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A STORY OF RATIOS Module Overview m

Grade 8 ® Module 6
Linear Functions

OVERVIEW

In Grades 6 and 7, students worked with data involving a single variable. This module introduces students to
bivariate data. Students are introduced to a function as a rule that assigns exactly one value to each input. In
this module, students use their understanding of functions to model the relationships of bivariate data. This
module is important in setting a foundation for students’ work in Algebra I.

Topic A examines the relationship between two variables using linear functions. Linear functions are
connected to a context using the initial value and slope as a rate of change to interpret the context. Students
represent linear functions by using tables and graphs and by specifying rate of change and initial value. Slope
is also interpreted as an indication of whether the function is increasing or decreasing and as an indication of
the steepness of the graph of the linear function. Nonlinear functions are explored by examining nonlinear
graphs and verbal descriptions of nonlinear behavior.

In Topic B, students use linear functions to model the relationship between two quantitative variables as
students move to the domain of statistics and probability. Students make scatter plots based on data. They
also examine the patterns of their scatter plots or given scatter plots. Students assess the fit of a linear
model by judging the closeness of the data points to the line.

In Topic C, students use linear and nonlinear models to answer questions in context. They interpret the rate
of change and the initial value in context. They use the equation of a linear function and its graph to make
predictions. Students also examine graphs of nonlinear functions and use nonlinear functions to model
relationships that are nonlinear. Students gain experience with mathematical modeling.

In Topic D, students examine bivariate categorical data by using two-way tables to determine relative
frequencies. They use the relative frequencies calculated from tables to informally assess possible
associations between two categorical variables.

Focus Standards

Use functions to model relationships between quantities.

= Construct a function to model a linear relationship between two quantities. Determine the
rate of change and initial value of the function from a description of a relationship or from
two (x,y) values, including reading these from a table or from a graph. Interpret the rate of
change and initial value of a linear function in terms of the situation it models, and in terms of
its graph or a table of values.

2 Module 6: Linear Functions EUREKA
MATH
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A STORY OF RATIOS Module Overview m

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

Investigate patterns of association in bivariate data.

Construct and interpret scatter plots for bivariate measurement data to investigate patterns
of association between two quantities. Describe patterns such as clustering, outliers, positive
or negative association, linear association, and nonlinear association.

Know that straight lines are widely used to model relationships between two quantitative
variables. For scatter plots that suggest a linear association, informally fit a straight line, and
informally assess the model fit by judging the closeness of the data points to the line.

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

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

Foundational Standards

Solve real-life and mathematical problems using numerical and algebraic expressions and

equations.

Use variables to represent quantities in a real-world or mathematical problem, and construct
simple equations and inequalities to solve problems by reasoning about the quantities.

Define, evaluate, and compare functions.

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

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

2Function notation is not required in Grade 8.

EUREKA

MATH

Module 6: Linear Functions 3

©2018 Great Minds®. eureka-math.org



A STORY OF RATIOS Module Overview m

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

Focus Standards for Mathematical Practice

] Reason abstractly and quantitatively. Students reason quantitatively by symbolically
representing the verbal description of a relationship between two bivariate variables. They
attend to the meaning of data based on the context of problems and the possible linear or
nonlinear functions that explain the relationships of the variables.

L] Model with mathematics. Students model relationships between variables using linear and
nonlinear functions. They interpret models in the context of the data and reflect on whether
or not the models make sense based on slopes, initial values, or the fit to the data.

] Attend to precision. Students evaluate functions to model a relationship between numerical
variables. They evaluate the function by assessing the closeness of the data points to the line.
They use care in interpreting the slope and the y-intercept in linear functions.

L] Look for and make use of structure. Students identify pattern or structure in scatter plots.
They fit lines to data displayed in a scatter plot and determine the equations of lines based on
points or the slope and initial value.

Terminology

New or Recently Introduced Terms

Association (description) (An association is a relationship between the two variables of a bivariate
data set.

The relationship is often expressed in terms of relative frequencies (described using two-way tables
of the two domains of variables of the data set) or numerical relationships that can be modeled by

functions (most often as linear relationships between the two domains of the two variables for the

data set).)

Bivariate Data Set (description) (A bivariate data set is an ordered list of ordered pairs of data values
(called data points).

Data sets and bivariate data sets are both called data sets. Data values can be either numerical or
categorical. If both are numerical, then the data set is called a numerical bivariate data set.)

Column Relative Frequency (In a two-way table, a column relative frequency is a cell frequency
divided by the column total for that cell.)

Row Relative Frequency (In a two-way table, a row relative frequency is the number given by
dividing the cell frequency by the row total for that cell.)

Scatter Plot (A scatter plot is a graph of a numerical bivariate data set.)

Module 6: Linear Functions EUREKA
MATH
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=  Two-Way Frequency Table (description) (A two-way frequency table is a rectangular table used to
summarize data on two categorical variables of a bivariate data set. The rows of the table
correspond to the possible categories for one of the variables, and the columns correspond to the
possible categories for the other variable. Entries in the cells of the table indicate the number of
times that a particular category combination occurs in the data set; the value is the frequency for
that combination.)

=  Variable (description) (A variable is a symbol (such as a letter) that is a placeholder for a data value
from a specified set of data values. The specified set of data values is called the domain of the
variable.)

Familiar Terms and Symbols3

= Categorical variable

= |ntercept or initial value
= Numerical variable

=  Slope

Suggested Tools and Representations

= Graphing calculator
= Scatter Plot
=  Two-way frequency tables

Curfew No Curfew Total
1304 . ® ° R
Assigned
120 . ssigne 25 10 35
3 Chores
% 1104 ° °
2 .
8 100 Not
o Assigned 8 7 15
904 Chores
N —
500 510 520 530Mar5:?ﬂei95:3(k95)60 570 580 590 TOta| 33 17 50
Scatter Plot Two-Way Frequency Table

3These are terms and symbols students have seen previously.

EUREKA Module 6: Linear Functions 5
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Assessment Summary

Assessment Type | Administered Format

Mid-Module

After Topic B Constructed response with rubric
Assessment Task P P

End-of-Module

After Topic D Constructed response with rubric
Assessment Task P P

6 Module 6: Linear Functions EUREKA
MATH
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Mathematics Curriculum
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Topic A
Linear Functions

Focus Standards: ®  Construct a function to model a linear relationship between two quantities.
Determine the rate of change and initial value of the function from a
description of a relationship or from two (x,y) values, including reading these
from a table or from a graph. Interpret the rate of change and initial value of a
linear function in terms of the situation it models, and in terms of its graph or a
table of values.

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

Instructional Days: 5
Lesson 1: Modeling Linear Relationships (P)?
Lesson 2: Interpreting Rate of Change and Initial Value (P)
Lesson 3: Representations of a Line (P)

Lessons 4-5: Increasing and Decreasing Functions (P, P)

In Topic A, students build on their study of functions by recognizing a linear relationship between two
variables. Students use the context of a problem to construct a function to model a linear relationship. In
Lesson 1, students are given a verbal description of a linear relationship between two variables and then
must describe a linear model. Students graph linear functions using a table of values and by plotting points.
They recognize a linear function given in terms of the slope and initial value, or y-intercept. In Lesson 2,
students interpret the rate of change and the y-intercept, or initial value, in the context of the problem.
They interpret the sign of the rate of change as indicating that a linear function is increasing or decreasing
and as indicating the steepness of a line. In Lesson 3, students graph the line of a given linear function. They
express the equation of a linear function as y = mx + b, or an equivalent form, when given the initial value
and slope. In Lessons 4 and 5, students describe and interpret a linear function given two points or its graph.

1Lesson Structure Key: P-Problem Set Lesson, M-Modeling Cycle Lesson, E-Exploration Lesson, S-Socratic Lesson

EUREKA Topic A: Linear Functions 7
MATH
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A STORY OF RATIOS Lesson 1 m

Lesson 1: Modeling Linear Relationships

Student Outcomes
=  Students determine a linear function given a verbal description of a linear relationship between two quantities.
= Students interpret linear functions based on the context of a problem.

= Students sketch the graph of a linear function by constructing a table of values, plotting points, and connecting
points by a line.

Lesson Notes

In this first lesson, students construct linear functions based on verbal descriptions of bivariate data. They graph the
linear functions by creating a table of values, plotting points, and drawing the line. Throughout this lesson, provide
students with the opportunity to explain the functions in terms of the equation of the line and the relationship between
the two variables. Emphasize the context with students as they explain the rates of change and the initial values.

Classwork
Example 1 (2-3 minutes): Logging On

Read through the example as a class. Convey to students that the information presented in the example can be
organized into ordered pairs or points. Minutes can be represented by x and cost by y.

Example 1: Logging On

Lenore has just purchased a tablet computer, and she is considering purchasing an Internet access plan so that she can
connect to the Internet wirelessly from virtually anywhere in the world. One company offers an Internet access plan so
that when a person connects to the company’s wireless network, the person is charged a fixed access fee for connecting
plus an amount for the number of minutes connected based upon a constant usage rate in dollars per minute.

Lenore is considering this company’s plan, but the company’s advertisement does not state how much the fixed access
fee for connecting is, nor does it state the usage rate. However, the company’s website says that a 10-minute session
costs $0.40, a 20-minute session costs $0. 70, and a 30-minute session costs $1.00. Lenore decides to use these pieces
of information to determine both the fixed access fee for connecting and the usage rate.

Exercises 1-6 (10 minutes)

This exercise set introduces students to constant rate of change and initial value and how those values are used to
construct a function to model a situation. Pose each exercise to the class, one at a time, using the following questions to
encourage discussion.

After Exercise 1, discuss as a class the need to graph this real-world problem only in the first quadrant. Begin by asking
students the following:
=  |f we used the entire coordinate plane to graph this line, what would the negative x values represent?

@ The x-axis represents minutes. So, time would be negative, which does not make sense in the context
of the problem.

8 Lesson 1: Modeling Linear Relationships EUREKA
MATH
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For Exercise 2, use the table to demonstrate constant rate of change to students.

=  How could we use the table to determine the constant rate of change?

3 +0.30

? + 030

Mumber of | Total Session
Minutes Cost in Dollars
10 .40
20 0,70
30 1.00
40
S0
&0

Exercises 1-6

Mumberof | Tetal Session
Minutes | Cost in Dollars =
7] K]
g
10 0.40 pr
8
20 0.70 5
30 1.00 8
20 H
50
&0

a.

When the number of minutes increases by 10 (e.g., from 10 minutes to 20 minutes or from 20 minutes to

1. Lenore makes a table of this information and a graph where number of minutes is represented by the horizontal axis
and total session cost is represented by the vertical axis. Plot the three given points on the graph. These three
points appear to lie on a line. What information about the access plan suggests that the correct model is indeed a
linear relationship?

The amount charged for the minutes connected is based upon a constant usage rate in dollars per minute.

0 10 20

2. Therate of change describes how the total cost changes with respect to time.

30 minutes), how much does the charge increase?

When the number of minutes increases by 10 (e.g., from 10 minutes to 20 minutes or from 20 minutes to 30

minutes), the cost increases by $0.30 (30 cents).

Another way to say this would be the usage charge per 10 minutes of use. Use that information to determine
the increase in cost based on only 1 minute of additional usage. In other words, find the usage charge per

minute of use.

If $0.30 is the usage charge per 10 minutes of use, then $0. 03 is the usage charge per 1 minute of use (i.e.,
the usage rate). Since the usage rate is constant, students should use what they have learned in Module 4.

30 P 50 60
Number of Minutes

EUREKA
MATH
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A STORY OF RATIOS Lesson 1 m

3. The company’s pricing plan states that the usage rate is constant for any number of minutes connected to the
Internet. In other words, the increase in cost for 10 more minutes of use (the value that you calculated in Exercise
2) is the same whether you increase from 20 to 30 minutes, 30 to 40 minutes, etc. Using this information,
determine the total cost for 40 minutes, 50 minutes, and 60 minutes of use. Record those values in the table, and
plot the corresponding points on the graph in Exercise 1.

Consider the following table and graphs.

Number of Total Ses‘swn
Minutes Cost (in 25
dollars)
0 @ 2.0
S .
10 0.40 g .
% 1.5
8 L[]
20 0.70 5
ﬁ 1.0+ .
30 1.00 é
E .
40 1.30 0.5 i
50 1.60 oo | ‘ ‘ ‘ ‘ ‘
o 10 20 30 40 50 60
60 1.90 Number of Minutes

4.  Using the table and the graph in Exercise 1, compute the hypothetical cost for 0 minutes of use. What does that
value represent in the context of the values that Lenore is trying to figure out?

Since there is a $0. 30 decrease in cost for each decrease of 10 minutes of use, one could subtract $0.30 from the
cost value for 10 minutes and arrive at the hypothetical cost value for 0 minutes. That cost would be $0.10.
Students may notice that such a value follows the regular pattern in the table and would represent the fixed access
fee for connecting. (This value could also be found from the graph after completing Exercise 6.)

Convey to students that this is known as the initial value.
=  Why is this a hypothetical cost?

@ Because it is impossible to connect for 0 minutes; the connection is always for some interval of time.

5.  Onthe graph in Exercise 1, draw a line through the points representing 0 to 60 minutes of use under this company’s
plan. The slope of this line is equal to the constant rate of change, which in this case is the usage rate.

2.5+
2.04
1.5+

1.0

Total Session Cost (Dollars)

0.5+

0.0 T T T T T ™
0 10 20 30 40 50 60
Number of Minutes

6. Using x for the number of minutes and y for the total cost in dollars, write a function to model the linear
relationship between minutes of use and total cost.

y =0.03x+0.10

10 Lesson 1: Modeling Linear Relationships EUREKA
MATH
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Example 2 (2-3 minutes): Another Rate Plan

Provide students time to read the example. As a whole group, summarize this alternative rate plan.

Example 2: Another Rate Plan

A second wireless access company has a similar method for computing its costs. Unlike the first company that Lenore was
considering, this second company explicitly states its access fee is $0. 15, and its usage rate is $0. 04 per minute.

Total Session Cost = $0. 15 + $0. 04 (number of minutes)

. How is this plan presented differently?

@ In this case, we are given the access fee and usage rate with an equation. In the first example, just data
points were given.

=  Based on the work with the first set of problems, how do you think the two plans are different?

@ The values for the access fee and usage charge per minute are different, or the initial value and the rate
of change are different.

Exercises 7-9 (7 minutes)

Allow students to work independently on these exercises. After most students have completed the problems, discuss
them as a whole group.

Exercises 7-16

7. Let x represent the number of minutes used and y represent the total session cost in dollars. Construct a linear
function that models the total session cost based on the number of minutes used.

y =0.04x+ 0.15

8.  Using the linear function constructed in Exercise 7, determine the total session cost for sessions of 0, 10, 20, 30,
40, 50, and 60 minutes, and fill in these values in the table below.

Number of Total Ses:sion

Minutes Cost (in
dollars)

0 0.15

10 0.55

20 0.95

30 1.35

40 1.75

50 2.15

60 2.55

EUREKA Lesson 1: Modeling Linear Relationships 11
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Plot these points on the original graph in Exercise 1, and draw a line through these points. In what ways does the
line that represents this second company’s access plan differ from the line that represents the first company’s access
plan?

The second company’s plan line begins at a greater initial value. The same plan also increases in total cost more
quickly over time; in other words, the slope of the line for the second company’s plan is steeper.

-
254 _ g
-
i
N -*
2 204 e
§ Second PN
=) Company's Plan
@ 15 -,
S e
E /’ First
] ;
2 104 Company's Plan
"]
E|
e
05+
00 T N T R T ™
0 10 20 30 40 50 60

Number of Minutes

Exercises 10-12 (7 minutes)

12

MP3 download sites are a popular forum for selling music. Different sites offer pricing that depends on whether or not
you want to purchase an entire album or individual songs a la carte. One site offers MP3 downloads of individual songs
with the following price structure: a $3 fixed fee for a monthly subscription plus a charge of $0.25 per song.

10. Using x for the number of songs downloaded and y for the total monthly cost in dollars, construct a linear function
to model the relationship between the number of songs downloaded and the total monthly cost.
Since $3 is the initial cost and there is a 25 cent increase per song, the function would be
y=3+0.25x0ry =0.25x + 3.

11. Using the linear function you wrote in Exercise 10, construct a table to record the total monthly cost (in dollars) for

MP3 downloads of 10 songs, 20 songs, and so on up to 100 songs.

Number of Songs Total Monthly Cost
(in dollars)
10 5.50
20 8.00
30 10.50
40 13.00
50 15.50
60 18.00
70 20.50
80 23.00
90 25.50
100 28.00

Lesson 1: Modeling Linear Relationships

Lesson 1 m
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12. Plot the 10 data points in the table on a coordinate plane. Let the x-axis represent the number of songs
downloaded and the y-axis represent the total monthly cost (in dollars) for MP3 downloads.

304

254

204

Total Monthly Cost ($)
o
I
.

0 T T T T
0 20 40 60 80 100

Number of Songs

Exercises 13—-16 (7—8 minutes)

Read through the problem as a class. The data in this exercise set are presented as two points given in context. Point
out the difference by asking students the following:

=  How are the data in this problem different from the data in the MP3 problem?

@ In this problem, the data can be organized as ordered pairs. In the MP3 problem, a rate of change and
initial value were given.

paid.

A band will be paid a flat fee for playing a concert. Additionally, the band will receive a fixed amount for every ticket
sold. If 40 tickets are sold, the band will be paid $200. If 70 tickets are sold, the band will be paid $260.

13. Determine the rate of change.

The points (40,200) and (70,260) have been given.

So, the rate of change is 2 because

14. Let x represent the number of tickets sold and y represent the amount the band will be paid in dollars. Construct a
linear function to represent the relationship between the number of tickets sold and the amount the band will be

Using the rate of change and (40,200):

200 = 2(40) + b
200 =80 + b
120 =b

Therefore, the functionis y = 2x + 120.

15. What flat fee will the band be paid for playing the concert regardless of the number of tickets sold?

The band will be paid a flat fee of $120 for playing the concert.

16. How much will the band receive for each ticket sold?

The band receives $2 per ticket.

260 — 200
70 -40

EUREKA
MATH
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Closing (5 minutes)

Consider posing the following questions; allow a few student responses for each.
= |n Exercise 9 when the two pricing models that Lenore was considering were both displayed on the same
graph, was there ever a point at which the second company’s model was a better, less expensive choice than
the first company’s model?
o No. The second company always had the more expensive plan; its line was always above the other
company’s line.
=  When comparing the equations of the two models, which value in the second company’s model (the $0.15
access fee or $0.04 cost per minute) led you to think that it would increase at a faster rate than the first
model?
o The $0.04 cost per minute led me to believe it would increase at a faster rate. The other company’s
plan only increased at a rate of $0.03 per minute.

Lesson Summary
A linear function can be used to model a linear relationship between two types of quantities. The graph of a linear
function is a straight line.
A linear function can be constructed using a rate of change and an initial value. It can be interpreted as an equation
of a line in which:

. The rate of change is the slope of the line and describes how one quantity changes with respect to

another quantity.
= The initial value is the y-intercept.

Exit Ticket (5 minutes)

14 Lesson 1: Modeling Linear Relationships EUREKA
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Name Date

Lesson 1: Modeling Linear Relationships

Exit Ticket

A rental car company offers a rental package for a midsize car. The cost comprises a fixed $30 administrative fee for the
cleaning and maintenance of the car plus a rental cost of $35 per day.

1. Using x for the number of days and y for the total cost in dollars, construct a function to model the relationship
between the number of days and the total cost of renting a midsize car.

2. The same company is advertising a deal on compact car rentals. The linear function y = 30x + 15 can be used to
model the relationship between the number of days, x, and the total cost in dollars, y, of renting a compact car.

a. What is the fixed administrative fee?

b. What is the rental cost per day?

EUREKA Lesson 1: Modeling Linear Relationships 15
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Exit Ticket Sample Solutions

Lesson 1 m

A rental car company offers a rental package for a midsize car. The cost comprises a fixed $30 administrative fee for the

cleaning and maintenance of the car plus a rental cost of $35 per day.

1.  Using x for the number of days and y for the total cost in dollars, construct a function to model the relationship

between the number of days and the total cost of renting a midsize car.

y =35x+30

2. The same company is advertising a deal on compact car rentals. The linear function y = 30x + 15 can be used to
model the relationship between the number of days, x, and the total cost in dollars, y, of renting a compact car.

a. What is the fixed administrative fee?

The administrative fee is $15.

b. What is the rental cost per day?

It costs $30 per day to rent the compact car.

Problem Set Sample Solutions

16

1. Recall that Lenore was investigating two wireless access plans. Her friend in Europe says that he uses a plan in

which he pays a monthly fee of 30 euro plus 0. 02 euro per minute of use.

a. Construct a table of values for his plan’s monthly cost based on 100 minutes of use for the month, 200
minutes of use, and so on up to 1, 000 minutes of use. (The charge of 0. 02 euro per minute of use is

equivalent to 2 euro per 100 minutes of use.)

Number of Minutes Total Monthly Cost (€)
100 32.00
200 34.00
300 36.00
400 38.00
500 40.00
600 42.00
700 44.00
800 46.00
900 48.00
1,000 50.00
Lesson 1: Modeling Linear Relationships
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b.

a.

Plot these 10 points on a carefully labeled graph, and draw the line that contains these points.
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Let x represent minutes of use and y represent the total monthly cost in euro. Construct a linear function
that determines the monthly cost based on minutes of use.

y=30+0.02x

Use the function to calculate the cost under this plan for 750 minutes of use. If this point were added to the
graph, would it be above the line, below the line, or on the line?

The cost for 750 minutes would be €45. The point (750,45) would be on the line.

2. A shipping company charges a $4.45 handling fee in addition to $0.27 per pound to ship a package.

Using x for the weight in pounds and y for the cost of shipping in dollars, write a linear function that
determines the cost of shipping based on weight.

y=4.45+0.27x

EUREKA
MATH
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18

3.

b.  Which line (solid, dotted, or dashed) on the following graph represents the shipping company’s pricing
method? Explain.

Cost (dollars)

Weight (pounds)

The solid line would be the correct line. Its initial value is 4.45, and its slope is 0.27. The dashed line shows
the cost decreasing as the weight increases, so that is not correct. The dotted line starts at an initial value
that is too low.

Kelly wants to add new music to her MP3 player. Another subscription site offers its downloading service using the
following: Total Monthly Cost = 5.25 + 0.30(number of songs).

a. Write a sentence (all words, no math symbols) that the company could use on its website to explain how it
determines the price for MP3 downloads for the month.

“We charge a $5. 25 subscription fee plus 30 cents per song downloaded.”

b. Let x represent the number of songs downloaded and y represent the total monthly cost in dollars. Construct
a function to model the relationship between the number of songs downloaded and the total monthly cost.

y =5.25+0.30x

c. Determine the cost of downloading 10 songs.
5.25+0.30(10) =8.25

The cost of downloading 10 songs is $8.25.

Lesson 1: Modeling Linear Relationships EUREKA
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4.  LiNais saving money. Her parents gave her an amount to start, and since then she has been putting aside a fixed
amount each week. After six weeks, Li Na has a total of $82 of her own savings in addition to the amount her
parents gave her. Fourteen weeks from the start of the process, Li Na has $118.

a. Using x for the number of weeks and y for the amount in savings (in dollars), construct a linear function that
describes the relationship between the number of weeks and the amount in savings.
The points (6,82) and (14, 118) have been given.
So, the rate of change is 4.5 because 118-82 36 _ 4.5.
14-6 8
Using the rate of change and (6,82):
82=4.5(6)+b
82=27+b
55=b
The functionis y = 4.5x + 55.
b. How much did Li Na’s parents give her to start?
Li Na’s parents gave her $55 to start.
c. How much does Li Na set aside each week?
Li Na is setting aside $4.50 every week for savings.
d. Draw the graph of the linear function below (start by plotting the points for x = 0 and x = 20).
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Lesson 2: Interpreting Rate of Change and Initial Value

Student Outcomes
= Students interpret the constant rate of change and initial value of a line in context.

=  Students interpret slope as rate of change and relate slope to the steepness of a line and the sign of the slope,
indicating that a linear function is increasing if the slope is positive and decreasing if the slope is negative.

Lesson Notes

In this lesson, students work with linear functions and the equations that define the linear functions. They specifically
interpret the slope of a linear function as a rate of change. Rate of change is used to mean constant rate of change in
the subsequent lessons. Students also explain whether the rate of change of a linear function is increasing or
decreasing. Each example in this lesson has a context. Connect students to the context of each problem by having them
summarize what they think a function indicates about the problem. For example, have students explain a slope in terms
of the units and the rate of change. Also, ask students to explain how knowing the value of one of the variables predicts
the value of the second variable.

Classwork

Linear functions are defined by the equation of a line. The graphs and the equations of the lines are important for
understanding the relationship between the two variables represented in the following example as x and y.

Example 1 (5 minutes): Rate of Change and Initial Value

Read through the site’s pricing plan. Convey to students that the rate of change and initial value can immediately be
found when given an equation written in the form y = mx + b or y = a + bx. Pay careful attention to the
interpretation of the rate of change and initial value. Give students a moment to answer parts (a) and (b) individually.
Then, discuss as a class the interpretation of rate of change and initial value in context, and generalize the interpretation
of rate of change and initial value in contextual situations. Discuss why the sign of the rate of change affects whether or
not the linear function increases or decreases.

Example 1: Rate of Change and Initial Value

The equation of a line can be interpreted as defining a linear function. The graphs and the equations of lines are
important in understanding the relationship between two types of quantities (represented in the following examples by x
and y).

In a previous lesson, you encountered an MP3 download site that offers downloads of individual songs with the following
price structure: a $3 fixed fee for a monthly subscription plus a fee of $0. 25 per song. The linear function that models
the relationship between the number of songs downloaded and the total monthly cost of downloading songs can be
written as

y=0.25x+3,

where x represents the number of songs downloaded and y represents the total monthly cost (in dollars) for
MP3 downloads.

20 Lesson 2: Interpreting Rate of Change and Initial Value Eu REKA
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a. In your own words, explain the meaning of 0. 25 within the context of the problem.

In the example on the previous page, the value 0.25 means there is a cost increase of $0.25 for every 1 song
downloaded.

b. In your own words, explain the meaning of 3 within the context of the problem.

In the example on the previous page, the value of 3 represents an initial cost of $3 for downloading 0 songs.
In other words, there is a fixed cost of $3 to subscribe to the site.

The values represented in the function can be interpreted in the following way:

y=0.25x+3
rate of initial value
change
The coefficient of x is referred to as the rate of The constant value is referred to as the initial value
change. It can be interpreted as the change in the or y-intercept and can be interpreted as the value of
values of y for every one-unit increase in the values y whenx = 0.

of x.

When the rate of change is positive, the linear
function is increasing. In other words, increasing
indicates that as the x-value increases, so does the
y-value.

When the rate of change is negative, the linear
function is decreasing. Decreasing indicates that as
the x-value increases, the y-value decreases.

Exercises 1-6 (15 minutes): Is It a Better Deal?

Discuss the other site’s pricing plan. This second plan results in a different linear function to determine pricing. Let
students work independently, and then discuss as a class the linear function and compare it to the first company that is
summarized in the lesson.

Exercises 1-6: Is It a Better Deal?

Another site offers MP3 downloads with a different price structure: a $2 fixed fee for a monthly subscription plus a fee of
$0.40 per song.

1.  Write a linear function to model the relationship between the number of songs downloaded and the total monthly
cost. As before, let x represent the number of songs downloaded and y represent the total monthly cost (in dollars)
of downloading songs.

y=0.4x+2

2. Determine the cost of downloading 0 songs and 10 songs from this site.
y = 0.4(0) + 2 = 2.00. For 0 songs, the cost is $2.00.
y = 0.4(10) + 2 = 6.00. For 10 songs, the cost is $6.00.

EUREKA Lesson 2: Interpreting Rate of Change and Initial Value 21
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3.  The graph below already shows the linear model for the first subscription site (Company 1): y = 0.25x + 3. Graph
the equation of the line for the second subscription site (Company 2) by marking the two points from your work in
Exercise 2 (for 0 songs and 10 songs) and drawing a line through those two points.
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4.  Which line has a steeper slope? Which company’s model has the more expensive cost per song?

The line modeled by the second subscription site (Company 2) is steeper. It has the larger slope value and the
greater cost per song.

5.  Which function has the greater initial value?

The first subscription site (Company 1) has the greater initial value. Its monthly subscription fee is $3 compared to
only $2 for the second site.

6.  Which subscription site would you choose if you only wanted to download 5 songs per month? Which company
would you choose if you wanted to download 10 songs? Explain your reasoning.

For 5 songs: Company 1’s cost is $4.25 (y = 25(5) + 3); Company 2’s cost is $4.00 (y = 0.4(5) + 2). So,
Company 2 would be the better choice. Graphically, Company 2’s model also has the smaller y-value when x = 5.

For 10 songs: Company 1’s cost is $5.50 (y = 0.25(10) + 3); Company 2’s cost is $6.00 (y = 0.4(10) + 2). So,
Company 1 would be the better choice. Graphically, Company 1’s model also has the smaller y-value at x = 10.

22 Lesson 2: Interpreting Rate of Change and Initial Value Eu REKA
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Exercises 7-9 (10-15 minutes): Aging Autos

Let students work independently, and then discuss the answers as a class. Note the linear equation provided in Exercise
8 is written in the form y = a + bx. Students may mix up the values for rate of change and initial value. If class time is

running short, choose two of the exercises for students to work on, and assign the other exercise of the Problem Set for
homework.

Exercises 7-9: Aging Autos

7. When someone purchases a new car and begins to drive it, the mileage (meaning the number of miles the car has
traveled) immediately increases. Let x represent the number of years since the car was purchased and y represent
the total miles traveled. The linear function that models the relationship between the number of years since
purchase and the total miles traveled is y = 15000x.

a. Identify and interpret the rate of change.

The rate of change is 15,000. It means that the mileage is increasing by 15, 000 miles per year.

b. Identify and interpret the initial value.

The initial value is 0. This means that there were no miles on the car when it was purchased.

c. Is the mileage increasing or decreasing each year according to the model? Explain your reasoning.

Since the rate of change is positive, it means the mileage is increasing each year.

8. When someone purchases a new car and begins to drive it, generally speaking, the resale value of the car (in dollars)
goes down each year. Let x represent the number of years since purchase and y represent the resale value of the
car (in dollars). The linear function that models the resale value based on the number of years since purchase is
y =20000— 1200x.

a. Identify and interpret the rate of change.

The rate of change is —1,200. The resale value of the car is decreasing $1, 200 every year since purchase.

b. Identify and interpret the initial value.

The initial value is $20,000. The car’s value at the time of purchase was $20,000.

c. Is the resale value increasing or decreasing each year according to the model? Explain.

The slope is negative. This means that the resale value decreases each year.

9. Suppose you are given the linear function y = 2. 5x + 10.

a. Write a story that can be modeled by the given linear function.

Answers will vary. | am ordering cupcakes for a birthday party. The bakery is going to charge $2.50 per
cupcake in addition to a $10 decorating fee.

b. What is the rate of change? Explain its meaning with respect to your story.

The rate of change is 2. 5, which means that the cost increases $2.50 for every additional cupcake ordered.

c. What is the initial value? Explain its meaning with respect to your story.

The initial value is 10, which in this story means that there is a flat fee of $10 to decorate the cupcakes.
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Closing (5 minutes)
Consider posing the following questions. Allow a few student responses for each.
=  |n Exercise 3, for what number of songs would the total monthly cost be the same regardless of the company
selected? What visual attribute of the graph supports this answer?
@ 7 songs; point of intersection
It may be necessary to discuss why the answer is 7 and not 6§ (the solution you would get if you solved the system

algebraically).
= Just by looking at the graph for Exercise 3, which company would you select if you had 12 songs to download?
Explain why this is the better choice.
@ Company 1 has the lower cost for more than 7 songs since its linear model is below the Company 2
linear model after 7 songs.

Lesson Summary

When a linear function is given by the equation of a line of the form y = mx + b, the rate of change is m, and the
initial value is b. Both are easy to identify.

The rate of change of a linear function is the slope of the line it represents. It is the change in the values of y per a
one-unit increase in the values of x.

. A positive rate of change indicates that a linear function is increasing.

. A negative rate of change indicates that a linear function is decreasing.

. Given two lines each with positive slope, the function represented by the steeper line has a greater rate

of change.

The initial value of a linear function is the value of the y-variable when the x-value is zero.

Exit Ticket (10 minutes)
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Name Date

Lesson 2: Interpreting Rate of Change and Initial Value

Exit Ticket

In 2008, a collector of sports memorabilia purchased 5 specific baseball cards as an investment. Let y represent each
card’s resale value (in dollars) and x represent the number of years since purchase. Each card’s resale value after 0, 1, 2,
3, and 4 years could be modeled by linear equations as follows:

CardA: y=5-0.7x
CardB: y =4+ 2.6x
CardC: y =10+ 0.9x
CardD: y =10— 1.1x
CardE: y =8+ 0.25x

1. Which card(s) are decreasing in value each year? How can you tell?

2. Which card(s) had the greatest initial value at purchase (at 0 years)?

3. Which card(s) is increasing in value the fastest from year to year? How can you tell?

4. If you were to graph the equations of the resale values of Card B and Card C, which card’s graph line would be
steeper? Explain.

5. Write a sentence explaining the 0.9 value in Card C’s equation.
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Exit Ticket Sample Solutions

In 2008, a collector of sports memorabilia purchased 5 specific baseball cards as an investment. Let y represent each
card’s resale value (in dollars) and x represent the number of years since purchase. Each card’s resale value after 0, 1, 2,
3, and 4 years could be modeled by linear equations as follows:

CardA: y=5-0.7x
CardB: y =4+ 2.6x
CardC: y =10+ 0.9x
CardD: y =10—-1.1x

CardE: y=8+0.25x

1.  Which card(s) are decreasing in value each year? How can you tell?

Cards A and D are decreasing in value, as shown by the negative values for rate of change in each equation.

2. Which card(s) had the greatest initial value at purchase (at 0 years)?

Since all of the models are in slope-intercept form, Cards C and D have the greatest initial values at $10 each.

3. Which card(s) is increasing in value the fastest from year to year? How can you tell?

Card B is increasing in value the fastest from year to year. Its model has the greatest rate of change.

4. If you were to graph the equations of the resale values of Card B and Card C, which card’s graph line would be
steeper? Explain.

The Card B line would be steeper because the function for Card B has the greatest rate of change; the card’s value is
increasing at a faster rate than the other values of other cards.

5.  Write a sentence explaining the 0.9 value in Card C’s equation.

The 0.9 value means that Card C’s value increases by 90 cents per year.

Problem Set Sample Solutions

1.  Arental car company offers the following two pricing methods for its customers to choose from for a
one-month rental:

Method 1: Pay $400 for the month, or
Method 2: Pay $0.30 per mile plus a standard maintenance fee of $35.

a. Construct a linear function that models the relationship between the miles driven and the total rental cost for
Method 2. Let x represent the number of miles driven and y represent the rental cost (in dollars).

y=35+0.30x

b. If you plan to drive 1, 100 miles for the month, which method would you choose? Explain your reasoning.

Method 1 has a flat rate of $400 regardless of miles. Using Method 2, the cost would be $365
(y =35+ 0.3(1100)). So, Method 2 would be preferred.
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2.  Recall from a previous lesson that Kelly wants to add new music to her MP3 player. She was interested in a monthly
subscription site that offered its MP3 downloading service for a monthly subscription fee plus a fee per song. The
linear function that modeled the total monthly cost in dollars (y) based on the number of songs downloaded (x) is
y=>5.25+0.30x.

The site has suddenly changed its monthly price structure. The linear function that models the new total monthly
cost in dollars (y) based on the number of songs downloaded (x) is y = 0.35x + 4.50.

a. Explain the meaning of the value 4. 50 in the new equation. Is this a better situation for Kelly than before?

The initial value is 4. 50 and means that the monthly subscription cost is now $4.50. This is lower than
before, which is good for Kelly.

b. Explain the meaning of the value 0. 35 in the new equation. Is this a better situation for Kelly than before?

The rate of change is 0. 35. This means that the cost is increasing by $0. 35 for every song downloaded. This
is more than the download cost for the original plan.

c. If you were to graph the two equations (old versus new), which line would have the steeper slope? What
does this mean in the context of the problem?

The slope of the new line is steeper because the new linear function has a greater rate of change. It means
that the total monthly cost of the new plan is increasing at a faster rate per song compared to the cost of the
old plan.

d. Which subscription plan provides the better value if Kelly downloads fewer than 15 songs per month?

If Kelly were to download 15 songs, both plans will cost the same ($9.75). Therefore, the new plan is
cheaper if Kelly downloads fewer than 15 songs.
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Lesson 3: Representations of a Line

Student Outcomes
= Students graph a line specified by a linear function.

= Students graph a line specified by an initial value and a rate of change of a function and construct the linear
function by interpreting the graph.

= Students graph a line specified by two points of a linear relationship and provide the linear function.

Lesson Notes

Linear functions are defined by the equations of a line. This lesson reviews students’ work with the representation of a
line and, in particular, the determination of the rate of change and the initial value of a linear function from two points
on the graph or from the equation of the line defined by the function in the form y = mx + b or an equivalent form.
Students interpret the rate of change and the initial value based on the graph of the equation of the line in addition to
the context of the variables.

Classwork
Example 1 (10 minutes): Rate of Change and Initial Value Given in the Context of the Problem

Here, verbal information giving an initial value and a rate of change is translated into a function and its graph. Work
through the example as a class.

In part (b), explain why the value 0.5 given in the question is the rate of change.

e |tisagood idea to show this on the graph, demonstrating that each increase of 1 unit for m (miles) results in an
increase of 0.5 for C (cost in dollars). An increase of 1,000 for m results in an increase of 500 units for C.

e Point out that if the question stated that each mile driven reduced the cost by $0.50, then the line would have a
negative slope.

It is important for students to understand that when the scales on the two axes are different, the rate of change cannot
be used to plot points by simply counting the squares. Encourage students to use the rate of change by holding on to
the idea of increasing the variable shown on the horizontal axis and showing the resulting increase in the variable shown
on the vertical axis (as explained in the previous paragraph).

Given the rate of change and initial value, the linear function can be written in slope-intercept form (y = mx + b) or an
equivalent form such as y = a + bx. Students should pay careful attention to variables presented in the problem; m
and C are used in place of x and y.
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Example 1: Rate of Change and Initial Value Given in the Context of the Problem

A truck rental company charges a $150 rental fee in addition to a charge of $0. 50 per mile driven. Graph the linear
function relating the total cost of the rental in dollars, C, to the number of miles driven, m, on the axes below.
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a. If the truck is driven 0 miles, what is the cost to the customer? How is this shown on the graph?

$150, shown as the point (0,150). This is the initial value. Some students might say “b.” Help them to use
the term initial value.

b. What is the rate of change that relates cost to number of miles driven? Explain what it means within the
context of the problem.

The rate of change is 0. 5. It means that the cost increases by $0.50 for every mile driven.

c. On the axes given, sketch the graph of the linear function that relates C to m.

Students can plot the initial value (0, 150) and then use the rate of change to identify additional points as
needed. A 1,000-unit increase in m results in a 500-unit increase for C, so another point on the line is
(1000, 650).

d.  Write the equation of the linear function that models the relationship between number of miles driven and
total rental cost.

C=0.5m+ 150

Exercises 1-5 (10 minutes)

Here, students have an opportunity to practice the ideas to which they have just been introduced. Let students work
independently on these exercises. Then, discuss and confirm answers as a class.
Exercise 3, part (c), provides an excellent opportunity for discussion about the model and whether or not it continues to
make sense over time.

= |n Exercise 3, you found that the price of the car in year seven was less than $600. Does this make sense in

general?
@ Not really
= Under what conditions might the car be worth less than $600 after seven years?

@ The car may have been in an accident or damaged.
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Exercises

Jenna bought a used car for $18,000. She has been told that the value of the car is likely to decrease by $2, 500 for each
year that she owns the car. Let the value of the car in dollars be V and the number of years Jenna has owned the car be t.
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1. Whatis the value of the car when t = 0? Show this point on the graph.

$18,000. Shown by the point (0,18000)

2.  What is the rate of change that relates V to t? (Hint: Is it positive or negative? How can you tell?)

—2,500. The rate of change is negative because the value of the car is decreasing.

3.  Find the value of the car when:

a. t=1

$18000 — $2500 = $15500

b. t=2
$18000 — 2($2500) = $13000

c. t=7
$18000 — 7($2500) = $500

4.  Plot the points for the values you found in Exercise 3, and draw the line (using a straightedge) that passes through
those points.

See the graph above.

5.  Write the linear function that models the relationship between the number of years Jenna has owned the car and
the value of the car.

V =18000 — 2500t or V = —2500¢t + 18000

Exercises 6-10 (10 minutes)

Here, in the context of the pricing of a book, students are given two points on the graph of a linear equation and are
expected to draw the graph, determine the rate of change, and answer questions by referring to the graph.
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Point out that the horizontal axis does not start at 0. Ask students the following question:

=  Why do you think the first value is at 15?

o The online bookseller may not sell the book for less than $15.

In Exercise 8, students are asked to find the rate of change; it might be worthwhile to check that they are using the
scales on the axes, not purely counting squares.

For Exercises 9 and 10, encourage students to show their work by drawing vertical and horizontal lines on the graph, as

shown in the sample student answers below.

Let students work with a partner. Then, discuss and confirm answers as a class.

An online bookseller has a new book in print. The company estimates that if the book is priced at $15, then 800 copies
of the book will be sold per day, and if the book is priced at $20, then 550 copies of the book will be sold per day.

200 +
=1 ‘\
700

600 +

500 +

Copies Sold per Day

Brice [§)

6. Identify the ordered pairs given in the problem. Then, plot both on the graph.

The ordered pairs are (15,800) and (20,550). See the graph above.

7.  Assume that the relationship between the number of books sold and the price is linear. (In other words, assume
that the graph is a straight line.) Using a straightedge, draw the line that passes through the two points.

See the graph above.

8.  What s the rate of change relating number of copies sold to price?

Between the points (15,800) and (20,550), the run is 5, and the rise is —(800 — 550) = —250. So, the rate of

change is _2550 = —50.

9. Based on the graph, if the company prices the book at $18, about how many copies of the book can they expect to
sell per day?

650

10. Based on the graph, approximately what price should the company charge in order to sell 700 copies of the book
per day?

$17
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Closing (5 minutes)
If time allows, consider posing the following questions:

=  How would you interpret the meaning of the rate of change (—50) from Exercise 8?

@ Answers will vary; pay careful attention to wording. The number of copies sold would decrease by 50
units as the price increased by $1, or for every dollar increase in the price, the number of copies sold
would decrease by 50 units.

= Does it seem reasonable that the number of copies sold would decrease with respect to an increase in price?

@ Yes, if the book is really expensive, someone may not want to buy it. If the cost remains low, it seems
reasonable that more people would want to buy it.

=  How is the information given in the truck rental problem different from the information given in the book-
pricing problem?

@ In the book pricing problem, the information is given as ordered pairs. In the truck rental problem, the
information is given in the form of a slope and an initial value.

Lesson Summary

When the rate of change, b, and an initial value, a, are given in the context of a problem, the linear function that
models the situation is given by the equation y = a + bx.

The rate of change and initial value can also be used to sketch the graph of the linear function that models the
situation.

When two or more ordered pairs are given in the context of a problem that involves a linear relationship, the graph
of the linear function is the line that passes through those points. The linear function can be represented by the
equation of that line.

Exit Ticket (10 minutes)
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Name Date

Lesson 3: Representations of a Line

Exit Ticket

1. Acar starts a journey with 18 gallons of fuel. Assuming a constant rate, the car consumes 0.04 gallon for every mile
driven. Let A represent the amount of gas in the tank (in gallons) and m represent the number of miles driven.

4 207
15

104

Amount of Gas in Gallons

T T T T T 1
] 100 200 300 400 500
m

Number of Miles

a. How much gasis in the tank if 0 miles have been driven? How would this be represented on the axes above?

b. What is the rate of change that relates the amount of gas in the tank to the number of miles driven? Explain
what it means within the context of the problem.

c. Onthe axes above, draw the line that represents the graph of the linear function that relates A to m.

d. Write the linear function that models the relationship between the number of miles driven and the amount of
gas in the tank.
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2. Andrew works in a restaurant. The graph below shows the relationship between the amount Andrew earns in
dollars and the number of hours he works.
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a. If Andrew works for 7 hours, approximately how much does he earn in dollars?

b. Estimate how long Andrew has to work in order to earn $64.

c.  What is the rate of change of the function given by the graph? Interpret the value within the context of the
problem.
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Exit Ticket Sample Solutions

1.  Acarstarts a journey with 18 gallons of fuel. Assuming a constant rate, the car consumes 0. 04 gallon for every
mile driven. Let A represent the amount of gas in the tank (in gallons) and m represent the number of miles driven.

L4 20+
"
c
S s
(©
(U]
£
v
© 104
U]
Y-
)
o
5
o 7]
£
<
a T T T T 1
a 100 200 300 400 500
m
Number of Miles
a. How much gas is in the tank if 0 miles have been driven? How would this be represented on the axes above?

There are 18 gallons in the tank. This would be represented as (0, 18), the initial value, on the graph above.

b. What is the rate of change that relates the amount of gas in the tank to the number of miles driven? Explain
what it means within the context of the problem.

—0.04; the car consumes 0.04 gallon for every mile driven. It relates the amount of fuel to the miles driven.

c. On the axes above, draw the line that represents the graph of the linear function that relates A to m.

See the graph above. Students can plot the initial value (0,18) and then use the rate of change to identify
additional points as needed. A 50-unit increase in m results in a 2-unit decrease for A, so another point on
the line is (50, 16).

d. Write the linear function that models the relationship between the number of miles driven and the amount
of gas in the tank.

A=18-0.04morA = -0.04m + 18

2.  Andrew works in a restaurant. The graph below shows the relationship between the amount Andrew earns in
dollars and the number of hours he works.

Amount Earned (5)
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}
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a. If Andrew works for 7 hours, approximately how much does he earn in dollars?

$96

b. Estimate how long Andrew has to work in order to earn $64.

3 hours

c. What is the rate of change of the function given by the graph? Interpret the value within the context of the
problem.

Using the ordered pairs (7,96) and (3, 64), the slope is 8. It means that the amount Andrew earns increases
by $8 for every hour worked.

Problem Set Sample Solutions

36

1.

A plumbing company charges a service fee of $120, plus $40 for each hour worked. Sketch the graph of the linear
function relating the cost to the customer (in dollars), C, to the time worked by the plumber (in hours), , on the
axes below.
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a. If the plumber works for 0 hours, what is the cost to the customer? How is this shown on the graph?

$120 This is shown on the graph by the point (0,120).

b. What is the rate of change that relates cost to time?

40

c. Write a linear function that models the relationship between the hours worked and the cost to the customer.

C=40t+120

d. Find the cost to the customer if the plumber works for each of the following number of hours.

i 1 hour

$160
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iil. 2 hours
$200
iii. 6 hours
$360
e. Plot the points for these times on the coordinate plane, and use a straightedge to draw the line through the

points.

See the graph on the previous page.

2.  Anauthor has been paid a writer’s fee of $1,000 plus $1. 50 for every copy of the book that is sold.

Sketch the graph of the linear function that relates the total amount of money earned in dollars, 4, to the
number of books sold, n, on the axes below.
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What is the rate of change that relates the total amount of money earned to the number of books sold?

1.5

What is the initial value of the linear function based on the graph?

1,000

Let the number of books sold be n and the total amount earned be A. Construct a linear function that models
the relationship between the number of books sold and the total amount earned.

A=1.5n+ 1000

EUREKA
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3.

Suppose that the price of gasoline has been falling. At the beginning of last month (t = 0), the price was $4. 60 per
gallon. Twenty days later (¢ = 20), the price was $4. 20 per gallon. Assume that the price per gallon, P, fell at a
constant rate over the twenty days.
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a. Identify the ordered pairs given in the problem. Plot both points on the coordinate plane above.

(0,4.60) and (20, 4. 20); see the graph above.

b. Using a straightedge, draw the line that contains the two points.

See the graph above.
c. What is the rate of change? What does it mean within the context of the problem?
420-460 -04
Using points (0,4.60) and (20, 4.20), the rate of change is —0.02 because —20-0 - 20 _ —0.02.
The price of gas is decreasing $0. 02 each day.
d. What is the function that models the relationship between the number of days and the price per gallon?

P=-0.02t+4.6

e. What was the price of gasoline after 9 days?

$4.42; see the graph above.

f. After how many days was the price $4.32?

14 days; see the graph above.
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% Lesson 4: Increasing and Decreasing Functions

Student Outcomes

=  Students describe qualitatively the functional relationship between two types of quantities by analyzing a
graph.
= Students sketch a graph that exhibits the qualitative features of a function based on a verbal description.

Lesson Notes

This lesson focuses on graphs and the role they play in analyzing functional relationships between quantities. Students
have been introduced to increasing and decreasing functions in a prior lesson in Grade 8. This lesson references a
constant function, one in which the graph of the function is a line with zero slope. Piecewise functions are also used
throughout the lesson to demonstrate how the functional relationship can increase or decrease between different
intervals. Rate of change should be discussed among the intervals, but the term piecewise function does not need to be
defined. This lesson also focuses on linear relationships. Nonlinear examples are presented in the next lesson.

Classwork

Opening

Graphs are useful tools in terms of representing data. They provide a visual story, highlighting important facts that
surround the relationship between quantities.

The graph of a linear function is a line. The slope of the line can provide useful information about the functional
relationship between the two types of quantities:

. A linear function whose graph has a positive slope is said to be an increasing function.

= A linear function whose graph has a negative slope is said to be a decreasing function.

] A linear function whose graph has a zero slope is said to be a constant function.

Exercise 1 (7-9 minutes)

Read through the opening text with students. Remind students that knowing the slope of the line that represents the
function tells them if the function is increasing or decreasing. Introduce the term constant function. Present examples
of functions that are constant; for example, your cell phone bill is $79 every month for unlimited calls and data. Let
students work independently on Exercise 1; then, discuss and confirm answers as a class.

Exercises
1. Read through each of the scenarios, and choose the graph of the function that best matches the situation. Explain
the reason behind each choice.
a A bathtub is filled at a constant rate of 1. 75 gallons per minute.
b. A bathtub is drained at a constant rate of 2. 5 gallons per minute.
c. A bathtub contains 2. 5 gallons of water.

d. Abathtub is filled at a constant rate of 2. 5 gallons per minute.
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20 Scenario: ¢

Explanation: The amount of water
in the tub does not change over
time; it remains constant at 2.5
gallons.
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Scenario: b
20+
Explanation: The bathtub is being
drained at a constant rate of 2.5
gallons per minute. So, the amount
of water is decreasing, which means
that the slope of the line is negative.
The graph of the function also shows
that there are initially 20 gallons of
water in the tub.
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20 Scenario: d

Explanation: The tub is being filled
at a constant rate of 2. 5 gallons per
minute, which implies that the
amount of water in the tub is
increasing, so the line has a positive
slope. Based on the graph, the
amount of water is also increasing
at a faster rate than in choice (a).
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20 Scenario: a

Explanation: The bathtub is being
filled at a constant rate of 1.75
gallons per minute, so the amount
of water is increasing. This implies
that the slope should be positive;
however, the rate at which the tub is
being filled is less than the rate for
choice (d).
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Exercise 2 (8-10 minutes)

In this exercise, students sketch a graph of a functional relationship given a verbal description. Allow students to work
with a partner, and then confirm answers as a class. Refer to the functions as increasing or decreasing when discussing
answers.

Students may misinterpret the meaning of flat rate in part (a). Discuss the meaning as a class. Tell students that it could
also be called a flat fee.

After students have graphed the scenario presented in part (b), consider generating another graph where “meters under
water” is represented using negative numbers. This provides an opportunity for students to see a real-world scenario
with a negative slope graphed in the second quadrant. Ask students if both graphs model the same situation.

2.  Read through each of the scenarios, and sketch a graph of a function that models the situation.

a. A messenger service charges a flat rate of $4.95 to deliver a package regardless of the distance to the
destination.

The delivery charge remains constant regardless of the distance to the destination.

104

Delivery charge ($)
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b.  Atsea level, the air that surrounds us presses down on our bodies at 14. 7 pounds per square inch (psi). For
every 10 meters that you dive under water, the pressure increases by 14. 7 psi.

The initial value is 14.7 psi. The function increases at a rate of 14.7 psi for every 10 meters, or 1.47 psi
per meter.

180
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c. The range (driving distance per charge) of an electric car varies based on the average speed the car is driven.
The initial range of the electric car after a full charge is 400 miles. However, the range is reduced by 20 miles
for every 10 mph increase in average speed the car is driven.

The initial value of the function is 400. The function is decreasing by 20 miles for every 10 mph increase in
speed. In other words, the function decreases by 2 miles for every 1 mph increase in speed.

400
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200
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Exercise 3 (7-9 minutes)

Graphs of piecewise functions are introduced in this exercise. Students match verbal descriptions to a given graph.
Let students work with a partner. Then, discuss and confirm answers as a class.
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3. The graph below represents the total number of smartphones that are shipped to a retail store over the course of
50 days.
4000
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Match each part of the graph (A, B, and C) to its verbal description. Explain the reasoning behind your choice.

i Half of the factory workers went on strike, and not enough smartphones were produced for normal
shipments.

C; if half of the workers went on strike, then the number of smartphones produced would be less than
normal. The rate of change for C is less than the rate of change for A.

iil. The production schedule was normal, and smartphones were shipped to the retail store at a constant
rate.

A; if the production schedule is normal, the rate of change of interval A is greater than the rate of
change of interval C.

iii. A defective electronic chip was found, and the factory had to shut down, so no smartphones were
shipped.

B; if no smartphones are shipped to the store, the total number remains constant during that time.

Exercise 4 (10-12 minutes)

Let students work in small groups to create a story around the function represented by the graph. Then, compare
stories as a class. Consider asking the following questions to connect the graph of the function to real-world experiences
before groups begin writing their stories.

=  What reason might explain why the account balance increases between Days 6 and 9 and then decreases
between Days 9 and 14?

o Answers will vary. Maybe the person holding the account earned $15 each day mowing lawns and
deposited the money each day to his account. Then, the same person needed to debit his account $6
each day to pay for lunch.

= What reason might explain why the account balance does not change during the first few days?

o Answers will vary. Jameson is sick and cannot work to earn money to deposit into his account.
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4. The relationship between Jameson’s account balance and time is modeled by the graph below.
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a. Write a story that models the situation represented by the graph.
Answers will vary.

Jameson was sick and did not work for almost a whole week. Then, he mowed several lawns over the next
few days and deposited the money into his account after each job. It rained several days, so instead of
working, Jameson withdrew money from his account each day to go to the movies and out to lunch with
friends.

b. When is the function represented by the graph increasing? How does this relate to your story?

It is increasing between 6 and 9 days. Jameson earned money mowing lawns and made a deposit to his
account each day. The money earned for each day was constant for these days. This is represented by a
straight line.

c. When is the function represented by the graph decreasing? How does this relate to your story?

It is decreasing between 9 and 14 days. Since Days 9-14 are represented by a straight line, this means that
Jameson spent the money constantly over these days. Jameson cannot work because it is raining. Perhaps he
withdraws money from his account to spend on different activities each day because he cannot work.

Closing (3-4 minutes)
Review the Lesson Summary with the class.
= Refer back to Exercise 1. In parts (a) and (d), the bathtub was being filled at a constant rate. Is it reasonable
within the context of the problem for the function in the graph to continue increasing?
= No. At some point, the tub will be full, and the amount of water cannot continue to increase.

= Refer back to Exercise 2, part (b). The amount of pressure that an underwater diver experiences continues to
increase as the diver continues to descend. Is it reasonable within the context of the problem for the function
in the graph to continue increasing?

= No. At some point, the pressure will be too great, and the diver will not be able to descend any farther.
=  [sthere a scenario that would require a function that modeled the situation to increase indefinitely? Explain.

@ Yes. Students may use the example of money left in a savings account.
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It may need to be pointed out that this scenario is not necessarily linear, but if no money is withdrawn, the total will
continue to increase.

Lesson Summary
The graph of a function can be used to help describe the relationship between two types of quantities.

The slope of the line can provide useful information about the functional relationship between the quantities
represented by the line:

. A function whose graph has a positive slope is said to be an increasing function.

. A function whose graph has a negative slope is said to be a decreasing function.

. A function whose graph has a zero slope is said to be a constant function.

Exit Ticket (8 minutes)
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Name Date

Lesson 4: Increasing and Decreasing Functions

Exit Ticket
1. The graph below shows the relationship between a car’s value and time.
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Match each part of the graph (A, B, and C) to its verbal description. Explain the reasoning behind your choice.

i.  The value of the car holds steady due to a positive consumer report on the same model.

ii. Thereis ashortage of used cars on the market, and the value of the car rises at a constant rate.

iii. The value of the car depreciates at a constant rate.
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2. Henry and Roxy both drive electric cars that need to be recharged before use. Henry uses a standard charger at his
home to recharge his car. The graph below represents the relationship between the battery charge and the amount
of time it has been connected to the power source for Henry’s car.

100+

80
Henry's Car

s

60+

40+

Battery Charge (% capacity)

204

0 T T T T T 1
0 10 20 30 40 50 60

Time (minutes)

a. Describe how Henry’s car battery is being recharged with respect to time.

b. Roxy has a supercharger at her home that can charge about half of the battery in 20 minutes. There is no
remaining charge left when she begins recharging the battery. Sketch a graph that represents the relationship
between the battery charge and the amount of time on the axes above. Assume the relationship is linear.

c.  Which person’s car will be recharged to full capacity first? Explain.
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Exit Ticket Sample Solutions

48

1.

2.

The graph below shows the relationship between a car’s value and time.
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Match each part of the graph (A, B, and C) to its verbal description. Explain the reasoning behind your choice.

i The value of the car holds steady due to a positive consumer report on the same model.

B; if the value is holding steady, there is no change in the car’s value between years.

iil. There is a shortage of used cars on the market, and the value of the car rises at a constant rate.

C; if the value of the car is rising, it represents an increasing function.

iii.  The value of the car depreciates at a constant rate.

A; if the value depreciates, it represents a decreasing function.

Henry and Roxy both drive electric cars that need to be recharged before use. Henry uses a standard charger at his
home to recharge his car. The graph below represents the relationship between the battery charge and the amount

of time it has been connected to the power source for Henry’s car.
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a. Describe how Henry’s car battery is being recharged with respect to time.

The battery charge is increasing at a constant rate of 10% every 10 minutes.
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b. Roxy has a supercharger at her home that can charge about half of the battery in 20 minutes. There is no
remaining charge left when she begins recharging the battery. Sketch a graph that represents the
relationship between the battery charge and the amount of time on the axes above. Assume the relationship
is linear.

See the graph on the previous page.

c. Which person’s car will be recharged to full capacity first? Explain.

Roxy’s car will be completely recharged first. Her supercharger has a greater rate of change compared to
Henry’s charger.

Problem Set Sample Solutions

1. Read through each of the scenarios, and choose the graph of the function that best matches the situation. Explain
the reason behind each choice.

a. The tire pressure on Regina’s car remains at 30 psi.
b. Carlita inflates her tire at a constant rate for 4 minutes.

c. Air is leaking from Courtney’s tire at a constant rate.

0 Scenario: ¢

Explanation: The tire
pressure decreases each
minute at a constant rate.

Time (minutes)

Scenario: a

Explanation: The tire
pressure remains at 30 psi.

Time (minutes)
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m Scenario: b

. Explanation: The tire
pressure is increasing each

. minute at a constant rate for
Prssure 4 minutes.

®s)

Time (minutes)

2. A home was purchased for $275,000. Due to a recession, the value of the home fell at a constant rate over the
next 5 years.

a. Sketch a graph of a function that models the situation.

Graphs will vary; a sample graph is provided.

400000

300000+

200000+

Home Value ($)

100000

0 T T T T
0 1 2 3 4 5
Time (number of years since purchase)

b. Based on your graph, how is the home value changing with respect to time?
Answers will vary; a sample answer is provided.

The value is decreasing by $25,000 over 5 years or at a constant rate of $5,000 per year.

3.  The graph below displays the first hour of Sam’s bike ride.

3.54

Distance from Home (miles)
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Match each part of the graph (A, B, and C) to its verbal description. Explain the reasoning behind your choice.
i Sam rides his bike to his friend’s house at a constant rate.

A; the distance from home should be increasing as Sam is riding toward his friend’s house.

ii. Sam and his friend bike together to an ice cream shop that is between their houses.

C; Sam was at his friend’s house, but as they start biking to the ice cream shop, the distance from Sam’s
home begins to decrease.

iii.  Sam plays at his friend’s house.

B; Sam remains at the same distance from home while he is at his friend’s house.

4.  Using the axes below, create a story about the relationship between two quantities.

a. Write a story about the relationship between two quantities. Any quantities can be used (e.g., distance and
time, money and hours, age and growth). Be creative. Include keywords in your story such as increase and
decrease to describe the relationship.

Answers will vary. Give students the freedom to write a basic linear story or a piecewise story.

A rock climber begins her descent from a height of 50 feet. She slowly descends at a constant rate for 4
minutes. She takes a break for 1 minute; she then realizes she left some of her gear on top of the rock and
climbs more quickly back to the top at a constant rate.

b. Label each axis with the quantities of your choice, and sketch a graph of the function that models the
relationship described in the story.

Answers will vary based on the story from part (a).
504

40+

204

Quantity 2: Height above ground (ft)

Quantity 1: Time (minutes)
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Lesson 5: Increasing and Decreasing Functions

Student Outcomes
= Students qualitatively describe the functional relationship between two types of quantities by analyzing a
graph.
= Students sketch a graph that exhibits the qualitative features of linear and nonlinear functions based on a
verbal description.

Lesson Notes

This lesson extends the concepts introduced in Lesson 4 and focuses on graphs and the role they play in analyzing
functional relationships between quantities. Students begin the lesson by comparing and contrasting linear and
nonlinear functions. Encourage students to distinguish a linear function from a nonlinear function by analyzing a graph
using the rate of change for an interval instead of just stating that “it looks like a straight line.” Students sketch
nonlinear functions given a contextual situation but do not construct the functions.

Classwork
Example 1 (3-5 minutes): Nonlinear Functions in the Real World

Read through the scenarios as a class. A linear function is used to model the first scenario, and a nonlinear function is
used to model the second scenario.

Example 1: Nonlinear Functions in the Real World

Not all real-world situations can be modeled by a linear function. There are times when a nonlinear function is needed to
describe the relationship between two types of quantities. Compare the two scenarios:

a. Aleph is running at a constant rate on a flat, paved road. The graph below represents the total distance he
covers with respect to time.

Total Distance (miles)

0 10 20 30 % 50 60
Time (minutes)
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b.  Shannon is running on a flat, rocky trail that eventually rises up a steep mountain. The graph below
represents the total distance she covers with respect to time.

Total Distance (miles)

Time (minutes)

Exercises 1-2 (5-7 minutes)

Students look at the rate of change for different intervals for the scenarios presented in Example 1. Let students work
with a partner. Then, discuss answers as a class. Remind students of increasing, decreasing, and constant linear
functions from the previous lesson.

= Why might the distance that Shannon runs during each 15-minute interval decrease?

@ Shannon is running up a mountain. Maybe the mountain is getting steeper, which is causing her to run
slower.

= Are these increasing or decreasing functions?

@ They are both increasing functions because the total distance is increasing with respect to time. The
function that models Aleph’s total distance is an increasing linear function, and Shannon’s total
distance is an increasing nonlinear function.

Exercises 1-2

1.  Inyour own words, describe what is happening as Aleph is running during the following intervals of time.

a. 0 to 15 minutes

Aleph runs 2 miles in 15 minutes.

b. 15 to 30 minutes

Aleph runs another 2 miles in 15 minutes for a total of 4 miles.

c. 30 to 45 minutes

Aleph runs another 2 miles in 15 minutes for a total of 6 miles.

d. 45 to 60 minutes

Aleph runs another 2 miles in 15 minutes for a total of 8 miles.
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2.  Inyour own words, describe what is happening as Shannon is running during the following intervals of time.

a. 0 to 15 minutes

Shannon runs 1.5 miles in 15 minutes.

b. 15 to 30 minutes

Shannon runs another 0.6 mile in 15 minutes for a total of 2. 1 miles.

c. 30 to 45 minutes

Shannon runs another 0.5 mile in 15 minutes for a total of 2. 6 miles.

d. 45 to 60 minutes

Shannon runs another 0.4 mile in 15 minutes for a total of 3.0 miles.

Example 2 (5 minutes): Increasing and Decreasing Functions
Convey to students that linear functions have a constant rate of change while nonlinear functions do not have a constant

rate of change. Consider using a table of values for additional clarification using the information from Exercises 1 and 2.

=  How would you describe the rate of change of the function modeling Shannon’s total distance? Explain.

@ The function is increasing but at a decreasing rate of change. The rate of change is decreasing for
every 15-minute interval.

Example 2: Increasing and Decreasing Functions

The rate of change of a function can provide useful information about the relationship between two quantities.
A linear function has a constant rate of change. A nonlinear function has a variable rate of change.

Linear Functions Nonlinear Functions
Linear function increasing at a constant rate Nonlinear function increasing at a variable rate
Linear function decreasing at a constant rate Nonlinear function decreasing at a variable rate
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Linear function with a constant rate

10
13
16
19

BWIIN| = o=

Nonlinear function with a variable rate

x y
0 0
1 2
2 4
3 8
4 16

Exercises 3-5 (15 minutes)

Students sketch graphs of functions based on a verbal description. Note that the graph should just be a rough sketch
that matches the verbal description. Allow students to work with a partner or in a small group. Discuss and compare

answers as a class.

Exercises 3-5

Sketch a graph that represents the weight of a large breed dog from birth to 2 years of age.

Answers will vary.

80
704
604
50
40

304

Weight (pounds)

204

104

0 T T

Age (months)

T T T T T
0 2 4 6 8 10 12 14

16 18 20 22

Is the function represented by the graph linear or nonlinear? Explain.

The function is nonlinear because the growth rate is not constant.

Is the function represented by the graph increasing or decreasing? Explain.

The function is increasing but at a decreasing rate. There is rapid growth during the first 6 months, and then

the growth rate decreases.

3. Different breeds of dogs have different growth rates. A large breed dog typically experiences a rapid growth rate
from birth to age 6 months. At that point, the growth rate begins to slow down until the dog reaches full growth
around 2 years of age.
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4.  Nikka took her laptop to school and drained the battery while typing a research paper. When she returned home,
Nikka connected her laptop to a power source, and the battery recharged at a constant rate.

a. Sketch a graph that represents the battery charge with respect to time.

Answers will vary.
100+
804

60

Battery Charge (% capacity)

0 T T T
2
Time (hours)

b. Is the function represented by the graph linear or nonlinear? Explain.

The function is linear because the battery is recharging at a constant rate.

c. Is the function represented by the graph increasing or decreasing? Explain.

The function is increasing because the battery is being recharged.

5. The long jump is a track-and-field event where an athlete attempts to leap as far as possible from a given point.
Mike Powell of the United States set the long jump world record of 8.95 meters (29. 4 feet) during the 1991 World

Championships in Tokyo, Japan.
a. Sketch a graph that represents the path of a high school athlete attempting the long jump.

Answers will vary.

Height of Jump (meters)

0 T T Y T 1
0 2 4 6 8 10

Length of Jump (meters)
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Note: If students have trouble visualizing the path of a jump, use the following table for students to begin their sketches.
Remind students to draw a curve and not to connect points with a straight line.

Yy
0

0.75
1.2
1.35
1.2
0.75

ol |lwiN|Rr|o(R

b. Is the function represented by the graph linear or nonlinear? Explain.

The function is nonlinear. The rate of change is not constant.

c. Is the function represented by the graph increasing or decreasing? Explain.

The function both increases and decreases over different intervals. The function increases as the athlete
begins the jump and reaches a maximum height. The function decreases after the athlete reaches maximum
height and begins descending back toward the ground.

Example 3 (5-7 minutes): Ferris Wheel

This example presents students with a graph of a nonlinear function that both increases and decreases over different
intervals of time. Students may have a difficult time connecting the graph to the scenario. Remind students that the
graph is relating time to a rider’s distance above the ground. Consider doing a rough sketch of the Ferris wheel scenario
on a personal white board for further clarification using a similar object such as a hamster wheel or a K'NEX construction
toy. There are also videos that can be found online that relate this type of motion to nonlinear curves. The website
www.graphingstories.com has a great video that relates the motion of a playground merry-go-round to the distance of a
camera that produces a graph similar to the Ferris wheel example.

Example 3: Ferris Wheel

Lamar and his sister are riding a Ferris wheel at a state fair. Using their watches, they find that it takes 8 seconds for the
Ferris wheel to make a complete revolution. The graph below represents Lamar and his sister’s distance above the
ground with respect to time.

50-
404
30

204

Distance Above Ground (feet)

0 10 20 30 4
Time (seconds)
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Exercises 6-9 (5-7 minutes)

Allow students to work with a partner or in a small group to complete the following exercises.
Confirm answers as a class.

Exercises 6-9

6. Use the graph from Example 3 to answer the following questions.

a. Is the function represented by the graph linear or nonlinear?

The function is nonlinear. The rate of change is not constant.

b. Where is the function increasing? What does this mean within the context of the problem?

The function is increasing during the following intervals of time: 0 to 4 seconds, 8 to 12 seconds, 16 to 20
seconds, 24 to 28 seconds, and 32 to 36 seconds. It means that Lamar and his sister are rising in the air.

c. Where is the function decreasing? What does this mean within the context of the problem?

The function is decreasing during the following intervals of time: 4 to 8 seconds, 12 to 16 seconds, 20 to 24
seconds, 28 to 32 seconds, and 36 to 40 seconds. Lamar and his sister are traveling back down toward the
ground.

7. How high above the ground is the platform for passengers to get on the Ferris wheel? Explain your reasoning.

The lowest point on the graph, which is at 5 feet, can represent the platform where the riders get on the
Ferris wheel.

8. Based on the graph, how many revolutions does the Ferris wheel complete during the 40-second time interval?
Explain your reasoning.

The Ferris wheel completes 5 revolutions. The lowest points on the graph can represent Lamar and his sister at the
beginning of a revolution or at the entrance platform of the Ferris wheel. So, one revolution occurs between 0 and
8 seconds, 8 and 16 seconds, 16 and 24 seconds, 24 and 32 seconds, and 32 and 40 seconds.

9.  What is the diameter of the Ferris wheel? Explain your reasoning.

The diameter of the Ferris wheel is 40 feet. The lowest point on the graph represents the base of the Ferris wheel,
and the highest point on the graph represents the top of the Ferris wheel. The difference between the two values is
40 feet, which is the diameter of the wheel.

Closing (2 minutes)
Review the Lesson Summary with students.

=  Refer back to Exercises 3 and 4 (dog growth rate and laptop battery recharge problems). Note that both
functions were increasing. Is it possible for those functions to continue to increase within the context of the
problem? Explain.
@ No. Both functions cannot continue to increase.
o The dog’s weight will increase until it reaches full growth. At that point, the weight would remain
constant or may fluctuate based on diet and exercise.

v The laptop battery capacity can only reach 100%. At that point, it is fully charged. The function could
not continue to increase.
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Lesson Summary

The graph of a function can be used to help describe the relationship between the quantities it represents.

A linear function has a constant rate of change. A nonlinear function does not have a constant rate of change.

. A function whose graph has a positive rate of change is an increasing function.
- A function whose graph has a negative rate of change is a decreasing function.

- Some functions may increase and decrease over different intervals.

Exit Ticket

(5 minutes)
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Name Date

Lesson 5: Increasing and Decreasing Functions

Exit Ticket

Lamar and his sister continue to ride the Ferris wheel. The graph below represents Lamar and his sister’s distance above
the ground with respect to time during the next 40 seconds of their ride.

50-
40
30+

20+

Distance Above Ground (feet)

. : : : s
40 50 60 70 80
Time (seconds)

a. Name one interval where the function is increasing.

b. Name one interval where the function is decreasing.

c. Isthe function linear or nonlinear? Explain.

d. What could be happening during the interval of time from 60 to 64 seconds?

e. Based on the graph, how many complete revolutions are made during this 40-second interval?
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Exit Ticket Sample Solutions

Lamar and his sister continue to ride the Ferris wheel. The graph below represents Lamar and his sister’s distance above
the ground with respect to time during the next 40 seconds of their ride.

50+

&
il

20+

104

Distance Above Ground (feet)

T
40 50 60 70 80
Time (seconds)

a. Name one interval where the function is increasing.

The function is increasing during the following intervals of time: 40 to 44 seconds, 48 to 52 seconds, 56 to
60 seconds, and 72 to 76 seconds.

b. Name one interval where the function is decreasing.

The function is decreasing during the following intervals of time: 44 to 48 seconds, 52 to 56 seconds, 64 to
66 seconds, 70 to 72 seconds, and 76 to 80 seconds.

c. Is the function linear or nonlinear? Explain.

The function is both linear and nonlinear during different intervals of time. It is linear from 60 to 64 seconds
and from 66 to 70 seconds. It is nonlinear from 40 to 60 seconds and from 70 to 80 seconds.

d.  What could be happening during the interval of time from 60 to 64 seconds?

The Ferris wheel is not moving during that time, so riders may be getting off or getting on.

e. Based on the graph, how many complete revolutions are made during this 40-second interval?

Four revolutions are made during this time period.
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Problem Set Sample Solutions

62

1. Read through the following scenarios, and match each to its graph. Explain the reasoning behind your choice.
a This shows the change in a smartphone battery charge as a person uses the phone more frequently.
b. A child takes a ride on a swing.
c. A savings account earns simple interest at a constant rate.
d.  Abaseball has been hit at a youth baseball game.
Scenario: ¢

Scenario: d

The savings account is earning interest at a constant

The baseball is hit into the air, reaches a maximum
rate, which means that the function is linear.

height, and falls back to the ground at a variable rate.

Scenario: b Scenario: a

The distance from the ground increases as the child The battery charge is decreasing as a person uses the
swings up into the air and then decreases as the child phone more frequently.
swings back down toward the ground.

Lesson 5: Increasing and Decreasing Functions EUREKA
MATH

©2018 Great Minds®. eureka-math.org



A STORY OF RATIOS

Lesson 5 m

2.

The graph below shows the volume of water for a given creek bed during a 24-hour period. On this particular day,

there was wet weather with a period of heavy rain.
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Describe how each part (A, B, and C) of the graph relates to the scenario.
A: The rain begins, and the volume of water flowing in the creek bed begins to increase.
B: A period of heavy rain occurs, causing the volume of water to increase.

C: The heavy rain begins to subside, and the volume of water continues to increase.

Half-life is the time required for a quantity to fall to half of its value measured at the beginning of the time period. If
there are 100 grams of a radioactive element to begin with, there will be 50 grams after the first half-life, 25 grams

after the second half-life, and so on.

a. Sketch a graph that represents the amount of the radioactive element left with respect to the number of half-

lives that have passed.

Answers will vary.
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b. Is the function represented by the graph linear or nonlinear? Explain.

The function is nonlinear. The rate of change is not constant with respect to time.

c. Is the function represented by the graph increasing or decreasing?

The function is decreasing.
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5.

Lanae parked her car in a no-parking zone. Consequently, her car was towed to an impound lot. In order to release
her car, she needs to pay the impound lot charges. There is an initial charge on the day the car is brought to the lot.
However, 10% of the previous day’s charges will be added to the total charge for every day the car remains in the
lot.

a. Sketch a graph that represents the total charges with respect to the number of days a car remains in the
impound lot.

Answers will vary.
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b. Is the function represented by the graph linear or nonlinear? Explain.

The function is nonlinear. The function is increasing.

c. Is the function represented by the graph increasing or decreasing? Explain.

The function is increasing. The total charge is increasing as the number of days the car is left in the
lot increases.

Kern won a $50 gift card to his favorite coffee shop. Every time he visits the shop, he purchases the same coffee
drink.

a. Sketch a graph of a function that can be used to represent the amount of money that remains on the gift card
with respect to the number of drinks purchased.

Answers will vary.
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b. Is the function represented by the graph linear or nonlinear? Explain.

The function is linear. Since Kern purchases the same drink every visit, the balance is decreasing by the same
amount or, in other words, at a constant rate of change.

c. Is the function represented by the graph increasing or decreasing? Explain.

The function is decreasing. With each drink purchased, the amount of money on the card decreases.

6. Jay and Brooke are racing on bikes to a park 8 miles away. The tables below display the total distance each person
biked with respect to time.

Jay Brooke
Time Distance Time Distance
(minutes) (miles) (minutes) (miles)
0 0 0 0
5 0.84 5 1.2
10 1.86 10 2.4
15 3.00 15 3.6
20 4.27 20 4.8
25 5.67 25 6.0

a. Which person’s biking distance could be modeled by a nonlinear function? Explain.

The distance that Jay biked could be modeled by a nonlinear function because the rate of change is not
constant. The distance that Brooke biked could be modeled by a linear function because the rate of change is
constant.

b. Who would you expect to win the race? Explain.

Jay will win the race. The distance he bikes during each five-minute interval is increasing, while Brooke’s
biking distance remains constant. If the trend remains the same, it is estimated that both Jay and Brooke will
travel about 7.2 miles in 30 minutes. So, Jay will overtake Brooke during the last 5 minutes to win the race.

7.  Using the axes in Problem 7(b), create a story about the relationship between two quantities.
a. Write a story about the relationship between two quantities. Any quantities can be used (e.g., distance and
time, money and hours, age and growth). Be creative! Include keywords in your story such as increase and
decrease to describe the relationship.

Answers will vary.

A person in a car is at a red stoplight. The light turns green, and the person presses down on the accelerator
with increasing pressure. The car begins to move and accelerate. The rate at which the car accelerates is
not constant.
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b.

Label each axis with the quantities of your choice, and sketch a graph of the function that models the
relationship described in the story.

Answers will vary based on the story from part (a).
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Mathematics Curriculum

GRADE

GRADE 8 « MODULE 6

Topic B
Bivariate Numerical Data

Focus Standards: ®  Construct and interpret scatter plots for bivariate measurement data to
investigate patterns of association between two quantities. Describe patterns
such as clustering, outliers, positive or negative association, linear association,
and nonlinear association.

m  Know that straight lines are widely used to model relationships between two
quantitative variables. For scatter plots that suggest a linear association,
informally fit a straight line, and informally assess the model fit by judging the
closeness of the data points to the line.

Instructional Days: 4

Lesson 6: Scatter Plots (P)*
Lesson 7: Patterns in Scatter Plots (P)

Lesson 8: Informally Fitting a Line (P)

Lesson 9: Determining the Equation of a Line Fit to Data (P)

In Topic B, students connect their study of linear functions to applications involving bivariate data. A key tool
in developing this connection is a scatter plot. In Lesson 6, students construct scatter plots and focus on
identifying linear versus nonlinear patterns. They distinguish positive linear association and negative linear
association based on the scatter plot. Students describe trends in the scatter plot along with clusters and
outliers (points that do not fit the pattern). In Lesson 8, students informally fit a straight line to data
displayed in a scatter plot by judging the closeness of the data points to the line. In Lesson 9, students
interpret and determine the equation of the line they fit to the data and use the equation to make
predictions and to evaluate possible association of the variables. Based on these predictions, students
address the need for a best-fit line, which is formally introduced in Algebra I.

1Lesson Structure Key: P-Problem Set Lesson, M-Modeling Cycle Lesson, E-Exploration Lesson, S-Socratic Lesson
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Lesson 6: Scatter Plots

Student Outcomes

= Students construct scatter plots.

= Students use scatter plots to investigate relationships.

= Students understand that a trend in a scatter plot does not establish cause-and-effect.

Lesson Notes

This lesson is the first in a set of lessons dealing with relationships between numerical variables. In this lesson, students
learn how to construct a scatter plot and look for patterns that suggest a statistical relationship between two numerical
variables. Note that in this, and subsequent lessons, there is notation on the graphs indicating that not all of the

intervals are represented on the axes. Students may need explanation that connects the “zigzag” to the idea that there
are numbers on the axes that are just not shown in the graph.

Classwork

Example 1 (5 minutes)

Spend a few minutes introducing the context of this example. Make sure that students
understand that in this context, an observation can be thought of as an ordered pair

consisting of the value for each of two variables.

Example 1

and

A bivariate data set consists of observations on two variables. For example, you might collect
data on 13 different car models. Each observation in the data set would consist of an (x, y) pair.

x: weight (in pounds, rounded to the nearest 50 pounds)

y: fuel efficiency (in miles per gallon, mpg)

The table below shows the weight and fuel efficiency for 13 car models with automatic
transmissions manufactured in 2009 by Chevrolet.

Scaffolding:

Point out to students that
the word bivariate is
composed of the prefix bi-
and the stem variate.

Bi- means two.

Variate indicates a
variable.

The focus in this lesson is
on two numerical
variables.

Model Weight (pounds) Fuel Efficiency (mpg)
1 3,200 23
2 2,550 28
3 4,050 19
4 4,050 20
5 3,750 20
6 3,550 22
7 3,550 19
8 3,500 25
9 4,600 16
10 5,250 12
11 5,600 16
12 4,500 16
13 4,800 15
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Scaffolding:

English language learners
new to the curriculum may
be familiar with the metric
system (kilometers,
kilograms, and li