 Grade 7 Additional
o Practice.
3 Activity 2 2
. Unit4
Spiral & Lesson 4 2
Formative @ 5 Uinlirs 1

Lesson 18

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

Lesson 17 Solving Problems With Rational Numbers - 504—~505



UNIT5 | LESSON 18

Solving Equations
With Rational
Numbers

Let’s solve equations that include
negative numbers.

(Focus [ Rigor
Goals + Students build conceptual understanding
1. Language Goal: Explain how to solve an equation of the form of solving eq‘uation.s oftheformsz +p =g
T+ p =qorpz=q, where p, ¢, and z are rational numbers. and pz = ¢ with rational values.

(Speaking and Listening, Writing)

2. Language Goal: Generalize the usefulness of additive inverses and
multiplicative inverses for solving equations of the forms z + p = ¢
and px = ¢. (Speaking and Listening)

Coherence

* Today

Students expand on their understanding of solving equations of the forms
p + x = qand px = ¢, where all values are positive, to solving equations

of the same form with rational values. They determine that additive and
multiplicative inverses can be used whether the values are positive or
negative.

< Previously

In Grade 6, students solved equations of the forms p + x = gand pz = ¢,
where p, ¢, and x were all non-negative values.

> Coming Soon

In Unit 6, students will build on their understanding of solving equations
of the forms p + x = ¢ and px = ¢ with rational values to solve equations
of theforms pz + r=gand p(z + q) = .

506A Unit5 Rational Number Arithmetic



PaCing Guide Suggested Total Lesson Time ~45 min @

O o & & o

Warm-up Activity 1 Activity 2 Activity 3 Summary Exit Ticket
@ 5 min @ 8 min @ 13 min @ 10 min @ 5 min @ 5 min
2 Independent &2 Pairs &2 Pairs £2% Small Groups ??é Whole Class 2 Independent

AMPS poweredbydesmos i Activity and Presentation Slides

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

- o .
Practice & independent Amps : Featured Activity
Materials Math Language Exit Ticket
« Exit Ticket Development Real-Time EXxit Ticket
» Additional Practice Review words Check in real time that your students
. . P understand methods for solving equations
Anchqr chart PDF’ Solving additive inverse with rational numbers by using a digital Exit
Equations (for display) « inverse operation Ticket that is automatically scored.
« Anchor chart PDF, Solving - multiplicative inverse
Equations (answers) .
* solution
— X
=
CO.) Amps
desmos
Building Math Identity and Community ® Modifications to Pacing
Connecting to Mathematical Practices You may want to consider these
Students might not yet see patterns when solving equations in Activity 3. additional modifications if you are
They should focus on the structures they know that help them keep the short on time.
equations true throughout the process. They might reach a point where «  The Warm-up may be omitted.
they are unsure Whgt to do, but, if they are organized and have applied the o AT S eve s e meie fh
structure of recording each step of the solution process, others can easily . : . .
heir thinki douide th h inverse operations without solving the
see their thinking and guide them to the next steps. equations. Assign the final column as

a practice problem.

Lesson 18 Solving Equations With Rational Numbers 506B
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Warm-up Number Talk

Students determine the missing value(s) in equations by using their prior knowledge of additive and
multiplicative inverses.

0 Launch

Conduct the Number Talk routine, displaying
one equation at a time.

9 Monitor

Unit5 | Lesson 18

Solving Equations

With Rational Help students get started by asking, “What

N b does it mean to make an equation true?”
umoboers

Look for points of confusion:

Let’s solve equations that include

> » Using inverse operations to solve Problems 2 and 5.
negative numbers.

Ask students to reason about what they notice given
the values in each equation.

Look for productive strategies:

Warm-up Number Talk ] o
» Choosing additive inverses for Problem 3 and

The variables a through h all represent different numbers. multiplicative inverses for Problem 6.
Mentally determine the number(s) that make each equation true.
> 1l —6+6=a
o 9 Connect

Have students share their reasoning for each

> 2 l+b=0 problem. Record and display the responses.

=11

Ask:
> 3. ¢c+d=0 » “What strategies or relationships did you use to help
Answers may vary,butc = —d,and c # d #0 you to determine the unknown values?”
S 35 » “Who canrestate ___'sreasoning in a different way?”
4, Se==¢
5 31 » “Does anyone want to add onto ___'s strategy?”
e=
Critique and Correct: “ . "
Your teacher will display an » “Do you agree or disagree? Why?
incorrect statement about
” e ;_ff ! mfégfrsneeeﬂgitrﬁﬂ;uewtﬁrek Highlight that the sum of a number and its
7 thj)ﬁgmevajvyﬁ‘;gzgt'gmaggt opposite is 0. To determine the number added
aslicorcat to a number that will produce 0 as a sum, use
6. geh=1 . . e
26 1 its opposite (additive inverse). The product of
Answers may vary, but g =W andg#h+# =+l . . . .
anumber and its reciprocal is 1. To determine
Log in to Amplify Math to complete this lesson online. the number mU|t|plled by a value tO prOduce 1
506 Unit5 Rational Number Arithmetic 02023 Ampity Eacaton e Alrgnseserved. as a product, use its reciprocal (multiplicative

inverse).

— Math Language Development

o Power-up

MLR3: Critique, Correct, Clarify To power up students’ ability to solve equations of the form
x + p = q and px = g, have students complete:

During the Connect, display an incorrect statement, such as “The value

of ein Problem 1is 0 because % and g are inverses.” Ask: For each equation, circle the operation that could be done on both sides to

solve it.
« Critique: "Do you agree or disagree with this statement?

Explain your thinking.” Listen for students who recognize that these N6 =2 Subtract 12
fractions are multiplicative inverses (not additive), which means their

product s 1, not 0. 2. 0.20=54 Subtract 0.2 Divide by 0.2

2 — 7 A 2

« Correct: “Write a corrected statement.” 3.4=3y Divide by Multiply by =
- Clarify: “How can you convince someone that your statement is Use: Before the Warm-up.

2 i i "
Rt e I A el A M T Informed by: Performance on Lesson 17, Practice Problem 5 and Pre-Unit

Readiness Assessment, Problem 7.

506 Unit 5 Rational Number Arithmetic
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Activity 1 Matching Solutions

Students connect their understanding of solving equations of the forms x + p = ¢ and px = ¢ with rational
numbers by determining what value makes each equation true.

0 Launch

e o perec Activate students’ prior knowledge by asking,
Activity 1 Matching Solutions “What does it mean for a value to be a solution
to an equation?” Explain that students will work
For each equation, determine which solution, A or B, is correct. Circle the correct in pairs to determine the correct solution to each
solution and be prepared to share your thinking. equation.
Euatlon % Solution A % Solution B 9 Monitor
- .
Help students get started by asking what
e+ (=2) = 6.5 r=-85 strategies they know for determining the
solution to an equation.
—2+x= L T=— 1 . ;
2 2 Look for points of confusion:
—2z=-9 r=-7 + Adding p to both sides of the equations of the

form px = q where p is a negative value. Ask,
“What operation is ‘connecting’ p and ¢?"

» Mixing up the rules of signs for addition and
multiplication. Remind students the rules for
determining the sign of the sum or product of two
rational values.

9 Connect

Display each equation to the class. Conduct the
Poll the Class routine to determine the correct
solution for each equation.

Have students share their methods for
determining the correct solution with the class.

Ask, “Without using substitution, how can you
solve equations of the form = + p = ¢? What
about equations of the form px = ¢?"

Highlight that to solve an equation of the form
x + p = g using inverse operations, subtract p
from both sides. To solve equations of the form
Lesson 18 Solving Equations With Rational Numbers 507 px = q using inverse operations, divide both
sides by p. This is the same as multiplying by
L the reciprocal. Model the two methods for
multiplication using the first and last equation in
the table.

I e Differentiated Support Math Language Development |

Accessibility: Activate Prior Knowledge MLR7: Compare and Connect
Remind students they previously learned to solve one-step During the Connect, as students compare the various methods used, consider
equations involving positive numbers in Grade 6. Ask them what adding a table similar to the following to the class display.

strategies they would use to solve the equation %z =5, and how
those strategies can help them solve the similar equation shown
in the table, now with negative signs added.

Solving equations of the forms « + p = g and px = g:

Arithmetic method: Algebraic method:
Accessibility: Clarify vocabulary and Symbols Substitute values for the variable to Use inverse operations.
determine which value makes the . F ti fthe f _
Provide access to colored pencils and suggest that students equation true. orequations oftheforma +p =g,

color code the equations that are of the formz + p = g in one subtractp from each side.

color and equations of the form pz = ¢ in another color. + Forequations of the form pz = ¢,

divide both sides by p.
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28 Pairs | @ 13 min

Activity 2 Matching Equations

Students match equivalent equations to develop the process for solving equations in the form = — p = q.

. 0 Launch

Activate students’ prior knowledge by

Activity 2 Matching Equations asking, “What is another way you can write

the expression 5 — (—2)?" 5 + 2 Explain that
Analyze the four equations shown. Match the equations that have the same solution. students will use their understanding of
You should have two pairs of equations. equivalent expressions to match equations with

the same solution, prior to solving them.
r+2=8 r—2=8 z+(-2)=8 z—(-2)=8

Sample responses are shown. g M on itOI‘
> 1. My first pair of equations with the same solution are
x+2=8 and...z=(=2)=8 Help students get started by asking, “How
do you change a subtraction expression to an
a Explain your thinking for why the two equations have the same solution. addition expression?”
| know that subtracting a value is the same as adding its additive
inverse, so « — (—2) is the same as = + 2. Look for points of confusion:

» Matching the equations that have the same
operation, not the equations that have the same
solution. Ask, “How would you solve z + 2 = 8?

b Solve the addition equation. Show your thinking. Is that the same way that you would solve
z4+2=8 x4+ (-2)=87"
r4+2-2=8-2
z=6 Look for productive strategies:

» Writing each equation with subtraction as addition
in order to determine the equations with the same

¢ Solve the subtraction equation using the same inverse operation you used in part b. solution.
What do you notice? o . )
z—(-2)=8 — (~2) — 2= 0, so subtracting 2 from both » Recognizing that subtracting a value is the same as
- (-2)—2=8-2 sides of the equation still solves this equation. adding its additive inverse to determine that there
z+2-2=6 are two methods for solving equations of the form
=6 T+p=q.

Activity 2 continued >

d  Are there any other methods for solving this pair of equations? Show or explain your thinking.

Yes. Subtracting 2 is the z—(-2)=8 r+2=8
same as adding -2, so _ (=2 _2) =84 (-2 24 (—2) =8+ (—2
if | add —2 to both sides =D+ (2 =8+ 2+2+(D)=8+(D)
of each equation, it will z=6 z=6

also isolate x.
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— Math Language Development . ______________________________________________________________________]

MLRS8: Discussion Supports

During the Connect, display sentence frames to support students as they explain their
reasoning for each match. For example:

« " matches__ because...”

- “lknowthat__and___are additive inverses because...”

Encourage students to respond to the matches their partner makes using:
» “lagree, because..."

+ “ldisagree, because...”

508 Uunit 5 Rational Number Arithmetic



Activity 2 Matching Equations (continued)

&R Pairs | @ 13 min

Students match equivalent equations to develop the process for solving equations in the form = — p = q.

Name: Date: Period:

Activity 2 Matching Equations (continued)

> 2. My second pair of equations with the same solution are

z+(=2)=8 and r=2=8

a Explain your thinking for why the two equations have the same solution.

| know that subtracting a value is the same as adding its additive
inverse, so « + (—2) is the same as = — 2.

b Solve the addition equation. Show your thinking.

z+(-2)=8 To solve an equation with
_2) — (=2) = 8 — (=2 addition, you have to
T+ (2)-(2) =2 subtract the value being
z=10 added from both sides.

¢ Solve the subtraction equation using the same inverse operation you used in part b.
What do you notice?
r—2=8 —2—(=2)=0, so
z—2—(—2)=8—(-2) subtracting —2 from both
sides of the equation still
z=10 solves this equation.

d Arethere any other methods for solving this pair of equations? Show or explain your thinking.

Yes. Subtracting —2 z+(-2)=8 r—2=8

is the same as adding _ _
F(-2)+2=8+2 _242=842

2,50if 1 add 2 to both =+E2) *

sides of each equation, z=10 z=10

it will also isolate x.
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g Connect

Display the two pairs of matching equations to
the class.

Have students share how they determined their
matches as well as methods for solving each
equation.

Highlight that to solve equations of the form
z + p = q, there are two methods. Students
can either subtract p, or add (—p). Whenpisa
negative value, it is generally more efficient to
solve the equation z — (—p) = ¢ by adding (—p)
to both sides.

Likewise, there are two methods for solving
equations of the form z — p = ¢. Students can
either add p to both sides, or subtract (—p).
When p is a negative value, it is generally more
efficient to solve the equation z + —(—p) = ¢ by
subtracting (—p) to both sides.

Ask:

» “How can you solve the equationz —3 = 6?"
Sample response: Add 3 or subtract (—3) from
both sides.

+ “How can you solve the equation z — (—3) = 6?"
Sample response: Rewrite the equationas z + 3 =6,
then subtract 3 from or add (—3) to both sides.

« “How can you solve the equation z + (—3) = 6?"
Sample response: Add 3 or subtract (—3) from
both sides.
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223 small Groups | @) 10 min

Activity 3 Equations and Solutions

Students match equations involving rational numbers to the inverse operations needed to solve them prior
to determining the solution.

. 0 Launch

Explain that students will be matching each

Activity 3 Equations and Solutions equation with the inverse operation that can be
used to solve it. Clarify that each operation will
For each equation, choose the operation that would be used to solve the problem. onIy be used once, and there will be operations

You should not use the same operation for more than one equation. Not all of the

operations will be used.
I = @ Monitor
Help students get started asking, “Are there

Equaton | Operation | any equations that you feel confident in solving?”
3 3 Remind them that they do not need to solve the
equations in the order they were written.

remaining.

Look for points of confusion:
» Forgetting that multiplication equations can be
solved by using the multiplicative inverse. Ask,
“How would you simplify 6 + %? How can you apply
this strategy to solving equations?”

Ee

I
—

Look for productive strategies:
» Rewriting the second and third equation using the
additive inverse, and then solving.

9 Connect

Display each equation to the class. Use the
42 Poll the Class routine to come to consensus on
which operation is used for each equation.

I
—
D D D

|
win

N =

8
+
|
win
padiid
I I
| |
@w o w

1]
|
Y
N = = =

Ask, “How did you determine which operation
1 matched each equation?”
2

N w

%= —3% . (—%) —%z- (—%) = —3§- (—%) Have students share how they used each
w=2% operation to solve the equations.

Highlight multiplicative inverses require that
@ the numbers have the same sign in order for the

product to be positive. This means that negative
510 Unit5 Rational Number Arithmetic numbers require a negative multiplicative
inverse and positive numbers require a positive
inverse. Contrast this with additive inverses,
which must have opposite signs in order for their
sum to be 0.

— @ Differentiated Support Math Language Development e————_——

Accessibility: Guide Processing and Visualizatio MLRS8: Discussion Supports

Suggest that students focus on the second and third equation During the Connect, as you use the Poll the Class routine, encourage students
first. Ask, “How are these similar? How are they different?” to work through their disagreements until they come to a consensus. Display
Suggest that it may be more efficient to solve subtraction sentence frames to support students as they explain their reasoning for each
equations if they first write them using the additive inverse. operation they chose. For example:

» “lchosethe operation___because...”

» Theequationis of theform__,sol..."

» “To solve an addition/multiplication equation, use the inverse operation, whichis .. ."

Encourage students to respond with whether they agree by using:

» “lagree, because..."
» “ldisagree, because..."
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328 Whole Class | @ 5min

Summary

Review and synthesize that there are two methods for solving equations of the forms = + p = g and px = ¢
when p, z, and ¢ are rational numbers.

G Synthesize

Name: Date: Period: R .
Display each equation from the Anchor Chart PDF,
Summary Solving Equations one at a time.
Ask:
In today’s lesson . ...
» “What is another way to write the first equation?”
You reasoned that you could use the same methods for solving equations r—2=-5

with rational numbers that you did with positive numbers. You related your
understanding of equivalent expressions with rational numbers to solving

“What are the two ways to solve the first equation?”

equations with rational numbers.

Because subtracting in the same as adding the additive inverse, you reasoned
that there are two ways to solve equations of the formz + p = ¢.

For example, consider these two methods for solving « + (—2) = —5:

Subtract —2 or add 2 to both sides of the equation.

“What are the two ways to solve the second
equation?” Subtract 3 or add —3 to both sides of
the equation.

z+(=2)=-5 or z+(-2)=-5 » “What are the two ways to solve the second
T+ (2) - (-2)=-5-(-2) ¢=2=-5 equation?” Divide by —% or multiply by —%.
r=—-5+2 r—24+2=-5+2 o . . .
v=_3 r=_3 Complete the missing information in the chart

Both strategies are equivalent because subtracting —2 is the same as adding 2.

To solve equations of the form pz = ¢, you also determined that dividing by a
number is the same as multiplying by its reciprocal.

as aclass.

Highlight that when solving equations with
rational numbers, it can be helpful to use the

. . 4 2 . . T . .
For example, consider these two methods for solving — = = —=: additive inverse or the multiplicative inverse to
4 2 4 _ 2 i i
- p— -2 isolate the variable.
57773 or 5°773
s () o=
5 5/ 73775 5 4)=73"\"1

. 4 o | — = .
o -3 o Reflect

Both strategi ivalent b dividing by — % is th Itiplyi i7i
oth strategies are equivalent because dividing by — is the same as multiplying After synthesmng the COI’]CthS of the lesson,

5
oYy allow students a few moments for reflection
on one of the Essential Questions for this unit.
Encourage them to record any notes in the
> Reflect:

Reflect space provided in the Student Edition.
To help them engage in meaningful reflection,
consider asking:

*  "“How is solving problems with rational numbers
the same or different from solving problems with
non-negative numbers?”

©2023 Ampiy Egucation, nc. Allrights reserved. Lesson 18 Solving Equations With Rational Numbers 511
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& Independent | @) 5min

Exit Ticket

Students demonstrate their understanding of how to solve equations with rational numbers.

.
Q Success looks like . ..

Name: pate: Fertod - Language Goal: Explaining how to solve an
equation of the form x + p = g or pz = ¢, where

Exit Ticket m p., ¢, and z are rational numbers. (Speaking

and Listening, Writing)

» Selecting the inverse operations that could

Lo . . 1 3
1. Which inverse operation could be used to solve the equation z — (——) ==? . .
S e perat . ! . duation 2/ 8 be used to solve the equat|onx—(—l):§|n
elect all that apply. 2 8
A Adgl Problem 1.
. 3
® Subtract%. » Language Goal: Generalizing the usefulness of
© Add ,%, additive inverses and multiplicative inverses for
D. Subtract 7%. solving equations of the forms = + p = g and
E. Multiply by —2. px = q. (Speaking and Listening)
F.  Multiply by 7%.
o Suggested next steps
2. Solvex — (—%) = % using one of the inverse operations you chose in Problem 1. If students incorrectly identify the operation
@ = —4 Sample response: that could be used to solve the equation in
=-(-3)=3 Problem 1, consider:
1 3
eplo3 o ! .
L E + Reviewing the strategies from Activity 2.
T+3-2%87 2
e=—1 + Assigning Practice Problems 1and 2.

If students incorrectly use their operation to
solve the equation in Problem 2, consider:

» Reviewing the strategies from Activity 3.

» Assigning Practice Problems 2 and 3.

(4
W ? C 2 T )
1 don’t really I'm starting to I got it
getit getit
a | canidentify when two equations b | can solve equations that involve

including addition and subtraction rational numbers and rational

of rational numbers have the same solutions with addition, subtraction,

solution. and multiplication.

1 2 3 1 2 3
©2023 Ampiity Education, Inc. All rights reserved Lesson 18 Solving Equations With Rational Numbers

Professional Learning

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

> Points to Ponder . . .

What worked and didn’t work today? What did you see in the way some students
approached Activity 1 that you would like other students to try?

How did students attend to precision today? How are you helping students
become aware of how they are progressing in this area? What might you change
for the next time you teach this lesson?

512A Unit 5 Rational Number Arithmetic



Practice .Q, Independent

Name: Date: Period: Name: Date: Period:
> 1. Match each equation with the operation that could be used to solve it. 2 4. Write an equation that satisfies each situation. Explain your thinking.
a z+(-10)=5 c «(—10) a Anumber is added to a variable. The solution of the equation is —8.
Answers may vary, but should be of form = + a = b, where b —a = —8.

b —10x=5 a + 10
b Anumber is multiplied by a variable. The solution of the equation is —g,

c _%m =5 e .10 Answers may vary, but should be of form az = b, where % = _g.

@ o-(-10)=5 4 —10 > 5. In2012, James Cameron descended to the bottom of Challenger Deep in the
Mariana Trench, the deepest point in the ocean. The vessel he rode in was called

1 1 DeepSea Challenger. Challenger Deep is 35,814 ft at its lowest point.
¢ 00 : (’E)

a DeepSea Challenger's descent was a change in depth of —4 ft per second.
Use the equation y = —4x to model the relationship where y is the depth and

> 2. Identify the mistake in solving each equation, and then solve the equation correctly. xis the time in seconds that have passed. How many seconds does this

model suggest it would take for DeepSea Challenger to reach the bottom?

It took 8,953.5 seconds; y = —4x, so if y = —35814, then —35814 = —4x

—35814 + (—4) = —da + (—4)

Sample responses

Correct work
shown.

Incorrect work | Explain the mistake |

—3z=6 32—6 8953.5=x
They added 3, when Ter=
—3:x+3=6+3 they should have -3z +(-3) =6+ (-3) b The DeepSea Challenger made a one-hour ascent to the surface.
divided by —3 r=—2 How many seconds is this?
w=0 3,600 seconds; There are 60 minutes in an hour and 60 seconds per minute.
60«60 =3600
—(—2) is the
a=(E@)=1 sarr(|e a)s +2, 50 e-(2)=12
z—(-2)+2=12+2 they should have wH2=12 € Theascent can be modeled by a different proportional relationship, y = kz.
subtracted 2 from z+2-2=12-2 What is the value of k in this scenario?
r=14 both sides instead —10 )
of adding. = 3581 + 3600 =k
0.99=k
4 9 . 4 9
=10 They divided by the —r=—
2 i reciprocal when 5 10
L2595 theypshould have 4,.5__95 > 6. Kirandrinks 6.4 0z of milk each morning. How many days does it take him to
4 104 multiplied by the 5 4 ;0 4 L finish a 32 0z container of milk. Sample variable given.
= _18 reciprocal. r=—=or—1- . R
25 8 8 a Write and solve an equation for this situation.
6.4d =32
6.4d +6.4=32+6.4
> 3. Solve each equation. Show your thinking. d=5
2 8
a -45=a-8 b -12=-3y =15 b What does the variable represent?
—45+8=a-8+8 -12+(-3)=-3y+(-3) 5 2 8 5 d represents the number of days it will take Kiran to drink 32 oz of milk.
35=a 4=y 2°5°="15°2
4 1
T=-3 or —l§
512 unit5 Rational Number Arithmetic 2023 Amplify Education, Inc. Al rights reserved. ©2023 Amplify Education, Inc. All rights reserved. Lesson 18 Solving Equations With Rational Numbers ~ 513

Practice Problem Analysis Additional Practice Available

Type Problem Refer to

For students who need

1 Activity 3 1 additional practice in
this lesson, assign the
On-lesson 2 Activity 3 2 Grade 7 Additional
Practice.
3 Activity 2 2

Unit 5
Lesson 15

Spiral
5 Unit 5 P
Lesson 14
. Unit5
Formative @ 6 Lesson 19 2

© Power-up: If students need additional support with the key prerequisite concept or skill
this problem addresses, consider assigning the Power-up in the next lesson.
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UNIT5 | LESSON 19

Representing
Contexts With
Equations

Let’s write equations that
represent scenarios.

Goals « Students build conceptual understanding of
1. Language Goal: Coordinate verbal descriptions, equations, and TERTEEETIINE real-wgrld SRS involving
diagrams that represent the same scenario involving an unknown rational numbers with equations.
amount. (Writing, Speaking and Listening) + Students gain fluency in solving equations
2. Language Goal: Write equations of the forms z + p = gand pz = ¢ of the forms z + p = g and pz = ¢ with rational

to represent and solve a problem in an unfamiliar context. numbers.

Coherence

Today

Students are encouraged to think critically about equations to determine if
the solution would be positive or negative without solving it. They build on
the work in the previous lesson to match, write, and solve equations that
represent real-world scenarios.

Previously

In Lesson 18, students solved equations of the forms z + p = ¢ and
px = ¢ with rational values.

Coming Soon

In Unit 6, students will build on their understanding of solving equations
of the forms p + x = ¢ and pxz = ¢ with rational values to solve equations
of the forms pz + r=qgandp(x + q) = .
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PaCing Guide Suggested Total Lesson Time ~45 min @

O o & & o

Warm-up Activity 1 Activity 2 Activity 3 Summary Exit Ticket
(optional)
@ 5 min @ 15 min @ 15 min @ 15 min @ 5 min @ 5 min
28 Pairs 225 Small Groups £2% Small Groups £2% Small Groups ?éé Whole Class 2 Independent

AmMmPS poweredbydesmos | Activity and Presentation Slides

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

. o .
Practice 2 independent Amps | Featured Activity
) Activity 2
Materials Math Language Digital Arrow Diagrams
. Exit Ti Development
Exit Ticket Students create digital arrow diagrams to
+ Additional Practice Review words represent real-world scenarios. You can
- Activity 1 PDF (as needed, for « additive inverse monitor studgnts’ creations and di;play t.heir
disol _ _ diagrams during the whole-class discussion.
isplay) « inverse operation
* Activity 1 PDF (answers) « multiplicative inverse
* Activity 3 PDF, pre-cut cards, . solution
one card per group (optional) a=—18
——Q——
« Activity 3 PDF (answers,
optional)
« Anchor Chart PDF, Solving
Equations With Rational
Numbers (answers, as @Amps
needed) desmos
» materials for creating a poster
(optional)
Building Math Identity and Community ® Modifications to Pacing
Connecting to Mathematical Practices You may want to consider these
In Activity 1, students might struggle to find the equations that match the additional_ modifications if you are
scenario and become frustrated or distracted. Students need to manage short on time.
their energy to focus on finding them. Discuss strategies that they can use to « In Activity 1, have students choose
help them maintain focus. Explain that through the abstract reasoning they two scenarios to complete fully.
can represent the scenario algebraically and by quantitative reasoning they - In Activity 2, split the class such
can solve the equations. that half of the groups model each

problem. Display and discuss both
scenarios in the Connect.

+ Optional Activity 3 may be omitted.
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&8 pairs | @ 5min

Warm-up Don’t Solve It!

Students apply their understanding of rational numbers to reason about whether the solution to an
equation is positive or negative.

0 Launch

Conduct the Think-Pair-Share routine.

9 Monitor

Unit5 | Lesson 19

Representing Help.students get started by as!«ing, “When is
R the sign of the product of two rational numbers

Contexts With negative?”

Equations

Look for points of confusion:

» Thinking that they need to solve each equation.
Remind students that they only need to determine
the sign of the solution, not the solution.

Let’s write equations that
represent scenarios.

+ Thinking that the penultimate equation must
have a negative solution because the sum of two

- ’ 1
Warm-up Don’t Solve It! negatives is negative. Ask, “Can you add two values

Without solving, determine whether the solution of each equation is with different signs and have a negative solution?”
positive or negative, and place a check mark in the appropriate box.
Be prepared to explain your thinking. Look for productive strategies:
— S Negative . focusmg on the signs and magnltudes.of the values
s i in each equation to reason about the sign of the
=tfle= =14 L] missing value.
—8.7b=14 [] c t
onnec
—87+c=-14 [] e
—87—d=-14 [] Display each equation one at a time. Conduct

the Poll the Class routine to determine if each
solution is positive or negative.

Have students share how they determined the
sign of each variable.

Ask:

» “How did determining the sign of ¢ aid in
determining the sign of d?”

» “How are the values of a and b related?”

Log in to Amplify Math to complete this lesson online.

» “How are the values of ¢ and d related?”

514 unit5 Rational Number Arithmetic ©2023 Amplify Education, Inc. All rights reserved

_ Highlight that focusing on the signs of the

numbers and the relative magnitudes without
actually computing is helpful in determining
whether the solution calculated is reasonable.

— o Power-up _____________________________________________________________________________________________________________|

To power up students’ ability to write and use equations that represent
proportional relationships, have students complete:

Write an equation that represents each scenario. Define what the variable represents in each
equation. Sample responses shown.

1. Kiran walks at a speed of 2 mph. How far will he travel in 3.5 hours?
2 3.5 =d, where d represents distance in miles.

2. Hanjogs at a speed of 5 mph. How long will it take him to jog 3 miles?
5t = 3, where t represent the time in hours.

Use: Before Activity 1.

Informed by: Performance on Lesson 18, Practice Problem 6.
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228 small Groups | @) 15 min

Activity 1 Warmer or Colder Than Before?

Students build on their understanding of solving equations with rational numbers by matching scenarios
with equations that represent them.

Name:

Date:

Period:

Activity 1 Warmer or Colder Than Before

For each scenario:

Determine the two equations that could represent the scenario from the given

bank of equations.

Explain what the variable v represents in the context of the scenario.

Determine the value of v that makes both equations true. Show or explain your thinking.

—4v = —16 v+ 16 =—4 —16v = —4

v=—4-16 —4+4+v=-16 v=-16+4
1

v—16=—-4 4v = -16 v=—16-(—z)

Sample responses shown.

At midnight, the
temperature was
0°F and dropping
4° per hour. At a
certain time, the

temperature
is —16°F.
Equation 1 —4v=-16
: 1
Equation 2 v=—16+ (_Z)

The number of hours
after midnight when
the temperature is
—16°F

vrepresents. ..

1
lfo=—16.(-1),
thenv=4.
| checked the value
in Equation 1 by
substituting 4 for v.
—4(4) =16

—16 = —-16
It was —16°F 4 hours

after midnight or
4a.m.

My thinking . ..

©2023 Amplify Education, Inc. All rights reserved

Between 6 a.m.
and noon, the
temperature rose
16°F to be —4°F.

v+ 16=—4

v=—4-16

The temperature
at6a.m.

If v=—4—16, then
v=-20.

| checked the value
in Equation 1 by
substituting —20
for v.
-20+16=—-4
—4=-4
The temperature at
6 a.m. is —20°F.

At midnight, the
temperature was
—4°F.By4a.m,,
the temperature
had fallen to —16°F
degrees.

—4+v=-16

v=-16+4

The change in
temperature from
midnight to 4 a.m.

If v=—16 + 4, then

v=-12.

| checked the value

in Equation 1 by

substituting —12

for v.

—4+(-12)=-16
—16 = —16

The change in

temperature is —12°F.

Lesson 19 Representing Contexts With Equations

I e Differentiated Support

Accessibility: Guide Processing and Visualization,

Optimize Access to Tools

Provide students with a copy of the Activity 1 PDF and allow them
to use the number line to make sense of each scenario.

0 Launch

Invite a student volunteer to read the directions
for the activity aloud, while the rest of the class
reads along.

Monitor

Help students get started by asking, “What
operation would model each scenario?”

Look for points of confusion:

« Struggling to find both equations that match the
scenario. If they found the equation that matches
the scenario exactly, ask, “What would the first step
in solving this equation be?”

* Notrealizing that —(—4) is the same as +4. If
students are looking for the equation = = —16 — (—4)
ask, “Is there another way you could represent this
equation using addition?”

Connect

Display the Activity 1 PDF. Ask, “How could
you represent each scenario on a number line
(thermometer)?”

Have students share how they would use the
number line to model each scenario. Encourage
them to explain how their model matches.

Ask:

« “Which equation in each scenario matches the
scenario as written?” Equation 1in the Activity 1
PDF (answers)

» “Which equation in each scenario represents a
strategy for solving?”Equation 2 in the Activity 1
PDF (answers)

+ “How did you determine that the two equations could
both be used to determine the unknown value?”

515

Highlight that to determine both equations

students must know how to represent the

scenario algebraically and also how to use
inverse operations to isolate the variable in
each equation.

Math Language Development es————

MLRG6: Three Reads

Use this routine to help students make sense of each scenario.

» Read 1: Students should understand that in each scenario the temperature
is either increasing or decreasing.

+ Read 2: Ask students to name or highlight the given quantities and relationships,
such as in the first scenario, the temperature was dropping 4° per hour.

« Read 3: Ask students to plan their solution strategy as to how they will
determine the two equations that could represent each scenario.

English Learners

Clarify the meaning of the words “dropping,” “rose,” and “had fallen” as they
indicate the temperature increasing or decreasing.
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228 small Groups | @) 15 min

Activity 2 Changing Elevation

Students model scenarios on number lines to aid them in writing and solving equations involving
rational numbers.

Amps Featured Activity Digital Arrow Diagramst_'— 0 Launch

Activate students’ background knowledge by

Activity 2 Changing Elevation asking what they know about caves. Explain
Hang Son Doong (“Mountain River Cave”) tha.t. studentg will be drawing diagrams and
in Vietnam, is the largest cave in the writing equations to solve problems about
world. It is so massive, it can fit an entire divers in the world’s Iargest cave (Hang Son
Manhattan city block, including 40-story D
buildings, or have a 747 plane fly through oong).
it without the wings touching sides.
Not discovered until 1990, and not first =
explored until 2009, there is much still to 9 Monltor
be discovered about this incredible wonder. .

Vietnam Stock Images/Shutterstock com Help students get started by asking them

> 1. In 2019, multiple members of the diving team were given the opportunity to to read the first problem out loud. Ask, “How

explore a new underground tunnel in Son Doong Cave. They dove as far as

would you represent each value in your arrow
they could below sea level, then dropped a weighted rope 42 m down, reaching

’ o
120 m below sea level. How deep was the team when they dropped the rope? dlagram :
a Draw an arrow diagram on the number line that represents the problem. Look for pOiI’ItS of confusion:
Sample response: . A .
»  Writing an expression to determine the unknown
_42 - g .
< P Yy value without writing an equation that represents
il
e —+ } the scenario. Refer to the Activity 1 PDF. Remind
-175 -150 -125 —100 -75 -50 —25 0 25

them that the first equation they write should match

the scenario before they isolate the unknown value.

b Write an equation to represent the scenario. Make sure that you define

your variable, + Calculating a negative time for Problem 2. Ask

Sample response: Let y represent the depth of the team when they students what velocity represents the divers' rate of
dropped their rope. descent
y—42=—-120

Look for productive strategies:

» Ingroup discussion, recognizing that there is more

¢ Solve your equation to determine the unknown value. Show your thinking. than one correct method for SOIVing each eq uation
Sample response: by using inverse operations or by using the additive
y—42=-120 or multiplicative inverse.
y—42+42=-120+42
y=-78

Activity 2 continued >

The team was 78 m below sea level.

516 Unit5 Rational Number Arithmetic ©2023 Amplify Education. Inc. Allrights reserved

— e Differentiated Support Math Language Development m———

Accessibility: Optimize Access to Technology MLR?7: Compare and Connect

Have students use the Amps slides for this activity, in which During the Connect, as students share how their arrow diagrams helped them
they can create digital arrow diagrams to represent real-world write an equation, draw their attention to the connections between the arrow
scenarios. You can monitor students’ creations and display their diagrams, equations, and scenarios. Sample questions are shown for Problem 1.

diagrams during the whole-class discussion. - “Where did you begin labeling the number line?”
+ “What information was missing that you needed to determine? How is this value

Extension: Activate Prior Knowledge ) o,
represented in your equation?

Provide students with a copy of the Anchor Chart PDF, Solving
Equations With Rational Numbers (answers) to use as a
reference for solving equations.

» “How did you know where you needed to end up on the number line? How is this
value represented in your equation?”

516 Unit 5 Rational Number Arithmetic



223 Small Groups | @) 15 min

Activity 2 Changing Elevation (continued)

Students model scenarios on number lines to aid them in writing and solving equations involving
rational numbers.

g Connect

N : Date: Py d: .
" - o Display student-created examples of the
Activity 2 Changing Elevation (continued) number arrow diagrams for each scenario.
> 2. Ifthe team of divers descended at a rate of 20 m/minute, how long did it take them Have students share how they used their arrow

t h their maxi depth (the depth at which they d d thei ? . . .
0 reach their maximum depth (the depth at which they dropped their rope) diagrams to write an equation to represent each

a Draw an arrow diagram on the number line that represents the scenario.

scenario.
t
I e e e B NNy e Ask:
—175 —150 —125 —100 —75 —50 —25 0 25
» “Is this the only equation that could be written to
b Write an equation to represent the scenario. Make sure that you define your variable. match the scenario?” Sample response: In the first
Sample response: Let ¢ represent the time it takes to descend. problem we could have written the equation
—20t=-78 v—42=—-120 or v + (—42) = —120.
» "What are the two ways you could solve each
equation?” Sample response: For the first equation
¢ Solve your equation to determine the unknown value. Show your thinking. add 42 or subtract —42. For the second equation,
Sample response: divide by —20 or multiply by — —.
—20t =78 20
—20t + (—20) = —78 + (—20) Highlight that writing equations can help
t=3.9

students determine unknown values in
scenarios involving rational numbers. Drawing
an arrow diagram can help in making sense of
the problem and aid in writing the equation.

It will take 3.9 minutes to descend to 78 m below sea level.

:: Are you ready for more?

To ascend, divers travel at a maximum rate of 9 m per minute. They also need to pause for
safety stops to allow for decompression during the ascent. The first safety stop, called a
“deep stop” should be made at 50% of the total depth for 60 seconds.
The second should be taken at 5 m below the surface for at least 3 minutes.
What is the minimum time, to the nearest minute, it took the divers to ascend from
their dive? Show or explain your thinking.
Sample response:
78 = 9t, where t represents the time swimming during the ascent.

78:9=9t+9
2
St
83
2 2
83+1+3=123

It took the divers at least 13 minutes to make their ascent.
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Optional
Activity 3 Equations Tell a Story

223 small Groups | @) 15 min

Students work in small groups to generate an equation to represent a scenario then complete a Gallery Tour
to compare and contrast the process for each group’s scenario.

Activity 3 Equations Tell a Story

Your teacher will provide your group with a scenario.

Create a visual display about your statement that includes:
An equation that represents the scenario.
What your variable and each value in your equation represent.

How the operation(s) in your equation represent the relationship
in the scenario.

How to use inverse operations to solve for the unknown quantity.
The solution to your equation.
You can use the grid below to help you organize your visual display,
if helpful. Sample response for Card 1 shown.

3
—t=3
8

N=

Card 1 Equation:
3
8...represents ... the rate the
candle burns in inches per hour.

We used .multiplication _ as
the operation in our equation

because . . . the problem involves
arate. | used the relationship that
rate times time equals distance.

t....represents. .. the timein
hours it will take for the candle to
burn 3% inches

1

2 _._represents... the total
height of the candle in inches.

Solution: It will take 9% hours for
the candle to burn completely.

To solve our equation . . . we need

to divide both sides by % or multiply
8

by 3

G
Il
@

wles
®1W o
~

]

w

.
Wl

-+
Il
©
GO N[ N
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— e Differentiated Support

Accessibility: Activate Prior Knowledge

Provide students with a copy of the Anchor Chart PDF, Solving
Equations With Rational Numbers (answers) to use as a
reference for solving equations.

Extension: Activate Prior Knowledge

Provide students with a copy of the Anchor Chart PDF, Solving
Equations With Rational Numbers (answers) to use as a
reference for solving equations.

518 unit 5 Rational Number Arithmetic

. 0 Launch

Group students homogeneously. Distribute one
card to each group from the Activity 3 PDF, as
well as materials for creating a poster. Note: The
difficulty of representing each scenario increases
as the card number increases, (e.g., Card lis

the least challenging and Card 8 is the most
challenging).

Monitor

Help students get started by asking them
to read their scenario out loud. Ask, “What
operation is described by this scenario?”

Look for points of confusion:

+ Difficulty in writing an equation without a visual
aid. Suggest that students draw their own diagram
on a piece of paper to aid them in making sense of
their problem.

Connect

Have students share their scenarios and
methods for representing and solving them
using the Gallery Tour routine. Have half of the
students rotate the room while the other half
answers questions about their scenario. Switch
and repeat with the other half of the class.

Ask:

* “When writing an equation to represent a situation,
how do you decide what your variable represents?”

» “How do you solve the equation?”

Highlight that writing equations can help
determine unknown values in scenarios
involving rational numbers. The variable
represents the value that is unknown in each
scenario.

Math Language Development m——

MLR?7: Compare and Connect

During the Connect, as students share their scenarios and how they represented
them with equations, draw their attention to the connections between the
scenarios and the equations. Sample questions are shown for Card 1.

« “What is the rate at which the candle burns? How is this value represented in
your equation?”

« “What is the initial height of the candle? How is this value represented in your
equation?”

* “What are you asked to determine? How is this value represented in your equation?”

English Learners

Have students circle or underline the questions in each scenario and annotate
them with “variable” or “unknown.”



328 Whole Class | @ 5min

Summary

Review and synthesize that writing and solving equations can help to model and determine unknown
values in real-world scenarios involving rational numbers.

G Synthesize

Display the scenarios and matching arrow
Summary diagrams from the student edition one at a time.

In today’s lesson . ...

You connected your understanding of solving problems involving rational numbers
on the number line to equations. You used variables and equations to represent

Name: Date: Period:

Ask:

» “What does the variable represent in this scenario?”

» “What equation could be written to represent the

and answer questions about scenarios. scenario?”
For example: » “How would you solve this equation?”
If the temperature is —3°C at 6 p.m., and at 3 a.m. it is —17°C, you can write and solve " . P
an equation to determine the change ¢ in temperature. » “What does the solution represent®
¢ —3+c=-17 . . . . .
— Highlight that writing and solving equations can
. =1 . .
S B S Sted3=-1rts help to model and determine unknown values in
-2 S5 -0 -8 0 5 o=l real-world scenarios involving rational numbers.

If a starfish is descending at a rate of % ft per hour, you can write and solve an
equation to determine how many hours ¢ it will take the starfish to descend 6 ft.

t Sies @) Refiect

SRR S RS S S ‘%“(‘%):‘6'(‘%) After synthesizing the concepts of the lesson,
t=4 allow students a few moments for reflection
on one of the Essential Questions for this unit.
Encourage them to record any notes in the
> Reflect: Reflect space provided in the Student Edition.
To help them engage in meaningful reflection,
consider asking:

*  “How canrational numbers be used to represent
real-world situations?”
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& Independent | @) 5min

Exit Ticket

Students demonstrate their understanding of how to write and solve equations that represent real-world
scenarios including identifying what each term represents.

.
Q Success looks like . ..

Name: pate: Period: + Language Goal: Coordinating verbal

descriptions, equations, and diagrams that

represent the same scenario involving an
unknown amount. (Writing, Speaking and
Listening)

A drone with a camera is flying above a sunken canoe in a river. The drone i . o
is 12 m above the surface of the river, and the canoe is 4.8 m below the surface » Selecting the equation that represents finding
of the river. What is the difference in height between the drone and the canoe? the distance between the drone and the sunken

canoe in Problem 1.
1. Which equation matches the scenario?

» Language Goal: Writing equations of the forms
z + p=gqandpz = qtorepresentand solve a
problem in an unfamiliar context.

A —12—d=-48
B. d—12=-438
C. d+48=12
D. 12+d=438 » Selecting the equation that matches the

@ 12+d=-48 scenario of the drone and the canoe and solving

2. What does each value and variable represent in the equation you chose? the equationin Problems 1and 3.

Sample response:

12 represents the elevation of the drone. O 8uggested next steps

d represents the difference in height between the drone and the canoe.

—#4.8 represents the elevation of the canoe. If students identify the incorrect equation in

Problem 1, consider:

3. Determine what value of d makes the equation true. Show or explain your thinking. * Reviewing matching equations with scenarios

d = —16.8; Sample response: in ACtIVIty 1.
12+d=-4.8
24 d—12=—48_12 + Encouraging them to draw a diagram
d=-16.8 representing the scenario.

+ Assigning Practice Problem 2.

If students incorrectly solve the equation in

[ SelfAssess | ? E—— v Problem 3, consider:
I don't really I'm starting to Igotit
getit getit . . . .
» Reviewing matching the two equations that
match each scenario in Activity 1.
a | can write and solve an equation b | can explain what the solution ) . )

to represent scenarios involving to an equation means for a given . ASS|gn|ng Practice Problem 1.

rational numbers. scenario.

1 2 3 1 2 3
©2023 Amplify Education, Inc. All rights reserved. Lesson 19 Representing Contexts With Equations.

Professional Learning
| _________________________________________________________________________________________________________________________________________________________________|

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

> Points to Ponder . . .

+ What worked and didn’t work today? How did writing and solving equations of
the forms = + p = g and pz = ¢ set students up to develop their understanding
of solving equations of the forms pz + ¢ = rand p(z + q) = r?

- Who participated and who didn’t participate in Activity 1 today? What
trends do you see in participation? What might you change for the next time
you teach this lesson?

520A Unit 5 Rational Number Arithmetic



Practice .Q. Independent

—
u:,, Name: Date: Period: Name: Date: Period:
3 > 1. Match each equation with the next step for solving it. > 4. Determine the value of each expression.
Q 1
Q a —ju=2 A =20 (=2) a 12+(-10)+2 =-8
8 b 1—(-2)=2 doa=2+2
1
d z+(-2)=2 b z=2-2
> 2. Match each situation with an equation that represents it. € 42+ (=6)+17+(-1) =-10
a Awhaleis diving at a rate of 2 m/second. b. 2¢=-12

How long will it take for the whale to
get from the surface of the ocean to

elevation of —12m? ¢ “l24e=2 d 35-(-8+5) =38
b Adiver descended below the surface a —2c=-12
of the ocean. After 2 minutes, she was
12 ft below the surface. At what rate
was she diving? d 2+e=-12 1
e —4. (5+3) =14

¢ Thetemperature was —12°C and
changed to 2°C. What was the change
intemperature?

d  The temperature was 2°C and changed
to —12°C. What was the change 2> 5. The tick marks on the number line are evenly spaced. Label the missing values.
intemperature?

. . -2.5 -2 -1.5 -1 —-0.5 0 0.5 1 1.5
> 3. Starting at noon, the temperature dropped steadily at a rate of 0.8°C per

hour. For each scenario, write and solve an equation and describe what the

variable represents.

a How many hours did it take for the temperature to decrease by 4.4°C? > 6. Diego spends $4.50 each day that he buys lunch.

5.5 hours; Sample response

a  Which value 4.5 or —4.5 represents Diego's change in money each day from lunch?
Let i be the number of hours. P & 8 Yy y

Explain your thinking.
—0.8h = 4 —4.5; Sample response: Diego is spending money which means his total
—0.8h + (—0.8) = —4.4 + (—0.8) money is decreasing. This would be represented by a negative value.
h=55 b Write an equation representing Diego's change in money ¢ after d days.

b If the temperature after the 4.4°C drop was —2.5°C, what was the temperature c=—4.5d
atnoon?
1.9°C; Sample response

Let n represent the temperature at noon.

¢ If Diego gives himself a budget of $90 for lunches this month, how many days will
he be able to buy his lunch? Show or explain your thinking.

20 days; Sample response:

n—44=-25 c=-90; 90 = —4.5d
n—44+44=-25+44 —90 _ —4.5d
19 —457 -45
n=1 20=d
520  unit5 Rational Number Arithmetic ©2023 Ampiify Education, Inc. All rights reserved. ©2023 Amplify Education, Inc. Al rights reserved. Lesson 19 Representing Contexts With Equations 521

Practice Problem Analysis Additional Practice Available

Type Problem Refer to

For students who need

1 Activity 1 1 additional practice in
this lesson, assign the
On-lesson 2 Activity 1 2 Grade 7 Additional
Practice.
3 Activity 2 2

Unit5

Lesson 15
Spiral
5 Unit5 1
Lesson 10
. Unit5
Formative @ 6 Lesson 20 2

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

Lesson 19 Representing Contexts With Equations 520—521



UNIT5 | LESSON 20 — CAPSTONE

Summiting
Everest

Let’s play a game to imagine
what it’s like to prepare
to summit Mt. Everest.

« Students develop fluency working with

Goals negative rates.

1. Apply operations with rational numbers while playing a game

i } « Students apply their understanding of
preparing to climb Mt. Everest.

rational number operations and writing

2. Write expressions and equations to model situations involving rates expressions with rational number rates to
with rational numbers. solve a multi-step real-world problem.
Coherence
¢ Today

Students role play as mountain climbers attempting to summit

Mt. Everest. As they make a plan for how to best prepare for this journey,
they must consider the values of various rational number rates. Students
experience the unpredictable nature of climbing Mt. Everest as they roll
number cubes to determine how certain random events impact their
climb. They notice how careful preparation helps give a better chance of
success, though success is never guaranteed.

< Previously

In Lesson 14, students saw how to express negative rates with rational
numbers. In Lessons 18 and 19, students wrote and solved equations
with rational numbers.

> Coming Soon

In Unit 6, students will focus on working with expressions and equations,
including rational numbers.
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PaCing Guide Suggested Total Lesson Time ~45 min @

O @ @ o

Warm-up Activity 1 Activity 2 Summary Exit Ticket
@ 5 min @ 15 min @ 20 min @ 5 min @ 5 min
A8 Pairs % Independent rq%% Small Groups ?éé Whole Class % Independent

AMPS poweredbydesmos i Activity and Presentation Slides

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

Practice 3 independent Amps | Featured Activity
Materials Math Language Activity 1

. Exit Ticket Development Making Preparations Digitally

» Additional Practice Review word The digital environment allows students to

make changes to their preparation calendar

. * rational numbers
calculators quickly and efficiently. Thus, they will be able
* number cubes, one pair per to spend more time reasoning about their
small group strategies.
\Nlv
CO. Amps
desmos
Building Math Identity and Community ©® Modifications to Pacing
Connecting to Mathematical Practices You may want to consider this
In Activity 1, students might be timid about sharing why they think they additional modification if you are
are best prepared to climb the mountain. The diversity of individuals’ short on time.
perspectives should be celebrated. Make sure that groups set a goal to +  The Warm-up may be omitted.

make everyone feel safe to share within the group. Encourage students
to listen to each other’s reasons. Seek the positive and support each
otherinit.

Lesson 20 Summiting Everest 522B



Warm-up Understanding the Route

&8 Pairs | @ 5min

Students are introduced to a route map for Mt. Everest and consider the distance and difficulty of each
section to reason about how long they take to climb.

Unit 5 | Lesson 20 — Capstone

Summiting
Everest

Let’s play a game to imagine
what it’s like to prepare to
summit Mt. Everest.

Warm-up Understanding the Route

Though there is more than one route to

the peak of Mt. Everest, the most common
route is along the South face. Climbers hike
from camp to camp, spending time at each
camp acclimatizing (getting used to the
thinner air, which has less oxygen as the
elevation increases).

Camp IV
(26,000 ft) » Camplil
(24,500 ft)

Camp Il
(21,300 ft)

Which section between two camps do you lgggglﬂ
think would take the longest amount of time e )
to climb? Why do you think that?

Sample response: | think the section between E:i%gg’;'tp)'

Camp IV and the Summit will take the longest

to climb. Even though it isn’t the greatest
elevation change between two camps, it looks

like it's the steepest, and it’s only a slightly smaller
elevation change than from Camp Il to Camp Ill.

\ Historical Moment

Climbing Mt. Everest

Climbing Everest is no easy feat, and no one knows it better than the Sherpas. Aimost
every expedition up the mountain is led by Sherpas, the Nepalese mountaineers who have
lived in and climbed the Himalayas for centuries. Sherpa Tenzing Norgay was one of the
first to summit Everest in 1953 (along with Sir Edmund Hillary). Due to the grueling nature
of the climb and the amount of careful coordination needed, arranging an expedition led by
a Sherpa can cost over $50,000 per person today.

Khumbu Icefall

Log in to Amplify Math to complete this lesson online.

522 Unit5 Rational Number Arithmetic ©2023 Amplify Education, Inc. All rights reserved.

Power-up

To power up students’ ability to reason about negative rates, have
students complete:

Determine whether each rate would be represented by a positive or negative value.

1. Bard loses $100 per month. Negative
2. Andre earns $40 per hour. Positive

3. Shawn dives 30 m per hour. Negative
4. Priyaruns 9 mph. Positive

Use: Before Activity 1.

Informed by: Performance on Lesson 19, Practice Problem 6.

522 Unit 5 Rational Number Arithmetic

0 Launch

Activate students’ background knowledge by
asking, “Has anyone been hiking before? What
factors affect how long a hike will take?" Point
out that the measurements shown indicate each
camp's elevation. Let students know that each
camp has tents for which climbers can rest.

9 Monitor

Help students get started by suggesting to
consider the steepness, distance, and elevation
change between each set of camps.

Look for points of confusion:

» Thinking they can determine the distance
between camps by comparing the elevations.
Ask, “What does elevation measure?”

Look for productive strategies:
» Finding the difference in elevation for each set
of camps.

9 Connect

Display the route map.

Have students share their answers, and invite
other students to respond to or ask questions of
each other.

Ask:

+ “Why might a climber have to climb in this way —
back-and-forth — rather than climbing straight to
the top?”

+ “What else do you know about climbing Mt. Everest?”

» “Why might strength and perseverance be
important attributes for a climber?”

Highlight that students will play a game in
Activities 1and 2. Activity 1 involves making
strategic choices for increasing their readiness
to climb. Activity 2 is about attempting to get
to the summit — and seeing whether their
preparations were sufficient.

@ Historical Moment ———————

Climbing Mt. Everest

Have students read about The Sherpa people, the Nepalese ethnic
group who live in the Himalayas and are famous for their unparalleled
climbing abilities.



Activity 1 Making Preparations

& Independent | @) 15 min

Students consider how the length of their climb up Mt. Everest will decrease a climber’s physical and
mental fitness in order to prepare properly for the climb.

Name: Date: Period:

0 Launch

Activity 1 Making Preparations

To climb Mt. Everest, you must be prepared. Most people who attempt the climb
spend months conditioning their body and their mind, and ensuring they have the
appropriate gear. Your preparation in this activity will impact your success in the
game in Activity 2.

You have 4 weeks to prepare for your 2-week expedition up Mt. Everest. To help guide
your preparations, you should know that for each day spent on the mountain, you will

Lose 1 strength point. «  Use 1 liter of oxygen.
Lose 1 perseverance point. +  Lose 0.3°F of body temperature.

Assign each day on the calendar one type of preparation.

Read through the introduction together as a
class. Point out that students have three choices
for their type of preparation each day: Physical
training, Mental conditioning, or Gear upgrades.
Say, “Each type offers different advantages,

but you need to consider whether you will have
enough Strength and Perseverance to make

it all 14 days.” Let students know that the rate
savings works differently than Strength and
Perseverance. Strength and Perseverance
affect the total the climber starts with, while

Physical training (P) Mental conditioning (M) Gear upgrades (G) rate savings will slow down the speed of Iosing
For each day of preparation: For each day of preparation: For each day of preparation: oxygen and body temperatu re.
+ You gain 1.5 Strength « Yougain 1 Perseverance . Youlose 0.05°F less of
PRI, belis your body temperature
* You use 0.01 liter less of » You use 0.01 liter less of =
oxygen each day. oxygen each day. ECER 9 M on |t°r
» Youlose 0.5 Strength .
point. Help students get started by having them plan
one week, and calculating how many points and

Total points from preparations: Preparation Calender

Strength Perseverance Activity
1 M M P P P M
(1.5 P) + (=0.5+ M) 1. M )
(1512) + (=0.5-10)=13  1.10=10 M M. PP P M
3 M P P G P M
4 M P P G P M

Total rate savings:

Oxygen use Body temperature
savings ‘ savings
(P + M)« (0.01) G +0.05
22.+0.01 =0.22 6+0.05=0.3

Reflect: How did you
encourage your group
members as they spoke?

© 2023 Amplify Education, Inc. Al rights reserved. Lesson 20 Summiti

Accessibility: Optimize Access to Technology

Have students use the Amps slides for this activity, in which the digital
environment allows students to make changes to their preparation calendar
quickly and efficiently. Thus, they will be able to spend more time reasoning
about their strategies.

how much rate savings they have for that one
week.

g Connect

Display work that includes an expression for
calculating strength points. If no student used
variables in their expression, ask the class to
write one together.

Q Q Q @

Have students share why they think they are
prepared to climb the mountain.

Ask:

* “Why do you need more than one variable in the
expression?”
» “How has your work with rational numbers in this
ngEverest 523 unit helped you in this activity?”

Highlight that certain factors that will affect
students’ climb in Activity 2 are out of their
control — similar to real life. Let students know
they will need to refer back to the values from
the end of Activity 1in Activity 2.

—— e Differentiated Support L

Accessibility: Guide Processing and Visualization

Suggest that students try a straightforward pattern for their preparation on the
calendar, such as a pattern that repeats for each week. Because they can modify
the calendar up through the end of the activity, encourage them to use “first-
draft thinking” as they begin.

Lesson 20 Summiting Everest 523



223 Small Groups | @) 20 min

Activity 2 The Summit Attempt

Students track the decrease in their resources and reason about negative rates as they roll dice to determine
their movement up and down Mt. Everest.

S @) Launch

Read through the directions for the game
Activity 2 The Summit Attempt together as a class. Have students go to the

Even for those who are fully prepared, reaching the summit of Mt. Everest second page of the aCtIVIty torecord their values

is not guaranteed. Weather conditions, time, and your health are all for Strength and Perseverance from Activity 1. If
important factors that are not under your control. students had oxygen or body temperatu re rate
You willbe given a pair of number cubes. savings, they should record their new, smaller
Your Goal: Reach the summit before your run out time or resources. loss rate for each: model how to represent this

You will have 14 days to reach the summit. . . . .
in the log book table. Distribute pairs of number

How to play:
cubes to each small group.

Getting set up:
Enter your total points from your preparations in your log book. Be sure to adjust your rate for
oxygen and body temperature based on the total rate savings from your preparations. 9

Monitor

Start at Base Camp. Note: You will never go lower than Base Camp.

For each turn:
Roll both number cubes and determine their sum. (Each roll will affect everyone on your team Help students get started by demonstratmg
in the same way.) .
Each roll represents the conditions for 1 day. Follow the directions for your sum. how to play a Couple of rounds, roll the_ number
Inthe table, record the new values for yourself. cubes and record the updated values in the log
Continue taking turns rolling until you have either reached the summit, run out of a resource, bOOk ta ble
have a body temperature of less than 95 degrees, or run out of time. .

If you roll a sum of:

Look for points of confusion:

» Increasing the rate of loss for oxygen or body

Good weather. Poor weather. Extremely Extreme cold. Altitude temperature. Ask, “In your preparations, your
Mov n Remain at bad weather. L .2°F ickness. L . P .

Oczryn%.o ¢ curreent camp. Moveedowi fr%snefl %ody ’ 2 Sfreigt%se physical training will have made your body more
one camp and temperature pointsand 1 efficient using oxygen. Would it make sense for you
lose 1 Strength and 1 Perseverance . "

point. Perseverance  point. Move to be using more or less oxygen?
point. Remain down one
atcurrent camp. Look for productive strategies:
camp.

« Completing the table until one of the resources is
exhausted, then rolling the number cubes for each
day and hoping to reach the summit before the
last day.

Camp IV
(26,000 ft)

Camp Il
(21,300 ft )

Activity 2 continued >
Camp |

(19,900 ft )

Base Camp |

(17,700 ft )

524 unit5 Rational Number Arithmetic ©2023 Amplify Education. Inc. Allrights reserved

— e Differentiated Support '

Accessibility: Guide Processing and Visualization Extension: Math Enrichment

Consider demonstrating how to play the game for one roll of the number cubes, Have students return to their preparation calendar from Activity 1 and choose
which represents one day. Show how to record the results of the roll in the table, a different set of preparations. Allow them to replay the game in Activity 2, as
and whether you can move up or down camps and whether you lose Strength, time permits, and discuss how their new preparations affected their likelihood
Temperature, or Perseverance points. of success.

524 unit 5 Rational Number Arithmetic



Activity 2 The Summit Attempt (continued)

228 Small Groups | @ 20 min

Students track the decrease in their resources and reason about negative rates as they roll dice to determine

their movement up and down Mt. Everest.

Name:

Date:

Period:

Activity 2 The Summit Attempt (continued)

Log book:

Strength

| Oxygen
Perseverance | remaining
| (liters)

I Body
| temperature |

(F)

| Current
camp

Startin,
values
—1+0.22=-0.78

1 7 12 9 10 "; (9_.;;78) 98.6 Camp |

2 10 10 8 9'22:8(;2'78) 98.6 g:;ep

8 5 9 7 8'44:7(;3 78) 98.6 Camp |

4 8 8 6 7'66:6(_;3'78) 98.6 Camp|

5 4 7 5 608 : é._lo.m) 98.6 Camp Il

6 10 5 4 6.1 : é.—302.78) 98.6 Camp |

7 9 4 3 5'32:4(_;2'78) 98.6 Camp|

8 3 3 2 4‘54:3(_;3'78) 98.6 Campl Il

9 6 2 1 3‘76:2(.'93'78) 98.6 Camp Il

10 5 1 0 2.98 - é.—20.78) 98.6 Camp IV

11

12

13

14

=
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g Connect

Ask, “Did you make it to the summit? If not,
what went wrong?”

Have students share what changes they would
make to their preparation schedule, if any, based
on the outcome of their game.

Display a student’s log book table.
Ask:

« “What equation could you write to model how much
oxygen is left if you know how many days have
passed?”

» “Could you predict how many days you have
before any of your resources reach 0? How could
you do this?”

+ “What other situations can you think of where a
negative rate would help predict when a certain
resource might run out?”

Highlight how understanding rates, especially
negative rates, can help plan for a situation
involving using up a limited resource.

Lesson 20 Summiting Everest 525



Unit Summary

éﬁ Whole Class | @ 5 min

Review and synthesize the important concepts related to operations with rational numbers.

9 Narrative Connections

Unit Summary

It’s easy to forget how large our planet is.

Beyond the comforts of home, there are
towering cliffs, wide oceans, and miles and

miles of rocky terrain. These hard-to-reach
places have tempted adventurers for centuries.
From the breath-stealing heights of Mt. Everest to
the sub-zero temperatures of Antarctica, there's
no shortage of places for people to test their
strength and resolve.

Many of these challenges can be described using
rational numbers. Rational numbers show not only

APPALACHIAN
TRAIL

how much of something there is, but
also in what direction. This is especially
useful when discussing elevation and
temperature, where quantities can be
above or below the starting point of zero.

But we can use rational numbers for more

than just position. Rational numbers open a

world where we acknowledge what it means

to lose something, to owe something, and

to go below where we started. In the fields of

accounting and finance, positive and negative

numbers show up as credit and debt. Operating
with these numbers can give you the big picture

on your total gains and losses.

While addition and subtraction may seem
relatively simple with rational numbers, be

careful when multiplying or dividing. A misplaced
sign can mean the difference between climbing
atriumphant peak or plummeting into the deepest

depths.

See you in Unit 6.

526 Unit5 Rational Number Arithmetic
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% Narrative Connections

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

G Synthesize

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

Highlight that it is very useful to spend some
time reflecting on one’s own learning at the
conclusion of a unit. This helps to retain
information and make connections that
students may not have been able to make while
focusing on each individual lesson.

Ask students to take a few minutes to recall
what they have learned about working with
rational numbers within all four operations.

o Reflect

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

+ "Did anything surprise you while reading the
narratives of this unit?”

« ‘“Isthere any topic you would like to learn move
about? What are some steps you can take to learn
more?”



& Independent | @) 5min

Exit Ticket

Students demonstrate their understanding of the most important concepts in operations with rational
numbers by writing a note to their past selves at the beginning of the unit.

.
0 Success looks like . ..

Name: Date: Period:

» Goal: Applying operations with rational

numbers while playing a game preparing to
Exit Ticket m climb Mt. Everest.

» Goal: Writing expressions and equations to

) . . model situations involving rates with rational
Imagine you have a time machine,

but it only has one button. Jravel back o numbers.
the first day ot

When you travel you can only bring one thing with

you - this Exit Ticket. this unit Q Suggested next steps

Write a note to yourself that will help you either:
Y Py If students cannot recall moments that match

the prompts in the Exit Ticket, consider:

focus on something important.
make sense of something you didn't understand at first.

challenge yourself even further. « Encouraging them to look back through their

S I : . . .
DZ::ph:ereSpmse work from the unit to jog their memory.

One of the most important things to focus on during this unit
is the signs of the number you are working with. Multiplication
and division are basically the same as with regular numbers,
as long as you figure out the signs. There are some rules that
will help you figure them out. But addition and subtraction are
trickier, and you might need to take some more time to figure
these out.

Sincerely,
Me

[ seirassess ) —— —— (Y

I don't really I'm starting to I got it
i getit
a | can plan ahead for a situation with b | can write an expression with multiple
anegative rate. variables involving different rates
1 2 3 1 2 3
©2023 Ampiity Education, Inc. All rights reserved Lesson 20 Summiting Everest
| ______________________________________________________________________________________________________________________________________|

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

> Points to Ponder . . .

- What worked and didn’t work today? Did students find Activity 1 or
Activity 2 more engaging today? Why do you think that is?

- Which groups of students did and didn’t have their ideas seen and
heard today? What might you change for the next time you teach
this lesson?

Lesson 20 Summiting Everest 527A



Practice .Q. Independent

Name: Date: Period: I]Ell = Name: Date: Period
> 1. Evaluate each expression. E 3 3. The table shows some information from the stock market. Complete the table.
a 14+ (-24) =-1 b —06+0.8 =0.2 8 3 | Change in value
24-14=1 0.8-0.6=0.2 =4 =4 | Valueon | Valueon | Changein | g
) o Company | Dayl($) | Day2($) | value($) | as a percentage
(] (] | | i of Day 1 value
D 1_(__) _1.3_, a _z+(__) _L 107.95 111.77
4 4 4 8 8
111.60 114.03 243 2.18%
manufacturer
Oil corporation 26.14 25.14 —1.00 —3.83%
e —%—(—0.85):041 f 3374%=—%
Department
3 1 0.85=0.85-0.75=0.1 4l_g4_9 e 7.38 717 —0.21 ~2.85%
4 4”75 20
Ty 68.74 70.30 1.56 2.27%
company
> 2. Complete the equations using the values in the table. You may only use
each at most once. > 4. Noah says that speed is related to velocity in the same way that distance is
related to difference. Explain what he means by this statement.
12 —12 8 -8 Sample response: Distance is how far apart two values are and is always
non-negative. Difference gives information about the direction of how to
6 -6 4 —4 travel from one value to another. The magnitude of the difference of two

ENI RN
wir
wir

values is the distance between them.
-2 1 -1 Similarly, speed is the distance travel per a unit of time. Velocity is the speed
2 and direction. The magnitude of the velocity of an object is the object’s speed.
= -
Sample responses shown.
_3
a =8 X 4 = 6.
> 5. Using the given values, write an expression applying only addition and
2 subtraction whose value is zero.
b 8. ..+ 3. .= -2
-3 =10 -7
Sample response: —3 + (—7) — (—=10) =0
c =4 + =2 = =6
d 1 - 2 = =1
©2023 Amplify Education Inc. Allights reservec. Lesson 20 Summiting Everest 527 528  Unit5 Rational Number Arithmetic 2023 Ampify Education,Inc. Al ights reserved.

Practice Problem Analysis Additional Practice Available

Type Problem

For students who need
Unit 5 additional practice in
Lesson 9 this lesson, assign the

Unit 5 Grade 7 Additional

Lesson 15 Practice.
. Unit5
Spiral 3 Lesson17 2
Unit 5
& Lesson 1l s

Unit5
Lesson 9
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and Inequalities

Students return to the study of algebra and focus on how representation plays such a
large role in communicating mathematical ideas. In this unit, the symbols, language,
and drawings students use will help them tell the stories they see in the numbers.

Essential Questions

» Which representations best help you make i i .
sense of certain mathematical scenarios? ( 5 \
» Which strategies that worked for solving
simple equations or inequalities can be put to

use when solving more complex ones?

» How can you increase your efficiency when .
solving mathematical problems?

» (By the way, what does dog walking have to do
with mathematics?)

530 Unit6 Expressions, Equations, and Inequalities

)

UNIT 6

Expressions, Equations,
.




Key Shifts in Mathematics
‘Focus

©® |n this unit...

Students incorporate their new awareness of

the set of rational numbers into their previous
experience with solving equations and inequalities.
They interpret and make connections among
various representations of the relationship between
two quantities, including tape diagrams, hanger
diagrams, area models, and algebraic equations.

Coherence

Previously . ..

Two important areas that have been studied in the past come togetherin
this unit: work with expressions and equations from Grade 6 and the set
of rational numbers from earlier in Grade 7.

Coming soon. ..

Students will revisit working with expressions and equations in Grade 8
while solving systems of equations. Additionally, their work with
manipulating equations will be important when rewriting linear equations
in more helpful forms in Grade 8.

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

Conceptual " Procedural Fluency “ '7; Application
- .
° -
¢ UnderStandmg **  Students formalize their understanding Students make sense of how
Hanger diagrams help students of solvin.g'e'qualtions algebralically ' inqualitigs can model the o
make sense of the need for balance with activities like the Equation Chain relaﬁonshlps between quantities in
when solving equations (Lesson 2). (Lesson 7). their world (Lesson 18).

Inequalities are presented as an
extension of their work with equations,
which helps to ease the transition
(Lesson 13).

Unit 6 Expressions, Equations, and Inequalities 531



at a Time

SUB-UNIT

1 Lessons 2-7

Solving Two-Step
Equations

Students move to a more
formal representation of

. balance: hanger diagrams. In

O considering how this concrete
representation connects
to the abstract algebraic
representation, students
build schema they can call
on throughout the rest of the
unit when solving for unknown
values.

A

Narrative: Symbols and
diagrams can help you to make
sense of equations, and even to
solve them.

531A Unit 6 Expressions, Equations, and Inequalities

SUB-UNIT

2

Solving Real-World
Problems Using
Two-Step Equations

Lessons 8-12

Now understanding how to solve
for unknown values in multi-
step equations, students think
about where these equations
come from. What, exactly,

do they represent? Students
interpret situations with various
quantitative relationships and
see that they can be modeled
with algebraic expressions and
equations.

7 1 x|

Narrative: From ancient Egypt
to the modern world, solving
equations can help you solve
problems.

SUB-UNIT

3

Inequalities

Lessons 13-18

Students are reacquainted
with the equation’s close (and
beloved) relative: the inequality.
They'll notice that the apple
doesn't fall too far from the
tree. Students experience a
similar progression as they

did with equations, learning to
solve them before learning how
they can use them to model
situations.

<>

Narrative: Inequalities are more
than symbols. And you already
have the tools to solve them.



,":’{l La u n c h Lesson1

Keeping the Balance g

The concept of balance is central to solving equations and inequalities. The dog walker reminds students
how there can be many ways to balance the same quantities, all of which are equivalent.

SUB-UNIT

4 Lessons 19-22

Equivalent
Expressions

Equipped with a deeper
understanding of solving
equations and inequalities,
students wade into the water a

bit further and begin to consider o
efficiency. They see that ’
expressions can be simplified

into fewer terms, ultimately

making their work easier.

% Capstone w«=

Pattern Thinking

This lesson helps students see the expressions they have
been manipulating in a new light. Working with visual,
growing patterns, students find their own ways of seeing

Narrative: Technology can . . .
make life a little easier. So can the numbers, variables, and expressions in current and

changing the structure of a future steps.
mathematical expression.
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i Spoiler Alert: Solving equations with multiple steps — even with
negative numbers and fractions — involves the same reasoning as

: solving simpler equations. Just perform the same operation with the
: same number to both sides, like always.

CCIEEEE T

Unit at a Glance

Sub-Unit 1: Solving Two-Step Equations

<

A Pre-Unit Readiness Assessment 1

Keeping the Balance ¢ 2 Balanced and Unbalanced

Illustrate balance and the concept of equality
using a brand new model: the dog walker.

Find unknown values on balanced hanger
diagrams that model two-step equations.

1@) =r < DISTRIBUTE /\

OR se3x=12=>[ |=-5>

12

Two Ways to Solve One Equation

Canit be? Two ways? Practice solving equations
of the form p(z + ¢) = r, focusing on the structure
of the equation to determine the most efficient
solution method.

Solving Percent Problems in
New Ways

Represent percent increase and decrease using
tape diagrams and equations.

531C Unit 6 Expressions, Equations, and Inequalities

Practice Solving Equations ¢

Build fluency in algebraic manipulation by solving
avariety of equations.

<

A Mid-Unit Assessment

13

Reasoning With Tape Diagrams

Use tape diagrams and equations of the
form pz + g = rand p(z + ¢q) = rto describe
relationships in real-world scenarios.

sssessment [l Sub-Unit3: Inequalities

<0R=IS<

Reintroducing Inequalities

Students met them last year. Reintroduce
inequalities and how they can be used to
represent real-world scenarios.



Key Concepts .
@ Pacing

Lesson 2: Hanger diagrams can be used to model equations and help ) .
with solving them. 23 Lessons: 45 min each Full Unit: 26 days
Lesson 11: Real-world scenarios can be represented by writing equations. 3 Assessments: 45mineach ¢ Modified Unit: 23 days

Lesson 14: Meet the equation’s beloved relative. Solving inequalities is Assumes 45-minute class periods per day. For block scheduling or
just like solving equations. other durations, adjust the number of days accordingly.

[x]
b 2 s=e
2]

=-2+x
3 Reasoning About Solving 4 Reasoning About Solving 5  Dealing With Negative Numbers
Equatlons (Part 1) Equatlons (Part 2) Anew twist. Oris it? Introduce equations that

have negative values, showing how the concept of

Match hanger diagrams with corresponding Connect the Distributive Property with solving ) '
equations, and use them to reason about equations of the form p(z + ¢) = r, using hanger balance still applies.
solutions. diagrams to assist.

Sub-Unit 2: Solving Real-World Problems Using Two-Step Equations

SEIEIEIEI, *T=Tw0]
—24—

—r—
—24—

9 Reasoning About Equationsand 109 Reasoning About Equations and 11 Using Equations to Solve

Tape Diagrams (Part 1) Tape Diagrams (Part 2) Problems

Create tape diagrams, write equations, and solve Create tape diagrams, write equations, and solve Decide which type of equation,

real-world problems, focusing on equations of the real-world problems, focusing on equations of the px+q=rorp(+q) =r describesthe
formpz +q=r. formp(z+q) =1 relationships in areal-world story problem.

3(x+4) <17.4

x < 3.01 ——

== >
14 Solving Inequalities 15 Finding Solutions to Inequalities 16 Efficiently Solving Inequalities
in Context Solve inequalities of the forms

Equations can help! Write and solve equations to
help find the 5_°|Uti°”5 of inequalities, which may Solve contextual problems involving inequalities
include negative values. using the strategies from previous lessons.

px+q<randp(z+ q) < rbyfirstwritingand
solving arelated equation.
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Spoiler Alert: Solving equations with multiple steps — even with

Unit at a Glance negative numbers and fractions — involves the same reasoning as

solving simpler equations. Just perform the same operation with the
same number to both sides, like always.

€ continued

—
| |
x= <32,000 Ibs <o _
g g A 2-3-5=-3+25=
x<200ml v
- -3-5+2
17 Interpreting Inequalities 18 Modeling With Inequalities 19 Subtraction in Equivalent

Interpret and solve inequalities that represent Focusing on the modeling process, by first Expressmns
real-world situations, while making sense of proposing a question and then deciding how to Highlight common errors when rewriting
quantities and their relationships in the problem. represent the situation mathematically. expressions containing subtraction and/or

negative signs.

23 Pattern Thinking ® A  End-of-Unit Assessment

Make connections between equivalent
expressions, non-proportional linear
relationships, and pattern growth.

® Modifications to Pacing

Lesson 1: The Launch lesson provides a re-entry point
to balance and solving equations, but may be omitted
if needed.

Lesson 7: This fluency-focused lesson may be omitted.
Fluency practice for solving equations can be found in
the Practice Problems of lessons in Sub-Unit1and in the
Additional Practice.

Lesson 23: This Capstone lesson challenges students
to apply algebraic reasoning to pattern growth, but may
be omitted, as it is not directly tied to the major work of
the grade.
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20

Key Concepts

Lesson 2: Hanger diagrams can be used to model equations and help

with solving them.

Lesson 11: Real-world scenarios can be represented by writing equations.
Lesson 14: Meet the equation’s beloved relative. Solving inequalities is

just like solving equations.

Expanding and Factoring

Use the Distributive Property to expand and
factor expressions that include subtraction and
negative values.

21

@ Pacing

23 Lessons: 45 min each Full Unit: 26 days
3 Assessments: 45 mineach @ Modified Unit: 23 days

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

other durations, adjust the number of days accordingly.

Combining Like Terms (Part 1)

Use the properties of operations to understand
how like terms can be combined to write an
equivalent expression with fewer terms.

22

16x-12-24x + &

Combining Like Terms (Part 2)

Combine like terms to write equivalent
expressions with fewer terms, now including
negative coefficients and parentheses.

Unit 6 Expressions, Equations, and Inequalities
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Unit Supports

Lesson New Vocabulary
5 equivalent equations
greater than or equal to

13 less than or equal to

solution to an inequality

expand
20

factor
21 like terms

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

Lesson(s) Mathematical Language Routines
11 MLR1: Stronger and Clearer Each Time
;052111 13,16, MLR2: Collect and Display

1,13, 22 MLR3: Critique, Correct, Clarify

18 MLR4: Information Gap

2,15 MLR5: Co-craft Questions

7,11,12,17 MLR6: Three Reads

1-4,5, 8-10,

12-14,18-20, MLR7: Compare and Connect

23

f6523 ;Cl) 12, MLR8: Discussion Supports

531G Unit 6 Expressions, Equations, and Inequalities

Every lesson includes:

(=P Exit Ticket

[E]i Additional Practice

Additional required materials include:

Lesson(s) Materials

8,14 colored pencils, markers, or highlighters
8 glue or tape

15 number lines (optional)

sticky notes

11 tools for creating a visual display (chart paper,
markers, etc.)

5-8,13,14, 16, PDFs are required f9r these Iesso.ns. Refe.r _to

18-20. 22 each lesson’s overview to see which activities

require PDFs.

Instructional Routines

Activities throughout Unit 6 include the following
instructional routines:

Lesson(s) Instructional Routine
4 Algebra Talk

8,13,20 Card Sort

9,10 Equation String

11 Gallery Tour

18 Info Gap

1,8 Notice and Wonder

20 Number Talk

201_32218 Poll the Class

;’2?’21:’ B Think-Pair-Share

14 True or False

11 Which One Doesn’t Belong?



Each unitincludes diagnostic, formative, and summative assessment

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

Assessments When to Administer

Pre-Unit Readiness Assessment Prior to Lesson 1

This diagnostic assessment evaluates students’ proficiency with
prerequisite concepts and skills they need to feel successful in this unit.

Exit Tickets

Each lesson includes formative assessments to evaluate students’ End of each lesson
proficiency with the concepts and skills they learned.

Mid-Unit Assessment

This summative assessment provides students the opportunity to After Lesson 12
demonstrate their proficiency with the concepts and skills they learned
in the first part of the unit.

End-of-Unit Assessment

This summative assessment allows students to demonstrate their

mastery of the concepts and skills they learned in the lessons After Lesson 23
preceding this assessment. Additionally, this unit's Performance Task

is available in the Assessment Guide.

@ A m PS Social & Collaborative Digital Moments

desmos

Featured Activity

Walking Dogs Llke a Pro
Put on your student hat and work through Lesson 1, Activity 1:

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

+ What best practices might you employ for integrating
technology in your classroom?

Other Featured Activities k

* Dynamic Hanger Diagrams (Lesson 2)
» The Roller Coaster (Lesson 13)
» Robot Recharge (Lesson 19)

» Pool Border Problem (Lesson 23)
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° This unit study is designed to be completed independently or
Unlt Study collaboratively with your fellow mathematics educators. Prompts are
: provided so that you can engage in a meaningful professional learning
experience to deepen your own understanding of this unit and employ

PrOfeS Sional Learning effective pedagogical practices to support your students.

Anticipating the Student Experience With Fawn Nguyen

Sub-Unit 3 introduces students to inequalities by having students continue to solve these as if they were equations initially. They plot the
solution on the number line, then check the inequality to see whether the solution is true at that point, and whether it's also true when
greater than or less than that point. Students learn to write inequalities from a scenario, define what the variable represents and explain
what the solution means in context. Equip yourself to support your students with this concept by engaging in a brief problem-solving
exercise to deepen your own learning.

Do the Math
Put on your student hat and tackle these problems from Put your teacher hat back on to share your work with one or more
Lesson 17, Activity 2: colleagues and discuss your approaches.

Q Points to Ponder . ..
+ What was it like to engage in this problem as a learner?

« Sodium polyacrylate is a polymer found in many common products.
Have students research this and whether it can be found in their
own household.

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

Focus on Instructional Routines

Information Gap (Info Gap)

Rehearse.. . > Point to Ponder ...
How you'll facilitate student interaction during the Info Gap - Students may need to be patient while their partner processes
instructional routine in Lesson 18, Activity 2: the information on their card — what thinking job can you give

students while they wait?

This routine.. ..
» Encourages socialization and interdependency.
» Positions students as knowledge-givers and knowledge-seekers.

* Models the nonlinear nature of mathematical problem solving.

Anticipate . ..

» Students being confused about the order in which to present their
information during their first experience with this routine.

+ How might your students share discussion time equitably?

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

« If you have used this routine before, what went well? What do you
want to refine?

531l Uunit 6 Expressions, Equations, and Inequalities



Strengthening Your Effective Teaching Practices

Use and connect mathematical representations.

This effective teaching practice. ..

» Deepens student understanding of mathematical concepts and
procedures and builds a toolkit for problem solving.

» Facilitates meaningful mathematical discourse by drawing
connections between the different representations used and how each
one illustrates the same mathematical ideas.

Math Language Development

MLR6: Three Reads
MLR6 appears in Lessons 7,11, 12, and 17.

» Encourage students to read introductory text multiple times
before jumping into a task. By doing so, they will have more
opportunities to understand the task and the quantities and
relationships presented. The Three Reads routine asks students
to focus on the following for each read:

» Read 1: Make sense of the overall information or scenario,
without focusing on specific quantities.

» Read 2: Look for specific quantities and relationships and make
note of them.

» Read 3: Brainstorm strategies for how to approach the task.

» English Learners: Annotate or highlight key words and phrases
in the introductory text to help students understand the
relationships between quantities.

> Point to Ponder . ...

- Some students may resist reading information multiple
times. How will you help them see the benefits to doing so
before jumping into the actual task?

Unit Assessments

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

Look Ahead...

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

» With your student hat on, complete each problem.

Q Points to Ponder-. ..

+ What concepts or skills in this unit might need more emphasis?

+ Where might your students need additional scaffolding
and support?

» How might you support your students with writing and
solving equations and inequalities throughout the unit?
Do you think your students will generally:

» Understand how to deal with negative and fractional values?

» Beready to apply what they have learned about solving
equations to solving inequalities?

Q. Points to Ponder ...

« What representations will be presented in this unit?

» Where do you see opportunities to make connections among the
different representations used, and when should students be
allowed choice of the representation used?

Differentiated Support

Accessibility: Guide Processing and Visualization,
Optimize Access to Technology

Opportunities to provide visual support, guide student
processing, or provide the use of technology (through the
Amps slides) appear in Lessons 1-19.

» InLessons 2-4, students can manipulate a digital hanger diagram
which animates and provides real-time feedback showing whether
the hanger is balanced.

» InLessons 9 and 10, students can create and edit tape diagrams
using digital tools.

« Display or provide copies of the Anchor Chart PDFs, Solving
Equations, Solving Inequalities, and Writing Equivalent
Expressions, for students to reference throughout the unit.

» Use color coding and annotations to connect key words and
phrases from text and verbal descriptions and how they are
represented in equations and inequalities.

> Point to Ponder . ...

+ As you preview or teach the unit, how will you decide when to
display or provide an anchor chart, use color coding, or use
the Amps slides to deepen students’ understanding of the
concepts of the unit?

Building Math Identity and Community

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

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

Q Points to Ponder-. ..

+ Are students able to resolve conflict without damaging
relationships? Can they effectively communicate their
opinion about a mathematical practice? Do they work well
as a team, making sure each person is able to offer and seek
help when needed?

+ Are students able to control their stress levels when working
on a new skill or task? Do they have the organizational skills
required to accomplish their goals? Can they muster enough
self-discipline to take the steps necessary to solve equations
and inequalities? How do they keep themselves motivated?
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UNIT 6 | LESSON1 — LAUNCH

Keeping the
Balance

Let’s walk some dogs.

« Students build conceptual understanding of

Goals equality by balancing the pull of dogs on either
1. Language Goal: Generalize that adjusting the amount of strength side of a dog walker.

equally on each side of a dog walker diagram keeps it balanced.

(Speaking)

2. Language Goal: Explain how to use a balanced dog walker model to
solve an equation of the form pz + ¢ = r. (Speaking)

Coherence

¢ Today

Students learn how a dog walker model can be used to illustrate balance
and the concept of equality. This understanding is essential in solving for
unknown values in equations.

< Previously

In Grade 6, students wrote and solved one-step equations to represent
word problems.

2> Coming Soon

In the next few lessons, students will work with hanger diagrams to
expand their toolbox of strategies for solving multi-step equations.
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PaCing Guide Suggested Total Lesson Time ~45 min @

O & & o o

Warm-up Activity 1 Activity 2 Activity 3 Summary Exit Ticket
@ 5 min @ 10 min @ 10 min @ 10 min @ 5 min @ 5 min
28 Pairs 28 Pairs 28 Pairs 28 Pairs ééi Whole Class % Independent

AMPS poweredbydesmos i Activity and Presentation Slides

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

Practice % Independent Amps Featured Activity

Materials Math Language Activity 1
« Exit Ticket Development Dynamic Dog Leashes
- Additional Practice Review words Students can manipulate the position of the

dogs on either side of the dog walker, while

» Addition Property of Equality trying to balance them.

« Division Property of Equality

* equation

« Multiplication Property of , *ﬁ‘
Equality H?fn_m

« Subtraction Property of

Equality
CO~ Amps
desmos
Building Math Identity and Community ® Modifications to Pacing
Connecting to Mathematical Practices You may want to consider this
Students might not take the naming in Activity 3 seriously. They might additiona'_ modification if you are
impulsively give silly names without any consideration for the quantitative short on time.
reasoning involved. In order to help students focus, have them prepare to «  The Warm-up may be omitted.

explain their terms to someone else, connecting what they know about the
properties to their names.
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& Pairs | @ 5min

Warm-up Notice and Wonder

Students look at two pictures representing the dog walker model to gain a sense of balanced and
unbalanced situations.

0 Launch

Conduct the Notice and Wonder routine.
Unit 6 | Lesson 1 - Launch Suggest that students share their thinking with
their partner before writing their responses.

g Monitor

Help students get started by saying, “Tell
me about what you see happening in the first
picture.”

Keeping
the Balance

Let’s walk some dogs.

p“ Look for points of confusion:
» Thinking the size of the dog matters. Ask, “Can a
smaller dog be stronger than a larger dog?”

Warm-up Notice and Wonder * Not noticing that Diagram A represents

Examine these diagrams. What do you notice? What do you wonder? imbalance. Ask, “What does it mean if the dog
Diagram A Diagram B walker is being pulled in one direction?”
+ Saying Champ is the strongest because he is
&/. \’—\e / -\N pulling Bobby and Ace. Say, “Bobby is pulling the
AT - v ( Ly ( same direction as Champ. Does that work for or
ﬁw\% 2 ¢t f\ .| N | against Champ?”
Ace Bobby Ace Bobby Champ

L Inoti 9 Connect
. Inotice...

Sample responses: . .
Ace is strong enough to pull Bobby and the dog walker off balance. Have students share their observations about

Ace is strong enough to balance evenly with Bobby and Champ pulling together. the dlagra ms.

Highlight that Diagram B represents a balanced
dog walker. Balance and equality will be

2. lwonder... important themes throughout this unit.
Sample responses:
Is Ace the strongest dog? Ask:

How does adding Champ affect the balance?
» “What is an example of something in your own

life that you feel you must ‘balance’?” Answers
will vary, but students may refer to balancing
Log nto Ampify Math o completethis lesson online responsibilities, or friendships.

532  Unit6 Expressions, Equations, and Inequalities ©2023 Amplify Education, Inc. All rights reserved.

» “How do we represent balance in math?”

A Using an equal sign.

532 Unit 6 Expressions, Equations, and Inequalities



Activity 1 Walking Dogs Like a Pro

&R Pairs | @ 10 min

Students balance dogs of varying strengths on opposite sides of the dog walker, connecting this model with

balance in equations.

—— 6 Differentiated Support

Amps Featured Activity Dynamic Dog Leashes

Name: Date: Period:

Activity 1 Walking Dogs Like a Pro

Welcome to Pawston University! We have produced some of the nation’s
finest dog walkers. Your first challenge is to balance some leashes.

How can you balance all five dogs on two leashes, holding one leash in each hand?

Dale Eartha Fifi Greg Harriet
4
Pe “
7
Strength:  Strength: Strength: Strength: Strength:
1 2 3 6 8

Write the names and strengths of the dogs you would place on the left side and
the right side.

Eartha (2) + Harriet (8) Greg (6) + Fifi (3) + Dale (1)

e

©2023 Amplify Education, Inc. All rights reserve

Accessibility: Optimize Access to Technology

Have students use the Amps slides for this activity, in which they
can manipulate the position of the dogs on either side of the dog
walker, while trying to balance them.

Lesson1 Keeping the Balance 533

0 Launch

Conduct the Think-Pair-Share routine. Give
students a few minutes to work independently,
and then have them compare their work with

a partner. Explain that this activity lends itself
well to trial and error. Suggest students begin by
using rough-draft thinking.

Monitor

Help students get started by suggesting they
write the strengths of the dogs on small pieces
of paper and manipulate them by hand.

Look for points of confusion:

* Not using all five dogs. Say, “The question asks
to balance all five dogs.”

» Finding a combination that is not precisely
balanced. Ask, “If this dog walker were on roller
skates, what would happen if one side was just a
little stronger than the other?”

Connect

Have students share where they placed the
dogs. Record student responses so the class
can see. Be sure to include a student who
reversed the sides of the dogs, which is equally
valid.

Display the equality statement that represents
each response that students shared.

Highlight by saying “This is also true about
equations, if you think of the dog walker as the
equal sign. Both sides must be balanced in order
for it to be an equation. The equal sign tells you
itis balanced.”

Math Language Development ]

MLR3: Critique, Correct, Clarify

During the Connect, present a set of dogs that would not be balanced, such as
Dale, Eartha, and Greg on the left and Harriet and Fifi on the right.

Ask:

Critique: "Do you agree or disagree with this set of dogs? Explain your thinking.”

Correct: “How would you correct this set of dogs? Would you add or subtract
dogs to balance both sides? Or both?”

Clarify: “How can you convince someone that your corrected set of dogs is
now balanced?”

Lesson 1 Keeping the Balance 533



Activity 2 Two New Customers

&2 Pairs | @ 10 min

Students find the strength of an unknown dog in a balanced dog walker model to reintroduce

the concept of variables in equations.

. o Launch

Activity 2 Two New Customers

Congratulations! You have learned how to balance your leashes.
But what happens when you do not know the strength of a dog?

Let’s figure out the strength of the new dogs in the diagram — whose
strengths have not been labeled. Assume that the dog walker feels an
equal pullin both directions, and that the dogs who look the same have
the same strength.

AL ey 75

Strength:  Strength: Strength:  Strength: Strength:

6 8 9 ? ?

What is the strength of each new dog? Explain your thinking.

Each new dog has a strength of 2.5; Sample response: | found out that the
left side had a combined strength of 14. | realized the right side already
had a strength of 9, so | knew it needed 5 more to be balanced with the left.
Because there are two new dogs of equal strength, | divided 5 by 2 to get
2.5. Each new dog must have a strength of 2.5 to balance the pull in both
directions.

:: Are you ready for more?

Complete in each box with a single value that makes each equation true. For Problem 3,
use the same value for both boxes.

i, 9+14:7+2-
2. 5(E+a):9-7—3
3. 4+@:3-

534 unit6 Expressions, Equations, and Inequalities ©2023 Amplify Education, Inc. Allrights reserved

— e Differentiated Support

Accessibility: Guide Processing and Visualization

Cover up the two unknown dogs. Ask, “What must be the strength
remaining on the right side of the dog walker?" 5 Then uncover the two
unknown dogs and ask, “If the total strength of these two dogs is 5, what
must the strength of each dog be?" 2.5

Extension: Math Enrichment

As you highlight how the equation 6 + 8 =9 + = + x represents the diagram,
ask, “Is there a shorter way to write this equation?” 6 + 8 = 9 + 22 Some
students may be familiar with combining like terms, without necessarily
using that terminology. Like terms will be introduced later in this unit.

534 Uunit 6 Expressions, Equations, and Inequalities

Set an expectation for the amount of time
students will have to work in pairs on the activity.

Monitor

Help students get started by asking, “What is
the strength of the dogs on the left? What must
be true about the dogs on the right?”

Look for points of confusion:

» Thinking each new dog has a strength of 5.
Say, “Try adding the values on the right side, and
make sure they are balanced with the values on
the left.”

Look for productive strategies:

« Using trial and error to find missing values. Note
this as Strategy 1.

« Using counting on from 9 to find that the missing
combined value is 5. Note this as Strategy 2.

+ Subtracting 9 from 14 to find the difference that
accounts for the unknown combined value. Note
this as Strategy 3.

Connect

Have students share the strategies they

used. Depending on the strategy most
students use, you may choose to share either
Strategy 2 or Strategy 3 from above. Strategy 3
is ideal because it will prepare students for the
work later on in the unit.

Ask, “What equation could you write to match
this diagram?"6 +8=9+z + =

Highlight the connection between the dog
walker scenario and equations.

Math Language Development s————_——————

MLR?7: Compare and Connect

During the Connect, display Strategies 1-3. If no student mentioned one of
these strategies, still display it and ask students to determine if it is a valid
strategy. Have students compare and contrast the strategies by asking:

« “Areall of these strategies valid? Explain your thinking.”

« “Do any strategies appear to be more efficient than others?
Explain your thinking.”

English Learners

Annotate the diagram to highlight how the equation 6 + 8 =9 + = + « matches

the diagram.



&R Pairs | @ 10 min

Activity 3 Inventing Your Own Terminology

Students engage with new vocabulary by using their own language to create new names for the properties
of equality.

0 Launch

e o rened Complete part a as a whole class. Give students
Activity 3 Inventing Your Own Terminology 1 minute to brainstorm a new name for the
arrangement. Encourage them to use whatever
Emily Riehl is a mathematician who prefers to write about her work in higher WOI’diI’lg they would like. Suggest, “Add the
category theory in a way that makes the technical language more understandable. same amount of strength to both sides.” as an

example for part a.

a 9 Monitor
ﬁ. H ‘w Help students get started by suggesting they

give the dogs names so they can more easily
recognize their positioning.

5 3 8
m j .[ m Look for points of confusion:
12 5 3 8 12

+ Trying to use words from the “old name.” Cover
0ld name: Addition Property of Equality up the old name. Have students describe the
arrangement in their own words.

Rename the dog-walker's balancing techniques using language that makes the most
sense to you.

New name:

Sample response: Add the same amount of strength to both sides. . Thinking new names need to be short. Say
“Don’t be afraid to have multiple drafts of your new

® aﬁ» names. Shorter is not necessarily better.”
m‘lm % Activity 3 continued >
1 3 9 12 1
3 9 12

Old name: Subtraction Property of Equality

New name:
Sample response: Remove the same amount of strength from both sides.

©2023 Ampiy Egucation, nc. Allrights reserved. Lesson1 Keeping the Balance 535

—— e Differentiated Support '

Accessibility: Activate Prior Knowledge

Remind students they previously learned the names of the properties given in - Addition Property of Equality: If you
this activity. Some students may benefit from a quick review of these properties. sides of an equation, the equation remains
Consider providing them with these sentence frames shown to complete. Ask
students to generate their own examples, such as, ifa=b,thena+3 =56+ 3, to
illustrate the Additional Property of Equality.

the same quantity to both

« Subtraction Property of Equality: If you
both sides of an equation, the equation remains

the same quantity from

* Multiplication Property of Equality: If you both sides of an
equation by the same quantity, the equation remains

- Division Property of Equality: If you
the same quantity, the equation remains

both sides of an equation by

Lesson 1 Keeping the Balance 535



&R Pairs | @ 10 min

Activity 3 Inventing Your Own Terminology (continued)

Students engage with new vocabulary by using their own language to create new names for the
properties of equality.

S €) Connect

Display the pictures on a poster, showing both

Activity 3 Inventing Your Own Terminology (continued) the “old name™ and a “new name” for each
property.

Highlight “rough-draft thinking” as a part of

. -‘4 H ? the mathematical reasoning process. Say, “You

can think of addition and subtraction as similar
properties, and multiplication and division as

m‘“‘; similar properties.”
2 3 2 3 - 5 5

Old name: Multiplication Property of Equality

New name:
Sample response: Add equal groups to both sides.

et

25 25 25 25 5 5
2.5 2.5 5

Old name: Division Property of Equality

New name:
Sample response: Remove equal groups from both sides.

Y o
isi'l Featured Mathematician
Emily Riehl

> Emily Riehl is the kind of mathematician who wants to open up
the world of math to more people, rather than hiding it behind

Qﬁ_ hard-to-understand language and obscure symbols. In addition
5 to studying “Higher Category Theory", Riehl writes about math
B for an audience that does not just include other professors
and academics — which is rare in the world of university-level
) r mathematics. You might even catch her using music or sports
. as metaphors for the math she studies.

@ Mona Merling

536  Unit6 Expressions, Equations, and Inequalities ©2023 Amplify Education, Inc. All rights reserved

I @ Featured MathematiCian

Emily Riehl

Have students read about Featured Mathematician Emily Riehl,
who writes about complex mathematical theories in a way that
can be understood by a wider audience.
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Qﬁ Whole Class | @ 5min

Summary Solving One Step at a Time

Review and synthesize how dog walkers, just like equations, prefer to stay in balance.

— 9 Narrative Connections

v ‘Narrative Connections %

- - Read the narrative aloud as a class or have students

read it individually.

Unit 6 Expressions, Equations, and Inequalities
Solving One Step G Synthesize
at a Time

Display the Summary. Have students read the

OK, let's be real. When you see someone walking their dog, chances
are you are not thinking, “Oh, what an adorable math problem!”

You are thinking, “Look at the pwetty puppers!”

Summary or have a student volunteer read it
aloud.

Ask:

v ...or "Who's a good boy?"
« “Canyou think of any other times this year we have

used numbers, symbols, operators, and diagrams
to represent real-world scenarios mathematically?”

...or “Someone better clean that up.”

But, believe it or not, that dog is made up of numbers. Numbers
are inside how that dog walks down the street, how it wags its
tail, how it chows down on its kibble, and how it chases squirrels. “ . .
+ “How is analyzing dog walkers related to
In fact, everything we observe can be expressed in the language mathematics?”

of mathematics.

Like Mandarin, English, and Hindustani, we can use math to

describe how things are and how they work. While spoken o Reflect
language uses words, math uses numbers, symbols, operations,

diagrams, equations, and inequalities. From getting tugged by
a Pit Bull to building the pyramids, many stories of the human

experience can be told and many problems can be solved, one
mathematical step at a time.

After synthesizing the concepts of this unit,
allow students a few moments for reflection
around the concepts of the unit. To help them
engage in meaningful reflection, consider
asking:

Welcome to Unit 6.

+  “What strategies did you use in order to help balance
the dog walker in each scenario?”

W "ce0o0

- W FY
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Exit Ticket

& Independent | @) 5min

Students demonstrate their understanding by transferring their understanding of the properties of

equality to equations.

EEJ Printable

Name: Date: Period:

CErE ) ITE

If this arrangement is balanced, then which other arrangements are also balanced?
Explain how you know using the properties of equality.
Sample responses shown:

& B 4l |
3 3 6 4 3 2 3

This arrangement is balanced. A dog

a
with the same strength was removed
from both sides, so by the Subtraction
H <=1%  Property of Equality, both sides have
ad im ¢l equal strengths.
3 6 4 3
b
T i i
| T § 5%
3 2

2
This arrangement is not balanced.
A dog of strength 2 was added to
the left and removed from the right.
Now, there is more strength on the
left than the right.

4 3 3

This arrangement is balanced. Half of the

3 6
©
strength on both sides was removed, so
/ by the Division Property of Equality, both
H sides still have equal strengths.
6 3 3

Q Success looks like . ..

» Language Goal: Generalizing that adjusting
the amount of strength equally on each side
of a dog walker diagram keeps it balanced.
(Speaking)

» Explaining whether each arrangement is
balanced.

« Language Goal: Explaining how to use a
balanced dog walker model to solve an
equation of the form px + ¢ = r. (Speaking)

Q Suggested next steps

If students struggle to identify which
arrangements work, consider:

+ Having them find the total strength on
each side, and compare these strengths to
determine if the dog walker is balanced.

» Assigning Practice Problem 2.

If students struggle to identify which property
of equality applies to Problems 1 and 3,
consider:

+ Taking another look at the examples in

w ? I D @ Activity 3, and seeing if students can use
o - N . . . .
temey  Imeee T them to identify the properties shown in the
Exit Ticket.
a | canrecognize when a dog-walking b | candetermine the value of an
diagram is balanced. unknown in a dog-walking diagram
by using the concept of balance.
1 2 3
¢ |canidentify the properties of equality 189
that can be used to maintain balance
in a dog-walking diagram.
1 2 3
©2023 Amplity Education, Inc. Allrights reserved Lesson1 Keeping the Balance
Professional Learning
| . __________________________________________________________________________________________________________________________________________________________________________|]

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

€2 Points to Ponder ...

« What worked and didn't work today? In this lesson, students balanced the
Strength of the dogs on both sides of a dog walker. How will that support
students’ understanding of balancing equations?

- Knowing where students need to be by the end of this unit, how did engaging
in a discussion about the properties of equality (Activity 3) influence that
future goal? What might you change for the next time you teach this lesson?
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Practice

.2, Independent

Date: Period: Name:

Date: Period:

Name:

1. Using each of the numbers from 0 to 9 at most once, find as many
different ways as you can to make the equation true. A

O+O-0+0+0 X
®

D.

aonoead [

Sample responses:
24+3=0+1+4
3+4=0+1+6
© 6+8=9+4+1
2. Eachbalanced diagram has some dogs with unknown strengths.
Determine the strength of each unknown dog. Assume dogs that
look alike have the same strength.

i i .
75
b
b
c
c
d

Any value will work! This diagram has infinitely many solutions.

4. Which problem cannot be answered by the solution to the equation 3z = 277

Elena read three times as many pages as Noah. She read 27 pages.
How many pages did Noah read?

[l
e
3

Lin has 27 stickers. She gives 3 stickers to each of her friends.
With how many friends did Lin share her stickers?

Diego paid $27 for a concert ticket. What is the cost of 3 of these tickets?

The coach splits a team of 27 students into 3 groups to practice skills.
How many students are in each group?

5. Solve each equation. Show your thinking.

85+3=a
25.5=a
7T+b=11
T+b—7=11-7
b=4
c—3=15
c—3+3=15+3
c=18
ded4=32
de4+4=32+4
d=8

6. Write an equation that represents the hanger diagram.

w

. Create alist of four dogs, including their strengths, that cannot be
balanced in any way on opposite sides of the dog walker.
Sample response: 1, 2, 10, 20

©2023 Ampiy Ecucation, Inc. Allrights reservec. ©2023.
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Practice Problem Analysis
Type Problem Refer to
1 Activity 1 2
On-lesson 2 Activity 2 2
3 Activity 2 3
4 Grade 6 2
Spiral
5 Grade 6 1
Formative @ 6 CIRliE(@ 2
Lesson 2

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

Amplify Education, ne. Al ights eser

Sample responses:
I1+1+1+1l=xz+1+1+x
d=z+2+x

4=2x+2

Lesson1 Keeping the Balance 539

Additional Practice Available

For students that need
additional practice in
this lesson, assign the
Grade 7 Additional
Practice.

Lesson 1 Keeping the Balance 538-539






SUb'Unit 1 iﬁé Whole Class

Solving Two-Step Equations

In this Sub-Unit, students translate their understanding of hanger diagrams to the more-abstract algebraic
representations as they learn to solve equations with more than one step.

SUB-UNIT Narrative Connections % %

_ Narrative Connections
Solving Two-Step

Equations Read the narrative aloud

as a class or have students

What are the first read it individually. Students
continue to use diagrams and

words you learn visual models to model their

in “Caveman”? mathematical thinking in the

following places:

» Lesson 2, Activity 1:

Hanging Out
Strictly speaking, there is no language called “Caveman.” In * Lesson 3, Activity 1:
fact, scientists are pretty sure our cave-dwelling ancestors Matching Hanger Diagrams
did not speak any language at all. But that does not mean and Equations
early humans had nothing to say!
Archaeologists have discovered that many ancient cave * Lesson 5, Warm-up: Dogs
paintings were drawn near “acoustic hotspots." These in Different Directions

hotspots made anyone standing in that spot, loud and clear
for others in the cave to hear. Scientists theorize that early
humans connected the sounds made in those hotspots to
the paintings on the walls. So, if one of our cave-dwelling
ancestors painted a horse in full gallop or a trumpeting
mammoth, these images may have represented similar
sounds they heard in that very spot.

We do this kind of symbolic thinking every time we use
letters (*H-O-R-S-E") to represent a word (“horse”). This
kind of thinking, they believe, helped bring about language
as we know it today.

For thousands of years, our species has used pictures and
symbols to express how we see the world. As a species
we have come a long way from cave drawings. Today we
can use words, emojis, pictures, and diagrams to express
ourselves. These symbols help us connect, whether we
are in the same classroom or on the other side of human
history. And as you'll see, they can also help us to express
and understand mathematical thinking.

! = Guication, Inc. Al rights r Sub-Unit1 Solving Two-Step Equations 541
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UNIT 6 | LESSON 2 -

Balanced and
Unbalanced

Let’s see how hanger diagrams can
represent balanced relationships.

Goals

+ Students build conceptual understanding

of balancing an equation by analyzing hanger
1. Language Goal: Generalize that performing the same operations to diagrams.

each side of a hanger diagram keeps it balanced. (Speaking)

2. Find a missing weight on a hanger diagram.

Coherence

* Today

Students find unknown values on balanced hanger diagrams that model
two-step equations. They use the properties of equality to manipulate
the diagrams, ensuring they remain balanced.

< Previously

In Lesson 1, students used a dog walker model to review the properties of
equality.

> Coming Soon

In Lesson 3, students will use hanger diagrams to solve two-step
equations, specifically of the form pz + g =r.

542A Unit 6 Expressions, Equations, and Inequalities



PaCing Guide Suggested Total Lesson Time ~45 min @

O & & @ o

Warm-up Activity 1 Activity 2 Activity 3 Summary Exit Ticket
@ 5 min @ 10 min @ 10 min @ 10 min @ 5 min @ 5 min
2 Independent 28 Pairs 28 Pairs 28 Pairs ?22 Whole Class 2 Independent

AMPS poweredbydesmos i Activity and Presentation Slides

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

Practice 2 independent Amps Featured Activity
Materials Math Language Activities 2 and 3:

. Exit Ticket Development Dynamic Hanger Diagrams

- Additional Practice Review words When students remove weights from a

balanced hanger diagram, the hanger will
animate, giving real-time feedback that
« Division Property of Equality shows whether the hanger is balanced.

« Addition Property of Equality

» equation
» hanger diagram

» Multiplication Property of

Equality
 Subtraction Property of
Equality
CO Amps
desmos

Building Math Identity and Community ©® Modifications to Pacing
Connecting to Mathematical Practices You may want to consider these
While using a hanger diagram, students must apply both abstract and additional. modifications if you are
quantitative reasoning, but they might lack the organizational skills to short on time.
keep their explanations accurate. Encourage students to mark up the *  The Warm-up may be omitted.
diagrams with information that they know. By listing what they know for Instead, discuss during the Activity

1 Launch which hanger diagram is

sure, they can proceed to determine what could also be true and what s
J > balanced and which is unbalanced.

definitely is not true.
« In Activities 2 and 3, have students
discuss their strategies for Problem
1 orally without writing down their
responses.

Lesson 2 Balanced and Unbalanced 542B



Warm-up Carry On

& Independent | @) 5min

Students consider whether carrying balanced or unbalanced loads is more stable, as preparation for
understanding hanger diagrams.

Unit 6 | Lesson 2 -

Balanced and
Unbalanced

Let’s see how hanger diagrams can
represent balanced relationships.

Warm-up Carry On

Since early civilization, humans have used Diagram A Diagram B
carrying poles to transport heavy loads
over long distances. Refer to the diagrams.

1. What do Diagrams A and B represent?
Sample response: The person in 6

Diagram A is carrying an unbalanced

load, because there is more weight on

the left than the right. The person in

Diagram B is carrying a balanced load,

because there is the same amount of

weight on both sides.

2. Ifyou had to carry a heavy load, would you rather
carry it as shown in Diagram A or Diagram B?
Explain your thinking.

Diagram B; Sample response: I'd rather have the

same weight on both sides because | would not
need to lean over as | walk.

Log in to Amplify Math to complete this lesson online
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— o Power-up
To power up students’ ability to reason about hanger diagrams,
have students complete:

Which equation represents the hanger diagram?

I A.2=x-1

e B.1-1=z-1
©2=x+1

DE3i=y
Use: Before Activity 1

Informed by: Performance on Lesson 1, Practice Problem 6 and Pre-Unit Readiness
Assessment, Problem 7

542 unit 6 Expressions, Equations, and Inequalities

Launch

Conduct the Think-Pair-Share routine. Give
students 1 minute to respond to the problems
individually, and 1 minute to discuss their
thinking with a partner.

Monitor

Help students get started by asking them

to imagine themselves as the people in the
illustrations, and to consider which load seems
easier to carry.

Look for points of confusion:

* Not understanding how the carrying pole works.
Consider having a broom or meter stick that
students can place over their shoulders to better
envision the situation.

Connect

Display the diagrams showing the balanced and
unbalanced loads.

Have students share their thinking about the
balanced and unbalanced loads.

Ask, “What, exactly, is being balanced?” weight

Highlight that a carrying pole is another
representation of balance. When the weights on
both sides are equal, the pole is balanced. When
one side is heavier than the other, the pole is
unbalanced.




&R Pairs | @ 10 min

Activityl Hanging Out

Students investigate relationships shown in hanger diagrams, to prepare them for solving for missing
weights on a hanger diagram.

—— e Differentiated Support

Name: Date: Period:

Activity 1 Hanging Out

Co-craft Questions: Work

with your partner to write 2-3

mathematical questions you
In the two hanger diagrams, all the triangles welgh S e BEES
the same as one another, and all the squares weigh this activity.
the same as one another.

Diagram A Diagram B

Based on the diagrams, whatis. ..

1. One thing that must be true?
Sample responses:
A triangle is heavier than a square.
A triangle is heavier than a circle.
A triangle weighs the same as three squares and a circle.

2. One thing that could be true?
Sample response: A square could weigh the same as a circle.

3. One thing that cannot possibly be true?
Sample response: A triangle weighs the same as two squares.

©2023 Amplify Education, Inc. Al rights reserved

Accessibility: Guide Processing and Visualization

To demonstrate how the weight of the triangle compares to the weight of
the square in Diagram A, consider bringing in two items of differing weights
and hold one in each hand. Show how the heavier weight would cause the
balance to be lower on that side than the side with the lighter weight.

Extension: Math Enrichment

Ask students to assign possible weights to the triangle, square, and circle,
based on the relationships shown in the diagram. Sample response:

A triangle could weigh 7 g, a square could weigh 2 g, and a circle could
weighlg;7>2and7=3(2) + 1.

could ask about these hanger

Lesson 2 Balanced and Unbalanced 543

0 Launch

Conduct the Think-Pair-Share routine. Give

students 2 minutes to consider the diagrams
and complete the problems individually. Then
have them share their thinking with a partner.

Note: For each activity all squares/triangles/
circles and so on weight the same, but the
weight can be different from activity to activity.

9 Monitor

Help students get started by asking, “Which
diagram is balanced? Which diagram is not
balanced? What does this tell you about the
weights of the shapes?” Consider discussing the
meaning of must (always, for any weights), could
(sometimes), and cannot (there is no example)
in this context.

Look for productive strategies:

» Comparing the weights of the shapes (e.g., saying
that a triangle is heavier than a square).

9 Connect

Display the two hanger diagrams.

Have students share what must, could, and
cannot be true about the shapes and the
diagrams.

Highlight how students justify their conclusions
about the diagrams.

Ask, “How do you know that what you stated
must/could/cannot be true is correct?”

Math Language Development m——_—_—_——

MLR5: Co-craft Questions

During the Launch, display the hanger diagrams and have students work
with their partner to write 2-3 mathematical questions they could ask
about the hanger diagrams. Sample questions shown.
«  Which weighs more, a triangle or a square?
+  What does it mean that Diagram B is balanced?

How does the weight of a square compare to the weight of a circle?

English Learners

To support students in developing metalinguistic awareness, model how
to craft a mathematical question. Consider displaying one of the sample
questions.

Lesson 2 Balanced and Unbalanced 543



— e Differentiated Support

&2 Pairs | @ 10 min

Activity 2 Manipulating a Hanger Diagram (Part 1)

Students manipulate a balanced hanger diagram that models an equation of the form px + g = r to
determine an unknown weight.

Amps Featured Activity Dynamic Hanger Diagrams _ 0 Launch

Suggest students mark the hanger diagram
Activity 2 Manipulating a Hanger Diagram (Part 1) (or sketch new ones) when considering
Problems 1and 2.

The hanger diagram shown is balanced because the
weight on both sides is the same. g Monitor

1. Which weights can be removed so that the hanger
remains balanced? Determine as many strategies

Help students get started by asking, “If you
remove one triangle from each side, will the

as possible.

Sample responses: hanger stay balanced? What if you remove one

* Remove one or two triangles from both sides. triangle from one side and two triangles from
Remove half of the shapes on both sides (two the other side'?”

squares and one triangle from the left; two triangles
from the right).

Remove a quarter of the shapes from both sides L°°k for pomts Of COI‘IfUSIOI‘l:
(a square and half a triangle from the left; one . - .
triangle from the right), although some students Removmg unequal amounts of We'ght from each
may point out that it might not be realistic to side. Remind students that they must perform
half a tri le. . . .
remove haltatriangie the same action to each side in order to keep the

hanger balanced.

Look for productive strategies:

2. If atriangle weighs 4 g, how much does a square weigh? ‘ Marklng the dlagram or drawmg anew one to show

Explain your thinking. the We|ght5 being removed.

2 g; Answers may vary, but should include reasoning that . Labeling the triangles with 4 (Problem 2)‘
four squares weigh the same as two triangles or two squares

weigh the same as one triangle. +  Writing and solving the equation 4z = 8 to

determine the weight of a square.

9 Connect

Display the hanger diagram shown in the problem.

Have students share how they removed
weights. Ask a student to explain how they

:: T R R T found the weight of a square, and see if anyone

else used a different strategy.

If the weight of a square is = g and the weight of a triangle is 4 g, what equation . . .
could represent this hanger diagram? Highlight the connection between Problem

4z +8=16 1 and the properties of equality. For example,

5 removing two triangles from each side is
allowed by the Subtraction Property of Equality,
while the Division Property of Equality allows
the removal of half of the shapes (for each type
of shape) from each side.

544  unit6 Expressions, Equations, and Inequalities ©2023 Amplify Education, Inc. Al rights reserved.

Ask, “How could you use the Addition and
Multiplication Properties of Equality to create
new balanced hanger diagrams?”

Math Language Development 1

Accessibility: Optimize Access to Technology MLR7: Compare and Connect
Have students use the Amps slides, in which the During the Connect, as students share their responses to Problem 1, draw their attention to
hanger will animate as they remove weights, providing the connections between removing weights and the properties of equality. For example:
them with real-time feedback that shows whether the )
hanger is balanced. If a student says. .. Ask...
“I can remove two triangles from “What property allows you to do that? How do
Accessibility: Vary Demands to Optimize both sides.” you know the resulting hanger is balanced?”
Challenge “| can remove half of the shapes from “Which shapes can you remove from the left
. " H 2 et

In Problem 1, ask students to determine only one each side. side? H,OW do you know thisis ‘halfof the .

) ) o shapes’'? What property allows you to do this?
possible response, instead of determining as many :
as possible.

544 unit 6 Expressions, Equations, and Inequalities
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Activity 3 Manipulating a Hanger Diagram (Part 2)

Students manipulate a balanced hanger diagram that models an equation of the form p(z + ¢) = r to

determine an unknown weight.

Amps Featured Activity Dynamic Hanger Diagrams _ 0 Launch

Name: Date: Period:

Activity 3 Manipulating a Hanger Diagram (Part 2)

The hanger diagram shown is balanced because the
weight on both sides is the same.

1. Which weights can be removed so that the hanger [:]
diagram remains balanced? Determine as many
responses as possible.
Sample responses: i]
Remove one, two, or three squares from both sides. I

Partition both sides into three equal groups, and
remove one or two groups (one group: a square and
circle on the left, three squares on the right).

Some combination of the previous two responses
(remove three squares from both sides, partition both
sides into thirds and then remove two-thirds, leaving a
circle on the left and two squares on the right).

2. Ifasquare weighs % Ib, how much does a circle weigh?
Explain your thinking.
1 Ib; Answers may vary, but should include reasoning that
one circle weighs the same as two squares.

:: Are you ready for more?

If the weight of a circle is z Ib and the weight of a square is % Ib, what equation could
represent this hanger diagram?
Sample responses:

1 1
3z+12—42
l)_ 1
3(z+2 —42

©2023 Amplify Education, Inc. All rights reserved.

— e Differentiated Support

Accessibility: Optimize Access to Technology

Have students use the Amps slides, in which the hanger
will animate as they remove weights, providing them with
real-time feedback that shows whether the hanger is
balanced.

Accessibility: Vary Demands to Optimize Challenge

Consider replacing%with 1in Problem 2, which will still allow
students to access the targeted goal for this activity, but
remove the added task of reasoning about fractional values.

Lesson 2 Balanced and Unbalanced 545

Discuss that the arrangement of shapes on
this hanger diagram is slightly different from
the one in Activity 2, and note that the weight
on each side does not depend on the relative
arrangement of the shapes.

9 Monitor

Help students get started by suggesting they
consider which moves from Activity 2 will also
work with this hanger diagram.

Look for productive strategies:

» Removing three squares on each side to see that
the weight of three circles is equal to the weight of
six squares.

 Partitioning both sides into three equal groups, and
then removing all but one group.

9 Connect

Display the hanger diagram.

Have students share their strategies for
removing weights. Look for examples of
students using combinations of moves.

Highlight two distinct strategies for removing
weights: 1) removing three squares from each
side and partitioning the remaining shapes into
three equal groups; 2) partitioning each side
into three equal groups, and then removing one
square from each group. Discuss the properties
@ of equality that prove these moves keep the
hanger balanced. Note that both strategies
result in discovering that one circle weighs the
same as two squares, and have students use
this to complete Problem 2.

Math Language Development |

MLR7: Compare and Connect

During the Connect, as you highlight the strategies for removing weights, draw
students’ attention to the connections between the strategies. Ask:
»  “What similarities do you see among these two strategies?” Sample response:
Both strategies involve partitioning into equal groups and removing squares.
+  “What differences do you see?” The order in which these actions take place. If
the partitioning is done first, then only one square is removed (from each group).
+  “What properties of equality are illustrated by these strategies?”
Division Property of Equality and Subtraction Property of Equality

English Learners

Annotate the diagram to show the weights being removed to help students begin to
visualize the equation solving process.

Lesson 2 Balanced and Unbalanced 545



Qﬁ Whole Class | @ 5min

Summary

Review and synthesize how the properties of equality can be used to manipulate hanger diagrams.

G Synthesize

Display the diagram from the Summary and
Summary give students one minute to compare the two
hanger diagrams.

In today’s lesson.. . . Ask:
, N « “What is the same?” Both diagrams show that
You used hanger diagrams to represent balanced relationships. You saw that . i
you could use properties of equality to reason with and manipulate different eight squares weigh the same as four squares
hanger diagrams to determine the weight of different shapes on the diagram. and two triangles_
Consider Diagrams A and B.
Diagram A Diagram B + “What is different?” The arrangement of the
shapes on the right.

+ “How could you determine the relationship
between the weight of a triangle compared to
the weight of the squares?” Use properties of
equality to balance both sides of the hanging
diagram.

Have students share their thinking with a

partner.

Highlight that the arrangement of Diagram A
Although the diagrams have different arrangements, they are modeling the makes it easier to remove four squares from
same relationship between triangles and squares and can be used to determine each side (Subtraction Property of Equality)
the relationship between the weight of a triangle when compared to the weight and then divide both sides into two groups
of squares. . .

(Division Property of Equality), to see that

one triangle equals one-and-a-half squares.
Meanwhile, the arrangement of Diagram B
Reflect: makes it easier to start by dividing both sides
into two groups (Division Property of Equality)
and then removing two squares from each side
(Subtraction Property of Equality), to see that
one triangle equals one-and-a-half squares.
Note that both strategies are valid and result in
the same equivalency.

o Reflect

546 unte e Rlalions. and nequaities 2023 Aty Education, . Al gt reserves After synthesizing the concepts of the lesson,
A allow students a few moments for reflection.
Encourage them to record any notes in the
Reflect space provided in the Student Edition.
To help them engage in meaningful reflection,
consider asking:

» “How is balancing the hanger diagram similar and
different than balancing the dog walker from the
previous lesson?”

546 Uunit 6 Expressions, Equations, and Inequalities
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Exit Ticket

Students demonstrate their understanding by reasoning about the relationships shown
in a hanger diagram.

.
Q Success looks like . ..

Name: Date: Period:

» Language Goal: Generalizing that performing

the same operations to each side of a hanger
Exit Ticket m diagram keeps it balanced. (Speaking)

+ Goal: Finding a missing weight on a hanger

The weight of the square is 2.8 g. What could the weights of the triangle dlagram.
and the circle be? Explain your thinking. » Determining the weights of the triangle and the
| Answers may vary, but should circle in the hanger diagram.
state that the weight of the triangle
and circle must be the same
because both sides have the same
number of squares, along with one suggested next steps
other shape.

If students give a different weight for the

square than the circle, consider:

» Reviewing how they reasoned about
removing weights in the hanger diagram to
arrive at that conclusion.

» Assigning Practice Problems 1and 2.

If students give only one possible weight for

the square and circle, consider:

« Asking whether this is the only possible
weight for these shapes. If they say it s,
demonstrate why, as long as the square and
circle have the same weight, the diagram will
be balanced.

< « Assigning Practice Problem 3.
? . (V)
I don't really I'm starting to I gotit
getit getit
a | can determine the value of a missing b | can manipulate a hanger diagram
weight on a hanger diagram. according to the properties of equality
to produce a new balanced hanger
1 2 3 diagram.
1 2 3

©2023 Amplify Education, Inc. All ights reserved Lesson 2 Balanced and Unbalanced

Professional Learning

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

€2 Points to Ponder ...

What worked and didn’t work today? In what ways have your students
gotten better at reasoning abstractly and quantitatively?

What did the process of balancing hanger diagrams reveal about your
students as learners? What might you change for the next time you teach
this lesson?

Lesson 2 Balanced and Unbalanced 547A



Practice .Q. Independent

Name: Date: Period: Name: Date: Period:

1. Refer to the table. Determine what happened to the first hanger
diagram that resulted in the second hanger diagram. Then, name the
property (or properties) of equality that tell you that if the first hanger

3. Refer to the balanced hanger diagram.

Determine the weight of a circle if each triangle weighs:

[=]
v
9
2
3

aanoeud [

is balanced, then so is the second hanger diagram. » 2b. 1
First hanger 3 ppened? 3 What property? b 1lb. 051b
A L 1 One unit was removed  Subtraction Property
[1] A [1]  from each side. of Equality © 05lb.0.251b
[ A\ 0 (One unit was
(1] (1] (1] subtracted from each
(] [i] side) 4. Acaris traveling at a constant speed. Determine the number of miles
! the car would travel in 1 hour at each given rate.
b ] Both sides were Division Property of a 135milesin3hours 45 milesin 1 hour
m (w)  partitioned into 3 Equality
equal groups, and
one th"d of each side B 22milesinShours 44 milesin 1 hour
remained. 2

(Each side was 1
divided by 3.) ¢ 7.5miles inzhours 30 miles in 1 hour

One unit was removed = Subtraction Property

c
m from both sides. Then  of Equality, Division 100 L2 P
' one third of each side Property of Equality d 3 miles in 3 hours 50 miles in 1 hour

remained.

(1 was subtracted
from both sides and
then both sides were

5. Solve each equation. Show your work or explain your thinking.

FHo-

a 2l=x+9 b 32=57
divided by 3.
v3) 21-9=2+9-9 30+3=57+3
2=z =19

2. Each hanger diagram from Problem 1 is balanced. Determine the weight of each
lettered shape, and explain your thinking. You may draw on the diagrams to help with
your thinking. Sample responses shown.

a z=..l..Inthe final diagram, two units can be removed from both sides,

leaving, two z's balanced with two 1's. € r-75=185

r—75+75=18.5+75

=26
b w=..1.. The final diagram shows one unit balanced with one w.
€ y=_.2__Inthe final diagram, one unit can be removed from both sides,
leaving two units balancing with one y.
©2023 Amplity Education, Inc. All rights reserved. Lesson 2 Balanced and Unbalanced 547 548 Unit6 Expressions, Equations, and Inequalities ©2023 Ampiify Education, Inc. Al ights reserved.

Additional Practice Available

Practice Problem Analysis

Type Problem Refer to

For students that need

1 Activity 2 1 additional practice in
this lesson, assign the

On-lesson 2 Activity 2 2 Grade 7 Additional

3 Activity 2 2 Practice.

- Unit 2
Spiral = Lesson 6 1
Formative © 5 L 1
Lesson 3

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

547-548 unit 6 Expressions, Equations, and Inequalities



UNIT6 | LESSON 3

Reasoning About

Solving Equations
(Part 1)

Let’s see how a balanced hanger diagram
is like an equation and how moving its
weights is like solving an equation.

Goals

« Students interpret hanger diagrams to
build conceptual understanding of solving
1. Interpretabalanced hanger diagram, and write an equation of the equations of the form pz + ¢ = 7.

form px + g = r to represent the relationship shown. . Students develop procedural fluency in

solving equations of the form pz + ¢ = r with
and without the use of hanger diagrams.

2. Language Goal: Explain how to solve an equation of the form
px + ¢ = r. (Speaking and Listening, Writing)

Coherence

° Today

Students connect hanger diagrams and two-step equations of the
form pz + ¢ = r. Students match hanger diagrams with corresponding
equations, and use them to reason about solutions.

< Previously

In Grade 6, students wrote and solved one-step equations. Students
review finding solutions to one-step equations during the Warm-up.

2> Coming Soon

In Lesson 4, students will continue working with hanger diagrams to
understand and solve different two-step equations of the form pz + ¢ =r.

Lesson 3 Reasoning About Solving Equations (Part1) 549A



Pacing Guide

Suggested Total Lesson Time ~45 min @

O o o

Warm-up Activity 1 Activity 2
@ 7min @ 15min @ 13 min
2 Independent 28 Pairs 28 Pairs

AMPS poweredbydesmos i Activity and Presentation Slides

C

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

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

Practice % Independent

Materials Math Language
« Exit Ticket Development
+ Additional Practice Review words
» constant

« coefficient

* equation

» hanger diagram

» properties of equality
* solution to an equation

 variable

Building Math Identity and Community

Connecting to Mathematical Practices

Responsible decision making: As students solve equations using hanger
diagrams, they must consider the consequences of each step they take.
Working outside the structure that the properties of equality provide,
students will solve the equation incorrectly. Compare this to decisions that
they make in real life. Have them explain what structures are set for them so
that they have positive, instead of negative, consequences.

549B Unit 6 Expressions, Equations, and Inequalities

Amps | Featured Activity

Activity 1
Dynamic Hanger Diagrams

When students enter a weight for a variable
in a hanger diagram, the hanger will animate,
giving real-time feedback that shows
whether the hanger is balanced.

CO~ Amps

desmos

® Modifications to Pacing

You may want to consider this

additional modification if you are

short on time.

» InActivity 1, after matching the
equations to the hanger diagrams,

have students choose only two
equations to solve.



Warm-up Hanger Diagrams and Equations

& Independent | @) 7 min

Students solve two pairs of one-step equations using hanger diagrams in preparation for solving two-step

equations using hanger diagrams.

Name: Date: Period:

Unit 6 | Lesson3

Reasoning About
Solving Equations
(Part 1)

Let’s see how a balanced hanger
diagram is like an equation, and
how moving its weights is like
solving an equation.

Warm-up Hanger Diagrams and Equations

Refer to the hanger diagrams and the equations that represent them.

r+2=6

1. Explain how you can use the diagrams to determine the values of z and y.
Left diagram: Remove two unit weights from each side to see that = weighs 4 units.

Right diagram: Partition both sides into two equal groups to see that y weighs 3 units.

2. Explain how you can use the equations to determine the values of = and y.
x + 2 = 6: Subtract 2 from both sides of the equation to see that x = 4.
2y = 6: Divide both sides of the equation by 2 to see that y = 3.

Log in to Amplify Math to complete this lesson online.

A -

©2023 Ampiy Eucation. nc. Al rights reserved. Lesson 3 Reasoning About Solving Equations (Partl) 549

—— e Differentiated Support

Accessibility: Optimize Access to Technology

Have students use the Amps slides for this activity, in which
they can enter a weight for a variable in a hanger diagram. By
doing so, the hanger will animate, providing them with real-time
feedback that shows whether the hanger is balanced.

o Power-up

0 Launch

Explain to students that they can write
equations to represent hanger diagrams.
Suggest that while students complete the
problems they consider how the equations
represent the hanger diagrams.

Ask, “what 1, z, and y represent in each
diagram? What does each equation represent?”

Monitor

Help students get started by asking, “How can
you adjust the hangers while still keeping them
balanced? Which values of the variables will
make each hanger balanced and each equation
true?”

Look for productive strategies:

» Using the guess-and-check strategy to find the
unknown weights in the diagrams. Review how to
manipulate a hanger diagram to find the unknown
weight.

» Using the guess-and-check strategy to solve the
equations. Review solving one-step equations using
inverse operations.

Connect

Have students share how they determined the
unknown weight on each diagram, and how they
solved each equation.

Highlight how the expressions 2y and x + 2

are represented in the diagrams, and remind
students that 2y =2.y =y + y. Discuss why
they subtract to solve an addition equation and
divide to solve a multiplication equation, using
the diagrams.

Ask, “How is determining the missing weight on
the diagram similar to solving the equation?”

To power up students’ ability to solve one-step equations, have
students complete:

Match each equation with the operation that could be used to solve it.

a. 2x=28

b. z+2=8
c.z+(-2)=8
d z+2=8

€ Add2

b Subtract 2
_d_ Multiply by 2
_a Divide by 2

Use: Before the Warm-up.
Informed by: Performance on Lesson 2, Practice Problem 5 and Pre-Unit
Readiness Assessment, Problem 2.

Lesson 3 Reasoning About Solving Equations (Part1) 549



&8 Pairs | @ 15 min

Activity 1 Matching Hanger Diagrams and Equations

Students match equations to diagrams, analyzing the relationship between each pair to find

the unknown values.

Activity 1 Matching Hanger Diagrams and Equations

1. Each of these equations represents one of the following hanger diagrams.
2[ J+3=5 6=2[ ]+3 7=3[ |+1 3[ J+2=3

Write the equation below its matching hanger diagram.
Replace the box in each equation with either w, z, y, or 2.

7=3w+1 3x+2=3

(Y d
1]

1];

/

22+3=5 6=2y+3

2. Use the hanger diagrams to help you solve each equation.
1

T==

a w=2 b z=1 c 3 d y=15

550  Unit6 Expressions, Equations, and Inequalities

— @ Differentiated Support

Accessibility: Guide Processing and Visualization

If students have difficulty working with the rectangles labeled with
numbers other than 1, suggest they draw a related hanger diagram with
smaller rectangles, where each rectangle is labeled 1. For example, in
part ¢, have them draw two smaller rectangles on the left side and three
smaller rectangles on the right side.

Extension: Math Enrichment

Challenge students to write the steps for solving a two-step equation,
based on the relationship between the hanger diagrams and how to solve
one-step equations.

550 Uunit 6 Expressions, Equations, and Inequalities
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. 0 Launch

Explain that each equation has a box where the
variable will go. Say, "On the diagrams, each
shape labeled with a letter has an unknown
weight, and shapes labeled with the same letter
have the same weight.”

9 Monitor

Help students get started by going over the
first equation together.

Look for points of confusion:

» Confusing which parts of the diagram model
addition or multiplication. Refer to the equations
and diagrams from the Warm-up.

+ Being unsure how to work with the shapes
labeled with numbers other than 1. Demonstrate
how to partition these shapes, in order, to remove
the same amount from both sides.

Look for productive strategies:

» Determining the value of the variables using the
guess-and-check strategy. Check that they know
how to manipulate the hanger diagram to find the
unknown values.

e Connect

Have students share strategies for matching
the equations and diagrams, and how they
found the values of w and «.

Highlight the structure of these equations

(px + q =r, where p, ¢, and r are specific given
numbers), and compare them to the equations
in the Warm-up. Referring to the diagram,
generalize that, to solve these equations,
subtract the constant from each side and then
divide each side by the coefficient. Demonstrate
how the movements in the diagram can be
written algebraically as steps to solve the
equation.

Math Language Development s————————

MLR7: Compare and Connect

During the Connect, draw students’ attention to the connections
between the structure of the diagram and the structure of its
corresponding equation. Ask:
«  “How are these equations different from the one-step equations in the
Warm-up?”
“How is the coefficient of the variable illustrated in the hanger diagram?”
« "Where do you see division in both the hanger diagram and the equation?”

English Learners

Use different colors to annotate the corresponding parts of the diagram
and equation.



&2 Pairs | @ 13 min

Activity 2 Solving Equations

Students use the formal process of solving equations (with hanger diagrams as needed) to solve
two-step equations.

reme o rened Let students know that hanger diagrams are not
Activity 2 Solving Equations provided, but they may draw their own. However,
since not all equations can be easily represented
Solve each equation. Show all work. Draw a hanger diagram, if needed. with hanger diagrams, students should be
encouraged to practice using the formal solving
1L 3z+1=7 process.
3x+1=7
3x+1-1=7-1
B=6 9 Monitor
3r+3=6+3
v=z Help students get started by asking “How
can you represent this equation with a hanger
diagram? What is the first step for solving this
type of equation?”
3 17
2. 4w+ 5% A A
4w+%—§=%—§ Look for productive strategies:
4w =7 » Drawing a hanger diagram to solve. Check that they
4’”74:;T4 are drawing diagrams correctly.
’LU:Z
» Solving the equations algebraically, without a
diagram. Check that they are solving correctly.
If not, suggest they draw a diagram.
» Writing correct solutions without showing

work. Explain that even if they can reason about
the answer mentally, they need to show they
understand the process for solving equations. This

:: Are you ready for more? will help with more difficult equations later.
Solve each equation without using a hanger diagram. 9 Connect
1. 23:422=68 2 Spal_ 1 .
250422226822 éw:l_LE_l Have students share their work for each
2.3:-46 434 ﬁ} problem. Include examples where students
2.32+2.3=4.6+23 Py drew diagrams, and others where they solved
2=z 3,.3.18.3 the equations without diagrams.
w=6
@ Highlight how to draw a diagram from an equation.
Review the steps for solving equations of the form
©2023 Amplity Education, Inc. Allrights reserved. Lesson 3 Reasoning About Solving Equations (Part1) 551 px + qg=r. Say, “For some equations (e'g'v Are you
ready for more?), drawing a hanger diagram is
impractical, which is why the properties of equality
are used.” Review how to verify that a value is the
solution to an equation.
—— @ Differentiated Support Math Language Development s
Extension: Math Around the World MLR7: Compare and Connect
Tell students that the Persian mathematician Muhammad ibn Masa al-Khwarizmris considered by many During the Connect, draw correspondences
mathematicians to be the Father of Algebra, who lived in the late 8th century to early 9th century in what between the equations and any hanger diagrams
is modern day Baghdad, Irag. The term algebra is derived from the title of a book Al-Khwarizmi wrote that students draw. Guide them toward using
that described general rules for how to solve problems. He described general rules for “reduction,” equations, but allow them to draw hanger
“completion,” and “balancing.” Ask students to generate their own examples that illustrate these terms. diagrams, as needed. Ask:
. : . : . +  “What steps, and in what order, did you use to
Reduction: Completion: Balancing: solve each equation?*
Writing expressions in simpler, - Moving a negative quantity Performing the same operations *  “How are those same steps illustrated by using
equivalent forms. from one side of an equationto ' to both sides of an equation, ahanger diagram?”

the other, and reversing its sign. - maintaining equivalence.
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éﬁ Whole Class | @ 5min

Summary

Review and synthesize how to solve an equation of the form pz + r=g¢.

G Synthesize
Highlight each step for solving the equation,

Summary both algebraically and using the diagram.
Highlight the connections between the methods.
Review the words constant and coefficient and
n today’s lesson. .. . . A
how to verify that a solution is correct.

You showed that two amounts are equal using hanger diagrams and equations.

You can use a hanger diagram to reason about how to find an unknown amount Ask, “Compare the two Strategies you have

in an equation. You can also write the steps for finding an unknown amount in an used: drawing and reasoning about hanger
equation, without using a hanger diagram. For example, you can solve the equation diagrams and solving equations algebraically
22 + 3 = 7 using these steps: . " . o

_ without using diagrams. How are they similar
Remove 3 from both sides. and how are they different?”

20+3=7
20+3-3=7-3

®
S E @) Refiect

4 After synthesizing the concepts of the lesson,
Divide into two equal groups. allow students a few moments for reflection
. fZ’ - i ) on one of the Essential Questions for this unit.
Calo Encourage them to record any notes in the

Reflect space provided in the Student Edition.
To help them engage in meaningful reflection,
consider asking:

*  “Which strategies for solving simple equations can

Reflect:
be put to use when solving more complex ones?”

552 Unit6 Expressions, Equations, and Inequalities ©2023 Ampiy Egucation, nc. Allrights reserved.
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& Independent | @) 5min

Exit Ticket

Students demonstrate their understanding by solving an equation of the form pz + ¢ = r, algebraically.

.
Q Success looks like . ..

Name: pate Pertod « Goal: Interpreting a balanced hanger diagram,
and writing an equation of the form pz +q¢=r

Exit Ticket m to represent the relationship shown.

+ Language Goal: Explaining how to solve an
equation of the form pz + ¢ = r. (Speaking
and Listening, Writing)

Solve the equation. Show your thinking. Draw a hanger diagram, if needed.

5z +4 =61
52+4—-4=61—4 » Solving the equation 52 + 4 = 61 and explaining
5z =57 by showing the steps or drawing a hanger

5¢+5=57+5 .
diagram.
x=11.4

O Suggested next steps

If students find an incorrect solution with
an incorrect or missing hanger diagram,
consider:

» Practicing drawing a hanger diagram to
represent the equation. Then check whether
students can find the solution using the
diagram. Then consider reviewing how to
solve an equation of the form pz + ¢ = r by
subtracting the constant from each side and
then dividing each side by the coefficient.

» Assigning Practice Problem 3.

If students find an incorrect solution with the
correct hanger diagram, consider:

m 7 L2 s @ « Referring to the hanger diagram for reference,

I don’t r_eally I'm startjng to | got it

getit getit reviewing how to solve an equation of the
form pa + ¢ = r by subtracting the constant

a | can explain how a hanger diagram b | canfind an unknown weight on a from each Sidev and then d|V|d|ng each side by

and an equation represent the same hanger diagram and solve an equation P
situation. that represents the diagram. the coefficient.

1 2 3 1 2 3 + Assigning Practice Problem 2.

©2023 Ampiy Education, Inc. Allrights reserved. Lesson 3 Reasoning About Solving Equations (Part 1)

Professional Learning

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

<> Points to Ponder . . .

What worked and didn’t work today? What different ways did students
approach Activity 1? What does that tell you about similarities and
differences among your students?

In what ways in Activity 2 did things happen that you did not expect?
What might you change for the next time you teach this lesson?

Lesson 3 Reasoning About Solving Equations (Part1) 553A



Practice

.2, Independent

Name: Date: Period:

1. Explain how the parts of the hanger diagram
compare to the parts of the equation
7=2x+3.

The hanger shows seven weights
balanced with two unknowns and three
weights. The equation shows that
seven is equal to two times an unknown
amount plus three.

2. Shawn used a hanger diagram to solve the equation 8 = 2z + 4.
Write an equation to represent each step.

A
A
b
4
e
X
8=2x+4 8-4=2x+4-4 4=2x 4+2=2x+2 2=x

3. Solve each equation. Use the hanger to help with your thinking.

a Te+11=32 b 2r+45=107
Te+11-11=32-11 A 2r+4.5-45=10.7-4.5 %
7 =21 £ 2r=6.2 I
Te+7=21+7 A 2r+2=62+2
z=3 A 2 r=3.1 9
A\
£\
£\

©2023 Ampity Education, Inc. Allights reserved

Practice Problem Analysis

Type Problem Refer to
1 Activity 1
On-lesson 2 Activity 1
3 Activity 2
a Unit 3
Lesson 10
Spiral
5 Unit 5
Lesson 18
Formative ©@ 6 il
Lesson 4

Lesson 3 Reasoning About Solving Equations (Part 1)

[l
)
2
2
3

© Power-up: If students need additional support with the key prerequisite concept or

skill this problem addresses, consider assigning the Power-up in the next lesson.

553-554 Uunit 6 Expressions, Equations, and Inequalities

aanoesd [

554 Unit6 Expressions. Equations, and Inequalities

Name: Date: Period:

4. Linand Tyler are drawing circles. Tyler's circle has twice the radius of
Lin's circle. Tyler thinks that his circle will have twice the area of Lin's
circle as well. Do you agree with Tyler? Explain your thinking.

| disagree with Tyler. Sample response: The formula for the area of a circle is
A = mr?. If you replace r with 2r, you get A = w(2r)? = w(47%) = 47r?, which
is four times the area.

5. Jada and Priya are working together to solve the equation % +a=4

« Jadasays, "I think we should multiply each side by % because that is the
reciprocal of %

«  Priyasays, "I think we should add —% to each side because that is the
opposite of %

Which person’s strategy should they use? Why?

They should use Priya’s strategy; Sample response: The operation in the
equation is addition. To solve an addition equation, use subtraction or
add the opposite.

o

Write a different equation that can be solved using the other
person’s strategy.

Sample response: %z =4 or any equation with the expression %z on
one side and a number on the other side.

6. For each expression, use the Distributive Property to determine an
equivalent expression.

a 4(x+9)=42+36

b 8(y—2z) =8y=16z

©2023 Ampiy Education, Inc. Al ights reserve.

Additional Practice Available

For students that need
additional practice in
this lesson, assign the
Grade 7 Additional
Practice.




UNIT 6 | LESSON 4

Reasoning About

Solving Equations
(Part 2)

Let’s use hangers to understand two
different ways of solving equations
with parentheses.

Goals

1. Language Goal: Compare and contrast (orally) different strategies
for solving an equation of the form p(z + ¢) = r. (Speaking and
Listening)

2. Language Goal: Explain how to solve an equation of the form
p(x + q) = r. (Speaking and Listening, Writing)

Coherence

¢ Today

Students connect the Distributive Property with solving equations

and learn how to solve equations of the form p(x + ¢) = r using hanger
diagrams to assist them in making sense of each equation. Students look
for and use the structure of the hanger diagrams and the equations to
develop efficient methods of solving equations.

< Previously

In Grade 6, students identified when two expressions were equivalent,
simplified expressions involving the Distributive Property, and solved
simple equations. So far in this unit, students established the properties
of solving equations using hanger diagrams and solved equations of the
formpx+q=r.

2> Coming Soon

In Lesson 5, students will solve equations using negative values. In
Lesson 6, students will focus on the structure of the equation and
practice solving equations of the form p(z + ¢) = r, using either the
Distributive Property first or dividing by the factor in front of the
parentheses first.

Students interpret hanger diagrams to build
conceptual understanding of solving
equations of the form p(z +¢) = .

Students develop procedural fluency in
solving equations of the form p(z + ¢) = r with
and without the use of hanger diagrams.

Lesson 4 Reasoning About Solving Equations (Part2) 555A



PaCing Guide Suggested Total Lesson Time ~45 min @

O & o @ C

Warm-up Activity 1 Activity 2 Activity 3 Summary Exit Ticket
@ 5 min @ 10 min @ 10 min @ 10 min @ 5min @ 5 min
2 Independent 28 Pairs 223 Small Group 2 Independent éii Whole Class 2 Independent

AMPS poweredbydesmos | Activity and Presentation Slides

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

. - .
Practice = independent Amps : Featured Activity
Materials Math Language Activities 1 and 2
« Exit Ticket Development Dynamic Hanger Diagrams
» Additional Practice Review words When students enter a weight for a variable

in a hanger diagram, the hanger will animate,
giving real-time feedback that shows
» constant whether the hanger is balanced.

- coefficient

« Distributive Property
* equation

» hanger diagram

» properties of equality

* solution to an equation

* variable
CO~ Amps

desmos
Building Math Identity and Community ® Modifications to Pacing
Connecting to Mathematical Practices You may want to consider these
Students might find themselves feeling stressed about having to solve additional modifications if you are
equations. Remind them that the hanger diagram represents a structure short on time.
that they can use to solve the equations correctly. Compare working in »  Omit the Warm-up. Then, during the
structure to working in chaos. Ask students to identify which relieves stress Activity 1 Connect, discuss how the

Distributive Property could explain the

and which causes stress. . :
equivalency of the two equations.

» InActivity 2, have groups divide the
problems so that half of the group
solves each one

* InActivity 3, provide students with
a choice, having them solve only two
equations. Encourage students who
need extra support to choose the
first two problems while encouraging
students who are comfortable to
focus on Problem 3.

555B Unit 6 Expressions, Equations, and Inequalities



Warm-up Algebra Talk: Seeing Structure

& Independent | @ 5min

Students look for structure among a set of equations, noticing that in each subsequent equation, each
side has been multiplied by the same value.

Name: Date: Period:

Unit 6 | Lesson 4

Reasoning About
Solving Equations
(Part 2)

Let’s use hangers to understand two
different ways of solving equations
with parentheses.

Warm-up Algebra Talk: Seeing Structure

Mentally solve each equation, and record its solution.

a z+1=5 z=4
b 2z+1)=10 z=4
¢ 3z+1)=15 z=4

d 500=100(z+1) z=4

:: Are you ready for more?

Create your own equation, using parentheses, which has the same solution
as one of the equations from the Warm-up.

Equations may vary, but the solutions should be 4.
Sample responses: 4(z + 1) = 20 and 5(z + 1) = 25.

Log in to Amplify Math to complete this lesson online.

©2023 Ampity Education, Inc. Al rights reserved Lesson 4 Reasoning About Solving Equations (Part2) 555

Math Language Development

MLRS8: Discussion Supports

During the Connect, as students share their solutions, ask, “How did you
use the equationin part a to help you in part b? (Repeat for part ¢c) What was
different about part d compared to the others? What do you notice about the
values on the right side of the equation?”

English Learners

Display these sentence frames to support students as they explain their strategy.

e “First, | because..."
* “Inoticed ,sol..."
e “The equationin part ais similar to the equation in part ,because . .."

o Power-up

Launch

Conduct the Algebra Talk routine. Prompt
students to look for the structure of each
subsequent equation and how it compares to
the first equation.

Monitor

Help students get started by asking, “What
does it mean to find the solution to an equation?”

“In the first equation, can you determine what x

should be to make the statement true? Do you
see a connection between the first two equations?
What is similar? Different?”

Look for productive strategies:

» Applying the Distributive Property to the second
and third equations. Note any students who do this
and have them explain their thinking.

» Noticing commonalities among the third and fourth
equations. Note any students who notice the similar
structure and have them explain their thinking.

Connect
Display the equations.

Have students share their solutions to each
equation. Once the class understands the
solutions are the same value, 4, have select
students share their strategies for solving the
equations.

Highlight a student’s strategy that used the
Distributive Property. Then have a student
who noticed the left and right sides contained
common multiples explain their strategy. If no
one solved using this strategy, highlight the
similarities in structure of the equations and
discuss the efficiency of solving

Ask, “Why does each equation have the same
solution?”

To power up students’ ability to apply the Distributive
Property to create equivalent expressions, have students

complete:

Use the Distributive Property to write an expression equivalent to each
given expression.

a. 5z +2) =5z+10

b. 3(6—z) =15—3x (or equivalent)

Use: Before Activity 1.
Informed by: Performance on Lesson 3, Practice Problem 6 and
Pre-Unit Readiness Assessment, Problem 5.
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&R Pairs | @ 10 min

Activity 1 Either/Or

Students develop strategies to solve equations by working with hanger diagrams to show multiple groups
representing the terms in parentheses.

Amps Featured Activity Dynamic Hanger Diagrams I 0 Launch

Display the hanger diagram. Have students
Activity 1 Either/Or discuss with a partner what they see in the
diagram, before beginning the activity.

Analyze the following hanger diagram. Be prepared to share your

thoughts with a partner. .
Monitor

1. Explain why the equation 14 = 2(z + 3) could
represent the hanger diagram.
There are two groups of « + 3 balancing with 14.

Help students get started by asking, “How do
you understand the right side of the balance:
two groups of z + 3 or 2z and 67" Depending
on their response, have them complete the
corresponding problem first, and share

2. Explain why the equation 14 = 2z + 6 could . .
responses with their partner.

represent the hanger diagram.

There are two shapes representing = and two — . .
representing 3 (or 6 total) balancing with 14. Look for productlve strategles:

+ Using the guess-and-check strategy. This is a valid
strategy; however, encourage students to use the

3. Determine the value of z. Use the hanger diagram to support diagram to support their guesses.
your thinking.
» Solving by subtracting 6 from 14, then dividing the

T = 4 Sample response shown result by 2. Note students who begin this way.

» Solving by dividing the 14 into 2 groups of 7, then
subtracting 3. Note students who begin this way.

+ Solving the equation without using the diagram.
Make sure students understand the diagrams in
relation to the structure of the equation.

_ g Connect

Have students share their strategies. Select
a student who distributed first to share their
strategy first, followed by a student who divided
first. If one of these strategies is not mentioned,

e Ko » K

Reflect: H Il did i i
mzn;fgeyo‘jﬁ;fess"eyvgfby demonstrate it and show how the diagram
S A supports either strategy.

556  Unit 6 Expressions, Equations, and Inequalities ©2023 Amplify Education, Inc. All rights reserved. nghllght the proper lflse Of the propertles Of
equality. Both strategies arrive at the same
solution and each could be helpful depending on
the situation.

Ask, “Which method do you prefer? Why?"
I e Differentiated Support Math Language Development L

Accessibility: Optimize Access to Technology MLR?7: Compare and Connect

Have students use the Amps slides for this activity, in which they can enter a weight During the Connect, as students share their strategies, draw their

for avariable in a hanger diagram. By doing so, the hanger will animate, providing attention to the connections between the various strategies used.

them with real-time feedback that shows whether the hanger is balanced. For example, display the following, and have students describe how

the strategies are similar and different.

Accessibility: Guide Processing and Visualization Distribute first. Divide first.

To help students make sense of the equations in Problems 1and 2, ask: 14=2(z +3) 14=2(z +3)

A ’ ’ " 14 =2z + 6 Distributive Property 7=x+3 Divideby2.

. ?

Which equation shows that 14 is equal to the sum of two groups of x and 67 82y Subtract 6. PR Subtract 3.

» “Which equation shows that 14 is equal to two groups of the sum of 2 and 3?" 4=z Divide by 2.

556 Unit 6 Expressions, Equations, and Inequalities



o°3 Small Groups | @) 10 min

Activity 2 Using Hangers to Solve Equations

Students formalize the algebraic steps to solving equations by using hanger diagrams to support

their reasoning.

Name: Date: Period:

Activity 2 Using Hangers to Solve Equations

Solve each equation. Show all work. Use the hanger diagram to
support your reasoning.

1. 2(z+5)=16 or 22 +10=16
2(x+5)+2=16+2 22+ 10—10=16 — 10
z+5=8 20=6
x+5-5=8-5 20 +2=6+2
5 x=3 r=3
5
2. 4(z+1.1)=20.8 or 4z +4.4=20.8
4(z+11) +4=20.8+4 4z +4.4-44=208—44
z+11=5.2 4z=16.4
z+11—-L1=5.2—11 4z+4=164+4
z=4.1 z=4.1

©2023 Ampity Education, Inc. Al rights reserved Lesson 4 Reasoning About Solving Equations (Part 2)

—— e Differentiated Support

Accessibility: Optimize Access to Technology

Have students use the Amps slides for this activity, in which
they can enter a weight for a variable in a hanger diagram. By
doing so, the hanger will animate, providing them with real-time
feedback that shows whether the hanger is balanced.

Extension: Math Enrichment

Challenge students to draw a hanger diagram to represent the
equation %(;v + 6) = 9. Then have them solve the equation. z = 12.

Amps Featured Activity Dynamic Hanger Diagrams I 0 Launch

Encourage students to look back at their work in
Activity 1 to help them in this activity.

9 Monitor

Help students get started by asking, “How
many groups of z + 5 are in the hanger? What
does one group of z + 5 equal?”

Look for productive strategies:

» Using the Distributive Property first. Make sure
students write 22 + 10 = 16 for Problem 1 and
4z + 4.4 =20.8 for Problem 2.

» Dividing by the coefficient first. Make sure students
write x +5=_8for Problemland z + 1.1 =5.2 for
Problem 2.

9 Connect

Display the hanger diagrams and equations.

Have students share their methods. Select a
student who first divided by the factor outside
the parentheses to share. Then select a student
who first distributed to share.

Highlight that using the Distributive Property is
avalid approach. Analyzing the structure of the
equation can help make the solution process
more efficient. Have students formalize the
process for solving by first dividing by the factor
outside the parentheses.

Ask, “"How does dividing first simplify the
equation, especially in Problem 27"

557

Math Language Development ms————————

MLR7: Compare and Connect

While students work, display these questions and have small groups discuss them
as they solve the equations.

¢ “How does the hanger diagram illustrate the equation?”
* “Will you distribute first or divide first? Why?"

« “Solve the equation using the other method. If your solutions are not the
same, discuss and resolve any errors.”

English Learners

Encourage students to annotate their work with the terms or properties that
describe each step.

Lesson 4 Reasoning About Solving Equations (Part2) 557



— e Differentiated Support

Activity 3 Now You Try

& Independent | @ 10 min

Students solidify the algebraic steps of solving equations of the form p(x + ¢) = r to become more efficient

in the solving process.

Activity 3 Now You Try

Solve each equation. Draw a hanger diagram, if needed.

1. 3(z+9)=30
3(@+9)+3=30+3

z+9=10
z+9-9=10-9

rz=1

2. 3000 = 3(y + 200)
3000 + 3 =3(y + 200) + 3
1000 = y + 200
1000 — 200 = y + 200 — 200
¥ =800

‘: Are you ready for more?

-1 10 . 1 .1_10.1

Solvetheequatlona(w+4)_?. Show your thinking. 3(w+4) T3 3 73
w+4=10

w+4—-4=10—-4

w=6

558 Unit6 Expressions, Equations, and Inequalities
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Accessibility: Vary Demands to Optimize Challenge

If students need more processing time, have them focus on solving the
equations in Problems 1and 2. As time permits, they can work on solving the
equation in Problem 3.

Extension: Math Enrichment

Tell students that another strategy they can use to solve the equation in
Problem 3'is to multiply each term by the least common denominator of the
fractions. This will eliminate the fractions. Have them use this strategy to
solve the equation in Problem 3 and compare the solution to the solution they
already determined. They should note it is the same.

558 Unit 6 Expressions, Equations, and Inequalities

. 0 Launch

Let students know they can start by drawing a
hanger diagram, but the goal is to practice the
algebraic steps.

9 Monitor

Help students get started by drawing hanger
diagrams and referencing equations from
Activity 2.

Look for points of confusion:

« Struggling to create hanger diagrams for
Problem 3. Have students reference the algebraic
steps in Activity 2.

+ Dividing fractions incorrectly. Review that dividing
fractions is the same as multiplying by the reciprocal.

Look for productive strategies:

« Multiplying by the denominator of the factor
outside the parentheses in Problem 3. Thisis a
valid technique and will alleviate fractions; however,
you may wish to save this technique for a later
discussion.

g Connect

Have students share their solutions. If time is
limited, discuss solutions to Problems 1 and 3.

Highlight that the Distributive Property can

be used first. However, in Problems 2 and 3,
students may notice that dividing each side by
the factor outside the parentheses simplifies
the math. For some equations (e.g., Problem 3),
drawing a hanger diagram is impractical, which
is why solving the equation algebraically is
preferred. Continue to highlight the meaning

of the solution to an equation; the value which
makes the mathematical statement true

Ask, “How can you check these solutions?”

Math Language Development e——_—_—_—_—_—_—_—_—

MLR7: Compare and Connect

While students work, display the following questions (similar to the ones

from Activity 2) that students can ask themselves as they solve each

equation.

» (Ifthey draw a hanger diagram) “How does the hanger diagram
illustrate the equation?”

* “Will you distribute first or divide first? Why?"
* “Solve the equation using the other method. If your solutions are

not the same, check your work and resolve any errors.”

English Learners

Encourage students to annotate their work with the terms or properties
that describe each step.



Summary

éﬁ Whole Class | @ 5min

Review and synthesize how to solve an equation of the form p(z + ¢) = .

Inc. e

Name: Date: Period:

Summary

In today’s lesson . ..

You expanded your equation-solving capabilities to solve equations with quantities
grouped in parentheses. You analyzed the equations 14 = 2z + 6 and 14 = 2(z + 3)
and saw that these equations are equivalent because of the Distributive Property.

You determined that you could solve equations of the form p(z + r) = ¢ in two
ways: using the Distributive Property, or not.

For example, consider the equation 3(z + 1) = 9.

Using Distributive Property Without Using Distributive Property
3z+1)=9 3z+1)=9
32+3=9 3(z+1)+3=9=+3
32+3-3=9-3 r+1=3
3z=6 z4+1-1=3-1
3r+3=6+3 r=2
=2

Reflect:

©2023 Amplify Educat

Lesson 4 Reasoning About Solving Equations (Part 2)

G Synthesize
Display the equation 4(z + 7) = 40.

Have students share the steps for solving the
equation by using the Distributive Property.
Have another student explain the steps for
solving the equation by dividing both sides by
the factor outside the parentheses first. Discuss
methods showing the algebraic steps using the
properties of equality. Draw hanger diagrams, if
needed. The solutionis x = 3.

Highlight both strategies are valid; however,
attending to the structure of the equation will
help identify which strategy is more efficient.
This idea will be continued in Lesson 6.

o Reflect

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

*  “Which representations best help you to make
sense of certain mathematical scenarios?”

Lesson 4 Reasoning About Solving Equations (Part2) 559



& Independent | @) 5min

Exit Ticket

Students demonstrate their understanding by solving an equation of the form p(z + ¢q) = r.

.
Q Success looks like . ..

Name: pate: Fertod - Language Goal: Comparing and contrasting
different strategies for solving an equation

Exit Ticket of the form p(z + ¢) = . (Listening and

Speaking)

+ Language Goal: Explaining how to solve an

Solve the equation. Show your thinking. Draw a hanger diagram, if needed. - K .
equation of the form p(z + ¢q) = r. (Listening

3(z +4) =36 and Speaking, Writing)
3@+4)+3=36+3
T+4=12 » Solving the equation 3(z + 4) = 36 and showing
r+4—4=12-4 the steps or hanger diagram used for solving.
z=8

o Suggested next steps

If the hanger diagram is incorrectly drawn, but
the equation is solved correctly, consider:

+ Letting students know to only use the hanger
diagram if it makes the math more efficient
for them.

» Assigning Practice Problem 2.

If the hanger diagram is correct, but the
algebraic steps are incorrect, consider:

+ Reminding students to use the hanger

w 2 % diagram to support their algebraic reasoning.
s - (V)
P identeay  rmstartingto Igotit » Assigning Practice Problems 2 and 3.
geti get
a |can explain why some balanced b |canfind an unknown weight on a
hangers can be described by hanger diagram and solve an equation
two different equations, one with representing the diagram.
parentheses and one without.
1 2 3
1 2 3
¢ |cansolve an equation involving
parentheses.
1 2 3
©2023 Ampiity Education, Inc. All rights reserved Lesson 4 Reasoning About Solving Equations (Part 2)

Professional Learning
— |
This professional learning moment is designed to be completed independently or

collaboratively with your fellow mathematics educators. Prompts are provided so
that you can reflect on this lesson before moving on to the next lesson.

Q_ Points to Ponder. ..

What worked and didn't work today? How did students look for and make
use of structure today? How are you helping students become aware of how
they are progressing in this area?

What challenges did students encounter as they worked on Activity 2? How
did they work through them? What might you change for the next time you
teach this lesson?

560A Unit 6 Expressions, Equations, and Inequalities



Practice .2, Independent

Name: Date: Period: Name: Date: Period:

L [l
3 1. Refer to the hanger diagram. 3. Solve each equation. Show your work. 3
[ 1 )
1) a  Explain how each part of the equation 9 = 3(x + 2) is a 05(x+9)=32 b g(y+8)=4 0
%': represented in the hanger diagram. 0.5(x+9) +0.5=32+0.5 %(y +8)+ % =4+ % g:
] z+9=64 y+8=12 (]

@ .. The unknown value. y
rz+9-9=64—-9 y+8—-8=12—-8
9 __The units on the left side of the hanger.. =55 y=4

3 __The number of groups of x + 2.

z+2 ___The group ining.a.and.2 unit:

. . 4. Check the box under the value that matches each expression.
3(x +2) __The right side of the hanger.

= __The hanger is bal d Expression I 2 | -2
b Solve the equation 9 = 3(z + 2). (GAIGRY v
9+3=3@+2)+3
3—a+2 2+(-1) v
3-2=x+2-2
1=z 0—(-2) v
2. Clare drew the hanger diagram to represent the equation 2-0 v
2(z + 12)=50. She got an incorrect answer when she solved it. D=2 7
a  What equation does Clare’s hanger °
diagram actually represent? 2+ (=) Ve
2+a+12=500rz + 14 =50 50
-2+ (-1) v

b Draw the correct hanger diagram for ¢ Solve the equation 2(z + 12) = 50.
the equation 2(z + 12) = 50. Show or explain your thinking.
2(x+12) +2=50+2 .
e r4+12=25 5. Mentally solve each equation.
z+12-12=25-12 a 2:=10 z=5
=13

b -3:=21 z=-7

@ c é; =6 z=18
& Lio7.--n

2
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Practice Problem Analysis Additional Practice Available

Type Problem Refer to

For students that need

1 Activity 2 1 additional practice in
o this lesson, assign the
Activit
On-lesson 2 e 2 Grade 7 Additional
Practice.
3 Activity 3 1
. Unit5
Spiral & Lesson 17 !
Formative © 5 Calie(® 1
Lesson 5

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

Lesson 4 Reasoning About Solving Equations (Part2) 560-561



UNIT6 | LESSON 5

Dealing With
Negative Numbers

Let’s show that performing the same
operations to each side of an equation also
works for equations with negative numbers.

Goals

1. Language Goal: Generalize that performing the same operations
to each side of an equation generates an equivalent equation.
(Speaking and Listening)

2. Language Goal: Solve equations of the form pxz + ¢ = ror
p(z + ¢q) = rthatinvolve negative numbers, and explain the
solution method. (Speaking and Listening, Writing)

Coherence

° Today

Students are introduced to equations with negative values. They see that
the strategies they learned for solving equations with positive values still
work now that they are solving equations with negative values but that
they need to take extra care with the sign of each value.

< Previously

In Unit 5, students were introduced to solving one-step equations with
negative values. In Lessons 3 and 4, students have learned to solve
equations by performing the same operation to both sides.

> Coming Soon

Students will gain further understanding of valid strategies for solving
equations in Lesson 7. Students will build toward making sense of how
negative values in equations could represent real-world contexts.

562A Unit 6 Expressions, Equations, and Inequalities

Students apply their understanding of
inverse operations and equality to solve
equations with negative numbers.

Students develop procedural fluency in
solving equations of the form pz + ¢ = r and
p(z + q) = r with positive and negative values.



PaCing Guide Suggested Total Lesson Time ~45 min @

o & o C

Warm-up Activity 1 Activity 2 Summary Exit Ticket
@ 10 min @ 10 min @ 10 min @ 5 min @ 10 min
248 Pairs 28 Pairs 28 Pairs 328 Whole Class A Independent

AMPS poweredbydesmos i Activity and Presentation Slides

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

- o .
Practicel| ~ independent Amps : Featured Activity
Materials Math Language Activity 1
« Exit Ticket Development Dynamic Dog Leashes
+ Additional Practice New word Students manipulate the positions of dogs
] . . on either side of the dog walker. If the dogs
) Anchqr Chart PDF' Solving * equivalent equations (and the equation they represent) are out of
Equations (for display) balance, the dog walker is in for a wild ride.

Review words
* Anchor Chart PDF, Solving

. « coefficient
Equations (answers)

* constant

- equation Wj‘tm
e AL

* properties of equality

solution to an equation

* variable
CO Amps
desmos
Building Math Identity and Community ® Modifications to Pacing
Connecting to Mathematical Practices You may want to consider this

additional modification if you are

Students may struggle with using negative values in an equation in Activity )
short on time.

1. Remind them that the dog-walking diagram can be a source of structure.
After discussing the diagram, have students explain how it helps them + InActivity 2, have students identify
feel confident in their work. If they are still struggling, encourage a growth the equivalent equations but do not
mindset where students are able to express that they believe they will T e

o , assigning the remainder of the activity
understand, but it just hasn't happened yet. as additional practice.

Lesson 5 Dealing With Negative Numbers 562B



&R Pairs | @ 10 min

Warm-up Dogs in Different Directions

Students make sense of an illustration of the dog walker with a dog walking in the opposite direction
to understand the relationship between negative values and balance.

Unit 6 | Lesson5

Dealing With
Negative Numbers

Let’s show that doing the same thing
to each side of an equation also

works for equations with negative
numbers.

Warm-up Dogs in Different Directions

Refer to the diagram.
(Assume that the dog walker feels an equal pull from both directions.)

\ Loy

Ace Bobby Champ

1. Which dog is the strongest? Explain your thinking.
Champ is the strongest dog; Sample response: Bobby and Ace are both
pulling in the opposite direction as Champ and the strengths are still
balanced.

2. If Ace's strength is 10 and Champ's strength is 14, what is Bobby's
strength? Explain your thinking.

| can tell that Bobby's strength must be 4 because Ace and Champ are
pulling in opposite directions and 10 = 14 — 4.

3. Write an equation that represents the diagram.
Sample responses:
10=14—14
10=14 + (—4)
10=—4+14

Log in to Amplify Math to complete this lesson online.

562  Unit6 Expressions, Equations, and Inequalities

— Math Language Development m— o Power-up

MLRS8: Discussion Supports

During the Connect, as students share their responses, use
the Poll the Class routine to determine whether more students
think Ace, Bobby, or Champ is the strongest dog. Ask students
to justify their thinking and display the following sentence
frames to help them organize their thoughts.

LI is the strongest dog because . .."”
e “l know that is stronger than because..."
* “l know that is the weakest dog because . . ."

562 Unit 6 Expressions, Equations, and Inequalities

©2023 Amplify Education, Inc. All rights

0 Launch

Introduce students to the illustration, pointing
out that Bobby and Champ are pulling in
opposite directions.

9 Monitor

Help students get started by asking, “What do
you notice is happening in the illustration? What
would happen if the walker lets go of Ace? Bobby?
Champ?”

Look for points of confusion:

» Thinking that Ace is strongest because it seems
that Ace (one dog) balances with two dogs. Ask,
“Isitimportant that Bobby is pulling in the same
direction as Ace?”

Look for productive strategies:

« Thinking that Champ is the strongest. Note
students with this response.

9 Connect

Have students share a response that indicates
Champ is the strongest.

Highlight that students haven't seen dog
walking illustrations in prior lessons where the
dogs on the same side were pulling in opposite
directions.

Remind students that the negative sign and the
minus sign for the operation look the same and

mention the convention of omitting the positive
sign. For example, a — (+ 1) is writtenas a — 1.

Ask, “What do you think it might mean that
Bobby is on the same side as Champ, but is
pulling in the opposite direction?” Bobby could
represent a negative value.

To power up students’ ability to solve equations with negative values,
have students complete:

Determine whether the solution to each equation is a positive or a negative value.

Equation Positive solution = Negative solution
—3x=12 : O : [va| i
T+ (=3) =12 ' v ' O
—10=2—(-3) ' O . |

Use: Before Activity 1
Informed by: Performance on Lesson 4, Practice Problem 5 and Pre-Unit
Readiness Assessment Problem 8




&R Pairs | @ 10 min

Activity 1 New Solutions, Old Ways

Students make sense of a negative value in an equation and connect the equation to the dog walking
diagram, in order to understand how to solve for the unknown.

Amps Featured Activity ”pyhgrr'ﬁgl')bgr L'égs'hgs'_t;

Name: Date: Period:

Activity 1 New Solutions, Old Ways

wTwe

1. Write an equation that represents the diagram.
Sample responses:3=x—20r3=-2+zx

2. How else could the dogs be arranged so that the strengths are still
balanced? Sketch a diagram of the new arrangement.

Answers may vary, but the sketch could include two dogs with strengths
3 and 2 on the left, and a dog with strength = on the right.

Launch

Set an expectation for the amount of time
students will have to work in pairs on the activity.

Monitor

Help students get started by asking, “What's different
about this illustration compared to the Warm-up?”

“What do the numbers refer to? What does x refer to?

Look for points of confusion:

» Writing the expression 3 — 2 + z. Ask, “What does
the term ‘equation’ mean?”

Look for productive strategies:

* Writing3=2—-2;3=—-2+x;3+2=xorother
equivalent equations. Note students with these
responses.

e Connect

Display the diagram.

Have students share the different equations
they generated.

3. Write an equation that represents your diagram.
Sample response:3+2==z

Collect and Display:
As you describe how your
arrangements and equations

Highlight that each of these equations will have

4. Determine the value of x for both of the equations the same solution because they describe the

you wrote. are similar and different, your ] ]
teacher will add the language
@ =5 for both you use to a class display same situation.
that you can refer to during . i i )
CiIEi: Define equivalent equations as equations that

have the same solution. Say, “We know they
have the same solution the same action or
operation was performed on each side.”

Ask, “What happens to the sign of the number 3
if the dog switches to the other side?” It should
switch, too, because he will be adding to the
strength on that side.

Lesson 5 Dealing With Negative Numbers 563
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I e Differentiated Support Math Language Development |

Accessibility: Optimize Access to Technology MLRZ2: Collect and Display

During the Connect, as students describe how their arrangements and equations
are similar and different, collect and display the terms and phrases they use

to describe equivalent equations. Add these terms along with an example of
equivalent equations to the class display. For example, students may say “they
have the same solution,” “they are generated using properties of equality,” or “the
same operation was done to each side.”

Have students use the Amps slides for this activity, in which they
can manipulate the position of dogs on either side of the dog walker.
If the dogs — and the equation they represent — are out of balance,
the dog walker is in for a wild ride.

Extension: Math Enrichment

Have students complete the following problem:

If each dog was exactly twice as strong as they are now, would the
dog walker still feel balanced? Explain your thinking. Yes; Sample Provide examples of equivalent equations, suchas3 =z —2and 3 + 2 = z, to the
response: The dog on the left would have a strength of 6, and the class display.

dogs on the right would have a total strength of —4 + 10, which is 6.

English Learners

Lesson 5 Dealing With Negative Numbers 563



Activity 2 Keeping it True

&R pairs | @ 10 min

Students think strategically about equivalent equations by exploring possible next steps in solving them.

Activity 2 Keeping it True

For each of the three equations shown, complete the following.

« Analyze each equation.

« Place a check next to each equation that is equivalent to the given
equation for each problem.

« Next, circle the equation that you think represents the best next step
for finding the value of z in the original equation.

« Lastly, solve the equation for .

1. —z=10

]2+ (=210 []-z+3=10+3

x=-10
xr= =10
2. 3-2z=-5
2z 5
(p-sess=tns MQ2r -5 D-§ -3
= 4 —2r=-8
—2z+ (—2)=-8+(-2)
r=4
3. 19=3(z-2)

19+6=3x—-6+6
= 3

[V]19+2=30-2+2
gl 19
?—2—2

25=3x
19 . .
Srz=T-2+2 25+3=3x+3
1
sl_g 83==

3
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. 0 Launch

Review the directions for this activity with the
whole class. Set an expectation for the amount
of time students will have in pairs to work on the
activity.

Monitor

Help students get started by asking, “Did
you perform the same operation to each side?
If yes, then the equations are equivalent and
still balanced.” Consider going over Problem 1
together with the students.

Look for points of confusion:

» Only choosing some, but not all correct answers.
Ask, “How do you know which equation(s) are
equivalent to the original? How can you check to
make sure you carefully looked at the others?”

» Not finding any that are equivalent. Have
students annotate the new equations to show what
changed from the original equation.

» Having difficulty solving for z. Suggest students
show a simplified next step. Then they can try
substituting values.

Connect

Have students share in their own words how they
chose which equation represented the “best next
step.”

Highlight that a “next best step” is one that gets
students closer to isolating the variable. As they
found in previous lessons, sometimes there are
multiple steps that are equally helpful.

E— @ Differentiated Support

Accessibility: Vary Demands to Optimize Challenge Extension: Math Enrichment

If students need more processing time, have them focus on completed Challenge students to generate three different equations that are equivalent
Problems 1and 2, as they are sufficient for developing the core to the equation p(z + ¢) = r. Sample response: pz + pq = r, pr = r — pg, and
understanding for this activity. :1:+q=£.

564 Unit 6 Expressions, Equations, and Inequalities



Qﬁ Whole Class | @ 5min

Summary

Review and synthesize the idea that performing the same operations to each side of an equation creates
an equivalent equation.

! G Synthesize

Name: Date: Period:

Formalize vocabulary: equivalent equations
Summary
Display the Anchor Chart PDF, Solving Equations

and complete the top section.

Ask, “What would the next best step be in

You explored how to solve equations with negative numbers. Because negative solving this equation.”
numbers are just numbers, performing the same operations to each side of an
equation involving negative numbers results in an equivalent equation — just as Highlight the steps for solving the given equation

it does with positive numbers. Whenever you perform the same operations to . .
each side of an equation — even if it does not help you solve it — this results in an brlnglng attention to the fact that each new

equivalent equation, which has the same solution. equation is equivalent to the original equation.

You can use moves that maintain equality to generate equivalent equations that all
have the same solution. Helpful combinations of moves will eventually lead to an

equation in which the unknown is by itself on one side of the equal sign — such as Reﬂect

2 =5. When this happens, you have solved the equation — and every equivalent

equation you wrote — in the process. After synthesizing the concepts of the lesson,

allow students a few moments for reflection.
Encourage them to record any notes in the
Reflect: Reflect space provided in the Student Edition.
To help them engage in meaningful reflection,
consider asking:

» “"How is solving equations with negative values
similar to or different from solving equations with
only positive values?”

© 2023 Amplify Education, Inc. All rights reserved, Lesson 5 Dealing With Negative Numbers 565

Math Language Development ____________________________________________________________________________________________________ ]

MLRZ2: Collect and Display

As students formalize the new vocabulary for this lesson, ask them to refer to
the class display for this unit that you started in this unit. Ask them to review
and reflect on any terms and phrases related to the term equivalent equations
to that were added to the display during the lesson.

Lesson 5 Dealing With Negative Numbers 565
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Exit Ticket

Students demonstrate their understanding by showing that they can create equivalent
equations strategically.

.
Q Success looks like . ..

Name: pate: Fertod + Language Goal: Generalizing that performing
the same operations to each side of an
m equation generates an equivalent equation.
(Speaking and Listening)

» Generating three different equivalent equations

Write three different equations that are equivalent to the following equation. R .
for the given equation.

Zra9=oIo » Language Goal: Solving equations of the
L Sample responses: form pz + g = rorp(z + ¢q) = rthatinvolve
¢« 2z4+4=-20 . . .
.« 2r=-24 negative numbers, and explaining the solution
RS method. (Speaking and Listening, Writing)
2 » Solving one of the equivalent equations.
N Q Suggested next steps

If students have difficulty with the mechanics

of solving equations, consider:

Choose one of your equations and solve it. Show your thinking. L. i . .
x = —12; Students should show their work, but their steps may - Conti numng to practlce solvmg Slmple two-

vary according to which equation they chose to solve. Step equat|ons in the next |essons

If students have difficulty writing an
equivalent equation, consider:

» Reviewing the definition of equivalent
equations, and revisit Activity 2, Problem 2.

[ seirassess RS A
2§ 3 N
L]
| don’t really I'm starting to I gotit
getit getit
a |canrecognize equations that are b | can make an informed decision
equivalent to each other because | can about what steps help me to get
notice when the same operations are closer to the solution and which
performed on both sides. do not.
1 2 3 1 2 3
©2023 Amplity Education,Inc. Allights reserved: Lesson 5 Dealing With Negative Numbers
Professional Learning
| ________________________________________________________________________