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Algebra 1, Unit 3, Lesson 5 - Fitting Lines TEACHER EDITION SAMPLE

LESSONS
FITTING LINES

LEARNING GOALS

Determine which linear model is a better fit for a given data set.

e Interpret (orally and in writing) the rate of change and vertical intercept for a linear model in
everyday language.

e Use technology to generate the line of best fit, and use the equation representing the linear model
to predict (extrapolate) and estimate (interpolate) values not given in the data set.

ALIGNMENT
Building On

e 8.SPA2 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.

Addressing

e HSS-ID.B.6.c Fita linear function for a scatter plot that suggests a linear association.
e HSS-ID.C.7 Interpret the slope (rate of change) and the intercept (constant term) of a linear model in the
context of the data.

Building Toward

e HSS-ID.B.6 Represent data on two quantitative variables on a scatter plot, and describe how the variables
are related.
e HSS-ID.B.6.b Informally assess the fit of a function by plotting and analyzing residuals.

LESSON PREPARATION

Required Materials

e Graphing technology
e Pre-printed slips, cut from copies of the blackline master

Required Preparation

e Printand cut up slips for the card sort. One copy of the blackline master for every group of 2 students. To
find best fit lines, students will need access to technology that will compute the least-squares regression
lines for a set of data.

e Acquire devices that can run Desmos (recommended) or other graphing technology. It is ideal if each
student has their own device. (Desmos is available under Math Tools)

LESSON INFORMATION
Student Learning Goal

e Let's find the best linear model for some data.
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TEACHER EDITION SAMPLE Algebra 1, Unit 3, Lesson 5 - Fitting Lines

Algebra 1Mathematics

Student Learning Targets

e | can describe the rate of change and y-intercept for a linear model in everyday language.
e |can use technology to find the line of best fit.

Lesson Narrative

The mathematical purpose of this activity is for student to informally assess the fit of various lines to data, to

use technology to find the line of best fit, and to interpret the slope and vertical intercept of the linear model.

The work connects to previous work because students created scatter plots and created linear models for the
data. The work connects to upcoming work because students will use the correlation coefficient to describe

the strength of the linear relationship. When students sort scatter plots into linear and nonlinear categories, and
when they organize lines of best fit by the goodness of fit, they look for and make use of structure (MP7), because
they are analyzing representations and structures closely, and making connections. Students are reasoning
abstractly and quantitatively (MP2) when they interpret the meaning of the slope and vertical intercept in context.

WARM-UP | SELECTING THE BEST LINE 5 minutes

The mathematical purpose of this activity is for students to be able to visually assess the best line that fits data
among a set of choices. Students are given a scatter plot and 2 lines that may fit the data. Students must select
the line that better fits the data. The given lines address many common errors in student thinking about best fit

lines including: going through the most points, dividing the data in half, and connecting the points on both ends
of the scatter plot.

Listen for students using the terms slope and y-intercept.

LAUNCH
Provide students access to the images. Give students 2 minutes of quiet time to work the questions.
4 )
STUDENT-FACING TASK STATEMENT
Which of the lines is the best fit for the data in each scatter plot? Explain your reasoning.
1 2 3. 4
¢ b
: TR e e e N
average score from 10 surveys price of crude oil per barrel number of floors
- J

Possible Responses

1. Sample response: The solid line is the better fit for the data since it goes through the middle of the data
and follows the negative trend of the data.

2. Sample response: The solid line is the better fit for the data since it goes through the middle of the data
with approximately equal numbers of data points on either side of the line.

3. Sample response: The dashed line is the better fit for the data since it goes through the middle of the data
with a slope that follows the trend of the data. The solid line has a lot of points above the line to start and
a lot of points below the line at the end.

Lesson5 - Unit3 ©Accelerate Learning Inc. - All Rights Reserved

fleceleraleL EARNING 5

THE LEADER in STEM EDUCATION



Algebra 1, Unit 3, Lesson 5 - Fitting Lines TEACHER EDITION SAMPLE

Algebra 1Mathematics

4. Sample response: The dashed line is the better fit for the data since it goes through the middle of the data,
follows the trend of the data, and has a similar number of points on each side. The solid line fits the first
and last point perfectly, but most of the data is above the line.

Activity Synthesis
The purpose of this discussion is to understand bad fit, good fit, and best fit. In each scatter plot, the solid line
represents the line of best fit—except for the last two graphs, for which the dashed line is the best fit.

Ask a student who uses the term slope while working the questions, “Can you explain the relationship between
the two lines in question about runs and wins using the concept of slope?’ (The slope of the dashed line is
positive and the slope of the solid line is negative.)

Ask a student who uses the term y-intercept, “Can you explain the significance of the

y-intercept in the question about average survey scores and amount spent on dinner?” (The solid line will have
a y-intercept less than the y-intercept for the dashed line. Because the two lines have approximately the same
slope, they appear parallel in the scatter plot)

If time permits, discuss questions such as:

e “Isthe dashed line in question about runs and wins a bad fit, good fit, or best fit?” (The line is a bad
fit because it does not show the correct relationship between the variables. It shows that the value
of yincreases as the value of xincreases, rather than the value of y decreasing as the value of x increases.)
e ‘“Isthe dashed line in question about oil and gas a bad fit, good fit, or best fit?” (It is the best fit because it is
close to going through the middle of the data and follows the same trend as the data.)
e “What factors helped you select the linear model that fits the data best?” (The line should go through the
middle of the data, follow the trend of the data, and have a similar number of points on each side of the
line)

EXPLORATION ACTIVITY | CARD SORT: DATA PATTERNS 15 minutes

Instructional Routines
e Card Sort

e MLRS8: Discussion Supports
e Take Turns

The mathematical purpose of this activity is for students to:

distinguish between linear and nonlinear relationships in bivariate, numerical data
informally assess the fit of a linear model

compare the slope and the vertical intercepts of different linear models

describe the relationship between two variables.

Students are given cards showing scatter plots and a linear model. They sort the cards based on how well the
lines fit the data as well as by slope and intercept in increasing order.

A sorting task gives students opportunities to analyze representations, statements, and structures closely and
make connections (MP2, MP7).

LAUNCH

Arrange students in groups of 2. Give students a chance to familiarize themselves with what is on the cards. For
example, you might ask them to sort the cards into categories of their choosing, and explain their categories to
their partner.
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TEACHER EDITION SAMPLE Algebra 1, Unit 3, Lesson 5 - Fitting Lines

Algebra 1Mathematics

Support for English Language Learners

Conversing: MLR8 Discussion Supports. In pairs, ask students to take turns sorting the cards and
explaining their reasoning to their partner. Display the following sentence frames for all to see: ©

should be before because ...", and ‘I noticed ,so|..." Encourage students to challenge
each other when they disagree. This will help students clarify their reasoning about linear models.

Design Principle(s): Support sense-making; Maximize meta-awareness

Support for Students with Disabilities

Action and Expression: Internalize Executive Functions. Provide students with a template for organizing
their observations. Provide a template or invite students to fold a blank piece of paper in thirds, and
label with three headers of “x” “y” and “linear model fits?” to collect their answers. Explain that in the first
column, they will always write increasing, since they will be reading each graph from left to right, then
have them fill in the behavior of the y values in the next column, and in the last column, their conclusions
about whether a linear model fits well.

Supports accessibility for: Language; Organization

-~
STUDENT-FACING TASK STATEMENT

Your teacher will give you a set of cards that show scatter plots.

1. Arrange all the cards in three different ways. Ensure that you and your partner agree on the
arrangement before moving on to the next one. Sort all the cards in order from.

A. bestto worst for representing with a linear model
B. leastto greatest slope of a linear model that fits the data well

C. least to greatest vertical intercept of a linear model that fits the data well
2. Foreach card, write a sentence that describes how y changes as xincreases and whether the linear
model is a good fit for the data or not.

- J

Possible Responses
1. Anorderforeach sortis:

A. Sample response: B, E, Aand F, C, D and G. There may be some debate about the exact order. It is
important that students recognize that B is the best fit, D and G should not be fit with linear models,
and be able to reason that linear models fit more poorly the farther the data are from the line.

B. E B, AandF C.D and G do not have linear models that fit the data well.

D. A C F B, E DandG do nothave linear models that fit the data well.

2. Sample responses:

A. As xincreases, y also increases. The linear model fits the data fairly well.

B. Asxincreases, y decreases. The linear model fits the data very well.

C. Asxincreases, yincreases. The linear model fits most of the data very well; however, there are two
values that do not follow this trend.

D. Asxincreases, y goes up and down like a wave. The data does not follow the line very well at all.

E. Asxincreases, y decreases. Most of the data fits a linear model very well, but the one point at (7,15)
does not fit with the rest of the data very well.

F. Asxincreases, yincreases. The linear model fits the data fairly well.

G. Asxincreases, ydecreases and then increases. The data does not follow the line very well at all

Lesson5 - Unit3 ©Accelerate Learning Inc. - All Rights Reserved
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Algebra 1, Unit 3, Lesson 5 - Fitting Lines TEACHER EDITION SAMPLE

Algebra 1Mathematics

Activity Synthesis
The purpose of this discussion is for students to discuss the goodness of fit for linear models.

Here are some questions for discussion.

e “How are scatter plots of A and F the same? How are they different?” (They have the same slope and the
linear model for each scatter plot are equally well fit. They are different because they have a different
vertical intercept)

e “How do you know if a linear model is a good fit?” (You need to look at the scatter plot and the line of best
fit and make a decision about whether or not the data follows a linear trend)

e “Why is the goodness fit for the linear model in scatter plot B better than the fit for the linear model in
scatter plot A?” (The data in B falls on or very close to the linear model. The data in A is scattered around
the line of best fit and has roughly the same number of values below that line of best fit as it does above
the line of best fit)

EXPLORATION ACTIVITY | FITTING LINES
WITH TECHNOLOGY 15 minutes

Instructional Routines

o Fitlt
e MLR7: Compare and Connect

It is recommended to use the digital version of this activity. The mathematical purpose of this activity is for
students to use technology to compute a line of best fit for data given in a table, and to understand the meaning
of the slope and y-intercept. If the digital version of the activity is not available, the students should be guided
through using available technology to find the least-squares regression line as the line of best fit.

LAUNCH

Provide data tables for the graphs for the cards from the previous activity that were fit well with a linear model.
Assign one table to each group. For students using the paper task, show them how to use technology to create a
scatter plot of the data in a table. After groups have had a chance to estimate the best fit lines, pause the class.
Show students how to use technology to find the least-squares regression line for data and display the line with
the scatter plot.

Display the tables for students to use for the last question:

A.(card A'in the B.(card Binthe C.(card Cinthe D.(card Einthe E.(card Fin the
previous activity) previous activity) previous activity) previous activity) previous activity)
x Yy x y X Yy x y X Yy
1 2 1 11.86 1 6.11 1 13.9 1 6.5
2.2 4 2.2 11.332 2.2 7.142 2.2 11.5 2.2 8.5
3.3 5 3.3 10.848 3.3 8.088 3.3 9.3 3.3 9.5
3.3 4.5 3.3 10.741 3.3 8.19 3.3 9.2 3.3 9
3.6 6 3.6 10.716 3.6 8.346 3.6 8.7 3.6 10.5
3.8 6.4 3.8 10.628 3.8 2.92 3.8 8.3 3.8 11
3.9 5.7 3.9 10.584 3.9 8.604 3.9 8.1 3.9 10.2
4 7 4 10.54 4 8.69 4 7.9 4 11.5
4.4 6.5 4.4 10.364 4.4 9.034 4.4 7.1 4.4 11
©Accelerate Learning Inc. - All Rights Reserved Unit3 - Lesson5

3 fleceleraleL EARNING

THE LEADER in STEM EDUCATION




TEACHER EDITION SAMPLE Algebra 1, Unit 3, Lesson 5 - Fitting Lines

Algebra 1Mathematics

4.5 7 4.5 10.32 4.5 9.12 4.5 6.9 4.5 115
4.7 7 4.7 10.232 4.7 9.292 4.7 6.5 4.7 11.5
4.8 6 4.8 10.188 4.8 13.6 4.8 6.3 4.8 10.5
4.9 8.7 4.9 10.144 4.9 9.464 4.9 6.1 4.9 13.2
5 7 5 10.1 5 9.55 5 5.9 5 11.5
5.1 7.7 5.1 10.056 5.1 9.636 5.1 5.7 5.1 12.2
5.2 6.7 5.2 10.5 5.2 9.722 5.2 5.5 5.2 11.2
5.5 8 5.5 9.88 5.5 9.98 5.5 4.9 5.5 12.5
55 8.5 5.5 9.753 5.5 10.32 5.5 4.3 5.5 13
6 9.5 6 9.66 6 10.41 6 3.9 6 14
6.6 8.6 6.6 9.396 6.6 10.926 6.6 1.3 6.6 13.1
7 9 7 9.22 7 11.27 7 1.9 7 13.5
7.7 10.313 7.7 8.912 7.7 11.872 7.7 0.5 7.7 14.813

Support for Students with Disabilities

Engagement: Develop Effort and Persistence. Provide prompts, reminders, or checklists that focus on
increasing the length of on-task orientation in the face of distractions. For example, provide two copies of
the steps: graph the table, find the best fit ling, find the slope, and find the y-intercept. Include phrases to
activate knowledge from prior activities such as, “As xincreases ..

Supports accessibility for: Organization; Conceptual processing; Attention

4 I
STUDENT-FACING TASK STATEMENT
The weight of ice cream sold in a day at a small store in pounds (x) and the average temperature outside
during the day in degrees Celsius (y) are recorded in the table.
x |20 |18 | 21 | 17 |21.5|19.5| 21 | 18
y | 6 |45|65|35|75|65| 7 5
1. Forthis data, create a scatter plot and sketch a line that fits the data well.
2. Use technology to compute the best fit line. Round any numbers to 2 decimal places.
3. What are the values for the slope and y-intercept for the best fit line? What do these values mean in
this situation?
4. Use the best fit line to predict the y value when xis 10. Is this a good estimate for the data? Explain
your reasoning.
5. Yourteacher will give you a data table for one of the other scatter plots from the previous activity.
Use technology and this table of data to create a scatter plot that also shows the line of best fit,
then interpret the slope and y-intercept.
\ J
Lesson5 - Unit3 ©Accelerate Learning Inc. - All Rights Reserved
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Algebra 1, Unit 3, Lesson 5 - Fitting Lines TEACHER EDITION SAMPLE

Algebra 1 Mathematics

Possible Responses

1. Answers vary. Lines should go through the middle of the data.

2. y=0.78x—9.44

3. Theslope is 0.78, which means that about one additional pound of ice cream is sold with every
0.78-degree increase in the outside temperature. The y-intercept is (0, —=9.44), which means that no ice
cream is sold when the temperature is about —9.44 degrees Celsius.

4. —1.64 degrees Celsius. Sample explanation: This may be a good estimate for the data, since the points
seem close to the line, but something different might happen when the temperature gets below freezing,
so it's possible that when only 10 pounds of ice cream are sold, the relationship with the weather may be

different.

5.
A. y=1.1979x 4+ 1.3196. When x is zero, y is 1.3196. As x increases by 1, y increases, on average, by 1.1979.
B. y=-0.4337x+ 12.288. When x is zero, y is 12.288. As x increases by 1, y decreases, on average, by 0.4337.
C. y=0.9749x + 4.6529. When x is zero, y is 4.6529. As x increases by 1, y increases, on average, by 0.9749.
D. y=-2.063x + 16.144. When x is zero, y is 16.144. As x increases by 1, y decreases, on average, by 2.063.
E. y=1.1979x 4+ 5.8196. When x is zero, y is 5.8196. As x increases by 1, y increases, on average, by 1.1979.

Anticipated misconceptions

Students may struggle with interpreting slope and y-intercept. Remind students of how each relates to a situation.
To help students interpret slope, ask them: “What does the x variable represent? What does the y variable
represent? How is slope connected to the x and y variables? What happens to x as y increases (or decreases)?”
To help students interpret the y-intercept, ask them: “What does the point (20,6) mean in the scatter plot? What
are the coordinates of the y-intercept? What do each of the coordinates mean in the situation described? What
is the y value when x is 0? Which variable has a value of 0?7 Which variable is represented with y?’

Activity Synthesis
The purpose of this discussion is for students to make connections between the scatter plot and the equation of

the line of best fit. Display each scatter plot, the line of best fit, and the equation of the line of best fit.

Ay =1979x + 1.3196 B.y=-0.4337x+ 12.288 C.y =0.9749x + 4.6529

O 1 2 3 45 6 7 8 O 1 2 3 45 6 7 8
x

D.y=-2.063x + 16.144 E.y=1.1979x + 5.8196

O 1 2 3 45 6 7 8
x

©Accelerate Learning Inc. - All Rights Reserved Unit3 - Lesson b
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TEACHER EDITION SAMPLE Algebra 1, Unit 3, Lesson 5 - Fitting Lines

Algebra 1 Mathematics

Here are some questions for discussion:

«  “How does using technology help model the data in the scatter plot?” (It allows different people to come
up with the same equation for the line of best fit. If the line is just drawn by hand, there can be different
linear equations that seem to fit the data well, but there is only one "best” fit line.)

«  “What does the y-intercept represent in each scatter plot? When is it reasonable to use this interpretation?”’
(It represents the value of y estimated by the linear model when x = 0. When the intercept is near the range
of the data, it can be reasonable to use this interpretation because otherwise, the linear trend may not
continue. There are also some situations in which a value of 0 for x does not make sense))

«  “Why s the slope the same in scatter plot A and scatter plot F?” (It is the same because the data in scatter
plot F is the same data as in scatter plot A, except that the values for y have all been increased by 4.5
units.)

Tell students they should be careful when predicting values outside the range of the data, in particular, for the
y-intercept. Even when the data is fit well by a linear model, the behavior of the variables farther away may not be
linear. It is important to remember that all predictions using the best fit line are estimates and the reasonableness
of the predictions should be considered.

Support for English Language Learners

Representing, Conversing: MLR7 Compare and Connect. As students share the connections they noticed
between the scatter plot and the equation of the line of best fit, call students’ attention to the different
ways the slope and vertical intercept are represented. Wherever possible, amplify student words and
actions that describe the connections between a specific feature of one mathematical representation
and a specific feature of another representation.

Design Principle(s): Maximize meta-awareness; Support sense-making

EXPLORATION EXTENSION | ARE YOU READY FOR MORE?

4 )
STUDENT-FACING TASK STATEMENT . . .
A - ’ - ] Distance (miles) | Price ($)
Priya uses several different ride services to get around her city. The
table shows the distance, in miles, she traveled during her last 10 trips 3.1 12.5
and the price of each trip, in dollars. 4.2 14.75
1. Priya creates a scatter plot of the data using the distance, x, and 5 16
the price, y. She determines that a linear model is appropriate to
use with the data. Use technology to find the equation of a line of 3.5 13.25
best fit. 2.5 12
2. Interpret the slope and the y-intercept of the equation of the line
of best fit in this situation. 1 9
3. Use the line of best fit to estimate the cost of a 3.6-mile trip. 0.8 8.75
Will this estimate be close to the actual value? Explain your
reasoning. 16 9.75
4. On her next trip, Priya tries a new ride service and travels 3.6 43 12
miles, but pays only $4.00 because she receives a discount.
Include this trip in the table and calculate the equation of the line 3.3 14
of best fit for the 11 trips. Did the slope of the equation of the line
of best fitincrease, decrease, or stay the same? Why? Explain your reasoning.
5. Priya uses the new ride service for her 12th trip. She travels 4.1 miles and is charged $24.75. How do
you think the slope of the equation of the line of best fit will change when this 12th trip is added to
the table?
. J
Lesson5 - Unit3 ©Accelerate Learning Inc. - All Rights Reserved
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Algebra 1, Unit 3, Lesson 5 - Fitting Lines TEACHER EDITION SAMPLE

Algebra 1 Mathematics

Possible Responses

1. y=157x+7.6

2. Sample response: The slope means that the fare increases by $1.57 for each additional mile driven. The
y-intercept means that the fee for getting in the car is approximately $7.60.

3. Sample response: According to the line of best fit, the cost of a 3.6-mile trip is approximately $13.25, which
is the same price as the 3.5-mile trip listed in the table.

4. Sample response: The slope of the line decreased to $1.27 for each additional mile. It probably decreased
because $4.00 is a far lower price per mile than any of her other trips because of the discount. This causes
the slope, the increase in price for each additional mile, to decrease.

5. Sample response: The slope of the line will probably increase, because $24.75 is very expensive and will
likely cause the cost for each additional mile to increase.

LESSON SYNTHESIS

Here are some questions for discussion.

e “Whatis aline of best fit?" (The best linear model for the data.)

e “How do you know that you have a line of best fit?” (You can use technology to
generate the line of best fit, but then you need to graph it on the scatter plot to
verify that it fits the data well. It needs to follow the trend of the data, it should
go roughly through the middle of the data, and it should have roughly the same
number of data points on either side of it)

e “Which line fits the data better, the solid line or the dashed line? Do you think it is
the line of best fit? Explain your reasoning.” (The dashed line fits the data better, O 5 e s s wnuw
because its slope and vertical intercept more closely resemble the trend of the dayofthe month
data than the slope and vertical intercept of the solid line. Itis not the line of best fit because it does not go
through the middle of the data. It should be a little lower on the graph)

temperature in degrees Fahrenheit

COOL DOWN | FRESH AIR 5minutes

If possible, provide access to devices that can run Desmos or other graphing technology.

1. Which of these scatter plots shows data that would best be modeled with a linear function? Explain
your reasoning.
A. B. c. _
i 3 z
20 < 22 o o 22
3 20 &
' S 0. P g 18 %D jz
E ' * G = 16
G 14 * 2 . 3
) 2 . g 14 3 14
=z . z 10 S 10
© 8 * . | s 5, L2 3
6 2 % 6 ‘e = e v
4 . s, b £ [N
5 N ITPY L4 g ¢ :
2 g 2fe ? 2
£
o 2 4 6 8 10 2 0 2 4 6 8 10 § o 2 4 6 8 10
height (millimeters) temperature (degrees Celsius) precipitation (centimeters)
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TEACHER EDITION SAMPLE Algebra 1, Unit 3, Lesson 5 - Fitting Lines

Algebra 1 Mathematics

2. Which of the lines is most likely the line of N e G e Tons of Oxygen
best fit for the data provided? in a Forest Produced by the Forest
b 148 16.43
i . 175 25.64
T w0 *
é 50 ! . 190 23.28
g— 40
o 30
ol ™ 200 29.2
" 202 21.41
100 150 200 250 300 350 400 450 500 550 600
number of trees 425 6056
A. y=—051x+ 225.12
B. y=0.34x — 34.05 505 50.75
C. y=0.13x—0.19
D. y=098x—21.13 528 74.45
562 62.66
585 84.24
- J

Possible Responses
1. Sample reasoning: The points in the scatter plot C seem to follow the shape of a line best. The scatter plot

in A'is very spread out and the scatter plot in B is probably better fit by a curve.
2. y=0.13x—0.19

STUDENT LESSON SUMMARY

Some data appear to have a linear relationship, so Other data may follow non-linear trends or not have
finding an equation for a line that fits the data can help an apparent trend at all.
you understand the relationship between the variables.

crop yield (pounds per square meter)
L
.
0
number of watermelons

12345678 9101112 O'1 2345678910112
precipitation (centimeters) precipitation in centimeters

When modeling data with a linear function seems useful, it is important to find a linear function that is close to
the data. The line should have a y-intercept and slope to follow the shape of the data in the scatter plot as much
as possible.

Technology can be used to quickly find a line of best fit for the data and provide the equation of the line that we
can use to analyze the situation.

Lesson5 - Unit3 ©Accelerate Learning Inc. - All Rights Reserved
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Algebra 1, Unit 3, Lesson 5 - Fitting Lines TEACHER EDITION SAMPLE

Algebra 1 Mathematics

1.

A.

B

PRACTICE PROBLEMS

PROBLEM 1
Technology required.

A. Use graphing technology to create a scatter plot and

B. What does the best fit line estimate for the y value when y (102115107 |122|125|127|120| 127

Possible Solutions

PROBLEM 2
Technology required. B ;25031 3 3538
A. What is the equation of the line of best fit? Round numbers to 2
decimal places. . ' ) y | 6257|4732 3 |28
B. What does the equation estimate for y when x is 2.3? Round to 3
decimal places.
C. How does the estimated value compare to the actual value from the table when x is 2.3?
D. How does the estimated value compare to the actual value from the table when x is 3?

Possible Solutions

Sow>

PROBLEM 3

Which of these scatter plots are best fit by the shown linear model?

Possible Solutions

x | 83|87 (91|93 |97 |97 |101|104

find the best fit line.

xis 1007

y =1.09x + 15.59 2. 12459

-
80 85 90 95 100 105 110 115

y =-—2.45x +11.83

6.195

Sample response: The values are very close, differing only by 0.005.

Sample response: The estimated value is 4.48 since —2.45 + 3 + 11.83 = 4.48, and the actual value is 3.2.
These are different by 1.28, which is relatively large compared to the other values.

B. C. D.

i n "
10 10 10

SNwauvo N
SN w s
.
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TEACHER EDITION SAMPLE Algebra 1, Unit 3, Lesson 5 - Fitting Lines

Algebra 1Mathematics

PROBLEM 4
(From Unit 3, Lesson 4)

A seed is planted in a glass pot and its height is measured in centimeters 3
every day. 2]
The best fit line is given by the equation y = 0.404x — 5.18, where y represents o

the height of the plant above ground level, and x represents the number of days
since it was planted.

A. What is the slope of the best fit line? What does the slope of the line
mean in this situation? Is it reasonable?

B. What s the y-intercept of the best fit line? What does the y-intercept of
the line mean in this situation? Is it reasonable?

15 18 21 24 27 30
days

height (cm)

Possible Solutions
Sample responses:
A. 0.404. 1t means that each day the plant grows about 0.404 centimeters taller. This is fairly reasonable since
a young plant should grow, and this number is reasonable for the amount a young plant grows.
B. (0,—5.18). It means that on day zero, when the seed was planted, it was 5.18 centimeters below the

surface of the ground. This is reasonable since seeds are planted below the surface, and about 5
centimeters seems like the right amount.

PROBLEM 5
(From Unit 3, Lesson 4)

At a restaurant, the total bill and the percentage of the bill left as a tip are represented 21,
in the scatter plot. 2"
24
The best fitline is represented by the equation y = —0.632x + 27.1, where x represents &
the total bill in dollars, and y represents the percentage of the bill left as a tip. 8
A. What does the best fit line estimate for the percentage of the bill left as a tip S
when the bill is $157 Is this reasonable? 8y .
B. What does the best fit line predict for the percentage of the bill left as a tip s
when the bill is $507 Is this reasonable? R e

total

Possible Solutions

A. 17.62% since —0.632 - 15 + 27.1 = 17.62. This is reasonable based on the data, since it is consistent with
the rest of the data. It is also customary to tip around 15% to 20% of the bill and this value falls within that
range.

B. —4.5% since —0.632-50 + 27.1 = —4.5. This is not reasonable, since a negative value does not make sense
for a percentage of the bill to leave as a tip.

PROBLEM 6 160
(From Unit 3, Lesson 4) 140
A recent study investigated the amount of battery life remaining in alkaline g
batteries of different ages. The scatter-plot shows this relationship between the g™
different alkaline batteries tested. % 80
The scatter plot includes a point at (7,15). Describe the meaning of this point in g ®
this situation. s
20
Possible Solutions
0 2 3 4 5 6 8 9 10
Sample Response: A 7-year-old battery has 15 hours of battery life remaining. age of battery (years)
Lesson5 - Unit3 ©Accelerate Learning Inc. - All Rights Reserved
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Algebra 1, Unit 3, Lesson 5 - Fitting Lines

STUDENT WORKBOOK SAMPLE

Explain your reasoning.

number of runs allowed per game

0 Selecting the Best Line

w
3|
1

WWwwWwWw W

N WhAUulOoO N

R S T A
T

of gas at local station

price of crude oil per barrel

© Accelerate Learning Inc. - All Rights Reserved
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o
>

c
O 35

average amount spent

Unit 3, Lesson 5: Fitting Lines

Which of the lines is the best fit for the data in each scatter plot?

= o= NN W
6 U O U1 o U1 o
! ! ! ! ! !
T

average score from 10 surveys

900
850

[e]

o

o
!

750 |
700 |
650 ]
600 |
550 |
500
450 |
400 |
350 |

height of building (feet)

I L L e L e

40 50 60 70 80 90

o

number of floors
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STUDENT WORKBOOK SAMPLE Algebra 1, Unit 3, Lesson 5 - Fitting Lines

Q Card Sort: Data Patterns

Your teacher will give you a set of cards that show scatter plots.

1. Arrange all the cards in three different ways. Ensure that you and your partner

agree on the arrangement before moving on to the next one. Sort all the cards in
order from:

A. best to worst for representing with a linear model
B. least to greatest slope of a linear model that fits the data well
C. least to greatest vertical intercept of a linear model that fits the data well

2. For each card, write a sentence that describes how y changes as x increases and
whether the linear model is a good fit for the data or not.

44 | Unit 3 © Accelerate Learning Inc. - All Rights Reserved
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Algebra 1, Unit 3, Lesson 5 - Fitting Lines STUDENT WORKBOOK SAMPLE

Q Fitting Lines with Technology

The weight of ice cream sold in a day at a small store in pounds (x) and the average
temperature outside during the day in degrees Celsius (y) are recorded in the table.

X y
20 6
18 4.5
21 6.5
17 3.5

21.5 7.5

19.5 6.5
21 7
18 5

© Accelerate Learning Inc. - All Rights Reserved Unit 3 | 45
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STUDENT WORKBOOK SAMPLE Algebra 1, Unit 3, Lesson 5 - Fitting Lines

This activity requires the use of an applet, so please make your way
over to the digital platform to find the link.

20
» - F
o+
15 - 4
@
10
‘F _+B
0 = 0 5 10
5 |

1. For this data, create a scatter plot and a line that fits the data well.

2. Use technology to compute the best fit line. Round any numbers to
2 decimal places.

3. What are the values for the slope and y-intercept for the best fit line? What do
these values mean in this situation?

46 | Unit 3 © Accelerate Learning Inc. - All Rights Reserved
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Algebra 1, Unit 3, Lesson 5 - Fitting Lines STUDENT WORKBOOK SAMPLE

4. Use the best fit line to predict the y value when x is 10. Is this a good estimate
for the data? Explain your reasoning.

5. Your teacher will assign a table of data from the previous activity. Following your
teacher’s directions, use technology and the table of data to create a scatter plot
that also shows the line of best fit, and then interpret the slope and y-intercept.

© Accelerate Learning Inc. - All Rights Reserved Unit 3 | 47
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STUDENT WORKBOOK SAMPLE Algebra 1, Unit 3, Lesson 5 - Fitting Lines

Tables for last question:

A. (card Ain B. (card B in C. (card Cin D. (card E in E. (card F in

the previous the previous the previous the previous the previous
activity) activity) activity) activity) activity)

X y X y X y X y X y
1 2 1 11.86 1 6.11 1 13.9 1 6.5
2.2 4 2.2 11.332| 2.2 7.142 2.2 11.5 2.2 8.5
3.3 5 3.3 |10.848| 3.3 8.088 3.3 9.3 3.3 9.5
3.3 4.5 3.4 10.741 3.5 8.19 3.5 9.2 3.3 9
3.6 6 3.6 10.716| 3.6 8.346 3.6 8.7 3.6 10.5
3.8 6.5 3.8 10.628 | 3.8 2.92 3.8 8.3 3.8 11

3.9 5.7 3.9 [10.584]| 3.9 8.604 3.9 8.1 3.9 10.2

4 7 4 10.54 4 8.69 4 7.9 4 11.5
4.4 6.5 4.4 (10.364| 4.4 9.034 4.4 7.1 4.4 11
4.5 7 4.5 10.32 4.5 9.12 4.5 6.9 4.5 11.5
4.7 7 4.7 (10.232| 4.7 9.292 4.7 6.5 4.7 11.5
4.8 6 4.8 |10.188| 4.8 13.6 4.8 6.3 4.8 10.5

4.9 8.7 4.9 |10.144| 4.9 9.464 4.9 6.1 4.9 13.2

5 7 5 10.1 5 9.55 5 5.9 5 11.5

5.1 7.7 5.1 10.056| 5.1 9.636 5.1 5.7 5.1 12.2

5.2 6.7 5.2 10.5 5.2 9.722 5.2 5.5 5.2 11.2

5.5 8 5.5 9.88 5.5 9.98 5.5 4.9 5.5 12.5
5.5 8.5 5.7 9.753 5.8 10.32 5.8 4.3 5.5 13
6 9.5 6 9.66 6 10.41 6 3.9 6 14

6.6 8.6 6.6 9.396 6.6 | 10.926| 6.6 1.3 6.6 13.1

7 9 7 9.22 7 11.27 7 1.9 7 13.5

7.7 10.313| 7.7 8.912 7.7 |11.872| 7.7 0.5 7.7 14.813

48 | Unit 3 © Accelerate Learning Inc. - All Rights Reserved
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Algebra 1, Unit 3, Lesson 5 - Fitting Lines STUDENT WORKBOOK SAMPLE

E\ Practice Problems

This activity requires the use of an applet, so please make your way
over to the digital platform to find the link.

1. Technology required.

x y
83 | 102
87 | 115
91 | 107
93 | 122
97 | 125
97 | 127
101 | 120
104 | 127

A. Use graphing technology to create a scatter plot and find the best fit line.

B. What does the best fit line estimate for the y value when x is 100?

© Accelerate Learning Inc. - All Rights Reserved Unit 3 | 49

22 fleceleraleL EARNING

THE LEADER in STEM EDUCATION



STUDENT WORKBOOK SAMPLE Algebra 1, Unit 3, Lesson 5 - Fitting Lines

This activity requires the use of an applet, so please make your way
over to the digital platform to find the link.

2. Technology required.

x Yy
2.3 6.2
2.8 5.7
3.1 4.7

3 3.2
3.5 3
3.8 2.8

A. What is the equation of the line of best fit? Round numbers to 2 decimal
places.

B. What does the equation estimate for y when x is 2.3? Round to 3 decimal
places.

C. How does the estimated value compare to the actual value from the table
when x is 2.37?

D. How does the estimated value compare to the actual value from the table
when x is 3?

50 | Unit 3 © Accelerate Learning Inc. - All Rights Reserved
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Algebra 1, Unit 3, Lesson 5 - Fitting Lines STUDENT WORKBOOK SAMPLE

3. Which of these scatter plots are best fit by the shown linear model?
A 11y B. 114
10 | ° 10 |
9| 9|
8| 8 |
71 71
6| 6|
5| 51
41 4 *
31 31
2+ 2+
14 14
1 1 1 1 1 — 1 1 1 1 1 —
4} 1 2 3 4 5 6 7 41 1 2 3 4 5 6 7
-2 -2
_3 L _3 1
C. 11y D. 114
10 | 10 |
9| 9|
8| 81 e
71 71
6| ° 6|
5| 5|
41 41
31 31
2 (] 2
14 14+
— o —o0—— 1 —
s ;ﬁ' 3 4 5 6 7 s
21 e -2
_3 . _3 1
© Accelerate Learning Inc. - All Rights Reserved Unit 3| 51
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STUDENT WORKBOOK SAMPLE Algebra 1, Unit 3, Lesson 5 - Fitting Lines

4. A seed is planted in a glass pot and its height is measured in centimeters
every day.

w
[ N

N

[y

height (cm)
Sy

| I
N w
I T T T T N R

I
[62]

The best fit line is given by the equation y = 0.404x — 5.18, where y represents
the height of the plant above ground level, and x represents the number of days
since it was planted.

A. What is the slope of the best fit line? What does the slope of the line mean
in this situation? Is it reasonable?

B. What is the y-intercept of the best fit line? What does the y-intercept of the
line mean in this situation? Is it reasonable?

52 | Unit 3 © Accelerate Learning Inc. - All Rights Reserved
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Algebra 1, Unit 3, Lesson 5 - Fitting Lines STUDENT WORKBOOK SAMPLE

5. At a restaurant, the total bill and the percentage of the bill left as a tip are
represented in the scatter plot.

N N N w
o N [ee] N

percentage
=
[e)}

-
N

[e]

EN

I L L L L e L

O S
L

8 12 16 20 24 28 32
total

4

QS

The best fit line is represented by the equation y =—0.632x + 27.1, where x
represents the total bill in dollars, and y represents the percentage of the bill left
as a tip.

A. What does the best fit line estimate for the percentage of the bill left as a
tip when the bill is $157? Is this reasonable?

B. What does the best fit line predict for the percentage of the bill left as a tip
when the bill is $50? Is this reasonable?

© Accelerate Learning Inc. - All Rights Reserved Unit 3 | 53
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STUDENT WORKBOOK SAMPLE Algebra 1, Unit 3, Lesson 5 - Fitting Lines

6. A recent study investigated the amount of battery life remaining in alkaline
batteries of different ages. The scatter-plot shows this relationship between the
different alkaline batteries tested.

160

1402

-
N
o

-
o
o

60

battery life (hours)
(0]
o

40

20

01 2 3 4 5 6 7 8 9 10
age of battery (years)

The scatter plot includes a point at (7, 15). Describe the meaning of this point in
this situation.

54 | Unit 3 © Accelerate Learning Inc. - All Rights Reserved
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ADDITIONAL RESOURCES

Lesson 5: Fitting Lines

Cool Down: Fresh Air

1. Which of these scatter plots shows data that would best be modeled with a linear
function? Explain your reasoning.

22
20

A

18 ° o
16 * 3 o
14 d

12

10 L4

weight (milligrams)
o
[}
[}

] 2 4 6 8 10
a. height (millimeters)

22
20
18

16 o
14

12

10

.j_[_._ﬂg.'

N~ O

>

o 2 4 6 8 10
b. temperature (degrees Celsius)

number of phytoplankton (tens of thousands)

Algebra 1 Unit 3
Lesson 5
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ADDITIONAL RESOURCES

22
20
18

16

14
12
10"—' ®

)

water used for irrigation (thousands of gallons)

Y

2 4 6 8
C precipitation (centimeters)

0

2. Which of the lines is most likely the line of best fit for the data provided?

number of trees in a forest | tons of oxygen produced by the forest

148 16.43
175 25.64
190 23.28
200 29.2

202 21.41
425 60.56
505 50.75
528 74.45
562 62.66
585 84.24
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ADDITIONAL RESOURCES

100
90
80
70
60 .
50
40
30
20 ®
10

oxygen produced (tons)

0
100 150 200 250 300 350 400 450 500 550 600
number of trees

a.y=-051x+225.12
b. y = 0.34x — 34.05
c.y=0.13x - 0.19

d.y=0.98x —21.13
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ADDITIONAL RESOURCES

Alg1.3.5.2 Card Sort: Data Patterns.

Card Sort: Data Patterns
16

14

12

10 |

Card Sort: Data Patterns
16

Card Sort: Data Patterns

16

14

12

10 |

Card Sort: Data Patterns
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ADDITIONAL RESOURCES

Alg1.3.5.2 Card Sort: Data Patterns.

Card Sort: Data Patterns

16

14

12

10|

Card Sort: Data Patterns

16

Card Sort: Data Patterns

161 o
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ADDITIONAL RESOURCES

Goodness of Fit

® |et's explore lines and their goodness of fit for data

What's the Rate?

%
¥

& ~ @ - ~4;..._ & 2 < 2 . - & -
Each situation can be modeled using a linear equation. Describe the rate of change for
each situation.

1. Andre started his no-interest savings account with $1,000. He makes the same
deposit each week, and there is $1,600 in the account after 6 weeks.

2. Kiran starts with $748 in his checking account. After 4 weeks of spending the same
amount each week, he has $716 left.
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ADDITIONAL RESOURCES

Goodness of Fit
Here are 3 copies of the same scatter plot. Each student tries to draw a line that models

the data well.

4y Noah says his line fits the data well because
]3 the line connects the leftmost point to the
12 rightmost point.
11
10

9

8

7

g —

4 ™~ SN

3

2

1

O' 1234567 8 9101112X

Andre says his line fits the data well because
it passes directly through as many points as
possible.

NS

—_
w

—
N

—_
—_

—_—
6 _NWhAuiooJ0WOO

<Y

123 456 7 8 9101112

34 fleceleraleL EARNING

THE LEADER in STEM EDUCATION



ADDITIONAL RESOURCES

14\/ Lin says her line fits the data well because
13 the points are somewhat evenly arranged
12 \~\ around the line with about half the points
12) N above the line and half the points below the
N

9 \\\ line.

8 O

/ N

6 N

5 AN

4

3

2

1

O 1234567891011 12X

Do you agree with any of these students? Explain your reasoning.
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ADDITIONAL RESOURCES

What Fits?

1. Look at the scatter plots, and determine which one is best modeled by a linear

model.

25 25 25

20 20 20

15 15 15

10 10 10

5 5 5

0 0 0

4 8 12 16 20 4 8 12 16 20 4 8 12 16 20

2. Draw a linear model that fits the data well on the appropriate scatter plot. Compare
your line with a partner’s. If your lines are different, determine which line is the
better fit line.
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ADDITIONAL RESOURCES

Lesson 5: Goodness of Fit

These materials, when encountered before Algebra 1, Lesson 5: Fitting Lines, support success in
that lesson.

Goals

® Understand what makes a linear model a better or worse fit for data

Lesson Narrative

The mathematical purpose of this lesson is for students to understand what makes a linear model a
better or worse fit for data displayed using a scatter plot. In the associated Algebra 1 lesson,
students create lines of best fit and interpret the y-intercept of a linear model in terms of the
situation. Students construct viable arguments (MP3) when they explain the goodness of fit of lines
created using various methods.

I Student Learning Goals

® | et's explore lines and their goodness of fit for data

5.1 What's the Rate?

Warm Up: 5 minutes
The goal of this activity is for students to determine the rate of change for situations. This
activity prepares students to interpret the slope of linear models in the associated Algebra 1 lesson.
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ADDITIONAL RESOURCES

Student Task Statement

y

&S = 7 [
=

Each situation can be modeled using a linear equation. Describe the rate of change for each
situation.

1. Andre started his no-interest savings account with $1,000. He makes the same deposit
each week, and there is $1,600 in the account after 6 weeks.

2. Kiran starts with $748 in his checking account. After 4 weeks of spending the same
amount each week, he has $716 left.
Student Response
1. Andre deposited $100 each week.

2. Kiran spent $8 each week.

Activity Synthesis

The goal of this activity is for students to practice finding the rate of change in a given scenario.

Discuss how students can find the rate of change. Here are sample questions to promote class
discussion:

® “How do you determine the rate of change for Andre’s savings account?” (First, | think about
the difference between how much money he had in the beginning and the end of the

situation. Once | determine the difference, then | use the 6 weeks to divide to get the rate of
change.)

38
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ADDITIONAL RESOURCES

® “How do you determine the rate of change for Kiran's checking account?” (First, | think about
the difference between how much money he had in the beginning and the end of the
situation. Once | determine the difference, | set up a proportion to describe what he spent
over 4 weeks and to calculate how much that meant he spent each week.)

® “How does rate of change relate to a linear model?” (The rate of change relates to a linear
model because linear models show a constant increase, decrease, or no change in the
variables. The rate of change tells me how much a variable increases, decreases, or if it does
not change at all. Similarly, in a linear model, the slope tells us how much the line increases,
decreases, or if does not change at all. The rate of change and the slope give us the
information on how a variable or line changes, respectively.)

5.2 Goodness of Fit

20 minutes

The purpose of this activity is for students to think about how to determine if a linear model is a
better or worse fit for data displayed in a scatter plot. This activity prepares students to create lines
of best fit in the associated Algebra 1 lesson.

Launch

y Line 1
35 )

30 1 o /o
25 1 L4 °
20 ®

15 1 ® °

10 1 o

541 e °

O 10 20 30 40 50 X
Display the scatter plot for all to see.

Ask students which line appears to fit the data best. Ask them to explain their reasoning. Listen for
students who describe the trend formed by the data or uses the term line of best fit. Line 1 is a better
fit to the data than line 2 because it follows the same trend as the one formed by the points. For
students who have forgotten about fitting lines, this image can help them recall what makes a line a
good fit for a data set.
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ADDITIONAL RESOURCES

Student Task Statement

Here are 3 copies of the same scatter plot. Each student tries to draw a line that models the

data well.

14

13

12

11

10

_NWhAUIoON©O
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—_
w

—_
N

—_
—_

—
GANW-'}U'IO'\\IOO\OO

123456 7 8 9101112X

Noah says his line fits the data well because
the line connects the leftmost point to the
rightmost point.

Andre says his line fits the data well because it
passes directly through as many points as
possible.
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ADDITIONAL RESOURCES

4y Lin says her line fits the data well because the
13 points are somewhat evenly arranged around
12 \‘ the line with about half the points above the
11 \\\ line and half the points below the line.
10 N

9 AN

8 N

U N

6 N

5 A

4

3

2

1

O 1234567891011 12X

Do you agree with any of these students? Explain your reasoning.

Student Response

Sample Response: | agree with Lin because if one line is used as a model for a data set, then the line
should represent all of the data points as much as possible. By ensuring that the points are evenly
arranged around the line, the model is a neutral location and follows the same trend as the data
set.

Activity Synthesis

The goal of this discussion is for students to think about what makes a linear model a good fit for a
data set. Discuss what would make a linear model a good fit. Here are sample questions for
discussion:

® “What do you think makes a line a good fit for a data set?” (A good fit line goes through the
middle of the data and follows the trend formed by the points. A bad fit would not show the
same trend as the one formed by the points or not go through the middle of the data.)

® “What do you think is an advantage of using a linear model to represent data?” (Using a linear
model to represent data allows you to get an overall view of the trend of the data. You can tell
if the data are increasing or decreasing overall, even if they do not do so with each new data
point. You can also predict or estimate additional information because the linear model helps
to establish a quantifiable pattern in the data.)

5.3 What Fits?

15 minutes

The purpose of this activity is for students to learn how to create a linear model that is a good fit to
data. Students first determine which scatter plots are best represented by a linear model. Then,
students create their own linear model that is fit to the data, and compare their lines with a
partner’s.
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ADDITIONAL RESOURCES

Student Task Statement

1. Look at the scatter plots, and determine which one is best modeled by a linear model.

25 25 25
20 20 20
15 15 15
10 10 10
5 5 5
0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20

2. Draw a linear model that fits the data well on the appropriate scatter plot. Compare
your line with a partner's. If your lines are different, determine which line is the better fit
line.

Student Response

1. Graph A is the scatter plot that is best modeled with a linear model.

25

15

10

2. 4 8 12 16 20

Activity Synthesis

Discuss how students arrived to their answers. Here are sample questions for discussion:

® “How do you determine if a scatter plot is best modeled by a linear model?” (The scatter plot
with points that are closest to forming the shape of a straight line is the scatter plot that is
best modeled by a linear model.)

® “For groups that had different lines, how did you determine whose line was more accurate?”
(We looked closely at each of the lines and decided that the better fit line was the one that had
the points more evenly arranged around it.)
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