Unit 7 Notes
Statistics
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Tentative Schedule

Day Topic Assignment
Mon. I12/15 Distributions, Shapes, and Centers (p. 3) -6
Tues. 12/16 Estinnating Centers and Interpreting Mean as a _—
wed. [2/17 Balance Point (p. 7)
Summarizing Deviations from the Mean
Thurs. [2/18 Measuring Variability for Symmetrical Distributions 19-24
Interpreting Standard Deviation (p. II)
ErL 2/ Interpreting Standard Deviation
i
W Measuring Variability for Skewed Distributions 25-32
on.
Comparing Distributions (p. 17)
Summarizing Bivariate Categorical Data with Relative
Tues. /6 33-42
Frequencies (p. 23)
wed. /7 Condifional Frequencies and Association (p. 28) 43 - 52
Thurs. /8 Take-home Mid-Module Assessment due
Relationships Between Two Numerical Variables and
Fri.17d 53-66
Modeling Relationships with aLine (p. 32)
Mon. I/12 Interpreting Residuals from aLine 6775
Tues. l/I3 More Modeling with aLine (p. 36)
wed. I/H Analyzing Residudls (p. 4I) 76 -80
Thurs. I/I5
- Interpreting Correlation and Andlyzing Data (p. 45) 8l- 86
ri.
Tues. /20 Review Review for Test #7
wed. /2]
Test &7 TBA

Thurs. /22
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Nofes 71 - Distributions, Shapes, and Centers

Twenty-five people were attending an event. The ages of the people are indicated below:

3,3444456.6,6,6,6,6,6,7,7,7,7,7,7,16,17,22, 22,25

a. Create ahistogram of the ages using the provided axes.

Histogram for Event 1
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b. Would you describe your graph as symmetrical or skewed? Explain your choice.

c. Identify atypical age of the twenty-five people.

d. what event do you think the twenty-five people were attending? Use your histogram to justify your

conjecture.
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Consider the following three sets of data.

2)
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Make dot plot of each of the data sets. Use the following scales:

Datfa Sef | Pef owners

Stfudents from River City High School were randomly selected and asked, "How many pets do you
currently own?” The results are recorded below:
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Number of Pets

Data Sef 2: Length of The east hallway at River City High School

Twenty students were selected to measure the length of the east hallway. Two marks were made on
the hdllway's floor, one at the front of the hallway and one at the end of the hallway. Each student was
given a meter stick. Students were asked to use their meter sticks to determine the length between the
marks to the nearest tenth of a meter. The results are recorded below:

East Hallway Length Measurement (meters)

82 83 83 84 84 85 85 85 85 85
86 86 86 86 87 87 88 88 84 84
8.2 8.3 8.4 8.5 8.6 8.7 8.8 8.9
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Data Set 3: Age of cars

Twenty-five car owners were asked the age of their carsin years. The resulfs are recorded below:

0 I 2 2 3 H ) 5 6 6 6 7 7
7 7 7 7 8 8 8 8 8 8 8 8

1 2 3 4 5 6 7 8
Age of Car (years)

3) Calculate the mean number of pets owned by the 30 students from River City High School. Cdlculate the
median number of pets owned by the thirty students.

4)  What do you think is a typical number of pets for students from River City High School? Explain how you
made your estimate.

5) Why do you think that different students got different results when they measured the same distance
of the east halway?

6) Whatis the mean length of the east hallway data set? What is the median length?

7) A construction company wil be instaling a handrail along a wall from the beginning point to the ending
point of the east halway. The company asks you how long the handrail should be. What would you tell the
company? Explain your answer.

5
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Describe the distribution of the age of cars.

What is The mean age of the twenty-five cars? What is the median age? Why are the mean and the
median different?

what number would you use as an estimate of the typical age of a car for the twenty-five car owners?
Explain your answer.

Lesson Summary:

= Statfistics is about data. Graphs provide a representation of the data distribution and are
used to understand the data and to answer questions about the distribution.

= A dot plot provides a graphical representation of data distributions, helping us visudize the
distribution.

= The mean and the median of the distribution are numerical summaries of the center of a
data distribution.

» When the distribution is nearly symmetrical, the mean and the median of the distribution are
approximately equal. When the distribution is not symmetrical (often described as skewed),
the mean and the median are not the same.

= For symmetrical distributions, the mean is an appropriate choice for describing a typical
vdlue for the distribution. For skewed data distributions, the median is a better description of
a typical vaue.




Unit 7 Notes - Algebra Enriched

Notes 7-2 - Esfimating Centers and Inferprefing Mean as a Balance Point

Exercises |-7

Consider the follow example of quarters taped to lightweight ruler:

Ruler

B Sam taped 3 quarters to his ruler. The quarters were taped to the positions linch, d inches, and Il inches.
If tThe pencil was placed under the position 5 inches, do you think the ruler would balance? why or why
not?

2) I the ruler did not balance, would you move the pencil o the left or to the right of 5 inches to balance the
ruler? Explain your answer.

3) Estimate a bdlance point for the ruler. Complete the following based on the position you selected:

Position of Distance from quarter to your
quarter estimate of the balance point
|
a
I

4)  Whatis the sum of the distances to the right of your estimate of the balance point?

5)  Whatis the sum of the distances to the left of your estimate of the balance point?

6) Do you need to adjust the position of your balance point? If yes, explain how?
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7)  Cdlculate the mean and the median of the position of the quarters. Does the mean or the median of the
positions provide a better estimate of the balance point for the position of the 3 quarters taped to this
ruler? Explain why you made this selection.

Exercises 8-20

Twenty-two students from the junior class and Twenty-six students from the senior class at River City High
School participated in a walkathon fo raise money for the school's band. Dot plots indicating the distances in
miles students from each class walked are shown below:
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8) Estimate the mean number of miles walked by a junior and mark it with an “X" on the junior class dot plot.
How did you estimate this position?

d) Whatis the median of the junior data distribution?

I0) Is the mean number of miles waked by ajunior less than, approximately equal o, or greater than the
median number of miles? If they are different, explain why? If they are approximately the same, explain

why?
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Statistics
)  How would you describe the typical number of miles walked by a junior in this walkathon?

[2) Estimate the mean number of miles walked by a senior and mark it with an X" on the senior class dot plot.
How did you estimate this position?

I3)  What is the median of the senior data distribution?

M) Estimate the mean and the median of the miles walked by the seniors. Is your estimate of the mean
number of miles less than, approximately equal to, or greater than the median number of miles waked
by a senior? If they are different, explain why? If they are approximately the same, explain why?

5) How would you describe the Typical number of miles walked by a senior in this wakathon?

I8) A junior from River City High School indicated that the number of mies walked by a typical junior was
better than the number of miles walked by a typical senior. Do you agree? Explain your answer.
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Finally, the Twenty-five sophomores who participated in the walkathon reported their resulfs. A dot plot is
shown below.

) 4 5 6 7 8
Distance Walked in Miles (Sophomores)

 ‘eeoeece e

N {essese
© {essese
= {escccee

I7) Whatis different about the sophomore data distribution compared o the data distributions for juniors
and for seniors?

I8) Estimate the balance point of the sophomore data distribution.

4

[A)  Wwhat is the median number of miles walked by a sophomore? shanalogic.com

20) How would you describe the sophomore data distribution?

Lesson Summary:

The mean of a data distribution represents a balance point for the distribution. The sum of the
distances to the right of the mean is equal to the sum of the distances to the left of the mean.
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Notes 7-3 - Summarizing Deviations from the Mean
Measuring Variability for Symmetrical Distributions
Inferpreting Standard Deviation

A consumers' organization is planning a study of the various brands of batteries that are available. As part of
its planning, it measures lifetime (how long a battery can be used before it must be replaced) for each of six
batteries of Brand A and eight batteries of Brand B. Dot plots showing the battery lives for each brand are
shown below.

Brand A . . . . ..
Brand B—+- f f — f f 1 e -
75 80 85 90 95 100 105 110 115 120
Battery life (hours)

1) Do the battery lives tend to differ more from battery to battery for Brand A or for Brand B?

To find the deviations from the mean of any value, you need to:
« Cdlulate the mean of the values. The mean is represented by x.
« Find the difference between the mean and the data value.

The table below shows the lives (in hours) of the Brand A batteries.

Life (Hours) 83 a4 a6 106 13 H

Deviation from the Mean -7 +3

2) Cdlculate the deviations from the mean for the remaining values, and write your answers in the
appropriate places in the table.

The lives of' 5 batteries of a third brand, Brand C, were determined. The dot plot below shows the lives of the
Brand A and Brand C batteries.

Brand A— -
Brand G | | | | = = 1 ~
85 90 95 100 105 110 115 120
Battery life (hours)

3) Which brand has the greater mean life? (You should be able to answer this question without doing any
calculations))
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4) Wwhich brand shows the greater variability?

5) Which brand would you expect to have the greater deviations from the mean (ignoring the signs of the
deviations)? why?

The Table below shows the lives for the Brand C batteries.

Life (Hours) 15 1q 12 as 106

Deviation from the Mean

6.) Cdlculate the mean for Brand C. (Be sure to include a unit in your answer.)

7) Wwrite the deviations from the mean in the empty cells of the table for Brand C.

8) Ignoring the signs, are the deviations from the mean generdilly larger for Brand A or for Brand C? Does
your answer agree with your answer to Exercise 5?

The lives of |00 batteries of Brand D and I00 batteries of Brand E were determined. The results are
summarized in the histfograms below.

Brand D Brand E
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d) Estimate the mean life for Brand D. (Do not do any calculations!)
I0.) Estimate the mean life for Brand E. (Again, no calculations))

1) which of Brands D and E shows the greater variability in lives? Or do you think the two brands are roughly
the same in this regard?

Here's a dot plot of the lives of the Brand A batteries from the previous lesson.

85 90 95 100 105 110 115
Battery life (hours)

How do you measure variability of this data set? One way is by cdlculating standard deviation.

Steps to find standard deviation by hand:

= Find each deviation from the mean.

= Square the deviations from the mean.

Life (Hours) 83 |H a6 |106 | I3 | H
Deviation from the Mean 8 7|55 12|13
Squared Deviations fromtheMean | 324 | Hd | 25 | 25 | H4 | 169

= Add up the squared deviations:
32H+HA+25+25+HH +160=736

This result is the sum of the squared deviations.

= The number of vdlues in the data set is denoted by n. In this example nis 6. You divide the sum of the
squared deviations by n-1, whichhereis 6 -1=5:

76 172
5

Take the square root of H7.2, or to the nearest hundredth is 1213

We conclude that a typical deviation of a Brand A lifetime from the mean lifefime for Brand A is 1213 hours. The
unit of standard deviation is always the same as the unit of the original data set. So, here the standard
deviation to the nearest hundredth, with the unit, is 1213 hours. o )
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Now you can cdlculate the standard deviation of the lifetimes for the eight Brand B batteries. The mean was
I005. We dready have the deviations from the mean:

Life (Hours) 73 76 az H 10 7 I8 124
Deviation from the Mean =275 -245 -85 -6.5 as 6.5 75 235
Squared Deviation from the
Mean
|"/~°- L
I
-
|
‘ |
|
|
ol I
Examples: ‘ .'I
I2) The heights (in inches) of d women were as shown below. \ j% ||_ﬁ3'4
'R
684 7049 674 677 671 6d2 660 703 676

Use the statistical features of your calculator or computer software to find the mean and the standard
deviation of these heights to the nearest hundredth.

Standard Deviation:

Use the following situation for questions I3 - 16.

Ten people attended a falk at a conference. At the end of the falk, the atfendees were given a questionnaire
fhat consisted of four questions. The questions were opfional so it was possible that some affendees might
answer none of the questions while others might answer | 2, 3, or all 4 of the questions (so the possible

numbers of questions answered are 0, | 2, 3 and 4).

I3) Suppose that the numbers of questions answered by each of the ten people were as shown in the dot plot
below.

L4
* *

1 2 3 4
Number of Questions Answered

Standard Deviation:
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M) Suppose the dot plot looked like this:

. . L L4 L
¢ * ¢ ¢ *
0 1 2 3 B
Number of Questions Answered
Mean: ________ Standard Deviation: . _____

Remember that the size of the standard deviation is related to the size of the deviations from the mean.
Explain why the standard deviation of this distribution is greater than the standard deviation in Example I3.

I5) Suppose that every person answers dl four questions on the questionnaire.

a.  wWhat would the dot plot look like?

0 1 2 3 4
Number of Questions Answered

b. whatis the mean number of quesTions answered? (YOU should be able to answer without doing any
calculationsl) \)

Havanese Day!

c. What is the standard deviation? (Again, don't do any calculations))
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I6.) Continue to think about the situation previously described where the numbers of questions answered by
each of ten people was recorded. Draw the dot plot of the distribution of possible data values that has the
largest possible standard deviation. (There were ten people at the talk, so there should be ten dots in your

dot plot) Use the scale given below.

0 1 2 3 4
Number of Questions Answered

Explain why the distribution you have drawn would have the largest standard deviation.

Lesson Summary:

= For any given vadlue in a data set, the deviation from the
mean is the value minus the mean. Written algebraically,
thisis x — x.

= The greater the variability (spread) of the distribution,
the greater the deviations from the mean (ignoring the
signs of the deviations).

= The standard deviation measures a typical deviation
from the mean.

= The unit of the standard deviation is always the same as
the unit of the original data set.

* Thelarger the standard deviation, the greater the
spread (variability) of the data set.

= The size of the standard deviation is related to the sizes
of the deviations from the mean. Therefore the
standard deviation is minimized when dll the numbers in
the data set are the same, and is maximized when the
deviations from the mean are made as large as
possible.
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Notes 74 - Measuring Variability in Skewed Distributions
Comparing Distributions

7

U N N NSNS NN

Symmetrical distfribution - a distribution of data that has the same shape on both sides of the median

Skewed distributfion - a distribution of data that leans either towards one end of the data values of the other;
the stretched side is called a tail

ENUN NN N NN NN

Consider the following scenario for questions I-H.

A television game show, "Fact or Fiction”, was canceled affer nine shows. Many people watched the nine shows
and were rather upset when it was tfaken of'f the dir. A reviewer of the show cdlled it a “cross generational
show". A random sample of eighty viewers of the show was selected. Viewers in the sample responded 1o

severdl questions.

The doft plot below shows the distribution of ages of these eighty viewers:

Dot Plot of Viewer Age

.
.
.
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888 8888 88 & 88 (11} S 08 080008080008 88 9068 088 088 o
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Viewer Age (years)

1) Approximately where would you locate the mean (balance point) in the above distribution?

2) How does the direction of the tail affect the location of the mean age compared o the median age?

3) The mean age of the above sample is approximately 50. Do you think this age describes the typical viewer
of this show? Explain your answer. )

4) Using the above dot plot, construct a box plot over the dot plot by completing the following steps:

a
b.

o

o

Locate the middle HO observations and draw a box around these values.

Cadlculate the median and then draw aline in the box at the location of the median.

Draw aline that extends from the upper end of the box to the largest observation in the data set.

Draw aline that extends from the lower edge of the box to the minimum value in the data set.



5.)

6.

7)

8)
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Recdl that the 5 values used to consiruct the dot plot make up the 5-number summary. What is the 5-
number summary for this data set of ages?

Minimum Age Lower Quartile Median Age Upper Quartile Maximum Age
@n @3)

what percent of the data does the box part of the box plot capture?

Wwhat percent of the data falls between the minimum value and QI?

What percent of the data fdlls between Q3 and the maximum value?

An advertising agency researched the ages of viewers most interested in various types of television ads.
Consider the following summaries:

d)

10)

1)

Ages Target Products or Services

3045 Electronics, home goods, cars

4655 Financial services, appliances, furniture
56-72 Retirement planning, cruises, hedlth care services

The mean age of the people surveyed is approximately 50 years old. As aresult, the producers of the
show decided to obtain advertisers for a typical viewer of 50 years old. According to the table, what
products or services do you think the producers wil target? Based on the sample, what percent of the
people surveyed would have been interested in these commercidis if the advertising table were accurate?

The show failed to generate interest the advertisers hoped. As aresult, they stopped advertising on the
show and the show was cancelled. Kristin made the argument that a better age to describe the typical
viewer is the median age. wWhat is the median age of the sample? What products or services does the
advertising table suggest for viewers if the median age is considered as a description of the Typical
viewer?

A
MILLION
LIVES

what percentage of the people surveyed would be interested in the products or services suggested by
the advertising table if the median age were used to describe a typical viewer?
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[2) what percent of the viewers have ages between Ql and Q3? The difference between Q3 and Gl or Q3 - Q),

is called the interquartile range or IQR. What is the interquartile range (IGR) for this data distribution?

I3) The IGR provides a summary of the variability for a skewed data distribution. The IGR is a number that
specifies the length of the interval that contains the middle half' of the ages of viewers. Do you think
producers of the show would prefer a show that has a small or large interquartile range? Explain your
answer.

M) Do you agree with Kristin's argument that the median age provides a better description of a typical
viewer? Explain your answer.

Students at Waldo High School are involved in a special project that involves communicating with people in
Kenya. Consider abox plot of the ages of 200 randomly selected people from Kenya:

Box Plot of Ages for Kenya
— * ¥ K 3*
0 20 40 60 80 100
Age (years)

SN NN NN NSNS N

data distribution may contain extreme data (specific data values that are unusudlly large or unusudlly small
relative to the median and the interquartile range). A box plot can be used to display extreme data values that
are identified as outliers.

E NN NN NN N NN NN

The "+" in tThe box plot are the ages of four people from this sample. Based on the sample, these four ages
were considered outliers.

I5) Estimate the vdlues of the 4 ages represented by an "+

An outller Is defined to be any data value that Is more than 15x(IQR) away from the nearest quartlle.
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I6) what is the median age of the sample of ages from Kenya? What are the approximate values of Ql and

Q3? What is the approximate IGR of this sample?

7) Multiply the IGR by I5. What value do you get?

18) Add I5x/GR to the 3rd quartie age (Q3). What do you notice about the four ages identified by an #?

I9) Are there any age vadlues that are less than QI-15x IGR ? If so, these ages would dlso be considered
outliers.

20.)Explain why there is no * on the low side of the box plot for ages of the people in the sample from Kenya.

A science museum has a “Traveling Around the World" exhibit. Using 3D technology. participants can make a
virtual tour of cities and fowns around the world. Students at Waldo High School registered with the museum
to participate in a virtual tour of Kenya, visiting the capital city of Nairobi and several small towns. Before they
take the tour, however, their mathematics class decided to study Kenya using demographic data from 2010
provided by the United States Census Bureau. They dlso obtained data for the United States frrom 2010 to
compare to data for Kenya.

The following histograms represent the age distributions of the two countries:

Histogram of Ages for Kenya Histogram of Ages for U.S.
18 - 8 4

16 71 I e
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12 4

10 4 —
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0 10 20 30 40 50 60 70 80 90 100 0 5 10 15 20 25 30 35 40 45 50 55 60 €5 70 75 80 8 0 95 100 105
Age (years) Age (years)

2l) How do the shapes of the two histograms differ?

22) Approximately what percent of people in Kenya are between the ages of 0 and 0 years?
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23) Approximately what percent of people in the United States are between the ages of 0 and I0 years?

24) Approximately what percent of people in Kenya are 60 years or older?

25.) Approximately what percent of people in the United States are 60 years or older?

26.) The population of Kenya in 20I0 was approximately Yl milion people. What is the approximate number of
people in Kenya between the ages of 0 and I0 years?

27) The population of the United States in 2010 was approximately 30d milion people. What is the approximate
number of people in the United States between the ages of 0Oand IO yecrs?

28.) The Waldo High School students started planning for their virtual visit of the neighborhoods in Nairobi and
severd towns in Kenya. Do you think they will see many teenagers? Wil they see many senior citizens who
are 70 or older? Explain your answer based on the histogram.

A random sample of 200 people from Kenya in 20l0 was discussed in earlier in this lesson. A random sample of
200 people from the United States is also available for study. Box plots constructed using the ages of the
people in these Two samples are shown below.

Kenya Sample - — ¥R K #*

US Sample -

0 20 40 60 80 100
Age (years)

20.) Adrian, a senior at wWaldo High School, stated that the box plots indicate the United States has alot of older
people compared to Kenya. Would you agree? How would you describe the difference in the ages of
people in these two countries based on the above box plots?

30.)Estimate the median age of a person in Kenya and the median age of a person in the United States using the
box plots.
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3l) Using the box plot, 25/ of the people in the United States are younger than what age? How did you
determine that age?

32) Using the box plots, approximately what percent of people in Kenya are younger than 18 years old?

33.) Could you have estimated the mean age of a person from Kenya using the box plot? Explain your answer.

34) The mean age of people the United States is approximately 38 years. Using the box plot, estimate the

percentage of people in the United States who are younger than the mean age in the United States.

35) If the median age is used to describe a “typicdl’ person in Kenya, what percentage of people in Kenya is
younger than the median age? Is the mean or median age a better description of a “typical’ person in

Kenya? Explain your answer.

Lesson Summary:

Non-symmetrical data distributions are referred to as skewed.

Left-skewed or skewed o the left means the data spreads out longer (like a tail) on the left
side.

Right-skewed or skewed 1o the right means the data spreads out longer (ike a tail) on the
right side.

The center of a skewed data distribution is described by the median.
Variability of a skewed data distribution is described by the inter-quartile range (IGR).

The IGR describes variabiity by specifying the length of the interval that contains the
middle 507 of the data values.

outliers in a data set are defined as those values more than I5(IGR) from the nearest
quartile. Outliers are usudly identified by an “+ or a “ in a box plot.

Histograms show the general shape of a distribution.
Box ploTs are created from the 5-number summary of a data set.

A box ploT identifies the median, mininum and maxinmum values, and the upper and lower
quartiles.

The interquartile range (IQR) describes how the data is spread around the median; it is the
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Notes 7-5 - Surmarizing Bivariate Categorical Data with Relative Frequencies

Superheroes have been popular characters in movies, television, books, and comics for many
generations. Superman was one of the most popular series in the 1950's while Batman was a top
rated series in the 1960's. Each of these characters was diso popular in movies released from 1940 to
2013. Other notable characters portrayed in movies over the last several decades include Captain
America, She-Ra, and the Fantastic Four. What is special about a superhero? Is there a special
superhero power that makes these characters particularly popular?

High school students in the United States were invited to complete an online survey in 2010. Part of the
survey included questions about superhero powers. More than 000 students responded fo this
survey that included a question about a student's most favorite superhero power. 450 of the
completed surveys were randomly selected. A rather confusing breakdown of the data by gender
was compiled from the 450 surveys:

= |00 students indicated their favorite power was “to fly." Hd of those students were femdles.

= I3l students selected the power 1o “freeze time" as their favorite power. 71 of those students were
males.

= 75 students selected “invisibility" as their favorite power. 48 of those students were females.
= 26 students indicated “super strength” as their favorite power. 25 of those students were madles.

= And findlly, I8 students indicated “telepathy” as their favorite power. 70 of those students were
females.

) How many more femdles than males indicated their favorite power is “telepathy?”

2) How many more males than females indicated their favorite power was “to fly?"

3) write survey questions that you think might have been used to collect this data.

4) How do you think the 450 surveys used in Example | might have been selected? You can assume that there
were 1000 surveys to select from.
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The data consist of Two responses from each student completing a survey. The first response indicates a
student's gender, and the second response indicates the student's favorite superpower. For example, data
collected from one student was “male” and “fo fly." The data are bivariate categorical data.

The first step in analyzing the statistical question posed by the students in their mathematics class is to
organize this datain a two-way frequency table. A two-way frequency table that can be used to organize the
categorical data is shown below. The letters below represent the frequency counts of the cells of the table.

To Fly Freeze Invisibllity Super Telepathy Total
time sStrength
Females (a) () © @ (e ()
Males @ ) 0] ® ® 0]
Total (m) (@) ®) P) @ (@)

= The shaded cells are caled marginal frequencies. They are located around the ‘margins’ of the
table and represent the fotals of the rows or columns of the table.

= The non-shaded cells within the table are cdlled joint frequencies. Each joint cellis the frequency
count of responses from the two categorical variables located by fhe infersection of a row and
column.

5.) Describe the data that would be counted in cell ().

6.) Describe the data that would be counted in cell ().

7.) Describe the data that would be counted in cell ().

8.) Describe the data that would be counted in cell (n).

d) Describe the data that would be counted in cell ().

10) Cell () is the number of male students who selected “invisibility" as their favorite superpower. Using the
information given, what is the value of this number?
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1) Cell (d)is the number of females whose favorite superpower is “‘super strength.” Using the information
given, what is the value of this number?

[2) Complete the table below by determining a frequency count for each cell based on the sumnmarized data.

To Fly FIOCZe | jnvisibliity sfr%pnegl;h Telepathy Total
Females
Males
Total

Determining the number of students in each cell presents the first step in organizing bivariate categorical data.
Another way of andlyzing the data in the table is to calculate the relative frequency for each cell. Relative
frequencies relate each frequency count to the total number of observations. For each cell in this table, the
relative frequency of a cellis found by dividing the frequency of that cell by the total number of responses.

The relative frequency table would be found by dividing each of the above cell values by H50. For example, the
relative frequency of femadales selecting “To Fly" is HA/ 450, or approximately 0l0d to the nearest thousandth.

A few of the other relative frequencies to the nearest thousandth are shown in the following relative

frequency table:
Freeze Super‘
To Fly Invisibility Telepathy Total
Time Strength
Fernales 19 _oog 228 _ 507
450 450
Males 27 ~0.060
450
Total B _o2a 18 0262
450 450

I3) Cdiculate the remaining relative frequencies in the table above. write the value in the table as a decimal
rounded to the nearest thousandth.

M) Which cells in this table would represent the joint relative frequencies?
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I5) Which cells in the relative frequency table would represent the marginal relative frequencies?

I6) What is the joint relative frequency for females and ‘invisibility"? Interpret the meaning of this value.

I7) what is the marginal relative frequency for “freeze time"? Interpret the meaning of this value.

18) What is the difference in the joint relative frequencies for males and for females who selected “to fly" as
their favorite superpower?

I9) Is there a noticeable difference between the genders and their favorite superpowers?

Interest in superheroes continues at Rufus King High School. The students who analyzed the datain the
previous lesson decided to create a comic stirip for the school website that involves a superhero. They
thought the summaries developed from the data would be helpful in designing the comic strip.

Only one power will be given to the superhero. A debate arose as to what power the school's superhero would
possess. Students used the Two-way frequency table and the relative frequency table to continue the
discussion. Take another look at those tables.

Scott initially indicated that the character created should have “super sirength” as the special power. This
suggestion was not well received by the other students planning this project. In particular, Jil argued, “well if
you don't want o ignore more than half of the readers, then | suggest ‘telepathy’ is the better power for our
character.”

Scott ccknowledged that ‘super sTrengTh" wdas probcbly not the best choice based on the data. “The data
indicate that ‘freeze time' is the most populqr power for a super hero,” continued Scott. Jill. however:, stil did
not agree with Scott that this was a good choice. She argued that “telepathy” was a better choice

20.)How do the data support Scott's clam? Why do you think he selected freeze fime as the special power for
the comic strip superhero?
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2l) How do the data support Jil's clam? Why do you think she selected telepathy as the special power for the

comic strip superhero?

22) Of the two specidl powers freeze time and telepathy, select one and justify why you think it is a better
choice based on the data.

Lesson summary:

= Categorical data are data that fake on values that are categories rather than numbers.
Examples include male or femdle for the categorical variable of gender, or the five
superpower categories for the categorical variable of superpower qudlties.

=  Atwo-way frequency table is used o summarize bivariate categorical data.

= Arelafive frequency compares a frequency count to the total number of observations. It
can be written as a decimal or percent. A two-way table summarizing the relative
frequencies of each cellis cadlled arelative frequency table.

= The marginal cells in a fwo-way relative frequency table are called the marginal relative
frequencies, while the joint cells are called the joint relative frequencies.

= Categorical data are data that fake on values that are categories rather than numbers.
Examples include male or femdle for the categorical variable of gender, or the five
superpower categories for the categorical variable of superpower qudlities.

= The number in a two-way frequency table at the intersection of arow and column of the
response to two categorical variables represents a joint frequency.

= The total number of responses for each value of a categorical variable in the table
represents the marginal frequency for that value.
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Notes 7-6 - Condifional Frequencies and Associafions

Recdl the Two-way table from the previous lesson:

Freeze Super
To fly Invisibility Telepathy Total
time Strength
Females Hq 60 48 | 70 228
Males Sl 7] 27 25 48 222
Total 100 131 75 26 118 450

A conditional relative frequency compares a frequency count to the marginal total that represents the
condition of interest. For example, the condition of interest in the first row is femadles. The row conditional
relative frequency of females responding “Invisibility” as the favorite superpower is 48/228 or approximately
0.2l This conditional relative frequency indicates that approximately 21l of femdles prefer ‘Invisibility” as
their favorite superpower. Similarly, 27/222, or approximately 0122 or 2.2/, of males prefer ‘Invisibility” as

their favorite superpower.

I) Use the frequency counts from the table to calculate the missing row conditional relative frequencies.

Round the answers to the nearest thousandth.

Freeze Super‘
To Fly Invisibility Telepathy Total
Time Strength
Females B _oa
228
Males S 0230 222
222 222

2) Suppose that a student is selected at random from those who completed the survey. wWhat would you
predict for this student's response to the superpower question?

3) Suppose that a student is selected at random from those who completed the survey. If the selected

student is madle, what do you think was his response to the selection of a favorite superpower? Explain

your answer.
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4) Suppose that a student is selected at random from those who completed the survey. If the selected
student is female, what do you think was her response to the selection of a favorite superpower? Explain

your answer.

5) What superpower was selected by approximately one-third of the females? What superpower was
selected by approximately one-third of the males? How did you determine each answer from the
conditional relative frequency table?

Two categorical variables are associated if the row conditional relative frequencies (or column relative
frequencies) are different for the rows (or columns) of the table. For example, if the selection of superpower
selected for femadles is different than the selection of superpowers for males, then gender and superpower
favorites are associated. This difference indicates that knowing the gender of a person in the sample indicates
something about their superpower preference.

The evidence of an association is strongest when the conditional relative frequencies are quite different. If the
conditiondl relative frequencies are nearly equal for all categories, then there is probably not an association
between variables.

Examine the condifional relative frequencies in the two-way table of conditional relative frequencies you
created in on the previous page. Note that for each superpower, the conditional relative frequencies are
different for females and males.

6.) For what superpowers would you say that the conditional relative frequencies for females and males are
very different?

7) For what superpowers are the conditional relative frequencies nearly equal for males and females?
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8) Suppose a student is selected at random from the students who completed the survey. If you had to
predict which superpower this student selected, would it be helpful to know the student's gender? Explain

your answer.

a) Is there evidence of an association between gender and superpower selected? Explain why or why not.

I0) what superpower would you recommend the students at Rufus King High School select for their superhero
character? Justify your choice.

Students were given the opportunity to prepare for a college placement test in mathematics by taking a
review course. Not all students took advantage of this opportunity. The following results were obtained from

arandom sample of students who took the placement test:

Placed In Math Placed In Math Placed In Math Total
200 100 50
Took Review Course HO 13 7 60
Did not take Review Course 10 15 15 HO
Total 50 28 22 100
I) Construct arow conditional relative frequency table of the above data.
Placed In Math Placed In Math Placed In Math Total

200

100

50

Took Review Course

Did not Take Review Course
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[2) Based on the conditional relative frequencies, is there evidence of an association between whether or not
a student takes the review course and the math course in which the student was placed? Explain your
answer.

I3) Looking at the conditional relative frequencies, the proportion of students who placed into Math 200 is much
higher for those who took the review course than for those who did not. One possible explanation is that
taking the review course caused improvement in placement test scores. What is another possible
explanation?

Lesson Ssummary
= A conditionadl relative frequency compares a frequency count to the marginal total that
represents the condition of interest.

= The differences in conditional relative frequencies are used to assess whether or not
there is an association between two categorical variables.

= The greater the differences in the conditional relative frequencies, the stronger the
evidence that an association exifs.

= An observed association between two variables does not necessarily mean that there is a
cause-and-effect relationship between the two variables.
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Notes 7-7 - Relationships Between Two Numerical Variables
Modeling Relationships with aLine

The National Climate Data Center collects data on weather conditions at various locations. They classify each
day as clear, partly cloudy, or cloudy.

Here is a scatter plot of the data from M US cities, taken over several years, on elevation and mean number of
clear days.
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Elevation above sea level (feet)

I) Do you see a pattern in the scatter plot, or does it look like the data points are scattered?

2) How would you describe the relationship between elevation and mean number of clear days for these H
cifies? That is, does the mean number of clear days tend to increase as elevation increases, or does the
mean number of clear days tend to decrease as elevation increases?

3) Do you think that a straight line would be a good way to describe the relationship between the mean
number of clear days and elevation? wWhy do you think this?

when a straight line provides a reasonable summary of the relationship between Two numerical variables, we
say that the two variables are linearly related or that there is a lnear relationship between the two variables.
Take alook at the scatter plots below and answer the questions that follow.

16 4) Is there a relationship between number of cell
14 ’ phone calls and age, or does it look like the data points
$ 12 . are scattered?
§ 101 o
£
8 ° $
E o . Ll 5) If there is a relationship between number of cell
5 . . phone calls and age, does the relationship appear to be
24 . linear?

0 . . . .
oV 20 30 40 50 60
Age (years)
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6.) Is there arelationship between moisture content
and frying time, or do the data points look scattered?

15

30 35 40 45 50

Price (dollars)

20 25

% 12
‘§ 10+ ®
8
o 84 ®
3
"§ ch 7) If there is a relationship between moisture
Y ¥ & " content and frying time, does the relationship look
21 * o inear?
’ 0 20 % s 50 50
Frying Time (seconds)
8.) Scatter plot 3 shows data for the prices of bike
65 . helmets and the qudiity ratings of the helmets (based
60 ¢ . on a scdle that estimates helmet quality). Is there a
2 551 o . relationship between quality rating and price, or are
5 50 the data points scattered?
%- .. ° °
3 ¢ o

d) If thereis a relationship between qudiity rating
and price for bike helmets, does the relationship
appear to be linear?

Sometimes the pattern in a scatter plot wil look like the graph of a quadratic function (with the points faling
roughly in the shape of a U that opens up or down), as in Graph | below.

In other situations, the pattern in the scatter plot might look like the graphs of exponential functions that either
are upward sloping (Graph 2) or downward sloping (Graph 3):

Graph I Quadratic

Graph 2: Exponential -
upward sloping

Graph 3: Exponential -
downward sloping




Mean Number ear Days

34 Unit 7 Notes - Algebra Enriched
Statistics

From the scatter plots below, identify which most closely shows a quadratic relationship and an exponential
relationship.

ture Content (%)

Aumber of Cell Phone Calls

D] E B
Price (doiars) Age (years)

0 2 30 40
50 60 Frying Time (seconds)

Let's revisit the data on elevation (in feet above sea level) and mean number of clear days per year. The
scatter plot of this data is shown below. The plot dlso shows a straight line that can be used To model the
relationship between elevation and mean number of clear days. The equation of this line is y = 83.6 + 0.008x.

I0.) Assuming that the H cities used in this scatter plot are
representative of cifies across the United States, should you see more
clear days per year in Los Angeles, which is near sea level, or in
Denver?
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I) One of the cities in the data set was Albany, New York, which has an elevation of 275 feet. If you did not
know the mean number of clear days for Albany, what would you predict this number to be?

[2) Another city in the data set was Albugquerque, New Mexico. Albugquerque has an elevation of 53l feet. If you
did not know the mean number of clear days for Albuquerque, what would you predict this number to be
based on the line that describes the relationship between elevation and mean number of clear days?

I3) Would a prediction of the mean number of clear days based on the line closer to the actual vadlue for
Albany with 64 clear days or for Albuquerque with 167 clear days? How could you tell this from looking at
the scatter plot with the line shown above?
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Farmers sometimes use fertiizers to increase crop vyield, but often wonder just how much fertilizer they should use. The
data shown in the scatter plot below are from a study of the effect of fertiizer on the yield of corn.

H) The researchers who conducted this sTudy decided to use a
QUGdPGTiC curve to describe the relcrrionship between yield and amount
: i of fertiizer. Explain why they made this choice.

T

O M N W A U N ©® B O &

I5) The model that the researchers used o describe the relationship

was y =47 +005x - 0000Ix?, where x represents the amount of

0 100 200 300 400
Fertilizer (kg/10,000 sq. m)

fertilizer (kg per 10000 sgm) and yrepresents corn yield (Mg per 10000
sq m). Use this quadratic model to complete the following table. Then sketch the graph of this quadratic
equation on the scatter plot.

X Y
0
100
200
300
HOO

How do you fell how old a lobster is? This question is important to biologists and to those who regulate lobster
trapping. To answer this question, researchers recorded data on the shell length of 27 lobsters that were
raised in a laboratory and whose ages were known. The model that the researchers used to describe the

relationship is: y =10""393* \where xrepresents the exterior shel length (mm) and y represents the age of

the lobster (years). The exponential curve is shown on the scatter plot below.

16) Based on this exponential model, what age is a lobster with an
s exterior shell length of 100 mm?

Age (years)

I7) Suppose that trapping regulations require that any lobster with

an exterior shell length less than 75 mm or more than IS0 mm must
be released. Based on the model, what are the ages of lobsters with

150

Exterior Shel Length (mm) exterior shel lengths less than 75 mm and greater than 50 mm?
Explain how you arrived at your answer-.

0 7

Lesson summary
= A scatter plot can be used to investigate whether or not there is a relationship between
two numerical variables.

=  Arelationship between two numerical variables can be described as alinear or nonlinear
relationship.

= Linear, quadratic, and exponential functions are common models that can be used to
describe the relationship between variables.

= Models can be used to answer questions about how two variables are related.
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Notes 7-8 - Interpreting Residuals from aLine
More Modeling from aLine

The gestation time for an animal is the typical duration between conception and birth. The longevity of an
animal is the typicdl lifespan for that animal. The gestation times (in days) and longevities (in years) for 13 types
of animals are shown in the table below along with a scatter plot of the data.

Animal Gestation Time (days) | Longevity (years) 20.0+ ° o
Baboon 187 20 o .
Black Bear 2 18
Beaver 105 5 - 15.0 4 ® ®
Bison 285 5 £
Caf 63 2 & 2ad - .
Chimpanzee 230 20 = ]
Cow 284 5 H
2 °
Dog 6l 12 8§ 7.5 »
Fox (Red) 52 7
Goat 5] 8 301 . ¢
Lion 100 5 s
Sheep B4 2
WoIf 63 5 0.0 . : , : : ;
0 50 100 150 200 250 300

Gestation Time (days)

Finding the equation of the least-squares line (ine of best fit) relating longevity to gestation time for these
types of animal provides the equation o predict longevity. How good is the line? In other words, if you were
given the gestation time for another type of animal not included in the original list, how accurate would the
least-squares line be at predicting the longevity of that type of animal?

1) Using a graphing calculator, verify that the equation of the least-squares line is y = 6642 + 003074x
where xrepresents the gestation time (in days) and y represents longevity in years.
The least-squares line has been added to the scatter plot below.

2) Suppose a particular type of animal has a gestation time
of 200 days. Approximately what value does the line predict
for the longevity of that type of animal?
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3) Would the value you predicted in question (2) necessarily
be the exact value for the longevity of that type of animal?
Could the actual longevity of that type of animal be longer
than predicted? Could it be shorter?

A
W

Longevity (years)

o,
o
°
°

4
wn

o
o

S‘U 160 15‘0 260 25‘0 360
Gestation Time (days)

o

You can investigate further by looking at the types of animal included in the original data set. Take the lion, for
example. Its gestation time is 100 days. You diso know that its longevity is 15 years, but what does the least-
squares line predict for the lion's longevity? Substituting x = 00 days into the equation, you get:

y = 6,642+ 003d74(100) or approximately 10.6. The least-squares line predicts the lion's longevity to be
approximately 10.6 years.

L‘l.) How close is this to being correct? More precisely, how much do you have to add 10 10.6 o geT the lion's tTrue
longevity of 5?
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You can show the prediction error of 44 years on the graph like this:
5) Let's continue to think about the gestation times and
20,0 . . longevities of animals. Let's specifically investigate how
accurately the least-squares line predicted the longevity
of the black bear.

a) What is the gestation time for the black bear?
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b) Look at the graph. Roughly what does the least-
squares line predict for the longevity of the black bear?

o
o
°
°

s
w

e
=}

50 100 150 200 250 300
Gestation Time (days)

=]

c) Use the gestation time from (a) and the least-squares
ine y =6.642+0.03d74x to predict the black bear's longevity. Round your answer to the nearest tenth.

d) What is the actual longevity of the black bear?

e) How much do you have to add to the predicted value to get the actual longevity of the black bear?

£.) Show your answer to part (e) on the graph as a vertical ine segment.

6) Repeat this activity for the sheep.

a. Substitute the sheep's gestation time for xinto the equation to find the predicted value for the
sheep's longevity. Round your answer to the nearest fenth.

b. What do you have to add to the predicted value in order to get the actual value of the sheep's
longevity? (Hint: Your answer should be negative.)

c. Show your answer to part (b) on the graph as a vertical ine segment. write a sentence describing
points in the graph for which a negative number would need to be added to the predicted value in
order to get the actual value.

In each example above, you found out how much needs to be added to the predicted value in order to find the
true value of the animal's longevity. In order to find this you have been calculating:

actual vdlue - predicted value
This quantity is referred o as a residual. It is summarized as:
residual = actuadl y value - predicted y value

You can now work out the residudls for dll of the points in our animal longevity example. The values of the
residuals are shown in the table below.
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Animal Gestation Time (days) | Longevity (years) | Residual
Baboon 187 20 549
Black Bear 219 18 27
Beaver 105 5 -5.8
Bison 285 5 -30
Cat 63 12 249
Chimpanzee 230 20 H2
Cow 284 5 -24
Dog 6l 12 249
Fox (Red) 52 7 17
Goat 15l 8 -H6
Lion 100 5 HY
Sheep 54 12 -08
wolf 63 5 -Hl

These residuals show that the actual longevity
of an animal should be within six years of the
longevity predicted by the least-squares line.

Suppose you selected a type of animal that is
not included in the original data set, and the
gestation time for this type of animal is 270
days. Substituting x = 270 info the equation of
the lecsT-squqres line you geT:

y = 6642 +003074(270)

=74 years.

Think about what the acfuallongevity of this type of animal might be.

7) Could it be 30 years? How about 5 years?

8) Judging by the size of the residudls in our table, what kind of vadlues do you think would be reasonable for
the longevity of this type of animal?

Continue to think about the gestation times and longevities of types of animals. There is a Type of animal called
an ocelot. The gestation fime for the ocelot is known to be 85 days.

d) Predict the longevity of the ocelot.

I0.) Based on the residuals, would you be surprised to find that the longevity of the ocelot was 2 years? why,
or why not? wWhat do you think might be a sensible range of values of the actual longevity of the ocelot?

1) You are now told that the actual longevity of the ocelot is A years. What is the residual for the ocelot?
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The curb weight of a car is the weight of the car without luggage or passengers. The table below shows the
curb weights (in hundreds of pounds) and fuel efficiencies (in miles per galon) of five compact cars.

Using a calculator, the least-squares line for this data set was found to have
the equation y = 7862 -15200x where x is the curb weight (in hundreds of

pounds) and y is the predicted fuel efficiency (in miles per gallon).

The scatter plot of this data set is shown below, and the least-squares line is

12.) wil the residual for the car whose curb weight is 25.33
be positive or negative?

I3) will the residual for the car whose curb weight is 27.79
be positive or negative?

Curb weight Fuel Efficiency
(100 Ib) (miles per gallon)
2533 43
26.04 38
2779 30
3012 34
B 0 shown on the graph.
444
%
42
o 404
o
E
- 38 L
2
-2 36
=
w
T 344 *
[~
32
304 L] °
o1

T T
0 25 26

Substitute x =25.33 into the equation of the
least-squares line To find the predicted fuel

T T T T
27 28 29 30

efficiency.
y =7862-15200(25.33)

Now cdlculate the residual
residual = actuadl y value - predicted y value

=394

as follows:

R e, The residudls for both of these curb weights are calculated

least-squares line to find the predicted fuel
efficiency.
y = 7862 -15200(27.79)
=36l
Now calculate the residudi.
residual = actual y value - predicted y value

=43 -394 =30 - 361
= 31mpg =-6/mpg
The residudis for all 5 cars have been written in the table below.
ooy | cmiles per gaon) Residua

2533 43 3l
2604 38 06
2779 30 -6l
3012 34 H
3247 30 L0
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It is often useful To make a graph of the residudls, called a residual plot. You will nake the residual plot for the
compact car data set.

Plot the original x-variable (curb weight in this case) on the horizontal axis and the residuadls on the vertical axis.
For this example, you need to draw a horizontal axis that goes from 25 o 32 and a vertical axis with a scale
that includes the vdlues of the residuals that you calculated. Next, plot the point for the first car. The curb
weight of the first car is 25.33 and the residudl is 31 Plot the point (25.33, 3).

The axes and this first point are shown below.

Residual

0 25 2;5 2I7 2I8 2'9 3'0 3'1 32 33
Curb Weight (hundreds of pounds)

Plot the other four residudls in the residual plot above.

Lesson Summary

= Theleast-squares line is the line that is used to best model a linear relationship between the data.

= Onthe graph, the residudls are the vertical distances of the points from the least-squares line.

= Theresidudls give us anidea how close a prediction might be when the least-squares line is used to
make a prediction for a value that is not included in the data set.

= The predicted y-value is cdlculated using the equation of the least-squares line.
= The residualis calculated using:

residual = actud y value - predicted y value

= The sum of the residuadls provides an idea of the degree of accuracy when using the least-squares
line to make predictions.

= Tomake aresidual plot, plot the x-values on the horizontal axis and the residuals on the vertical axis.
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Notes 7-0 - Analyzing Residudls

Suppose you are given the scatter plot and least-squares line below. Also, the residual plot is shown.

y

Residual

X

why is looking at the pattern in the residual plot important?

Suppose that you have a scatter plot and that you have drawn the least-squares line on your plot. Remember
that the residual for a point in the scatter plot is the vertical distance of that point from the least-squares line.

In the previous lesson, you looked at a scatter plot showing how fuel efficiency was related to curb weight for
five compact cars. The scatter plot and least-squares line are shown below.

44 . Consider the following questions:
21 = What kind of residual will Point A have?
o 40
E
F » What kind of residual will Point B have?
3 3]
&
E *1 = What kind of residual will Point C have?
324
304 e C °
<
B S A 4

Curb Weight (hundreds of pounds)

You diso looked at the residual plot for this data set:

You can use a graphing calculator or graphing
program to construct a scatter plot and a
residudl plot.

Residual

This point shows the residual for point A

e

° This point shows the residual for point B

This point shows the residual for point C

/

L ]

25 26 27 28 20 30 31 32 33
Curb Weight (hundreds of pounds)
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. Shoe

Example: Length (x) Height (y)

Kendra likes to watch crime scene investigation shows on television. She watched inches inches

a show where investigators used a shoe print to help identify a suspect in a case. 84 6l

She questioned how possible it is to predict someone’s height is from his or her as 6l

shoe print. a8 66
100 64

To investigate, she collected data on shoe length (in inches) and height (in inches) 02 o

from I2 adutt women. Her data appear in the table. 04 65

Use a calculator to construct the scatter plot (with least-squares line) and the I06 65

residual plot for this data set. 06 67
105 66
108 67
1.0 67
1.8 70

The previous lesson shows that when aline is fif, a scatter plot with a curved pattern produces a residual plot
that shows a clear curve. You dlso saw that when aline is fit, a scatter plot where the points show a straight-
line pattern results in a residuadl plot where the points are randomly scattered. Our previous findings are

summarized in the plots below:

Scatterplot
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Residual

Residual

Residual

Residual Plot

Wwhat does it mean when there is a curved pattern in the residual plot?

Wwhat does it mean when the points in the residual plot appear to be scattered at random with no visible

pattern?
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why not just look at the scatter plot of the original data set? Why was the residual plot necessary? The next
example answer's these questions.

The temperature (in degrees Fanrenheit) was measured at various alfitudes (in thousands of feet) above Los
Angeles. The scatter plot (below) seems to show alinear (straight line) relationship between these two
quantities.

However, look at the residuadl plot:

754

501 .

Residual
o

-251 -24 o

-504 ® 4

T T T T T T T Y L v T T T T
0 5 10 15 20 25 30 35 0 5 10 . 15 20 25 30 35
Altitude (thousands of feet) Altitude (thousands of feet)

There is aclear curve in the residudl plot. So what appeared to be alinear relationship in the original scatter
plot was, in fact, a nonlinear (curved) relationship.

How did this residudl plot result from the original scatter plot?

water expands as it heats. Researchers measured the volume (in millliters) of water at various
temperatures. The results are shown below.

TormoraTire L) Using a graphing calculator, construct the scatter plot of this data set.
) Volume (mD |\ 11de the least-squares line on your graph. Make a skefch of the scatter plot
20 10025 inClUCﬁng the leGST"SqUGreS line on the axes below.

2 0015
22 00170 i,
23 ool
100.35
2 10025
25 100230 1003
26 100266 £ ouas]
27 100200 E
S 100.2-
28 1003 >
2q 10035 100.15-
30 100.374 |
P
0< AV T T T T T T
0 20 22 24 26 28 30

Temperature (°C)
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2) Using the calculator, construct a residual plot for this data set. Make a sketch of the residual plot on the
axes given below.

Temperature

Residual
(o)

3) Do you see aclear curve in the residuadl plot? What does this say about the original data set?

Lesson Summary

= After fitting aline, the residual plot can be constructed using a graphing calculator.

= Acurve or patternin the residual plot indicates a curved (noniinear) relationship in the
original data set.

= Arandom scatter of points in the residual plot indicates a linear relationship in the original
data set.
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Notes 740 - Inferpreting Correlation and Analyzing Data

Linear relationships can be described as either posifive or negative. Below are two scatter plots that display a

linear relationship between two numerical variables x and y.

15000 4

12500 4

10000 . . .

- L)

7500

5000

b
042y r r T r T r :
0 20 30 40 50 60 70 80
X
= Positive Relationship
= As x-vdlues increase, y-values increase

= Positive Slope

95

904

854

80

754

704

65

604

20

30 40 50 60 70 80

= Negative Relationship

= As x-vdlues increase, y-values decrease

= Negative Slope

Below are two scatter plots that show a linear relationship between Two numerical variables x and y.

450

400

350

300

250 .

200

150

100

= Positive Relationship

= Wedak Relationship (points are widely scattered)

= Positive Slope

450

400

350

300

250

200

150

100

200

400 600 800 1000 1200
X

= Positive Relationship

= Stronger Relationship (points are closer

together)
= Positive Slope

Wwhat do you think a scatter plot that shows the strongest possible positive linear relationship would look like?

Draw a scatter plot with 5 points that illustrates this.

10 -
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Consider the three scatter plots below. Place them in order from the one that shows the strongest linear
relationship to the one that shows the weakest linear relationship.

Strongest  — Weakest

Scatter Plot 1 Scatter Plot 2 Scatter Plot 3

The correlation coefficient is a number between -1 and + (including - and +) that measures the strength and
direction of alinear relationship. The correlation coefficient is denoted by the letter r.

Severdl scatter plots are shown below. The value of the correlation coefficient for the data displayed in each
plot is also given.

r=1.00 r=0.71 r=0.32 r=-0.10

r=-0.32 r=-0.63 r=-1.00

)  Whenis the vdlue of the correlation coefficient positive?

2) Whenis the value of the correlation coefficient negative?

3) Is the linear relationship stronger when the correlation coefficient is closer to 0 or to I (or -)?
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The properties of the correlation coefficient are as follows:
Property I:  The sign of r (positive or negative) corresponds to the direction of the linear relationship

proper“ry 2: A vdlue of r = +1 indicates a perf‘ ect pOSiTiVG linear relcn‘ionship. with all poinTs in the scatter
plot faling exactly on a straight line.

proper“ry 3: A vdlue of r = —1 indicates a perf‘ ect negcn‘ive linear relcn‘ionship. with all poinTs in the scatter
plot faling exactly on a straight line.

Property 4: The closer the value of r is fo +1 or —1, the stronger the linear relationship.

The table below shows how you can informally interpret the value of a correlation coefficient.

If the vdiue of the correlation
coefficient is between.. You can say Tha..
r=10 There is a perfect positive linear relationship.
07<r<lo There is a strong positive linear relationship.
03=<r<07 There is a moderate positive linear relationship.
0<r<03 There is a weak positive linear relationship.
r=0 There is no linear relationship.
-03<r<o0 There is a weak negative linear relationship.
-07<r<-03 There is a moderate negative linear relationship.
-l0<r=<-07 There is a strong negative linear relationship.
r=-0 There is a perfect negative linear relationship.

Examples:

Consumer Reporfs published a study of fast-food items. The table and scatter plot below display the fat
content (in grams) and number of cdalories per serving for 16 fast-food items.

Fat Calories Fat Calories

(@ (kcab (@9 (kcal) 4501 .
2 268 3 420 400 { i

5 303 5 240 350 .

3 260 35 285 FEY ‘ . : ’
35 300 25 390 3 0] . .
1 35 0 HO oo .
2 160 25 330 ol . .
3 200 1 120 "

6 320 3 180 o

0

0 1 2 3 4 5 6
Fat (grams)

4) Based on the scatter plot, do you think that the value of the correlation coefficient between fat content
and cdlories per serving wil be positive or negative? Explain why you made this choice.

5.) Cdiculate the vadlue of the correlation coefficient between fat content and cdlories per serving. Round to
the nearest hundredth. Intferpret this value.
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The Consumer Reports study dlso collected data on sodium content (in mg) and number of calories per serving
for the same 16 fast food items. The datais represented in the table and scatter plot below.

Sodium | Calories | Sodium | Calories 0

(mg) (kcal) (mg) (kcal) 00 N
I042 268 90 420 .
a2l 303 570 200 . .
250 260 125 285 g™ . o to
a70 300 160 300 3 0l .

20 35 520 HO

350 160 20 330 0 * i

450 200 240 120 150 . .

800 320 650 180 ol

T T T T T T
200 400 600 800 1000 1200
Sodium

6.) Based on the scatter plot, do you think that the value of the correlation coefficient between sodium content
and cdlories per serving wil be positive or negative? Explain why you made this choice.

7.) Cadlculate the value of the correlation coefficient between sodium content and calories per serving. Round
to the nearest hundredth. Interpret this value.

8) For these I6 fast-food items, is the linear relationship between fat confent and number of cdlories stronger
or weaker than the linear relationship between sodium content and number of calories?

Correlation Does Not Mean There Is a Cause-and-Effect Relationship Between Variables!

It is sometimes tempting to conclude that if there is a strong linear relationship between two variables that one
variable is causing the vadlue of the other variable to increase or decrease. But you should avoid making this
mistake. When there is a strong linear relationship, it means that the Two variables tend to vary tfogether in a
predictable way, which might be due to something other than a cause-and-effect relationship.

For example, the vadlue of the correlation coefficient between sodium content and number of calories for the
fast food items in the previous example was r = 0.79, indicating a strong positive relationship. This means that
the items with higher sodium content tend to have a higher number of cdlories. But the high number of
calories is not caused by the high sodium content. In fact sodium does not have any calories. What may be
happening is that food items with high sodium content diso may be the items that are high in sugar and/or fat,
and this is the reason for the higher number of cdlories in these items.

Lesson Summary

Linear relationships are often described in terms of strength and direction.
The correlation coefficient is a measure of the strength and direction of a linear relationship.

The closer the vdlue of the correlation coefficient is to +l or -, the stronger the linear relationship.

Just because there is a strong correlation between the Two variables does not mean there is a cause-
and-effect relationship.
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Lab Notes - Lines of Best Fit

Line of Best Fit:

2)

3)

Yield (g)

y Yield of a Chemical Reaction

24 a = g
221 NS

20 + 0N s

50 60 70 80 90

Temperature (°C)

Wwrite an equation for aline of best fit.

Use your equation to estimate the vyield, in grams, of a chemical reaction when the tfemperature is do".

Use your equation to estimate the temperature when the yield of a chemical reaction is 20 g.
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To understand the relationship between area of living space within a home, x square
feet, and cost of electricity, y dollars, data are collected for a particular month and
recorded.

Area of Living Space (x square feet) | 1,400 | 1,000 | 1,300 | 1,100 | 1,500 | 1,300

Electricity Cost (y dollars) 210 200 226 206 258

228

Area of Living Space (x square feet) | 1,200 | 1,100 | 1,400 | 1,200 | 1,400

Electricity Cost (y dollars) 223 212 242 215 246

9.

10.

1.

12.

13.

14.

Use the graph paper on the next page. Construct the scatter plot. Use
1 centimeter on the horizontal axis to represent 100 square feet for the
x interval from 1,000 to 1,500. Use 2 centimeters on the vertical axis to
represent $10 for the y interval from 200 to 260.

Sketch a line of best fit.

Find an equation for the line of best fit.

Describe the association between area of living space within a home and
cost of electricity.

Identify the outlier. Give a likely explanation of the occurrence of the outlier.

Predict the cost for electricity for a 1,350 square-foot home.

Predict the area of living space within a home given an electricity cost of $230.
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The scatter plot displays bivariate data on length of leg, x, in centimeters, of
each students and the distance of their single step, y, in centimeters.

The table shows the average rainfall, in millimeters per day, and the average
number of hours of sunshine per day for a small town recorded over a period of

Distance of Single Ste|
6 months. :::'y\':'j' - ; : :':P
i FEEEEEEEE
Rainfall (x mm) 0.1 0.2 0.4 0.5 0.6 0.8 mERS EREREE ; e
Sunshine (yhours) | 25 | 30 | 35 | 30 [ 20 | 15 SEE et
i T
Construct a scatter plot for this data. Use 1 centimeter on the horizontal axis s mmmm == 2 o
to represent 0.1 millimeter of rainfall and 1 centimeter on the vertical axis to % 75 sanmas i H
represent 0.5 hour. 3 HHH '
A
€ ST
o O
oo
</ I O O
e R e

Length of Leg (cm)




