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THE QUANTITATIVE LITERACY PROJECT

There is an excitement today about statistics. Its importance is underscored daily
by its frequent use in the media. Statisticians are developing new and simpler
techniques. Many states and districts have recently mandated the teaching of
statistics. It is now considered to be a fundamental subject in elementary and
secondary education.

This book is one of a series of four written by members of the Joint Committee
on the Curriculum in Statistics and Probability of the American Statistical Associa-
tion and the National Council of Teachers of Mathematics. In an effort to introduce
the most important and up-to-date topics in statistics into the elementary and
secondary curriculum, the Joint Committee initiated the Quantitative Literacy
Project. The project, partially funded by the National Science Foundation,
included the writing and field-testing of this book and others like it, holding
regional conferences for teachers, and developing a videotape that serves as an
introduction to the project.

These four books are a result of a collaboration between statisticians and
teachers, who have agreed on both the statistical concepts that it is most impor-
tant for the general public to know and the best ways to teach these concepts. The
principles that have guided this collaboration include the following;:

1. There is often more than one way to approach problems in statistics and
probability. A probability problem can be solved either theoretically or by
simulation. It is not unusual for two statisticians to make two different graphs
to display the same data. This means that discussion and evaluation of different
approaches can take up a large part of class time. It also means that the data
may suggest more than one conclusion. Students must be encouraged to
attack problems from different angles and to be prepared to support their
conclusions.

2. Real data should be used whenever possible in statistics lessons. Real data give
the study of statistics both its legitimacy and its excitement. In addition, real
data are invariably messy. Values are often missing and are sometimes faulty.
Students, who are accustomed to the neatness of the numbers in much of
mathematics, need experience in dealing with numbers in the real world.

3. Traditional topics taught in introductory statistics—such as the standard devi-
ation, the normal distribution, hypothesis testing, and Bayes” Theorem and
other probability formulas—should be taught affer the more basic ideas in these
four books.

4. The emphasis in teaching statistics should be on good examples and on
building intuition, not on showing how to lie with statistics or on probability
paradoxes that destroy a student’s confidence.

5. Finally, students enjoy and profit from project work, experiments, and other
activities designed to give them practical experience in statistics.

ix
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ABOUT EXPLORING DATA

The student edition serves as an introduction to data analysis. From it students
will learn how to make various kinds of graphs, including some that have been
developed only recently and are fast becoming widely used. Traditional graphs
such as bar graphs and pie charts are not included here because the newer
techniques are simpler and quicker to use and the plots are easier to interpret.
Students will also learn how to select the appropriate plots for a given set of data.
Finally, and most important, they will learn how to examine the plots in order to
describe the data, detect patterns in them, and make conjectures about them.

Students will be taught to look at data the way a good statistician does.
Surprisingly, this is not at all complicated. A statistician’s first step is to try to
determine whether the data are reliable. Were they collected in a reasonable
manner? Are values missing? Are values in error? Are they the right data for the
question? The next step in this statistical analysis is to display the data in
appropriate plots. The statistician is likely to use one or more of the plots taught in
this book. Finally, the statistician examines the plots and tries to make some sense
of the data. After learning the techniques given here, students should be able to
analyze the data that they come across in the media and in their own work.

All of the sets of data in the student edition are real and have been selected
because they are interesting to students. Students’ interest in the data should
make them want to explore the data, to argue about them, and to ask questions
about them.

How to Use the Book

The major goal of the student edition is to help students learn how to interpret
data by using various kinds of plots and graphs. A secondary goal is to teach
students to make these plots and graphs. The fact that the interpretations, not the
techniques, are the focus may seem strange to many students. In a mathematics
class, students are used to getting full credit for a problem if they get the one right
answer. That is not the approach in this book. Two students may write entirely
different descriptions and yet each may get full credit. We have found that
mathematically talented students have the most trouble adjusting to the fact that
their grades will be based, not on whether they make plots without any mistakes,
but on whether they write good descriptions of what the plots reveal. Those
students who do not usually do well in their mathematics classes often accept this
idea most readily. They may not be very good at computation or at manipulating
algebraic expressions, but they can still feel a real sense of accomplishment in
mathematics when they show that they are capable of thinking like statisticians.

Field-Testing

The book was field-tested, with careful selection of topics and different pacing, in
grades six through thirteen. This wide range was possible because very few
mathematics skills are prerequisites. The students themselves provide their own
level of sophistication in the way they approach the data.

In the field tests, the book was used most successfully in four situations:

1. as a unit in a junior high school mathematics class.

2. as a supplement to a traditional text in a one-semester high school statistics
course.



3. as a unit in a high school general math course.

4. when combined with the other three books in the Quantitative Literacy Series
in a one-semester high school course.

As we have said, students who do not usually do well in their mathematics

e

classes were the most enthusiastic about this book. AS one wrote, T feel T will
probably be able to actually use some of this knowledge in real life situations,
whereas most math that [ am learning now seems to be fairly unnecessary for real
life.”

Some teachers met with resistance from honors students who wanted to push
ahead with the “regular’” math curriculum. As one such student wrote, “It was
just busy work for us because they didn’t want us to be ahead of the rest of our
class.” It is important to convince students like this of the central role of statistics
in modern life, including its importance in many different professional careers.

Teaching Methods
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Each section consists of introductory material that is followed by various applica-
tions. Typically, a class works through the introductory material together, learn-
ing the techniques and talking about the discussion questions. Then students are
assigned to work on selected applications, either individually or in small groups.
Some students are capable of understanding the introductory material on their
own, but class discussions are generally more beneficial and more fun.

The most successful teachers are those who get the students soinvolved with
the material that they ask questions about both the data and the techniques. The
confirmation that you are doing a good job of teaching statistics comes when
students ask questions that you cannot answer! Send them to others or to the
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library tofind-their ownanswers: _

In the field tests, some students thought that the work was trivial because the
plots were easy for them to construct, If your students have this reaction, chal-
lenge them to interpret the data before making their plots or reading the questions
in the application. Then have them work through the problems, write perceptive
interpretations, and defend or modify their initial opinions. Finally, have them do
projects using their own data.

How long it takes you to cover the material in the book depends on which
sections you select. It usually takes from three to nine weeks.

Helping Students Write Interpretations

Writing interpretations of statistical data is hard at first for almost all students.
This fact should not be surprising because most students have never done
anything like it before. Some teachers have had success in getting them started by
putting a plot on the board or on an overhead projector and asking the class to
make observations about it. These can be simple, “The smallest number is 17,” or
more insightful, “I'll bet there’s a gap there because of the baseball strike a few
years ago.”” You can write these comments on the board, and then you can help
the class organize them into a paragraph or two. Emphasize the fact that there are
no unique, correct answers. In fact, students should try to ask questions that they

may not be able to answer about the data, such as “Why is the value for Missouri
so big?’”
s0-big?
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With today’s emphasis on writing across the curriculum, it is important for
teachers from all fields to help students improve their writing skills. The English
teachers at your school may be able to give you some pointers. Two books
published by organizations of English teachers are:
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Fulwiler, Toby, and Art Young, eds., Language Connections: Writing and Reading across
the Curriculum. Urbana, IL: National Council of Teachers of English, 1982,

Walvoord, Barbara E. Fassler, Helping Students Write Well: A Guide for Teachers in All
Disciplines. New York: Modern Language Association, 1982,

Using a Calculator

The student edition requires very little tedious computation. Nevertheless, we
suggest that students be allowed to use a calculator whenever they wish. Their
attention should not be distracted from exploring the data by a need to work out
computations using pencil and paper.

Using a Computer

A computer is not required, but a computer is clearly useful for reducing some of
the work involved in constructing the plots. Furthermore, once the data are
entered into the computer, a good statistical computer package makes it easy to
construct alternate plots, and this helps to improve the data analysis. None of the
packages, however, does the really important job of inferprefing the results, and
that is what this book will help your students learn to do.

A number of statistical packages that are available for various personal com-
puters will construct some of the plots presented here. One excellent package that
is widely used in introductory college statistics courses is Minitab. If a computer
and an appropriate statistical package are available, we suggest that you have
students use it after they have first worked through a few applications by hand.
This enables the students to learn the methods well before the computer takes
over some of the dirty work.

As part of the Quantitative Literacy Project, a special computer package that
will be keyed to all four books in the series is being developed. Contact Dale
Seymour Publications for ordering information.

Using Graph Paper

Students should use graph paper to make their plots, including line plots, stem-
and-leaf plots, and box plots. The graph paper helps students make accurate
number lines and helps them keep the numbers in stem-and-leaf plots lined up
vertically.

Using Outside References

Often the data bring up more questions than they answer. Students then find that
they need to do some outside research in almanacs, encyclopedias, or other
reference books to do a good job of examining the data. (When was that baseball
strike?)

At first, they may resent this outside work, especially if they are in a mathe-
matics class. However, this resentment often goes away quickly if you point out
the detective aspect of the research.

The Technicalities of Making Plots

Stem-and-leaf plots, box plots, fitting a line, and smoothing are new techniques
that were developed during the 1960s and 1970s. Consequently, they are stillin a
state of change. Such things as whether a fitted line should be called a Tukey line, a
median-fit line, a resistant line, a robust line, or some other name has simply not yet
been universally agreed upon. The techniques of making the plots themselves are



not yet set in concrete either. For example, some people make box plots horizon-
tally; some make them vertically. Some people put a dent in their box plot at the
median; others draw a line across the box at the median. Students like to be told
that the techniques of making these plots have not yet solidified. This means that
they may invent a slightly better way of doing things. Encourage variations.
Because not everyone agrees on the “correct”” way to make these plots, there is no

reason for a class to get caught up in the technicalities of making plots exactly the
way this book does.

This Data or These Data?

Traditionally the word datais plural. Thus we should say, “These data are interest-
ing,”” rather than, “This data is interesting.”” However, there is flexibility here as
well and some people prefer the singular. We have tried to use the plural
consistently, but you may correctly use the word either way.

Emphasis on the Median

Those of you who have taught statistics before may be surprised at the emphasis
on the median. Many of the techniques involve the median, or middle value, in a
set of numbers, rather than the mean, or average. There are two main reasons for
this emphasis. First, the median is a simpler idea and requires less computation.
Second, the median is not affected by a few extremely large or extremely small
values as is the mean or average. For these reasons, statisticians often prefer the
median in data analysis.

The mode is not used at all because it is generally not useful for interpreting
and summanzmg data. There are several reasons for thls Fn:st in many sets of

always deﬁned Second the mode is unstable For example the mode ofl 1, 3 5 8
and 9 is 1, but if two values are changed slightly—say to 1, 2, 3, 5, 9, and 9—the
mode becomes 9. Finally, as shown in the last example, the mode does not
necessarily indicate the center of the data.

What Sections o Cover

With several exceptions, the sections of the student edition are independent of
one another, and you may select the ones most likely to interest your students.
The exceptions are that Section IIL, “Median, Mean, Quartiles, and QOutliers,” and
Section VI, “Scatter Plots,” must be completed before any later sections can be
done. Also, in order to do the review sections, the students must have completed
each of the previous sections,

It is important to go over all of the introductory material in each section.
However, it is not necessary for a student to complete all applications. For
exa mple, dependmg on h;s or her mterest, a student can complete elther Apphca-

Line Plots Apphcatmns that can be om1tted are 1dent;f1ed in thxs Teacher s
Edition,
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OPTIONAL GRAPHS

The graphs on the following pages are the same as the ones in
the answers, except that the fitted line (or smoothed trend over
time) is missing. We have included them here so that you can
copy them and pass them out if you don’t want the students to
take the time to make the scatter plots themselves.
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QUIZZES

The following pages contain reproducible quizzes for the
sections that introduce new material. There are no quizzes for
the two review sections because you can use the applications
themselves as end-of-unit projects or tests.

As in the applications, the quizzes contain problems such
as, “Write a description of the information displayed in the
plot.” Remind students that the more complete and organized
their descriptions are, the more points they will receive.
Answers that are one sentence long will not receive full credit.

We suggest that you let students use calculators when they
take all of these quizzes so that computation will not distract
them from the statistics.

The answers to the quizzes appear immediately following
the quizzes.
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QUIZ ON LINE PLOTS

1. The following line plot is incorrect. Make the correct plot.

X

il I O

5 17 18 22 23

2. The following table gives the number of visits, in millions, to the most
popular National Park Service Recreation Areas in 1980:

a. How many people visited Olympic National Park in 1980?

b. Which area was visited by the most people?

c. Make a line plot of these data by rounding each number to the nearest
million.

d. Write a description of the information displayed in your line plot.

National Park Service Number of Visitors
Recreation Areas in Millions

Blue Ridge Park way,'Ga., N.C, Va. 16.7
Cape Hatteras National Seashore, N.C. 17
Chickamauga and Chattanooga National Military

Park, Ga., Tenn. 14.2
Colonial National Historical Park, Va. 9.1
Death Valley National Monument, Calif. 0.6
Gateway National Recreation Area, N.J., N.Y. 9.4
Glacier National Park, Mont. 1.5
Glen Canyon National Recreation Area, Ariz., Utah 17
Golden Gate National Recreation Area, Calif. 184
Grand Canyon National Park, Ariz. 25
Grand Teton National Park, Wyo. 3.5
Great Smoky Mountains National Park, N.C., Tenn. 11.9
Hot Springs National Park, Ark. 53
Indiana Dunes National Lakeshore, Ind. 1.6
Kennesaw Mountain National Battlefield Park, Ga. 6.7
Kings Canyon National Park, Calif. 0.8
Lake Mead National Recreation Area, Ariz., Nev. 5.2
Natchez Trace Parkway, Miss,, Tenn., Ala. 15.9
Olympic National Park, Wash. 25
Ozark National Scenic Riverways, Mo. 18
Rocky Mountain National Park, Colo. 26
Sequoia Naticnal Park, Calif. 0.9
Shenandoeah National Park, Va. 1.8
Valley Forge National Historical Park, Pa. 115
Yellowstone National Park, Idaho, Mont., Wyo. 2.0
Yosemite National Park, Calif. 2.6

Source: Statistical Abstract of the United States, 1981.



QUIZ ON STEM-AND-LEAF PLOTS

1. The following table gives the number of years that a person born in 1981

could expect to live at the time of his or her birth for countries with

o T S S

—

10 million or more population in the Americas and in Europe., (€
a. In which European country is the life expectancy the longest? (
b. In which country in the Americas is the life expectancy the longest? (
¢. Make a back-to-back stem-and-leaf plot of the countries in the Americas '
and in Europe. Decide how to spread it out. Be sure to include an (
explanation such as : ¢
“7| 3 represents. .."” (

d. Write a description of what you learned from your stem-and-leaf plot. (
(

Americas Europe (

Life Expectancy Life Expectancy (

Country at Birth (years)  Country at Birth (years) (
Argentina 65 Czechoslovakia 71 (
Brazil 60 France 73 (
Canada 73 Germany, East 72 ¢
Chile 62 Germany, West 72 (
Colombia 59 Hungary 70 '
Mexico 60 Italy 73 5 &
Peru 55 Netherlands 75 (
United States 73 Poland 71 (
Venezuela 63 Romania 70 (
Soviet Union 70 _ B

Spain 73 ¥

United Kingdom 73 (

Yugoslavia 70 o

Source: Statistical Abstract of the United States, 1981, p. 871. (
. If an explanation on a stem-and-leaf plot is given as ¢
4| 6 represents 460 to 469, y

the data have been truncated. Write the explanation that would be given if (
these same data had been rounded. P«
. Suppose the data consist of 27 values between 42 and 99. To construct a 5' (
stem-and-leaf plot, would you look through the data to find all the values in ¢
the 40s to fill in that row on the plot; then find all the values to fill in the 50s P
row, and so on? Why or why not? o
. &

- (

(

o«
" (I-
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(Continued from page 20)

4. Here is a stem-and-leaf plot of the amount of vitamin X in servings of fish
(F), meats (M), vegetables (V), and starches (S). The leaves are in order.

ANp=-0O
MMI<L
mMw <<
Xo<m
M
=
L]

Which type of food is generally highest in vitamin X?
. Which type of food is generally lowest in vitamin X?
True or false: Every meat item has more vitamin X per serving than any
vegetable item,
d. True or false: Every fish item has more vitamin X per serving than any
meat item.
e. Which type of food varies the most in the amount of vitamin X
it contains?
f. What is the shape of the distribution?
g Which two items appear to be the most different compared to the other
items of their own type?

p oo

5. The following plot shows the lifetimes of several Brand A and Brand B

batteries.
BRAND A BRAND B
i
- |7
12
-
211013
99 T7T7T5]|-
3221141223334
- 156889
415|0
5 3

4] 2 REPRESENTS
420 -429 HOURS

a. What is the longest that any battery lasted?

b. Are the data truncated, rounded, or is there not enough information to
tell?

c. If you want to maximize your chances of getting a battery that will last at
least 300 hours, which brand should you choose?

d. Which typically lasts longer, a Brand A battery or a Brand B battery?

e. If you want to maximize your chances of getting a battery that lasts more
than 500 hours, which brand should you choose?

f. True or false: To show the comparisons more clearly, you should spread

this plot out more.
. Give a reason someone might prefer a Brand A battery.
. Give a reason someone might prefer a Brand B battery.

=g
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QUIZ ON MEDIAN, MEAN, QUARTILES, AND OUTLIERS

1. The Statistical Abstract of the United States (1981, page 232) gives the median size

—

of a home garden as 663 square feet.
a. Explain the meaning of this statement.
b. Explain why the median is used instead of the mean.

. The following table gives the number of pounds of cotton produced per acre
in the major cotton-producing states in 1980.

a. Find the median number of pounds.

b. Find the upper quartile.

¢. Find the lower quartile.

d. Find the interquartile range.

e, Use the 1.5 x IQR rule to find any outliers. Show your work.

State Pounds per Acre
Alabama 411
Arizona 1,085
Arkansas 330
California 995
Georgia 258
Louisiana 390
Mississippi 488
Missouri 353
New Mexico 430
North Carolina 381
Oklahoma 174
South Carolina 309
Tennessee 349
Texas 234

Source: Statistical Abstract of the United States, 1981, p. 691.

. Find the mean number of letters in the following words:

MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY
SUNDAY

Do not round your answer. Leave it as a mixed number or decimal.

. True or false: If there are only three data values, the median must equal the
mearn.

5. a. True or false: The upper quartile is always larger than or equal to the
median.

b. True or false: The upper quartile is always larger than or equal to the
mean.

. For summarizing a distribution of incomes by a single number, which is
generally better to use, the median or the mean? Why?
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(Continued from page 22)

7. A data set has lower extreme = 18, lower quartile = 30, median = 37, upper
quartile = 40, mean = 42, and upper extreme = 70. Using the 1.5 x IQR rule,
tell whether each of the following observations is an outlier.

a. 18
b. 24
.53
d. 60
e. 70

8. If a distribution is mound-shaped except for one outlier at the upper
extreme, would you expect the mean to be Iarger about the same, or smaller
than the median? Explain.

9. A data set contains five observations. Four of them are 6, 12, 12, and 14. Find
the fifth observation so that the median of all five equals the mean of all five.
(Hint: Consider a line plot of the four given numbers, and then see how the
median depends on the fifth number.)
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QUIZ ON BOX PLOTS

1. The following table shows the number of international passengers in
thousands that departed from U.S. airports in 1980 for each country listed.

Number of Departures Number of Departures
Country in Thousands Country in Thousands
Bahamas, The ........... 1,006 TEABRE wovenvwenssmanm 495
Bermuda ............... 467 J [ 730 F- Toc: SRR, 382
Brazil. .. cooviimnnmsans 291 Japan ...l 1,602
B L 299 MeXico s v voavvnansss 2,886
Dentiark ...ooonmecress 254 Netherlands .......... 409
Dominican Republic ..... 443 Netherlands Antilles .. 282
PIARCR o s o ais e s 635 Spain ..o ciniiionnenns 273
Germany, Fed. Rep. of.... 1,178 Switzerland .......... 306
CATO0E g aemnmammsmimiie 190 United Kingdom ...... 2,840
Ireland ......0000nentnn, 212 Venezuels .. oo aessins 518

Source: Statistical Abstract of the United States, 1981, p. 240.

. How many passengers departed for Denmark?

. To which country did the largest number of passengers go?

. Write the numbers of passengers from smallest to largest.

Find:

The lower extreme,

The upper extreme.

The median.

The lower quartile,

The upper quartile.

e. Determine whether there are any outliers. If so, which countries are
outliers? Show your work.

f. Make a box plot, using #'s for any outliers.

. Write a summary of the information displayed in your box plot.

. (Bonus) One major foreign destination of U.S. travelers is not included in

the table. Which country is this?

An o'

=09

2. The following box plot shows the final exam scores in algebra for students
using two different textbooks.

O 0 20 30 40 50 60O 70 80 G0 007
L | | ] | | l 1 1 1 J

TEXTBOOK A .—‘E'——‘ ¢
TEXTBOOK B + 1 +—~

a. What was the lowest score for a student using Textbook A?
b. What proportion of the students using Textbook A got less than
50 percent?
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(Continued from page 24)

c. Complete this sentence: Half of the students using Textbook B got
percent or more on the final exam.
d. Which textbook gave student scores that varied less? Explain your
answer.
e. Which textbook do you think is better? Explain your answer.

3. For each of the following, decide whether a box plot or a stem-and-leaf plot
would be more useful. Then write a sentence giving the reason for your
choice.

a. Showing clusters and gaps in the data.

b. Comparing four groups of data.

c. Comparing one data set with 150 values to another data set with 37
values.

d. Presenting a plot to someone who wants to compute the mean.

e. Judging whether the middle 50 percent of one data set is spread over a
wider range than the middle 50 percent of a second data set.

f. Emphasizing the median and the quartiles.

g. Comparing a data set with 11 values to a second one with 9 values.

4. Here are box plots of the miles-per-gallon achieved by all the different car
models made by three manufacturers, A, B, and C.

20 25 30 35 40 45
TN Y SO O AU OO NN NN O NN NN SN NN O NN U OO N SO0 NN O OO OO
T
[ S ¢ g B
." '_'_‘F + + . C

a. If we compare manufacturers by looking at just the car with the very
highest miles-per-gallon, which manufacturer does the best?

b. If we compare manufacturers by looking at just the highest 25 percent of
all their cars, which manufacturer does the best?

¢. If we compare manufacturers by looking at just the median miles-per-
gallon, which manufacturer does the best?

d. Which manufacturer makes cars whose miles-per-gallon varies least?

e. Suppose you work for manufacturer C and you want to improve your
miles-per-gallon compared to A and B. Should you put extra effort into
improving your cars with the most miles-per-gallon, improving your cars
with the fewest miles-per-gallon, or should you spread your extra effort
over all the cars? Explain your answer.

f. True or false: For manufacturer C, the median is not in the center of the
box because there are more models above the median than below it.

5. From which of the following plots can you determine how many values are
in the data set?
a. line plot
b. stem-and-leaf plot
c. box plot



QUIZ ON SCATTER PLOTS

1. The following is a list of 22 Los Angeles high schools that reported the
percentage of students in yearbook who were declared ineligible and the
percentage of students in girls’ track who were declared ineligible.

Percent Ineligible
High School Yearbook Girls’ Track
Banning 0 24
Belmont 7 7
Canoga Park 20 33
Chatsworth 33 31
El Camino Real 13 15
Franklin 21 44
Gardena 17 20
Hamilton 0 0
Kennedy 18 20
Lincoln 71 13
Locke 67 57
Los Angeles 39 17
Manual Arts 38 25
Monroe 6 24
San Fernando 24 33
South Gate 5 28
Taft 0 27
University 43 9
Van Nuys 0 7
Verdugo Hills 10 39
Washington 25 14
Westchester 0 0

Source: Los Angeles Times, May 17, 1983,

a. Make a scatter plot of these data. Put percentage ineligible in yearbook
on the horizontal scale. Instead of a dot, plot the first two letters in the
high school’s name. (Use LA for Los Angeles and use LO for Locke.)

b. Is there a positive association, a negative association, or no association
between the percentage ineligible in yearbook and the percentage
ineligible in girls’ track?

¢. Describe any clusters of schools that you find in the plot.

d. Which two high schools stand out on the scatter plot as most unusual?
Explain how each is unusual.

2. Decide whether each pair of variables that follows would show a positive
association, a negative association, or no association.
a. A person’s height and weight.
b. An adult’s intelligence and age.
¢. The amount of candy eaten and the number of cavities.
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THOUSANDS OF DOLLARS
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(Continued from page 26)

3. The following plot over time gives the median income of male college and

high school graduates, 25 to 34 years old, for the years from 1958 to 1983 (in
current dollars).

MEDIAN INCOME OF MALE GRADUATES, AGED 25 -34

)4 GRADVA
) 4
)4 pral
,A/ 1/
e ///
A/ r'___‘.f/
4 ,//
_T,/( ;t//t’
ARPE= +

58 el 3 65 7 9 1N I3 15 77 19 8§l 82 83
YEAR

Source: US. Census Bureau.

a. Approximately how much did a typical male college graduate aged 25 to
34 earn in 19677

b. In what year did the median income of high school graduates decrease
from the year before?

c¢. Describe the information that you see in this plot.
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QUIZ ON LINES ON SCATTER PLOTS

1. The scores on the first and second tests of the semester are given here for a
small class.

Student First Test Second Test
Al 19 11
Ann 15 5
Barbara 11 3
Bill 24 14
Diana 14 14
Elizabeth 13 10
Gail 20 20
Jacque 15 9
Jim 24 17
Luis 17 7
Mary 18 14
Neil 6

Rebecca 5 1
Richard 17 10
Roberto 10 8
Shirley 14 7

a. Make a scatter plot of the scores. Put the score for the first test on the
horizontal axis.

. Fit a line to these points.

. Use your line to predict the score on the second test for a student who
got a 22 on the first test.

d. Which student is the farthest vertical distance from the line?

e. What is this vertical distance?

f. On your scatter plot, draw in the 45° line and label it as the 45° line.

g. How many points are on this 45° line?

h

i

j

no

. What does it mean if a point is on this line?
. Are more students below the 45° line or above it?
. If a student got a higher score on the second test than on the first test,
where would the point be?
k. Write a description of the information given by the plot and its two lines.
L. (For students who have studied algebra) Find the equation of the fitted
line.

2. If aline is to be fitted to 23 points, how many points would ideally be in the
center strip?

3. Why do we move the ruler and draw the line only one-third of the way from
the two end X’s toward the center X?

4. True or false: The fitted line is not much affected by outliers.

5. Explain why one would want to fit a line to the data on a scatter plot.
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QUIZ ON SMOOTHING

1. The following table gives the number of fine ounces of silver produced in
the United States for various years. The numbers are in millions.

Year Fine Qunces Smoothed Values
1930 51
1935 46
1940 70
1945 29
1950 43
1955 36
1960 36
1965 40
1970 45
1975 35
1980 32

Source: Bureau of Mines.

a. Make a plot over time of the number of fine ounces produced.

b. Explain why this plot is a good candidate for smoothing.

¢. Copy and complete the Smoothed Values column.

d. Make a plot over time of the smoothed values.

e. Describe the overall trend in silver production in the United States.

2. What happens to outliers after smoothing?

3. Construct an example to show why the rule for smoothing endpoints is
often unsatisfactory.
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ANSWERS TO QUIZZES

The following pages give the answers to the quizzes. When
students are asked to write descriptions or give interpretations,
the answers will vary. We have included sample answers that
cover the points we expect the students to address.

ANSWERS TO QUIZ ON LINE PLOTS

X
X X X X X
15 W 1T 18 1K 20 zZI 22 &3

2. a. 2,500,000 or 2.5 million
b. Golden Gate National Recreation Area

0

K

Pad

FX X XK AKX X
o
Cﬁ._
M
o}

X X X
XXX X
—X X
—X X

o
Fx
WM X

d. Answers will vary. Sample: Seventeen of these 26 National Park Service
Recreation Areas had 6 million or fewer visitors, The remaining nine were
spread out rather evenly between 7 million and 18 million. The most-
visited area was Golden Gate National Recreation Area. It seems likely
that this area is around the Golden Gate Bridge, which is in San
Francisco. Looking down the table, it does not appear that any other of
these areas is in a major city, so that could explain in part why its
attendance is so high. The next two most-visited areas were Blue Ridge
Parkway and Natchez Trace Parkway; these are the only two
“parkways’’ listed. One wonders if these parkways consist mainly of a
road, and if that is why their number of visitors is large. The next three
most-visited areas, with from 12 to 14 million visitors, were in Georgia,
Tennessee, Pennsylvania, and North Carolina. These are all in the east,
where the population density is larger than in the west.

The least-visited area was Death Valley, which may be appropriately
named.
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ANSWERS TO QUIZ ON STEM-AND-LEAF PLOTS

1. a. Netherlands
b. United States and Canada

(
C. i
AMERICAS EUVROPE § K
5 —
5
q (
O0D|6 {
32 ,'
5 €
700001 | (
33|-12232333 ]
5 |
7|3 REPRESENTS _
T3 YEARS ] {

d. Answers will vary. Sample: In general, life expectancy is about 10 years _
more in Europe than it is in the Americas. Life expectancy in Europe {
varies from 70 years in four countries to 75 years in the Netherlands. In
contrast, in the Americas all but two countries, the United States and
Canada with 73 years, have life expectancies of from 55 years to 65 years. (
Thus, even excluding the United States and Canada, life expectancy is
more variable among the countries in the Americas than it is in the
European countries. In terms of life expectancy, the United States and (
Canada can be thought of as typical of a European country.

2. 4| 6 represents 455-464.

a ) 0 hro1is - a-to-Bn 9 o alar n-the dDa

v G l.l.:l.l—\'.‘l lll I,I.I.G TE, A (
then all of the values in the 50s, and so on. Instead, you should start at the .
top of the list of data and enter that value on the plot, then enter the second o

value in the list on the plot, and so on.
Filling in all of the leaves for the 40 stem, then for the 50 stem, and so on

is more likely to result in mistakes, and it takes much longer. E
4. a. fish S
b. vegetables (
c. true
d. false .
e. fish | (
f. mound-shaped or normal _=
g. The S on the first row is much smaller than the other three starches, and (
the F—Uwﬁwﬁrmowm}rsmﬂmharrﬂre—otmmﬁsh—(—
5. a. 550 hours (Brand A) Lo
b. truncated .
c. Brand A (
d. Brand B Loy
e. Brand A P
f. false i ¢
(
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(Answers to quiz on stem-and-leaf plofs continued)

g. Answers will vary. Sample: There is less chance of a quick failure; that is,
there is less chance of a failure in less than 300 hours, Also, there is a
higher chance of getting a really long-lasting battery, say, more than 500
hours, than there is from Brand B. (Either reason is sufficient.)

h. Answers will vary. Sample: The typical (median) Brand B battery lasts
longer than the typical Brand A battery by about 40 hours (430 versus
390). Also, if you don’t get one of the few that fail early, all the Brand B
batteries lasted at least 400 hours, and that is longer than the median life
observed for Brand A batteries. (Either reason is sufficient.)

ANSWERS TO QUIZ ON MEDIAN, MEAN, QUARTILES,
AND OUTLIERS

1. a. Half of the home gardens are larger than 663 square feet and half are
smaller.

b. Answers will vary. Sample: Some home gardens are very large. The
median sized garden of 663 square feet could be 17 feet by 39 feet. Many
gardens are much larger than this—thousands of square feet larger. Of
course, there can’t be any gardens that are thousands of square feet
smaller. These large gardens will, like large incomes, make the mean
larger than the size of most home gardens.

367

430

309

430 - 309 = 121

1.5xIQR =15 (121) = 181.5

LQ -~ 1.5xIQR = 309 - 181.5 = 1275
UQ+15xIQR =430+ 181.5=6115
The outliers are California and Arizona.

3 6+7+9+8+6+8+6_50_
' 7 7

o N o

1
7
4. False. An example is 3, 5, 10. The median is 5. The mean is 6.

5. a. true
b. false

6. The median. With incomes, there are likely to be a few very large values,
and these can make the mean not at all representative of the distribution,
whereas a few such values would have no effect on the median.

not an outlier
not an outlier
not an outlier
outlier
outlier

pRo T

8. Larger. Without the outlier, we would expect the median and mean of a
mound-shaped distribution to be about the same. The outlier would not
change the median much, but it would increase the mean.
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ANSWERS TO QUIZ ON BOX PLOTS

1.

. 254,000

. Mexico

190, 212, 254, 273, 282, 291, 299

306, 382, 409, 443, 467, 495, 518

635, 1,006, 1,178, 1,602, 2,840, 2,886

d. 190, the lower extreme; 2,886, the upper extreme; (409 + 443)/2 = 426, the
median; (282 + 291)/2 = 286.5, the lower quartile; (635 + 1,006)/2 = 820.5, the
upper quartile.

e. The interquartile range is 820.5 - 286.5 = 534. Consequently, 1.5

interquartile ranges above the upper quartile is 1621.5 and 1.5

interquartile ranges below the lower quartile is less than 0. Thus the two

outliers are Mexico and the United Kingdom,

0 oo

f
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g. Answers will vary. Sample: The box plot shows the number of airline
passengers that departed for twenty countries from U.S. airports in 1980.
Two countries had a much larger number of passengers than the others.
They were Mexico with 2,886,000 and the United Kingdom with 2,840,000.
The remaining countries had between approximately 200,000 and
1,600,000 passengers. The median number of passengers departing was
426,000, so the bottom ten countries are close together in number of
people who traveled there by air.

These data include both US. citizens and citizens of other countries.
It would be interesting to know how many of the passengers were U.S.
citizens and how many weren’t. It would also be interesting to know
why the number for Germany is so much higher than the ones for France
or ltaly.

. Canada

=

. 30 percent

. 34 or 75 percent

80

. Textbook A, because half of those students scored within a range of 10
points, at 40 to 50. In contrast, for Textbook B, half scored within the
wider range of 28 points, from 60 to 88.

e. Answers will vary. Sample: Textbook B was better, even though the

highest score was earned by a student who used Textbook A and the

lowest score was earned by a student who used Textbook B. Three-

quarters of the students who used Textbook B got 60 percent or more,

while all but one of the students who used Textbook A got 60 percent or

less.

=P s T

. Stem-and-leaf plot. Clusters and gaps cannot be seen in a box plot.

. Box plot. They can be put next to each other easily for comparisons.

¢. Box plot. When the sizes of the two data sets are so different, stem-and-
leaf plots are not so useful, but this difference in size does not cause a
problem for box plots.
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(Answers to quiz on box plots continued)

d.

b

o n T

f.

Stem-and-leaf plot. The box plot does not display individual values so the
mean cannot be computed.

. Box plot. The box plot shows the quartiles directly.
. Box plot. These values can be calculated from a stem-and-leaf plot, but

the box plot shows them directly.

. Stem-and-leaf plot. Box plots are not useful with very small data sets

because their appearance can change greatly with only small changes in
the data.

manufacturer A

. manufacturer C

. manufacturer B

. manufacturer A or B

. You should put your extra effort into improving your cars with the

fewest miles per gallon. The top 25 percent of manufacturer C’s cars are
already better than the top cars from A or B. But C’s bottom 50 percent
are worse than the bottom 50 percent from A or B.

false

From line plots and stem-and-leaf plots, but not from box plots.

ANSWERS TO QUIZ ON SCATTER PLOTS

1.

a.

FPERCENT INELIGIBLE N EELS TRACK
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PERCENT INELIGIBLE IN YEARBOOK
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(Answers to quiz on scatter plots continued)

b. no association

C.

(e l=a ")

n ot

Answers will vary. Sample: Two schools, Hamilton and Westchester, have
zero ineligibility in both activities. Two additional schools, Van Nuys and
Belmont, have very low (less than 10 percent) ineligibility in both
activities. We can think of this as a small cluster of two schools or as a
larger cluster of four schools.

In addition, there are four schools—Banning, Taft, Monroe, and South
Gate—that are low for yearbook (less than 10 percent) but moderately
high (20-30 percent) for girls’ track. It would be interesting to know if
those schools have any other characteristics in common.

. Locke stands out because it has very high ineligibility rates in both

yearbook and girls” track. Lincoln stands out because it has an unusually
high ineligibility rate in yearbook but not a high ineligibility rate in girls’
track.

. positive association
. No association
. positive association

. approximately $8,800.

1982

. Answers will vary. Sample: The median income of high school graduates

has risen steadily from about $4,700 in 1958 to about $15,800 in 1983.
There is only one year that the median income decreased slightly. That
was in 1982, a year of high unemployment. The income of college
graduates was about $6,000 in 1958, only $1,300 more than that of high
school graduates. The income of college graduates also rose steadily,
staying within $3,000 of that for high school graduates, until 1981, when it
went up steeply. By 1983, college graduates were earning about $22,000,
or more than $6,000 more than high school graduates.
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ANSWERS TO QUIZ ON LINES ON SCATTER PLOTS

1. a,b,and f
| | 5
20 i | )
3 | g g
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o) 74
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SCORE ON FIRST TEST
c. about 15
d. Gail
e 7
g. three
h. The student’s score was the same on both tests.
i. below
j. above the 45° line
k. Answers will vary. Sample: The scores on the first test varied from 5 to 24

and the scores on the second test from 1 to 20. The fact that all but three
of the scores are below the 45° line shows that scores on the second test
were lower than scores on the first test, which could have happened
because the second test was harder, because students didn’t study, or
because the tests were graded differently. Three students got the same
grade on both tests.

The fitted line shows that, in general, students got about five points
lower on the second test than they did on the first test. Gail was the
student who was farthest from the predicted value on the second test.
She got seven points more than the line predicts.

Because the line goes approximately through the two points (5, 1) and
(20, 13), we can use the two-point form for the equation of a line to get
y = (4/5)x - 3.

2. seven

37



(Answers to quiz an lines on scatter plots contirued)

3. If we move the ruler this distance, the two outside x's will have twice as
much weight as does the center x in determining the position of the line,
which makes sense because there are two of them and there is only one
center point.

4, true

5. Answers will vary. Sample: A fitted line can be used to determine whether
the data follow a straight line (linear) relationship or whether the data follow
a curved relationship. In addition, a fitted line enables us to predict a value
for the variable on the vertical axis if we are given a value for the variable on
the horizontal axis.

ANSWERS TO-QUIZ-ON-SMOOTHING

1. NOTE TO TEACHERS: A fine ounce of silver is an ounce by weight that is at
least 99.9 percent silver. Sterling silver contains from 94 percent to 98
percent silver.
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(Answers fo quiz on smoothing continued)

b. Because of the sawtooth effect. For some years, such as 1940 and 1945, the
number of ounces is unusually high or low.
€

Year Fine Ounces Smoothed Values
1930 51 51
1935 46 51
1940 70 46
1945 29 43
1950 43 36
1955 36 36
1960 36 36
1965 40 40
1970 45 40
1975 35 35
1980 32 32
d.
Q 75
J
:
s o HE A __
g oW i
5 e SR
T -
%
930 1940 950 1960 Q70 1980
YEAR

e. Answers will vary. Sample: The plot of the smoothed values shows that
USS. silver production decreased gradually from 51 million ounces in 1930
to 32 million ounces in 1980. Several years were exceptions to this overall
trend, which can be seen by holding the plots together in front of the
light. In 1940 an unusually large amount was produced (70 million
ounces), and in 1945 an unusually small amount was produced (29 million
ounces).

2. They get averaged out (where the average is the median) and so they
disappear from the plot of smoothed values.
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{Answers to Guiz on smoothing continued)

3. Answers will vary. Sample: With the following data, the allowance for 1980,
like the one for 1985, is clearly an outlier that should be eliminated in
smoothing. However, it is not eliminated because it is an endpoint.

Year Allowance Smoothed
1980 $0.25 $0.25
1981 3.00 2.75
1982 2.75 3.00
1983 3.25 3.25
1984 3.50 3.50
1985 15.75 3.75
1986 3.75 3.75

e e
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TEACHING NOTES AND ANSWERS

The following pages contain notes on teaching Exploring Data,
with answers to the discussion questions and the applications.
The notes indicate which applications can be omitted if time is
a problem.

In many applications, we ask students to write
interpretations. Of course the students’ answers will all be
different, but we give sample answers that cover the points we
expect the students to address.

We have included reduced student pages along with the
notes and answers so that you will have all the information
you need at hand.
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apparent fromthe list—These features-inciude:

b

o Qutliers — data values that are substantially larger or smaller than the
other values

o

+ Ciusters — isolated groups of points

Hh S})

» Gaps — large spaces between points

It is also easy to spot the largest and smallest values from a line plot. If you ’ : i

see a cluster, try to decide if its members have anything special in common. leading counftries with 24 and Zo.
_t For example, in the previous line plot the two largest values form a cluster.
They are the USSR and East Germany — both eastern European countries.
These two values are quite a bit larger than the rest, so we could also
consider these points to be outliers.

com;m'éﬂ‘ro tne other countnes

Di o0 ti

How many couniries womn only one medals

How many countries won ten or maore medals?

Do the countries seem fo iall into clusters on the [ine plot?

| 4 |-

Describe how the United States compares with the other countries

v

. In this book, you will often be asked fo “describe what you learned
from Jooking at the plot.™ Try to do this now with the plot of medal
winners, then read the following sample.

Seventeen countries won medals in the 1984 Winter Olympics.
Two countries, the USSR with 25 and East Germany with 24, won
many more m_ex;ials than t&m&mmﬂﬂmdﬂxth 13. The

States, Canada, and Japan, they are all in Furope

The list does not say how many countries did not win any
medals. This might be interesting to ond out.

Writing descriptions is probably new to you. When you look at the plot,
jot down any observations you make and any quesfions that occur fo you.
Look specifically for outliers, clusters, and the other features we menfioned.
Then organize and write your paragraphs as if you were composing them ior
your English teacher. The abilify to organize, summarize, and communicate
numerical information 15 a necessary skill in many occupations and is similar
to your work with science projects and science laboratory reports.

H
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SECTION L LINE PLOTS

Page 3: Application 1
. . - I rr or
. v o [ A
’ ’ Rock Albums
g g The following list of the top 10 record albums in the first five months of
Applicationt 1985 is based on Billboard magazine reports
191
n £ Artist Title Total Points
3. 77 Bruce Springsteen  “Born in the U.S.AC 183
" Madonna *Like a virgin" 149
n F ac uired’ 108
weeks and No. 6 for one week. John Fogerty ~ "Centertisid” 97
Wham! “Make It Big” 97
. . . , Soundirack “Beverly Hills Cop” o3
Z tor hiteen weeks, and INO. D ior fhree weeks. Tina Turner “Private Dancer” 69
P % ’” g s s sy Prince “Purple Rain™ 59
g . . ' Foreigner “Agent Provocateur” 54
7 xes USA for Africa “"We Are the World™ a9
o
8. “Private Dancer,” “Purple Rain,” “Agent Provocateur,  and “We Source:r tos Angeles Times, May 25, 1985
Are the World” & e b A s b i
LIE TowEah PUIlllib WETE THiUUEET D)‘ Sl\'}.llg L PUII!{S_fUrmh._WEEk HIT FLOUITT
Required” ! ! Tumber 2,8 points for each week it was umber 3; amd so forth:

i
rl r

rr

1. If a record was number 1 for 3 weeks, number 2 for 5 weeks, and

number 3 for 7 weeks, how many total points would it have?

with 183 points and “Like a Virgin~ with 149 points, were much

. How many points does a record earn by being number 5 for Tweek?

more popular than any other record. The remaining albums in the

top 10 clustered into two groups. One cluster of four albums had |
r

¥ 35 B

4. Find two ways for a record to earn 25 points.

5, There were about 21 weeks in the first five months of 1985. Find a way

for “Born in the LS A to earn 183 points in these 21 weeks

The following line plot was constructed from these data

X, XX X¥ X - 2 ;

1

[

A3 WA tn "=

.
s i
T l§ L

-4

4
i i
T L ] 1

T 1 t f
40 60 g0 100 20 /40 [0 |80 200

6. Which record(s) is an outlier?

7. Do the records seem to cluster into more than one group?

8. List the records in the lowest group.

List the records-in the next lowest group
A=kS + =] e o

10. Write a description of what you learned from studying this plot.

L)
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2.8
Causes of Death
3. 15
The United States Public Health Service M_tah[_es_gmlng_deafh rates '|'m' 4 aanm
£y Ly - £ ora O = - S ‘*- 11;
5 o
3 Fal
K
o4
X%
N Yy LY.
w Fal
Peath-Rate L l il L L I l
{per-100,000-people = o 20 30 40 50
1 ¥ A~ o = s ™ bt
Cause-of Death—————aged-15-24-per year)
6. motor vehicle accidents
heart diseases 2.9
teukemia 7
cancers of fymphand blood
other thanteukemia 1.0
other cancers 36
strokes 1.0
muotor vehicle accidents 44.8
othor accidents 18.9
chronic fung diseases 0.3
preumonia and influenza o8
diabetes 03
fiver disoases 0.3
suicide 12.3
homicide 156
Kidney diseases 03
birth defacts 12
biood poisoning 0.2
Source: National Center for Health Statistics, Monthly Vital Statistics Report, August 1983.
1. Of 100000 peonle ased 15-24  how manv would wvou expect to die
S . r r bag i 4 T
annually from pneumonia and influenza?
2. Of 1,000,000 people aged 15-24, how many would you expect to die
annually from pneumonia and influenza?
3 OF 2 . n What
is the ngn mm:n:r
4. Of 250,000 people aged 15-24, about how many would you expect to die
annually from motor vehicle accidents?
nlotting
T L=
6. Which cause of death is an outliex?
4
P P T et o T P T i S e 8 i P T ~_ o -, P S = — ~ -~ — — -~ S - i — T e Y o S P o P G o P P S ~




SECTION I LINE PLOTS

H H H P i . 3 15 £y
. a) 7 Which tihree causes of death are in the cluster betow the outlier?
7 t = } wcid <oad 8. Whic i ath ra
- r 4
9 Write a summary of the information communicated by the tine plot;
8. other cancers

Include a list of any questions you have apout the data, (For exampie,

9. Answers will vary. Sample: The leading cause of death for 15- to

in which camgory are drug overdoses inciuded?)

?4—v9ar—nidq is motor vphml&accﬂen.tsﬂlﬂu&ﬂdeatbsm

10 (F

+1 L
three T 7y Ko

wmx_cmmmmmumﬁw other

for 15-24 year nlds,_and_gzmx_hasze_ﬁl(}_lmlhnn_ﬂLspend_HoMnuld

way?
rl

and suicide w1th 12 .5 1t 15 interesting tnat these three causes, taken

th rate of

The table does not give some information that it would be

interesting to know. For example, in which category are drug

(3
tend to occur?

nrranhwal picture of the mlahvp sizes nf Hm mimhpre am"l it helps wm to

— 10 Answers will-vary:

mHkP sure ”‘-‘“’ you aren't m:wn.gm:pmpoﬂam_mfmmah

When making line plots, be sure t0 place the X's ifor values that are

approximately the same on top of each other rather than crowding them in.

It 1s also usual to number the scale in multiples of 1, 5, 10, 10U, or some other

round number,

Suggestions for Student Projects

Collect data on one of the ideas listed below or on vour own rnPir Make

a line plot of the data and write a summary of the information displayed by

the plot

1. heights of students in your class

2. grades on your math tests this year
o

. grades on the last test for the members of your class

. number of hours of television you watch each day for two weeks

number of miles each student drives in a week

s O e Ry A s ]

q o | W

. number of students in your class born in each of the 12 months (On the

number line, T would represent January, 2 would represent February,

and so forth.)

o




SECTION H: STEM-AND-LEAF PLOTS

il. STEM-AND-LEAF PLOTS

The table below gives the amounts of calories, fat, carbohydrates (sugar and
starch), and sodium (salt) in each serving of various fast food items. Fat and
carbohydrates are measured in grams; sodium in milligrams.

Fat Carbohydrates Sodium

item Calories (gm) {gm} {ma)
HAMBURGERS
Burger King Whopper 660 41 49 1083
Jack-in-the-Box Jumbo Jack 538 28 44 1007
McDonald’s Big Mac 591 33 46 963
Wendy's Old Fashioned 413 22 29 708
SANDWICHES
Roy Rogers Roast Beef 356 12 34 610
Burger King Chopped-Beef Steak 445 13 50 966
Hardee's Roast Beef 351 17 32 765
Arby's Roast Beef 370 15 36 869
FISH
Long John Silver's 483 27 27 1333
Arthur Treacher’s Original 439 27 27 421
McDonald’s Filet-O-Fish 383 18 38 613
Burger King Whaler 584 34 50 968
CHICKEN
Kentucky-Fried Chicken Snack Box 405 21 16 728
Arthur Treacher’s Qriginal Chicken 409 23 25 580
SPECIALTY ENTREES
Wendy’s Chili 266 9 29 1180
Pizza Hut Pizza Supreme 506 15 64 1281
Jack-in-the-Box Taco 429 26 34 926

Source: Consumer Reports, September 1979,

Suppose you decide to order a McDonald’s Big Mac. It contains 33 grams
of fat. How does this compare to the other items? By looking at the table,
about all we can see is. that it does not have the most fat nor the least. So
that we can get a better picture of the grams of fat per serving, let’s make a
stem-and-leaf plot.

First, find the smallest value and the largest value.

The smallest value is 9 for Wendy’s Chili and the largest is 41 for the
Burger King Whopper.

The smallest value, 9, has a 0 in the ten’s place and the largest value, 41,
has a 4 in the ten’s place. Therefore, we choose the stems to be the digits
from 0 to 4.

e e S T S S 5 T T e T o S o N e S N e S e T i T i Tt T oo e S o - S o S S 6 T i T T e S o S o R A e T o S o S S S T e T S S A e S S e T
&
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SECTION 1I: STEM-AND-LEAF PLOTS

Next, on a new plot arrange the leaves so they are ordered from smallest value to
largest. (This final step is often omitted}

Be sure to add an
explanation [ike this
to the left of your

0|9
plar: 235578
2|1236177¢%
2|3 represents 23 3|34
grams of fat 411

The plot shows that most of the food items have grams of fat in the 10’
and 20's and that there are a few large values. The McDonald’s Big Mac with
33 grams has one of the larger amounts of fat.

If we rotate the stem-and-leaf plot 90° counterclockwise, we get a plot that
resembles a bar graph or histogram.

o0
o I~ i:
r~ b~ :; 6-
LN Y ES‘
6 o 47
« 3
" ™~ + W 2

¢ 10 20 30 40 S0
GRAMS OF FAT

0
/
2
3
4

The stem-and-leaf plot is often better than the bar graph or histogram
because it is easier to construct and all the original data values are displayed.

It is sometimes worthwhile to label specific items. For example, we might
want to label the smallest value, the largest value, and a value of special
interest such as McDonald’s Big Mac. This is shown below.

O| 9" T T WENDY'S CHILI
11235578

2|1 23778

3| 3.4 Mc DONALD'S Br6 MAC
4| IN——_____—— BURGER KING WHOPPER

P P Fan N N Yy -, a3 Fan s N ~ - N L




——+———SECHON- - STEM-AND-LEAF PLOTS

Al50, it is sometimes interesting to replace the leaves in the stem-and-leaf

plot by symbols identifying the items. For example, feplace each of the four

hamburger leaves with an H, each of the four sandwich leaves with an 5,

each of the four hish leaves with an I, each of the two chicken leaves with a

C, and each of the three special entree leaves with an () (fOT other).

Replacing the leaves by symbols gives the following:

alo
+ss505F
ZICHCOFFH
3IHF
4iA
When writin irki '3 nlot, look for the same

vwhaReR—wiitah —P

features that vou looked fo
£ you e

. clusters_

« the relative position of any item important to you

Qur description of what we learned about fat in the fast food items from the

stem-and-leaf plots follows:

"r'!.e't! AT TR GHHiETS Bepafated Eﬂf ﬁam the rest-Ror Bﬂ’j’ lar
rin B%

- 4+
mtemai—ga-ps—among—these—vms—ef—these—fast—fmds, the \”n:

i
that-is-generally highest-infat-is-the-hamburger,-which-has-three

hehighest four values—One-hamburger is fower infat thanth
Ul. ‘I [ #q(-"am YL

n—about—the middle—of all these—values: itis

- L H
others auu 11851
W, Old Eashianed  Some nossill fop ida l i
LAl er“}' = WAL AL VAT T WAV ¥ ACEAN LI VI AW IVIY L YU
: : Ao frarn
AT lly uual v [I-LW L pa B =iy

o i M = ok
It T CIry-

From the data, the type of food that is second highest in fat is

fish; the wvalues are only slightly smaller than those for

hamburgers. Again, one fish value, McDonald’s Filet-O-Fish, is

smaller than the other fish values. Although we generally think of

fish as having a lot less fat than beef, perhaps these fish items are

all fried and therefore high in fat.

s i Y £—§. 31 : 2 I Fal .l : ) 1
The type of tood towestin fatis the roast beef sandwich; and
L

3 +3 1 1 s * 1
buth the towest andhighest iterms are beef, but pertaps the

. . PP -1 L 1 S T
Sall'dWlﬂI 15 i‘ﬂWESI bE‘CaCISE It 15 llUf &.IEG. IinNe OUNET syl:uauy

items are spread throughout the data; butthey inclode the single

— towest item, Wendy's Chilic—Is it just = coincidence that the

: : FPR
heamburger that-was towest i fat was also from Werndy 's?




SECHON - STEM- AN LEAR PLOTS

Mﬂyzmg_dau_thmughom_t?ms T'mnlr you will need to examine the

-nln ide

The stem-and-leaf plot shows the shape of the set of data more clearly than

a line plot. The “shape” of a sef of data is called its distribufion. For example,

some common types of distribution follow:

215958
314 31234459
41699 F-6-2-7F
S| 244 559 sS4
61117 6|11 33
718 7101 34495 68 %8
g§12 355
MOUND-SHAFED U=SHAPED
34 StZ 2359
41 7¥F F1 757
s|l223 s|o4% 449
el 1 244578 eld s 72
2lo | 2 22368299 7124889
J= SHAFPED RECTANGULAR — SHAFPED

5 " : ; U=shaped plot 15

The T-ahaped_plni_nx_thg_backmrﬂ_Lshap_ed plot does not occur as often

as the first two wmmmmm&&m_mmgp_aw observa-

Lo e ~ L T et ~ = ~—, P P P ey s Eaa — S o ~~ o~ e )




SECTION {l; STEM-AND-LEAF PLOTS

Discussion Questions P + Di i i
1
1. Make a stem-and-leaf plot of the grams of carbohydrates in the fast food I s T e
items. Label the smallest value, the largest value, and McDonald’s Big 0 omalh gl FRIED-CHICKEN-SNACKBOX
Mac. =3 = A B B |
2 Make another stem-and-leaf plot of the grams of carbohydrates, but : : : gl 5t
rpplarp the leaves hy the s.y_m,huls sip DF:L-' MLbo ¢
H for hamburger
S tor sandiwich b | 4<FIZZA HUT FIZZA SUPREME [ REPRESENTS lbo GRAMS
E for fish OF CARBOHYDRATES
 for chicken 2
Q) for other 2, Lig
2le FEUHO
3. Write a description of the information displayed in the stem-and-leaf plot 2le cae &
of the grams of carbohydrates. Mention any interesting patterns. How does ] il
this plot compare to the one for fat? 2 R
gy =
4. Al of the fast food information w. i i is &51o
Howe rer, Fi\ﬂ- sizes of the items are .rl ffnmnl— Do Sa=tey think this qhnnlr‘ :
be H'fen_mto_accoum?—ﬂguuaugm_}tou—do—th;ﬂ ‘“hmvm price also be
considered? 3__Answers will vary. Sample: The lowest number of grams of
5. In judging fast food items, which is most important to you: calories, fat, > . i i ms-iry
carbohydrates, or sodium? Pizza Hut Pizza Supreie, 64, is quite a Dlt farger than the 50 grams
" in the next highest item. Otherwise, there are no especially large
gaps or clusters in this distribution
The fwo-itoms ]B’WBS’{E in Eafbelﬂydrates are beﬂﬁl chicken
AAL LYV UL LA .
However, the other types of items are mixed up and shownostrong
patterns. It is interesting, though, that three of the four hamburgers
are zrouned tozether in the upper half of the disj;nbungn whﬂe the
Wendu! .
Yol lu)‘ ke
This Plot does ot J.OGK srmuar to the one ﬁ')_l' fat. The items
highest in fat, hamburgers and fish, are not highest in
carbohydrates
4. Answers will vary.
5 Anawera il araesr
e DMV ELIS VW LD \"Cll.)"-
6. Answers will vary. Samples: U-shaped: scores on an algebra test of

someof whonthave not;

Mound-shaped: heights of the boys or girls in your class.

J-shaped: grades on an easy test,

prhﬂmﬂax—shaped:-last-d;gxts-cf-the;plm&nwnberﬂ of
- Mo = el s

ury
bl
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A Fr at

Their Death,” or Application 4, “Thunderstorms,” may be omitted.

Before students construct the stem-and-leaf plot of question 1,

Ages of U.S. Presidents at Their Death

%HMM—MMMM—M@&MWPHN
g am bha e Mt o o & P by vyt ] 2 gy Eran ] T

The table below lists the presidents of the United States and the ages at

which they died.

adppea 0 11 i & 7 3 SEaLw ot v
that go on the first stem, then find the vatues that go on the second

stem, and so on.

Washington 67 Filmore 74 Roosevelt 60
Adams a0 Pierce 64 Taft 72
Jefferson 83 Buchanan 77 Wilson 87
Madison as Lincoin 56 Harding 57
Monroe 73 Johnson 66 Coolidge 60
- Adams 80 Grant 63 Hoover 90
Application 3 Jackson 78 Hayes 70 Roosevalt 63
Van Buren 79 Garfield 49 Truman 88
i _KENNEDY Harrison 68 Arthur 57 Eisenhower 78
/_GARFIELD Tyler 71 Cleveland 71 Kennady 46
416 ‘?,--LENCOLN Palk 53 Harrison 67 Johnson 64
5136 "7 7 8«MCKINLEY Taylor 65 McKinley 58
6loN3344567T7TT 8
1011 | 23478849
gl035¢g
2loe 4/6 REPRESENTS 44 YEARS OLD 1. Make a stem-and-leal plot of the ages using these stems.
27
3, Adams, Hoover

4, See the preceding piot.

5—meund-shaped

MO (00| ~] &Y Uy A

6, Ansmexs m]l m. ﬁamnle- The vo:mzest presndent to die was

age 60, four

} incolnand
N 7 r O o

MCKinIEy 2. How many presidents died in their forties or fifties?
Only two presidents, Adams and Hoover, lived 1o be Y0. Most 3 Who lived 4o be the cldest? '
presidents dm_thﬂLmtmmLsexentms.Ihemhame_begnjbOut a .
5 4. Label the four presidents who were assassinated.
ivi rstribrtt ' 5 What is-the shape of this distribution?
—gawrrgwnomrd%‘hapedrdrsmbuhou. —What-is-the 2
6. Write a one-paragraph description of the information shown in the

stem-and-leaf plot, including information about the presidents who

were assassinated.




Application 4

Thunderstorms
The table below lists 81 U.S. cities with the number of days per year with
thunderstorms.
Number Number Number

of of of

Area Days Area Days Area Days

e e e e ——— ———————3
AKron, UH 39 || Detroit, Mi 33 Okiafioma City, OK 57
Albany, NY 28 El Paso, TX 36 || Omaha, NE L:§|
Albuguerque, NM 43 Fargo, ND 30 Oriando, FL 85
Ancherage, AK 1 Fresno, CA 5 Philadelphia, PA 42
Atlanta, GA 50 Grand Rapids, Ml 37 Phoanix, AZ 20
Austin, TX 40 Great Falls, MT 27 Pittsburgh, PA 35
Bakarsflald, CA 3 Hartford, CT 28 || Portland, ME 20
Baltimote, MD 24 duly, H 7 Portland, OR 7
Baton Rouge, LA |80 Housten TX 59 Providence, Rl 21
Beaumont, TX——— 63— j—indianapolis N 4F Fateigh; NG 45
Bitoxi; S 80| Kawsas City, MO S0 Richmond, VA— 37
Birmingham, AL 65 L@ Vogas, NV 13 Rochoster, NY 29
Boise, ID 15 Little Rock, AR 56 Sacramento, CA 3
Boston, MA 19 Louisville, KY 52 Sait Lake City, UT a3
Buffalo, NY 30 Los Angeles, CA 6 San Antonio, TX 35
Burlington, VT 27 Manchester, NH 24 San Diego, CA 3
Charleston, SC 58 Memphis, TN 50 San Francisco, CA 2
Charleston, WV 45 Miami, FL 71 Seattle, WA 8
Chicago, 1l 36 Milwaukes, Wi 37 Shraveport, LA | 58
Clacinnati, OH 52 Mi polis, MN 15 Sioux Falls, SD A7
Cleveland; OH——38 Moblie, AL 86 St—Louls, MO 43
Cotombia, 8¢ 52| Nashville; TR 52 Tampa, Fio a1
Columtins, OH 35 Nassau-Suftoli, WY 18 T TRZ 28
Corpus Christi, TX 32 Newark, NJ 25 Tulsa, OK 33
Dallas, TX ai New Qrieans, LA 73 Washington, DC 28
Denver, CO 38 New York, NY 18 Wichita, KS 53
Des Moines, 1A 55 Norfolk, VA 36 Wilmington, DE 30

Source: United States Weather Burgau.

14
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SECTION-HSTEM-AMD-LEAF PEOTS
x ~LEAFPLOTS

A stem-and-Teaf plot of the number of days of thunderstorms is shawn

below. Notice that the stem for numbers less than 10 is 0.

Q|7 23325353 66717

WWNNN
WNNNNNNWNNWNN
NCNSCNSCCSCSCCLlCLWC 2l00 /4457 7888829
WNWCNSCC
S3CC5585€C055S 3lopoo023585¢6¢66677 7889

anqem¢wb~}
|
b
>
b

55
$10001/ 1 2222335¢8839
thunderstorms per year are all in the west. The cities with 56 or e |35
more are all in the south. In Eeneral the west has the fewest,
outh, 71/ 3

2 1

o ibes (AN

Ke \,.n_y e 297

s than the next

la o-pa
C|I REFRESENTS

l'ughest western c1tv, Tucson {28) Thus, perhaps those three cities

63 THUNDERSTORMS

should really be classified as central PER YEAR 317
make the
reglonal stem-and- leaf plot. Exrst copv the plot from page 17, makmg sure
sand, for I. How does your city, or the city nearest you, compare to the other cities?

—rﬁﬂtﬁﬂm%—twmvmﬂemmmps— : i " ' 151 : I What-do-these Bve cities-have incommon?

3 A Boe il pel berof-d 0 )

3. The map on page 15 shows the United States divided into four regions:

WA W W _
g 2 23 55 L4677 west, south, central, and northeast. Make a stem-and-leaf plot, replacing
i e each city with the label for its location:
WV IN IN N
it3-5F89 W for WEST
o far S i
WINNN NN NWNNWNANN HOF-SHo
P10 B T B B - = C far CEAT ¥
LT o1+ 5 7T 7888587 CHer-CRNHGAL
% » AR THEAST
NCNSCNSCCSTCE5CcCcsScwe Nfeor NORTHEAST
3|00 UEZ3Fs5e6ebe&7778 89 4. Write a summary of what you can see in this stem-and-leaf plot.
SSWAWCENSCC
4107112335577
S £35S CCS5555€cc58S8S8S
Sloeo /I 22223356889
S S
6i3 86
L <
o
714 32
TS5 555
él{ﬁ REPRESENTS. i 5 6
—————& 3 FHUNDERSTORM
PR vEAR 9|7 L4
f 7
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F i i -4
Application5

NOTE TO TEACHERS: Before students construct the stem-and-leafplot

Soft Drinks

forr apack
Fogacon

£ 11 kI o | 3
states dppear OIT L 5t 11T 7

values that go on the nirst stem, then all of the values that go on the

The table below shows the number of gallons of soft drinks sold per

sgcgnﬂ_sjgm,_a_mi_s_o forth It is generally not 1moortant that the leaves

person in 1977 for each state.

ino ﬂpr you

Galions Gallons
per per
State Parson State Parson App“ca“on ]
Alabama {AL) 36.8 Nebraska (NE) 320 1. 128
A W&M—Nﬁ—ﬂmdahM—34-57—2—4¥}9ﬁbeuf—39%5—ea“
. E, TS
Arizona {AZ) \ 28.4
¥ T f =

Arkansas (AR} 33 3 Neow Jorsey (N.J) 28.7 3. Answers will vary.
Cali i 28.7
Colorado(CO) ——  30.0  New York {NY) 31.7
fo } .0
Delaware (DE} 325  North Dakota (ND) 23.2
Florida{FL)} — 38.7  Ohio (OH) 341
Georgia{GA)— 389.4  Oklahoma {OK)} 31.0
Hawaii{Hl) 313  Oregon{OR) 23.8
} } 20.7 Pennsylvania (PA) — 28.5
Hhnois-{lk}———33.2 — Rhode island (R} 28.5
tndiana-(IN} 28.8 South Carolina {SG) 39.1
lowa (1A} 2 } 25.5
K 3 35.9 T 3} 36.4
Kentucky{KY)——35:3— Fexas{Tx} 359
Lodisiana {LA} 367 ! {UT} 28.0
Maine{ME)— 29.2— Vermont{¥T) 266
Maryland {MD)}—— 34— Virginia (VA}——— 383
Massachusetts (MA)y — 31.6 —Washington (WA} 25:4
Michigan(Mi) 334 Washingten, D.CA(BC)—36:0

7 i 7 b O
Minnesota (MN) 330 West Virginia (WV} 34:2
Mississippi-{MS) 38:2 Wiseonsin{Wh 288
Montana{MT) 233

LI} £ =

o 107G
SOUCE 0 s

{#After each state is its two-tetter postal abbreviation. —In some applications we

witiuse these for identifying the states, so you may need to Tefer back to this

tistto check any that are unfamitiar}

1. How many ounces are in a gallon?

I Alabama, 36.8 gallorns were sold per person. How many OUrnces WeTe

2

PO
50Ld per person: How many 12-ounce cans would 36.8 gations fiif?

3. For the number of gallons per person in your state. find the equivalent

number of 12-ounce cans of soft drinks.

18
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—Page 19 Application 5{continued) 4 These data are different from previous sets of data since the Mumbers

cornta Tials. 3 giues go from 20.6 10 B- = & Cnoose tne
4 stems to be 20, 21,722,739 Copy and compiete this -leaf plot
—— IDAHO of the gallons per person. The plot has been started with the values for
20 | T €& WYOMING Alabama and Alaska.
21
22
233 28§ 54
24 20
2515 ¢ i
24156 22
27 23
2818417508 24
295 tro2 25
IO Z6
ITr|33e70 27
J2|259 28
3|3 240 g
341|951 2 2915
35|a34a 30
20l6 REPRESENTS 36 |8 14 40 37
_ 20.6 GALLoWS ol N L 22
2g | 23 _—FVIRGINIA p
aalt da f,—-QSOUP'HOﬁﬁo&rNA =
T T\ N\ NORTH CAROLINA 3%
N GEORGIA 35
T FLORIDA 20]6 REPRESENTS 36 | 8
20.6 GALLONS 327
5. Answers wilt vary. 38
37

dine pnlot
—6—56&—%—% GHRE-Pot:

7. See the preceding plot.

e

— 8. the south; the temperature there (hot
3 5. Label your state.

—obtaimed-fronramassociation of soft drink manufacturers; or fromra—— 6 Label the states that have the towest soft drink conswmptior:

survey taken by the U.S. Department of Commerce. [hey were 7. Label the states that have the highest soft drink consumption.

undoubtedly obtained as gross sales for each state, then divided by : : .

— population size to get the per person value s . G
What 5 your exptamation for this?

9. (For class discussion) How could these data have been collected?

B




SECTION II: STEM-AND-LEAF PLOTS

Sometimes we want to compare two sets of data. For example, ook at the

following tables that confain the home run leaders for the National League and

American League from 1921 to 1985.

Home Run Leaders
Year National I3 HR American League HR
1921 iorge Kelly, New York 3 Babe Ri Naw Yo 59
1922 Rogers Hornsby, St. Louls 42 Ken Willlams, 5t. Louls 38
1923 Cy Willlams, Philadelphia 41  Babe Ruth, New York 41
1924 Jacques Foumier, Brookiyn 27 Babe Ruth, New York 46
1925 Rogers Hornsby, St. Louls 39 Bob Meusel, New York 33
1526 Hack Wilson, Chicago 21 Babe Ruth, New York 47
1927 cago abe , NeW York 60
Cy Witlisms, Phlladsiphia
1928 Hack Wilson, Chivage—— 31T Babe Ruth, New York 54
Jim-Bottomiey, St—Louis
1026 Charlos Kiein,-Philadoiphta— 43— Babe Rulth, Mew York 46
19
1931 Charles Kiain, Philadelphla 31 Babe Ruth, Mew Yaork 48
__Lou Gahrig, New York
1932 Charles Kiein, Philadelphia 38 Jimmy Foxx, Philadelphia 58
Mal Oit, New York
1933 Charles Kieln, Philadeiphia 28 Jimmy Foxx, Philadelphia 48
1934 Rip Collins, St. Louls 35 Lou Gabhrig, New York 49
Wel Oft, New York
Tger, Bosion my FOXX, C] 36

Hank Gresnberg, Detrolt

Joo-Medwick, St Loule

1838 Mel O, New York 36 Hank Gresnberg, Detroit 58
1830 JohnMize, St louls 28  Jjimmy Foxx, Bost 11
1940  John Mize, St. Louls 43 Hank Greenberg, Datrolt 41
1841 Dolph Camilli, Brooklyn 34 Ted Willilams, Boston 37
1942 Mel Oit, New York 30 Ted Willilams, Boston 38
1843  Bill Nicholson, Chicago 29 Rudy York, Detroit 34
1944  Bill Nicholson, Chicago 33  Nick Etten, New York 22
1845 Tommy Holmes, Boston 28 Vern Stephens, St. Louls 24
1936 Ralph Kiner, Pitteburgh Z3 Hank Greenberg, Defroi 43
1947 Ralph Kiner, Pittsburgh 51 Ted Wiiliams, Boston 32
JohnMize, New York
1948 Raiph-Kiner, Pitiaburgh——— 40— Joe BiMagole; New York 39
John-Mize, New York
1949 Ralph Kiner, Pittsburgh 54  Ted Williams, Bosion 43
1850  Ralph Kiner, Pitishurgh 47 Al Rosen, Clevaland

-

i Kin

5 Ralp ar, Pittsburgh : Gus Zernls go-P
1952  Ralph Kiner, Pittsburgh 37 Larry Doby, Cleveland

Hank Sauer, Chicago

20

e

e B O, W

el T e e T e T e e e s




SECTION II: STEM-AND-LEAF PLOTS

Home Run Leaders

Yaar National League HR American League HR
1953 Ed Mathews, Milwaukee 47 Al Rosen, Clevatand 43
1954 Ted Kluszewski, Cincinnati 49  Larry Doby, Cleveland 32
1955  Willie Mays, New York 51  Mickey Mantie, New York 37
1956 Duke Snider, Breoklyn 43 Mickey Mantle, New York 52
1957 Hank Aaron, Milwaukee 44  Roy Sievers, Washington 42
1958 Ernie Banks, Chicago 47 Mickey Mantle, New York 42
1959 Ed Mathews, Milwaukee 46 Rocky Colavito, Cleveland 42
Harmon Killebrew, Washington
1960 Ernie Banks, Chicago 41 Mickey Mantle, New York 40
1961 Orlando Cepeda, San Francisco 46 Roger Maris, New York 61
1962 Willie Mays, San Francisco 49  Harmon Killebrew, Minnesota 48
1963 Hank Aaron, Milwaukes 44 Harmon Killebrew, Minnasota 45
Willie McCovey, San Francisco
1964  Willie Mays, San Francisco 47  Harmon Killebrew, Minnesota 49
1965 Willie Mays, San Franclsco 52 Tony Conigliaro, Boston 32
1966 Hank Aaron, Atlanta 44  Frank Robinson, Baltimore 49
1967 Hank Aaron, Atlanta 39 Carl Yastrzamski, Boston 44
Harmon Killebrew, Minnesota
1968 Willle McCovey, San Francisco 36 Frank Howard, Washington 44
1969  Willie McCovey, San Francisco 45 Harmon Killebrew, Minnesota 49
1970 Johnny Bench, Cinci ti 45 Frank Howard, Washington 44
1971 Willle Stargell, Pittsburgh 48 Bl Melton, Chicago 33
1972 Johnny Bench, Cincinnatl 40  Dick Allen, Chicago 37
1973  Willle Stargell, Pittsburgh 44 Reggle Jackson, Oakland 32
1974  Mike Schmidt, Philadelphla 36 Dick Allen, Chicago 32
1975 Mike Schmidt, Philadelphia 38 Goeorge Scott, Milwaukee 36
Reggie Jackson, Oakiand
1976 Mike Schmidt, Philadelphia 38 Graig Nettles, New York 32
1977 George Foster, Cincinnati 52 Jim Rice, Boston 39
1978 George Foster, Cincinnati 40  Jim Rice, Boston 48
1979 Dave Kingman, Chicago 48 Gorman Thomas, Milwaukee 45
1280 Mike Schmidt, Philadelphla 43 FReggie Jackson, Hew York 41
Ban QOglivie, Milwaukeo
1981  Mike Schmidt, Philadelphia 31 Bobby Grich, California 22
- Tony Armas, Cakland
Dwight Evans, Boston
Eddie Murray, Baitimore
1982 Dave Kingman, New York 37 Gorman Thomas, Milwaukes 39
Reggle Jackson, California
1983 Mike Schmidt, Philadelphia 40  Jim Rige, Boston 39
1984 Mike Schmidt, Philadelphia 36 Tony Armas, Boston 43
Dale Murphy, Atlanta
1985 Dale Murphy, Atlanta 37  Darrell Evans, Detroit 40
Source: The World Almanac and Book of Facts, 1985 edition.

In which league does the leader tend to hit more home runs? To find out,
we make the following back-to-back stem-and-leaf plot of these data. Notice
that the stems are in the center of the plot.
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Page 23: Discussion Questions

1. American League

2. 1981, 1944, and 1945; strike in 1981 and World War II in 1944 and
1945,

3

NATIONAL LEAGUE AMERICAN LEAGUE

LE%)

Yy -
A

1\

-~

223 3 3
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BT IR BT RN B
o~y hlw oo
0~y h WG O
MearhAMNOIe Sy a 0
S AN~ A NG g WO e~y
v b oA
wpddOOSEN
G AMNODEUN
S hbp~al N
AP~ d N
S0 Ww~Q . 4]
H VW

7131 REPRESENTS
39 HoME RUNS

Oso b
~ oy

4. We like the last plot best. There are neither too many nor too few
leaves for each stem. The gaps show up in this plot while they
weren't visible at all in the first plot, and they were less visible in
the second plot than they are in the last plot.

SECTION if: STEM-AND-LEAF PLOTS

Discussion Questions

1. Does the American League champion or the National League champion
tend to hit the most home runs?

2. Which three years were unusually low in home runs hit in the
American League? What happened in these three years?

3. Make a new back-to-back stem-and-leaf plot using the stems that follow.
The home runs for the National League have been done for you. To con-
struct this plot, you don't have to go back to the original list of data. Instead,
take the values from one of the stem-and-leaf plots already constructed.

For each stem, put the leaves:

e 0 and 1 on the first line

@ 2 and 3 on the second line
e 4 and 5 on the third line
e 6 and 7 on the fourth line
¢ 8 and 9 on the last line

NATIONAL LEAGUE AMERICAN LEAGUE

k™
Ly~

=~
~ %

N o~
~bo~3 U o~ b~
™~ A Oo%e sk ow
RN~ 006 AMNS e R S 00~

R TR T
o~ -h g Y

?(3] REPRESENTS
39 HOME RUNS

4, Which of the three back-to-back stem-and-leaf plots for the home run
data do you think displays the data best? Why?




SECTION 1I: STEM-AND-LEAF PLOTS

num—a—back—to—back—pfot—hke—thts—we—can—see—fhﬂ—thﬂc terds—to—bea

stightly- lzrger—mber—a{—hmnETms—m—rhe—kmermn—heague—We-mcu uun

-JUb d]ll.l UU b,

TOTE mmmwmmmm thetow t:uu,

T the 201 b, tome more often from the Natiorat Leagm:. For-the stems i the

30’5 amdthe 40's, the Tumbers of feaves for the two teagues are about equat.

F3

3 +1 A -
. Al I'I'IE AIIETIUITT

haagmmmmues i the upper 50'sand 60's.

Back-to-back stem-and-leaf plots are useful for comparing two sets of data.

Before making comparisons, however, check to see first that both sets have

about the same total number of values. Also, make sure that the plot is

drawn accurately with each leaf taking up the same amount of space. “These

ch&ks_ammmmmﬁ&auw_make_ﬂnmwmnlv thl"D‘tli!h compat-

n‘lnt on mﬂanh paper

To decide if one data set generally has larger values tham the other,

compare the number of leaves on the {wo sides for both the largest and

smallest stems. 0, note 1 €re outly 1 are not

the same on both sides, and whether or not the two sides have apout the

same shape.
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SECTION Bl: STEM-AND-LEAF PLOTS

e

TA ol i gt i & 3 - .
O A Fiviway Sm&mmﬂwwwm&mﬂﬂm?—

—Page—zsl—kpmieaﬂerr&feoﬂfmued,

(521

. Which state west of the Mississippi River has the highest traffic death

4

TAL M M

rate? Would vou call it an outlier?

=

L = Pyl

™ Foyy - +1 d
—Dostates-inr the-east-or the west generatly have larger traffic deathrrates?——

5. New Mexico; no

. Summarize what you learned from this back-to-back stem-and-leaf plot.

6.

west

o

What factors do you think might help to-explain the difference betweenr —

to have a Engnny mgner number of deaths per 100 million miles

. (For class discussion) How could these data have been collected?

driven than do states east of the Mississippi River, although there is

a substantial nvprla.p_m_the_huﬂ_djstubuhans._ﬂnmeue:,_ttmﬁastemi

Ja H

3 %
u;n.uu..a, LA A= o oF )

with 4.3 and Montana with 4.0. These two eastern states are outliers

in the east. It is interesting that all four of these states are mainly

rural,

interesting that these four regions are relatively urbanized.

=

c

el

roads; smaller cars (Japanese) are driven more frequently in the west

and these cars are more dangerous; lawless attitude in the west.

( Fnrnnrmm students to 1nvpst1ga,te_theu_h¥p.othem )

One
A 14

drive mmmmmmm&mw

miles driven.

An interesting question is whether or not this tendency forthe

up, or if it is

.... L= T = S

N

bUll.lt.'.'I.J.Ul.lB UldL ]E.lbl. lldypﬂilﬂu Uy Llid_lll.,l: I..l.l J.?OO J.U U.y W dllowil

this question, students could obtain data for more recent years and

make the comparisons.

Tool

the tofal vehicle mﬂes. 1t seems reasonable that states would keep

gauo:ns of gasmme som then by using Some average mues-pe‘r-

gallon figure for cars in the state, you could estimate the miles

driven. Would you want to use the same miles-per-gallon figurefor

all-states?

TN N TN ™ ST ET TN TS TG TN ST T e e ST ST A P S T B TN P TR T S N PN e o T e R et -~ o

e T e ~ = o BT o SR S S oY




Stem-and-Leaf Plots Where the Data Should be Truncated

SECTION [I: STEM-AND-LEAF PLOTS

The following table lists the buildings in San Francisco that are over

360 feet tall.

Source:

Height in
Building Feet
Transamerica Pyramid 853
Bank of Amaerica 778
101 California Street 600
5 Fremont Center 600
Embarcadero Center, Number 4 570
Security Pacific Bank 569
One Market Plaza, Spear Street 565
Wells Fargo Building 561
Standard Oil 551
One Sansome-Citicorp 550
Shaklee Building 537
Aetna Life 529
First & Market Building 529
Metropolitan Life 524
Crocker National Bank 500
Hilton Hotel 493
Pacific Gas & Electric 492
Union Bank 487
Pacific Insurance 476
Bechtel Building 475
333 Market Building 474
Hartford Building 465
Mutual Benefit Life 438
Russ Building 435
Pacific Telephone Building 435
Pacific Gateway 416
Embarcadero Center, Number 3 412
Embarcadero Center, Number 2 412
595 Market Building 410
101 Montgomery Street 405
California State Automobile
Association 399
Alcoa Building 398
$t. Francis Hotel 395
Shell Building 386
Del Monte 378
Pacific 3-Apparel Mart 376
Meridien Hotel 374

The World Almanac and Book of Facts, 1985 edition.

The shortest building, the Meridien Hotel, is 374 feet tall. The tallest, the Trans-
america Pyramid, is 853 feet tall. Start the stem-and-leaf plot as follows:

27
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SECTION H: STEM-AND-LEAF PLOTS

T " . D : :
~ 1. 850 feet to 859 feet
& = 1. What heighis can 3{b represent?
2. city building code limitations on height; fear of earthquakes 2 The heights of all but t
q think of a r_\nqnih!n orplanaﬁnn for this?

LO3 ANGELES SAN FRANCISCD 3. The following table Tists Los Angeles buildings faller than 36U Ieet.
3
P9 b 1719994 Height
71”’-”3:49!!!5333 Building in Feet
555 & T 77399
—s5tozaz23 First Interstate Bank 858
72l s 5667 Crockar Cantar, Morth 750
22 el oo Security Pacific National Bank 735
i Atlantic Richfiald Plaza (2 buildings) 699
3 iz Woalls Fargo Bank 625
5+t {357 SENTS Crockear-Citizen Plaza 620
2 Century Plaza Towers (2 buildings) 571
al-ls 396379 FEET Union Bank Square 516
City Hall 454
Equitable Life Building 454
Transamerica Center 452
Mutual Benefit Life Insurance Building 435
Broadway Plaza 414
1900 Avenue of Stars 388
1 Wilshi ildi 395
The Evian 380
Bonaventure Hotel 367
4 aet 365
Beaudry Center 365
c ings &
Loan Building 363
Century City Office Building 363
Source: —The World Al and Book of Facts,1385_edition

¥ ol lapa thic Jaa e two cities
Compiete-this ba e-EW

LOS ANGELES SAN FRANCISCD

cpols |~y o G4 Oy (¢ M oW




SECTION H: STEM-AND-LEAF PLOTS

Notice that San Francisco has 37 tall buildings, while Los Angeles | Page 30: Discussion Questions (continued)
x

has only 21 We don’t need a stem-and-leaf ?In# to tell us that San

Francisco has more tall buildings than Los Angeles. This plot can,
he r, help us answer the question of which city’s buildings are 4. About the same.m Eeneral Mg&mmmmhehsuahfe
nlike 5 500

heigh fair]y
=

relatively ialler avart from the total numbers of tall buildines

bﬁt'k Wﬁdﬁ l 51 iapea, with more at the I_OW ena. mus, for hei gi i5 in

this range, the San Francisco ones tend to be a bit larger. For heights

|___above 600 feet it is hard to say—there is not much difference

C 5
4. Considering only buildings over 360 feet tall, does Los Angeles or San LoS ANGELES SAN FRANCISCO
Francisco tend to have relatively taller buildings? &
5 In the previou 2 : 3 e?:'?.zéd?ss'?
Angeles-heighis were—trancated—Iastead of mmeating,‘wc witl-new 4ottt oo ot T2 A+
555111788999
215 o233+
T 155777
S Z2ie[ 00
+O 7 "
I
J|7 REPRESENTs - || ¢
LOS ANGELES SANFRANCISED 65— 374 FEET 4 1O &
A v T L v wr ¥ v
3
-1 788949 6.—truncate (Also, we make fewer mistakes.)
4 P .. W) s 2 s 4 & A
-rt::t:rir:b-'r'r-r 7.ves;no
T T8 8T T N
51 0Z33# 8 Arswers wi
1 556777 that truncating is generauy OK when making stem- and leaf plots.
& 00O
n
| g
3|7 REPRESENTS =
FEs = 374 LEET o
HL e TP LEL] 15
6. Is it faster to round Or o fruncate?
7. Does the back- to:hack_ste.m:and_leaf_p}.ot_mﬂ:_munded_mham give
the ? Am
there any differences in what you learn from the tiwo plnh—.?
8. Do you thank fruncating is an appropriate procedure, or should the data
be rounded?
30
Fa) P Faa™ ~ = e ) — ~ - o~ % Fan - ~— e P -~ o~ o ~ — E i — — . o~ — e e — -~ . — . —
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SECTION 1: STEM-AND-LEAF PLOTS

If you are like many students, you may feel that there is something wrong

about truncating. It seems less accurate than rounding. and therefore worse.

But is usi for our

purposes than using 3|7 to represent 370-379 feet?

Another point to consider is that the data we have may aiready be either

rounded or truncated, and we domt know which. Are ail the buiiding

heights exact multiples of one foot, with no inches or fractions of inches, as

Disted in the tables?

decide if truncating is appropriate for a specific problem, ask yourself if it is

likely to make any difference in the interpretations you reach




SECTION Ik STEM-AND-LEAF PLOTS

Application 7
Ch OOKS
The following table lists the children’'s books published in the U.S. since
1895+ .
Green £ggs and Ham, by Dr. Seuss. 1960 5,040,776
One Fish, Two Fish, Red Fish, Blue Fish, by Dr. Seuss. 1060 5,842,024
Hop on Pop, by Dr. Seuss. 1963 5,814,101
Dr. 5 ' ABC, by Dr. S 1983 5,648,193
The Caf in the Hat, by Dr Seuss 1057 5,304,741

[xared of )

4,670,576
The Cat in the Hal Comas Back, by Dr. Seuss. 16058 3,431,917
The Littla Prince, by Antoine de Saint-Exupery. 1843 2,811,478
The Little House on the Prairie, by Laura Ingalls Wilder. 1953 edition 2,732,666
The Little Hous ¢ Big Woods, b aura Ingalls Wilde =, adition 2,527,203

2;431;,000

2,360,000
Egermeier 5 Biliia StoTy BooK 23 2,376,577
Go Ask Alice, Anonymous. 1971 2,245,605
Benji, by Leonore Fleischer. 1974 2,235,604
The Little Engine That Could, by Watty Piper. 1826 2,166,000
Stuart Little, by E. B, White, 1945 2,129,591
Ereckies, by Gene Stration Potter 1904 2,088;
TheGirl-of the-Limberiost, by Genre Stratton Porter 1808 2,053,892
Soundsr, by William Armsirong. 1969 1,815,401
Harry, the Dirly Dog, by Gene Zion. 1958 1,690,339
Seventaon, by Booth Tarkington. 1216 {ostimate) 1,682,691
Where the Wild Things Are, by Maurice Sendak. 1983 1,632,020
Laddia, by Gena Stratton Porter_1913 1,586,520
Tho Big Book-of Mother Goose 1550 1,500,000
FheGofdenDictiomary, by Eften Wates Walpote 1944 T A50,000
A Friend is Someone Who Likes You, by Joan Walsh Anglund. 1958 1,423,432
Rebecca of Sunnybrook Farm, by Kate Douglas Wiggin, 1804 1,357,714
Love Is a Special Way of Feeling, by Joan Waish Anglund. 1960 1,308,293
The Real Mother Goose. 1915 1,296,140
The Pigman, by Paul Zindel. 1388 1,265,876
Better Homes-and-Gardens Story Book-—1851 1,220,728
Trouble after School, by Jerrold Baim, 1957 1,745,570
Befter Homes and Gardens Junior Cook Book. 1955 1,100,182
Pollyanna, by Eleanor H. Portar. 1913 1,058,000
Le Petit Prince, by Antoine de Saint-Exupery. 1943 1,018,373
Mary Poppins, by Pameta | Travers. 1634 1,005,203
Winiio-tho-Pooh by-ffv-Mine 1026 1+,005.000
Pollyanna-Grows-Up, by Eteanor HPorter 1915 1,000,000

Litite Biack Sambo, by Helen Sannerman, 1899

(estimate) 1,000,000

Soures: A—P-Haekett-srd-J-—H-Burke E?hh.. LY o o
. 3 g - g 1 TEAlS U OEsT SEIET S,
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Page 33: Application 7

1.
iIloooocoor 12223344
-|556606 %
Zloo 1 1 2 2 334
.15 79
314
4
e
5103
ez 239

/|0 REPRESENTS [,000,000 THROUGH [,099, 999 BOOK'S SoLD

2. See the preceding plot.

3. Answers will vary; at the bottom; the books at the bottom have sold
more copies than those at the top.

4. About twice as long as the top line; because that is the trend in the
plot so far. There should be many more books in that category.

5. Answers will vary. Sample: Forty-one children’s books published in
the United States since 1895 had sold 1 million or more copies by
1977. There is a cluster of seven books at the higher end of sales,
separated from the rest, that have all sold more than 4% million
copies. Of these seven, five are by Dr. Seuss, and they are the top
five. (He must be very rich.) The other two are The Wonderful Wizard
of Oz and Charlotte’s Web. The remaining books have sold between
1 million and 3.5 million copies, with only four over 2.5 million.

It is also interesting that only two of these 41 books were
published since 1970. Is the reason just that fewer best sellers were
written recently, or does it perhaps take a long time for a children’s
book to become a best seller, or are perhaps fewer books being sold
now than earlier?

SECTION I: STEM-AND-LEAF PLOTS

1. Make a stem-and-leaf plot of these data using these stems. Green Eggs
and Ham has been placed on the plot to get you started. Truncate all
digits except those in the millions and hundred-thousands places.

v ey

TR NN W XY

9
1|0 REPRESENTS [,000,000 THROUGH 1,099, 999 BOOKS SoLD

2. Underline all digits representing books by Dr. Seuss.

3. Circle the digits representing the books you have read. Do these circles
tend to be at the top or the bottom of the diagram? Why?

4. If another line were added to the top of the plot for books that sold
500,000-999,999 copies, how long do you think it would be? Why?

5. Write a summary of the information displayed in the plot.

Stem-and-Leaf Plots — Summary

Stem-and-leaf plots are a new way to quickly organize and display data. Unlike
line plots, they are best used when there are more than 25 pieces of data, Statis-
ticians use stem-and-leaf plots as a substitute for the less informative histograms
and bar graphs.

Variations of stem-and-leaf plots that you should know how to construct
are as follows:

« back-to-back
« truncated and rounded
» spread out

From a stem-and-leaf plot it is easy to identify the largest and smallest
values, outliers, clusters, gaps, the relative position of any important value,
and the shape of the distribution.




SECTION [I; STEM-AND-LEAF PLOTS

Suggestions for Student Projects

1. Collect data on a topic that interests you, make a stem-and-leaf plot, and

then write a summary of the information displayed in the plot. Use one

of the topics listed below or think of your own.

d. Compare the gas mileage of foreign and domestic cars. (This

information can be found in many almanacs.)

']

The next two projects involve comparing line plots with stem-and-leaf

plots.

2. Devise a way to use symbols in a line plot to replace the individual data

valnes,_as_me_dxd_inr_the_stem_and_iﬂaLplm_m_the_iastaads and

any daﬁerent mfm-matmn" Which iz easier to miﬁrmﬂ" Whirh dn you

prefer?

3. Devi

Then, redo Annhmhnn & nr_the_bmldmg_hmghm_axamnlp using your

o k—fn—har‘k

line Dlot or the stem-and-leaf n]nt? Do they show any different

mfnrm ? i i ? i do

you prpfer” Can you think of situations in which vou mighf pfﬁﬁﬁf the

other plat?

thzs_se:hnn_and_make_a_back_m_back_atem:andleaf nlut of the tnmcated

is it? Could you have predicted this?

retain as much detailed numerical information as is generally needed

This idea i iall ful f fisplavi i } 1 . &

Vo R i

number for each of the 50 states. The two-letter postal abbreviation can
3 ) " ] Find p ; : } I :

one value for each state A good example would be each state’s current

population as found in a described, and
write a summary of the information 6igplaypd
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SECTION TI: MEDIAN, MEAN, QUARTILES, AND OUTLIERS

Page 35: Discussion Questions . MEDIAN, MEAN, QUARTILES, AND OUTLIERS
1. 783

ey Median and Mean

A

You have probably learned how to compute the average of a set of

numbers. For example, if Sally gets scores of 80, 96, 84, 95, and 90 on five

math tests, then her average is:

80+ 96 + 84 + 95+ 90
:
~
_ 445
5
20
L=
AT s
¥VAT
+1

£
W Rl VL

’, ey

% o 3 3 :
because—there—are—other kinds-of averages—Another-type-of average-is—th

e . F Ht from

11 1
smatiest totargests

80 84 [ 90 | 95 96

The middle score, 90, i5 the median. Half of Sally’s five test SCores are Jower

than or equal to the median and half are higher thamn or equal to the media.

What do you da if there is an even number of scores? If Sally takes a

sixth test and gets a 28, her scores are now:

1
25 B0 [ 8& 90 | 95 96

Ty micia Way
i G ey
1. £ frar
eetwee these tWo-SCoOres:
o0&+ YU
174
-
o
&
= 87

Half of her six test scores are lower than 87 and half are higher.

Discussion Questions

ute the mean of Qa"}./t: six_test scares  (Round to the nearest

2. On the basis of this grading scale what grade would Sally receive if the

mean of the six tests is used f{o determine her grade?

A 90-100 B 8089 C 7079 D 6069 E 059

35




SECTION f1i: MEDIAN, MEAN, QUARTILES, AND OUTLIERS

3 What grade-would-she receiveif the-median—of thesix-tests-is-usedto———Page-36: Diseussion-Questions {continued)

A H 3 Aad
aeierinne ner gradcy

6. Give a reason for choosing the median to summarize Sally’s test scores

2 B
4. Does one extreme score cause a greater change in the median or in the -
mean? 4. in the mean
S 1 2. 3 Y £ . 1= .
————————————— S Bo-youneed-to-knowaliof the-datavalues inordertofird-the median? .
n $had Comller 3 P | bamal 3 11 P 2. yesfno
oT exampie,—smypuac trat—Saliy Tras takelt O tests ad you oty KImow 5 1 .
of her scores-—Can you calculate the median? t—Answers-will-vary-Samptle: Jt-does not penatize her somuchfor the ———
; 1
one lo . 1 av T 1l

8. Which do you think is better to use, the mean or median?

matenal, this may be desirable.

that tne_st_dérft‘wrﬁ‘smﬁyfﬁ‘eacn test, while the student mxgnt

a. “When only ﬁrsi;time_ma:riagguie:e_mnsidemd,_the_agency

prefer the median.

[National €

brides at 21.8 years in 1980, up from 20.3 years in 1963. The

o ¥

s in

3 . . '
the values tend to have a J~shaped distribufion. hat 1s, there will

mmmmﬂm_up_mmma
1963.” (Ips Angeles Times 2/17/84) probably be some values much larger than the rest. These values

tend to make the me

b—Avcrording to the Census Bureaw, “the counties with the highest X ;
= i T Pitkim, = s
$200,000; Marin, < 4007 Sam —and older. If we don't wanta measure that would beaffected
Mmmul HI=$113, bUU (USA Today 37878%) greafly by a few extreme values, the median is more useful than
¢, According to the Cen # an.

ly, as agai s” (The New

York Times 11/29/84)

d. “The following drawing shows fypical allowances (rounded to the

Trearest 25¢) for B-to-13-year-olds, as repor the BIT students in

OUr sirvey who received allowances. The allowances of the 8-fo-Tl-year-

olds are all pretty much the same. They range from $2Z00 to $275.

But for the 12-year-olds, theres a jump ol $1, and an even bigger

jump for Kids onme year oider.

“The figures don” irty-eight
I1-v:-ar-.nir-l<: in our survey whao receive an allowance are Pnrl{phng
$2 ?‘i every i e
Median means rig'hl in the middle. Half the 11 year olds are
gf-\ﬂ'ing i s In Far+ ones

third report a
amount ggt more than $4 a week

klv allowance of under 4{2, and about !h"

169 get less $2.75

P

l.lll:' ﬂLliUILlll. UE )‘Uur alluw

age—ﬂut—where—yvu—hve—arrdwnemer you are a boy or a girt do

HUL b1 =4

T

A T e ey o N e e et e ey ey ey e e oy oy

P C e st criihe | i % Lo -~ Pt e Eant Fant Cate s N T




SECTION Ili: MEDIAN, MEAN, QUARTILES, AND QUTLIERS

Page 37: Discussion Questions (continued) the country, in cities and small towns, said they received pretty
. much the same amount. Boys and girls also reported similar
10. mean; because the story says the average was increased by a few allowances.” (Penny Power 2/3183)

extraordinarily large awards.

[How dbes your allowarnce

compare To ofhers

i

12-year-old

f3~year '0/0“

fa—year—m’d

l-year-old

10. In the following newspaper story, what do you think is the meaning of
the word “average”? Give your reasons.

“[In a study of jury awards in civil trials, they] found that while the
average award against corporate defendants was more than $120,000, the
average against individuals was $18,500. The average against
government defendants was $38,000, but it was $97,000 in cases that

1tV 1 er en es.

‘To some degree, the average awards against corporations and
hospitals were so great because of a few extraordinarily large awards,’
the report explained.” (Newark Star-Ledger 8/20/85)

11. The following information seems to be incorrect.

“According to the latest enrollment analysis by age-categories, half of
the [Los Angeles Cnmmumty Coilege] district’s 128,000 smdents are

UVELD I.l'l\! dRT UI (.‘.I: J.j'lﬂ Gvel.dstf &'b me=3 YFAU,"OXJ




SECTION HT: MEDIAN, MEAN, QUARTILES, AND OUTLIERS

“In the region we are traveling west of Whitney, precipitation drops off Page 38: Discussion Questions (continued)
and the average snow depth on April 1 for the southern Sierra is a
modest 5 to 6 feet. And two winters out of three, the snow pack is 11. a. Answers will vary. For examp}e, 18, 24, 24, and 50.

below average.” Ezra Bowen, The High Sierra (New York: Time-Life

Books, 1972), p. 142. b. Answers will vary. For example, 2 feet, 2 feet, and 12 feet.

a. Give an example of four students with a mean age of 29 and
median age of 24.

b. Give an example of the snow depth for three winters that makes
the quote from The High Sierra true.

Both the median and the mean summarize the data by giving a measure of
the center of the data values. For the kinds of data in this book, the median
generally gives a more reasonable summary since it is not affected by a few
extreme values. When there are no outliers, there will generally not be much
difference between the median and mean, and which we choose won't
matter. Using a calculator, the mean is easy to compute. To find the median,
however, the data must be ordered from smallest to largest. This can be
tedious, but an easy method is to construct a stem-and-leaf plot.

Neither the median nor the mean can tell us as much about the data as a
plot showing all the values, such as a line plot or a stem-and-leaf plot.

38
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How Many Moons?

A visitor from the star Alpha Centauri has selected you to provide her

with information about our solar system. She is filling out a form and asks

how many moons are “average” for a planet in our solar system.

Stucty the table beltow:

Planet Number of Moons

. juplter, baturn, and Uranus; they are large; planets and 1f may be

—————————————————————————

easier for ti‘lem to hold on to moons.

Mercury 4]

) | [ [ [ E1gs Venus [¢]

due to Jupiter, Satum, and Ura_nus. Enx of the planets are w1thm two Earth ]

moons of the median, but none is within two moons of the mean Mars 2

—Neither—the—meaﬂmer—theﬂ%edaaa—ts—reaﬂy—adequate%eﬁ are so Jupiter i6

i : : T Saturn 23
—&vvva}ues,—rt—wmﬁd—be-bestﬁxsbtvgweﬁeﬁhﬁabie withan Uranus 15+

explanation about Jupiter, baturn, and Uranus. Neptune 2

Pluto i

Snuroe The World Bnn.it 1984

dmrnuﬂmd 1n M&tmnaLmons_armmd Uranus

1. Compute the mean number of moons

Z, Compute the median TUMper of moons.

3. Which three planets are the most different in number of maons

compared to the others? Do vou know any explanation for this?

4. Do you think the visitor irom Alpha Centauri would get a more

accurate impression about the typical nmumber of moons from the

median or the mean? Is either summary number adequate! Give your

reasons.

]
b=




Page 40: Application 8 (continued)

Approximate Length of a

Planet Day In Earth Hours 5. 834.28 hours
Mercury 1;:1;5 6, 34,76 days
Venus 5832 P
Earth 24 F—24hours
Mas i 8. Answers will vary. Sample: The median is better as only two planets,
Jupiter i0 3 3 z . e
Saturn 11 e R L Crc e : ; ;
Uranus 22
Neptune 16 me—rrreman nomﬂd@ﬁh@f@crﬂﬁrﬁfe—e—fﬂﬁmbﬁg—ana tWo
Fluto 153 very ]011?.". days. Thus neither the mean nor the median tells

numbers

L

anpurfﬂ the mean lpn&th_of_a_da%in_msn]ax_sygmm in hours

. How many Earth days is this?

o M| o

Find the median length of a day in our solar system

Or the median jength

yo—fviﬁfﬁrﬁmrrgimmm?—my‘crm: ?

Do you think it is better to give your visitor the mean length of a day

40
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Page 41: Application 9

Application 8

1. Album Mean Median
“Little Creatures” 847 85
{qqﬂ.:t; Z.‘ L] .:‘p‘;i LYEa 200 [v]a}
4 O (o 74
“Youthgquake™ 49.7 U
”’Rny in the Box” 486 51
I%ﬂ”a;iﬂl' 3E§FE"1' PTE'VE rr AAd T L Lrd
Ly e 7 v
DemnleHorl-E——Richard—Connle——Chris——Patdek——Bolly
y ums Hunt | Plke |C fin | Jok Willman| Goldsteln| Ringwald
Z. bee the preceding chart. e
o o 1 lttlo Creaturas 75 84 85 75 as g1 g5
3. a. "Invasion of Your Privacy ,;;:mm
M@m@m&@uﬂh&a@m&i@mﬁmg&au e wer T o w1 70 — p— s -
t}.ﬁ !.Usulcli IEVICEWELS Aretha Frankiin
C. median “Youthquaks” 78 | 72 50 30 12 38 70
Dead or Alive
4. a. Willman {42.8) e = ~— .
b._Willman (27) i Ayl iz st o :
o A - San fln
VR i b “Invaslon of Your Privacy”| 85 | 20 20 25 27 86 20
hive albums Ratt

Timaa.

Ao ton
R

TS,

September1,-1985.

1. Compute the mean rating for each album

Z. Compute the median rating for each album.

3 _a) For which albu

by Which reviewer caused this?

i ?

c)

overall mhng?

-,

2OUm s

4.a) If you judge by the mean ratiig, wWhich Teviewer is the hardest

grader?

b) If you judge by the median rating, which reviewer i3 the hardest

grader?

) Which Teéviewer tends to be the most different (rom the others?




SECTION Mi: MEDIAN, MEAN, QUARTILES, AND QUTLIERS

=

Range, Quartites;and-interquartite Range

Page 42

J.rll: J.luJ.th’r UI srd}llb UI Ldruunyurd.u:b lb[dl(_l'l llllu 51.[5111} lll o l'UU.llLt‘

NOTE TO-TEACHERS Trirthis ure

serving of thirteen breakfast tereals s showr below:

how spread out the dafa are. 1he measure they will learn, the

mterauartﬂe range, is, like the median, resistant to outhers In addltxon

Cereal Carbohydrates Cereal Carbohydrates | b
moresophtsﬂcated—sfaﬂdmu deviation:

Life 19 Grape Nuts 23
Super Sugar Crisp 2B Special K 21
Rice Krispies 25 Raisin Bran 28
Product 19 24 Wheaties 23
Total 23 Fuffed Rice 13
Sugar Corn Pops 26 Sugar Smacks 25

Cheerios 20

To find the range, subtract the smallest number from the largest. The

range for the carbohydrates is:

28 T 3 1 -w Bramms:

We will also learn how to find the lower guartile and the upper quariile. If

the numbers are arranged in order from smallest to largest, the lower

quartile, the median, and the upper quartile divide them into four groups of

roughly the same size.

AXXXKXXXXXXAXXXXAX XXX XXXXX XX

A A F. A Vi
i | | | |
LOWER LOWER MEDIAN — UPPER UPPER
EXTREME ___ QUARTILE QUARTILE  EXTREME

To find the gquartiles of the previous numbers, first arrange the numbers in

order:

13 19 20 21 23 23 23 24 25 25 26 26 28

Second, find the median and draw a vertical line through it.

13 19 20 21 23 23 28 24 25 25 26 26 28

The median is 23. Six numbers are below this 23 and six are above it.

Third, consider only the data values to the Ieft of the line.

13 19 2021 235 23

The median of these six numbers is between 20 and 21. This is the lower

quariile. Thus, the lower quartile is 20.5. We have drawn a vertical line at

the median of these values in the same way as before,

~

L i T, T e T T . T, e T, T . i T . Tt S i i S
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\"\‘llcll

the cereal data, these textbooks would find the medxan of 23, 24, 25, 25, ;

AL 1 31 13 +1 1 L] e L
PVE TIaVE UIVIUEU TITE ITUTITOETy TINU TUUT ETUURPST
26,26, and 28 and would get 25 ST

RS E— PRSI (S —
1= I Lv} I £ i 43 ke EI—O Fda) 4=

M

Notice that there are three mumbers i each group:

'I'hg mfeg;uamfe ﬂmgg is the dﬁe;rence bem;n the up_p_er_qujﬂg_and the
1a1 z artile f 1

255 -205=5

The lower exireme is the smallest value in the data. In this case, it is 13,

Similarly, the upper extreme is the largest number in the data. In this case, it

is Z8.

The fastest way to order the numbers from smallest to largest is to make a

the top and botto 1 As an m:a_mplp,
suppose we did not have Cheerios in the list of cereals and we wanted the

iy
median and quartiles of the remaining 12 cereals. The median will then be

between the sixth and seventh walues We draw the ﬁﬁt line thepe and

get the

guart lae

Juariie

o P o]~
Y [~|~ W

3
5

3314
E; ;IB

The vertical lines here are dotted. The median is 23.5, the lower guartile is

22, and the upper quartile is 25.5.

Bi ion-Questi

1. In these data, the median is the mean of the quartiles. Will the median

always be the mean of the quartiles?

T 1 a ¥ I b 1
—Isthe-interquartite range-half of the range?

et

3. Cross the 13 grams from Puffed Rice off the list and find the new

median and quartiles.

e

v} i 1 L3
By how much-did-these values change?

5. Recompute the range and interquartile range.




SECTION 11 MEDIAN, MEAN, QUARTILES, AND QUTLIERS

6. By how much did these values change? Page 44: Discussion Questions (continued)

7. Find two different sets of seven numbers with:

6. range by 6 and mferquartile range by 1.0

Iower extreme - 3

e 7—Answers will vary_Examples-are: 35,7, 10,1112 13 and 3,5, 8,10
median - 10 14, 12, 15
npperquartite =12 8o

upper extreme - 13 9. Answers will vary. For example: 1, 2, 3,4, 5, 6, 40

8. The median is always between the two quartiles. Do you think the 14 3 P
o 10. Answers will vary. For exampile: 1, 8, 8,8, 9,10, 11

mean-is alnra}m betv I-hn twro qlrarﬁlm?

9. Find a set of seven numbers where the mean is above the upper
quartile. 3

10. Find asetof seven numbers where the mean is below the lower
uartile.

aua
qHatad




— Page 45 Application 1 Application 10
T of
22 motocross bikes

Ra_ti;‘g Brand Model Brice

Very —Rateigh— R-10- TUFF BMF e

VYery Good | Rateigh | R-1O MK i $150

Very Good | Schwinn B43 Scrambler $196

Very Good | Mongoose | BMX Wirewheel $190

Very Good | Mongoose— BMX Freamag 245

Good Vista GTX99 $125

Good J.c.p y | Eagle V $190

Fair Ross 142-25 THX $165

Fair Ross Slinger $125

Fair Sears—+ Free Spirit BMA 150

FE500

Fair Schwinn | B5T1T Thrasher | $143

Fair Sears BMX FS100 $100

Fair Murray | X-20 Team Murray $141

F AMF Hawk-4-BixX 139

Fair Huffy Pro Thunder BMX $160

Fair Columbia Pro Am 2236 $160

Poor Murray Team Murray BMX—$130

Poor J.C.Penney | Dirt Tracker I $110

Poor Wards BMX 34 Open Road $80

Poor AMF - Avenger Motocross | $100

Poor | Columbia — Formula 18 BMX— 1 $110

Paoor Huffy Thunder BMX $100

Source: Penny Power, February 3, 1983,

1. What is the most expensive bike?

2 What is the least expensive bike?




SECTION HE MEDIAN MEAN QUARTILES, AND OUTLIERS
SR :

3 Find the median price of the bikes rated: Page 46: Application 10 ({continued)

a. very good a s1@n
e 3 a. ot
S - b. $157.50
c. fair c. $143
1 4.$105
a. PDCII A= o
4. In general, do bikes with a higher price have a higher rating? 4, yes
5—VWhat is the range of the bike prices? 57$135
6. Find the lower quartile for all bikes 6-%110
7. Find the upper quartile. 7. $165
8. What is the interquartile range of the bike prices? ra—
2 8.%55
9 Which of the bikes rated ~very good s priced below the upper
: A P il 9. R-10 MICIIL yes
quartile? Is this bike a good buy? Y
10_Which of the hikes “poor”_is pri i 10. Team Murray MBX; no

this bike a gonri buy?
Ci

Outliers

The following table Tists all 15 records that reached number 1 for the first

time in 1959, and the total number of weeks that each record held the

number 1 spot.

Weeks Record Title Artist
3 “Smoke Gets in Your Eyes” Platters
4 “Stagger Lee” Lloyd Price
5 “Yenus™ Frankie Avalon
4 “Come Softly fo Me™ Fleetwoods
1 *The Happy Organ’ Dave ‘Baby’ Cortez
2 “Kansas City" Wilbert Harrison
13 “The
4 "Lonely Boy” Paul Anka
2 *A Big Hunk o’ Love” Elvis Presley
4 “The Three Bells” Browns
2 “Sieep Walk™ Santo & Johmny
9 "Mack the Knife” Bobby Darin
1 “‘Mr. Blue™ Fleetwoods
2 117 13
1 “Why™ Frankie Avalon

Source: The Bilboard Book of Top 40 Hits, 1985,
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SECTION U MEDIAN, MEAN, QUARTILES, AND QUTLIERS |

Weh m&—ﬂw—worhmmevemi—emm—to—mdtcate—vﬁues t
LA 1 1-0 A= mlﬁﬁ“} L1119

ﬂl vy

- j : : 2 S
—record—m—the—hsra-bweﬂa—a:mﬁher?—ﬁ—wefhmk—wemm an—outlier;

P A R . sl -z

shaped) distribution, then about 1 of every 100 observations would be Trying—to—make sense—out—of theoutliers—can—be—an—important—part—of

— solarge or small as to be called an outlier according to this rule. More interpreting datx:

—pmm%_mlsmdeﬂmmhemLMr|h11}‘nn as n“}f It is not reasorla'ble, howe\?er, to autﬂmaﬁc&}lv Ca.ll the upper and lower

extremes outliers. Any data set has extremes, and we don't want to put extra

energy into trying to interpret them unless they are separated from the rest

data we almost aiways observe more than I percent outuers, the of the data. We could decide if an observation is an outlier by looking at a

COI'OHEI}{ is that real data generall}g do not follow a normal distribution. plot and making a decision, as we have done so far. However, it is helpful to

have a rule to aid in making the decision, especially when there are a

moderate to large number of observations (say 25 or more)
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The interquartite Tange (IOR) s 4 —2 =2, 50 1.5 = IQR =3 Thus, the upper
cut=off is 4+ 3="7. Since the data value 9(“Mack the Knife“)y is greater thamn
7, we call itan outlier. For the fower end, the cut-off is 2= 3=—1. Sirce o

dan ouier?

The rulg just described is quick. easy, and straightforward to use.

n 1.0 or 2.0 generally produces results

that are whwummmm_tg_dﬂmuhmh values should be
as 1.0, 1.5, and




SECTIOR T MEDTAN, MEAN, JUARTILES, AND UUTLIERS

Application 11 Page 48: Application 11
1.
215
Gone Prices 3
4
——————————————————In—September 1985, the prices—of a—single—scoop—ice —cream —cone—at 513
17 Los-Angelesstores-are givenin-the-table below &
FT1O05
38
gIo0 155556
Store {brand)———Price ol e =)
z [i|05
Andi's (homemada) $ 90 FAR 2[5 REPRESENTS 25¢
Baskin-Robbins 75
Carvel 85
Cecella's (Dreyers) 80
Cinema Swest (homemads)  1.20 2
Clancy Muldoon 3 a
Croamory (homemado) 105 o ¥
Farreil’'s 70 4. 89.4¢
Foster's Freeze 53
Haagen-Dazs 110 5. mnean
Humphrey Yogart 95 6_a O5e
Leatharby's (homemade) o1 Yo o ok
Magic Sundae (Buds) 96 0557
Robb's (homemade) .95 C. mean
Swensons 1.00 ™ B
Thrifty Drug 25 L4
-Wright's (own recipe) 1.15 8. 82 5¢

_Make a stem-and-leaf plot of the prices.

Are there any gaps in the prices? Where?
' x x

—Find the median price of an ice cream cone using the stem-and-leaf plot.

Eind the mean price of an ice cream cone

Gl s W f |

. Thrifty Drug’s cone is much cheaper than the others. If if is taken off

the list, do you think the median or the mean will increase the most?

a. Find the median price of the remaining cones.

b Find-the mean price-obthe-remaining concs.

c. Which increased more, the median or the mean?

8. Find the lower quartile of the prices.

—

e ™

Faan!

,

e R R
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§Find the upper quartite of the prices:

10. Is there a larger difference between the median and the lower quartile

9—§1.025
B or between the median and the upper quartile?
0. median and ’lﬂ wer quaz tile 11 Find the uu.ul.iuaﬂlle range.
11. 20¢ 12, Use the 1.5 X IQR rule to find any outliers
19 Ty L1 = TR 1O 5 L 0 13 2
T OO+ o I0RN=1U40 U =102> 13 How i5 the outlier different from the others; Can you think of any

QO -15*xIQR=825-30=525

possible explanations for this?

Thrifty Drug is the only outlier (but Foster’s Freeze is surely close).

taurug

store rather than a speaalty ice cream store. Maybe the ice cream is

not asgmrimnaytm_the_cslnﬁs_al(ztjmaﬂe:,_omayhum

‘foss Teader .

ofhaving eves a-fow wrusualtly- lerge or-smallvalues-in-the data.

The lower quartile, median, and upper quartile divide the data into four

parts with approximately the same number of observations in each part. The

interquartile range (IQR), the third quartile minus the first quartile, 15 a

measure of how spread out the data are. If a number is more than 1.5 times

the interquartile range above the upper quartile or below the lower quartile,

we call it an outlier. If the data are grouped fairly tightly, there will be no

outliers, When we do find an outlier, we should study it closely. It is

worthwhile to try to find reasons for it, as they can be an important part of

the overall interpretation of the data.
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2. Find examples of the use of the words “mean,” “median,” or “average”

in a local newspaper. If vou find “average,” can you tell if they used

the median, the mean, or some other method? If you find “mean” or

“median,” discuss whether or not the appropriate method was used.
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1960 1962

Weeks Record Title Artist Weeks Record Title Artist

2 “El Paso’’ Marty Robbins 2 “The Twist'’ Chubby Checker

3 “Running Bear” Johnny Preston 3 “Peppermint Twist" Joey Dee &

2 “Taen Angel” Mark Dinning The Starliters

9 “The Theme from ‘A Summer Place’ Percy Faith 3 “Duke of Earl” Gene Chandler

4 “Stuck on You" Etvis Presiey 3 “Hey! Baby” Bruce Channel

5 “Cathy’s Clown” Everly Brothers 1 “Don’t Break the Heart

2 “"Everybody’'s Somebody's Fool” Connie Francis 5 That Loves ‘:,o“ Connie Francis
Tt “Alley-Oop"’ Hollywood Argyles 2 Johnny Angel Shelley Fabares

3 “Pm Sorry” Brenda Lee 2 ““Good Luck Charm™ Eivis Presley

. e 14
1 “isy Bitsy Teenie Weenie Yellow 3 Soidier Boy Shirelles
Polkadot Bikini" Brian Hyland 1 ‘'Stranger on the Shore™ Mr. Acker Bilk

5 “It's Now or Never'* Elvis Presley 5 I Can't Stop Loving You"  Ray Charles

$ “The Twist" Chubby Checker 1 “The Stripper” David Rose

2 “My Heart Has a Mind of Its Own” Connie Francis 4 ""Roses Are Red” Bobby Vinton

1 “Mr. Custer” Larry Verne 2 “‘Breaking Up Is Hard

3 ‘‘Save the Last Dance for Me" Drifters “ fo Do “ Neil Sedaka

1 “; Want to Be Wanted" Bronda Lee 1 The Loco-Motion Little Eva

i [ 2 "'Sheila™ Tommy Roe
1 “Georgia on My Mind Ray Charles o s
1 “Stay” Maurice Williams & 5 Sherry > 4 Seasons
The Zodiacs 2 “Monster Mash' Bobby “Boris” Pickelt &
6 ‘“Are You Lonesome To-Night?"' Elvis Presley The Crypt Kickers
2 “He's a Rebel” Crystals
Source: The Billboard Book of Tap 40 Hits, 1985, 5 “Big Girls Don't Cry"” 4 Seasons
3 “Telstar" Tornadoes

Source: The Billboard Book of Top 40 Hits, 1985,
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1964 1966
Weeks Record Title Artist Weaks Record Title Artist

4 “Theret I've Said it Again’’ Bobby Vinton 2 “The Sounds of Silence’ Simon & Garfunket

7 I Want to Hold Your Hand" Beatles 3 “We Can Work It Qut” Beatles

2 ‘‘She Loves You’ Beatles 2 “My Love" Petula Clark

5 “Can’t Buy Me Love' Boeatles 1 “Lightnin’ Strikes” Lou Christie

1 "‘Hello, Dolly!” Louis Armstrong 1 “These Boots Are Made for Walkin'"  Nancy Sinatra

2 “My Guy" Mary Wells 5 “The Ballad of the Green Barets" Sgt. Barry Sadler

1 “Love Me Do”’ Beaties 3 “(You're My) Soul and Inspiration” Righteous Brothers

3 “‘Chapel of Love” Dixie Cups 1 *Good Lovin™’ Young Rascals

1 “A World Without Love" Peter & Gordon 3 “Monday, Monday" Mama's & Papa's

2 “i Get Around” Beach Boys 2 “When a Man Loves a Woman" Percy Sledge

2 “‘Rag Doll"” 4 Seasons 2 “Paint It, Black" Rolling Stones

2 ““A Hard Day's Night" Beaties 2 “Papearback Writer" Beatles

1 “Everybody Loves Somebody’” Dean Martin 1 ‘“‘Strangers in the Night" Frank Sinatra

2 “Where Did Qur Love Go™ Supremes 2 “Hanky Panky" Tommy James &

3 ““The House of the Rising Sun"  Animals The Shondells

3 “'Oh, Pretty Woman' Roy Orbison 2 “Wild Thing” Troggs

2 “Do Wah Diddy Diddy”’ Manfred Mann 3 “*Summer in the City" Lovin' Spoonful

4 “Baby Love’* Supremes 1 ‘*Sunshine Superman Donovan

1 “|sader of the Pack” Shangri-Las 2 “You Can’t Hurry Love" Supremes

1 “Ringo” Lorne Greene 3 “Cherish” Association

1 “Mr. Lonely” Bobby Vinton 2 “‘Reach Out 'li Be There” Four Tops

2 “‘Come See about Me” Supremes 1 "'96 Tears” ?2(Question Mark) &

3 *| Feel Fine" Beatles vk Myutok s
1 “Last Train to Clarksville™ Monkeas

Source: The Bilfboard Book of Top 40 Hits, 1985, 1 “*Poor Side of Town’ Johnny Rivers

2 “You Keep Me Hangin' On" Supremes
3 “Winchester Cathedral” New Vaudeville Band
1 “Good Vibrations™ Beach Boys
7 “'m a Believer” Monkees

Source: The Billboard Book of Top 40 Hits, 1985.
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1968 1980
Weeks Record Title Artist Weeks Record Title Artist
2 “Judy in Disguise (With John Fred & His 1 ‘‘Piease Don't Go" KC & The Sunshine Band
Glasses)” Playboy Band 4 “Rock with You" Michael Jackson
1 “Green Tambourine” Lemon Pipers 1 “Do That to Me One More Time”  Captain & Tennille
5 *Love is Blue” Paul Mauriat 4 “Crazy Little Thing Called Love” Queen
4 *(Sittin’ on) The Dock of 4 “Another Brick in the Wall Pink Floyd
the Bay" Otis Redding (Part 1)
5 “Honay” Bobby Goldsboro 6 “Call Me"” Blondie
2 “Tighten Up"” Archie Bell & 4 “Funkytown” Lipps, Int.
) " . ho YR 3 “Coming Up (Live at Glasgow)”  Paul McCartney & Wings
8 MRCHobiwen , . Son & Gatunkel 2 “I¥s Still Rock and Roll to Me”  Billy Joel
) 4 This Guy's In Love with You Herb Alpert a “Magic” Olivia Newton-John
2 ‘‘Grazing in the Grass” Hugh Masekela 1 “Sailing” Christopher Cross
) 2. -FeiodLove You™ Deaoes 4  “Upside Down" Diana Ross
= Pacpin Gat to Be Free' Fuxcals 3 “Another One Bites the Dust” Queen
L3 " 3
) 1 “Harper \l'a:!tey P.T.A. Jeannie C. Riley 3 “Woman I Love" =TT
3 : “l:er Jg;d“ oﬂsath la; . 6 “Lady” Kanky Hogws
. ove na Ross “ "
; The Supremes 5 {Just Like) Starting Over John Lennon
' 7 "iHeard it through  The Billboard Book of Top 40 Hits, 1985.
) the Grapevine” Marvin Gaye AL &= gonallop o
Source: The Biltboard Book of Top 40 Hits, 1985,
)
)
),
)
)]
)
)
)
3
)
)
)
)
)
)
)
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SECTION HI: MEDIAN, MEAN, QUARTILES, AND OUTLIERS
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1983
Weeks Record Title Artist
4 “Down Under" Men At Work
1 "“Africa" Toto
2 ““Baby, Come to Me" Patti Austin &
Jamas Ingram
T “Billie Jean” Michael Jackson
1 “Come On Eileen™ Dexys Midnight Runners
3 “Beat " Michael Jackson
1 “Let's Dance” David Bowie
6 “Flashdance...What a Feeling"” Irene Cara
8 “Every Breath You Take'’ Police
1 “Sweet Dreams (Are Madeée
of This)" Eurylhmics
2 ‘“Maniac” Michael Sembello
1 “Tell Her about It”’ Billy Joel
4 “Total Eclipse of the Heart” Bonnie Tyler
2 “Islands™in the Stream’’ Kenny Rogers with
Dolly Partan
4 “All Night Long (Al Night)' Lionel Richie
6 “Say Say Say" Paul McCartney &

Michael Jackson

Source: The Bilthoard Book of Top 40 Hits, 1985,

1984 .
Weeks Record Title Artist
2 “Owner of a Lonely Heart” Yes
3 “Karma Chameleon" Culture Ciub
5 “Jump” Van Halen
3 “Footloose™ Kenny Loggins
3 “Against All Odds (Take a
Look at Me Now)"’ Phit Collins
2 “Hello™ ) Lionel Richie
2 “Let’s Hear It for the Boy'"' Deniece Williams
2 “Time after Time'" Cyndi Lauper
2 “The Reflex’ Duran Duran
5 “When Doves Cry"” Prince
3 ‘“Ghostbusters” Ray Parker Jr.
3 “What's Love Got to
Do with it”’ Tina Turner
1 “Missing You" John Waite
2 “Let’s Go Crazy" Prince
3 “l Just Called to Say
| Love You" Stavie Wonder
2 “Caribbean Queen (No More
Love on the Run)" Billy Ocean
3 “"Wake Me Up Before You
Go-Go” WHAM!
2 “Out of Touch” Daryl Halt &
John Oates
6 “Like a Virgin" Madonna

Source: The Billboard Book of Top 40 Hits, 1985,
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Page 55

NOTE TO TEACHERS: In 1985 the Nielsen Company determined these
ratings from electronic meters attached to the television sets in about
1,700 homes. Additionally, the people in these homes filled out diaries
of the programs they watched.

Most of the programs listed are regular weekly shows; the titles in
quotation marks are movies and other special features.

Iv. BOX PLOTS

SECTION IV: BOX PLOTS

In the last section, we learned how to find the extremes, the quartiles and
the median. These five numbers tell us a great deal about a set of data. In

this section, we will describe a way of using them to make a plot.

The following tables give the ratings for national prime-time television
for the week of April 29 through May 5, 1985, as compiled by the A. C.
Nielsen Co. The 25.5 rating for The Cosby Show means that out of every
100 houses with televisions, 25.5 were watching The Cosby Show at the time it

was on. Each ratings point represents 849,000 TV households.

TELEVISION RATINGS

Program Network Rating
Y. The Cosby Show NBC 25.5
i Family Ties NBC 218
3. Dallas CBS 21.4
4. Cheers NBC 19.7
5. Newhart CBS 18.4
6. Falcon Crest CBS 18.3
7. “Alfred Hitchcock Presents’ NBC 18.0
8. 60 Minutes CBS 17.9
[} Knots Landing CBS 17.8
10. A-Team NBC 17.6
11. Murder, She Wrote CBS 17.6
12. Night Court NBC 17.6
13. Highway to Heaven NBC 7.0
14, Facts of Life NBC 16.8
15. “Missing, Have You
Seen This Person?"' NBC 16.5
16. Kate & Allie C8S 16.3
17. Sara NBC 16.3
18. Who's the Boss? ABC 15.9
19. Trapper John, M.D. CBS 15.7
20. Love Boat ABC 15.5
21, Scarecrow & Mrs. King CBS 15.4
22, “Miss Hollywood ‘B5" ABC 15.4
23. “Lace I, Part | ABC 15.3
24. Miami Vice NBC 15.2
25. Simon & Simon GBS 15.2
26. Riptide NBC 15.2
27. Cagney & Lacey CBS 15.0
28. “Adam” NBC 14.9
29. Crazy Like a Fox cBS 14.6
30. MacGruder and Loud ABC 14.3
31. 20/20 ABC 14.3
32. “Life's Embarrassing Moments” ABC 14.2
33. Hill Street Blues NBC 14.0

Source: A.C. Nielsen Company.




SECTION IV BOX PLOTS
TELEVISION RATINGS
Program Network Rating
34. St. Eisewhere "NBC 13.9
35. Three's a Crowd ABC 13.8
36. Hail to the Chief ABC 13.7
a7. “Joanna” ABC 13.0
38. Airwolf CBS 12,7
39. Remington Steele NBC 12.6
40. “Loving Couples™ CBS 12.4
41. “Apocalypse Now" ABC 12.4
42, “Survival Anglia” CBS 12.0
43. Gimme a Break NBC 12.0
44, Knight Rider NBC 11.8
45. Hunter NBC 11.6
46, ““Anything for a
Laugh” ABC 11.6
4a7. T. J. Hooker ABC 11.5
48. Double Trouble NBC 115
49. Magnum, P. L. cBS 11.4
50. Diff'rent Strokes NBC 10.7
51. Benson ABC 10.7
52, ‘‘Ray Mancini Story" CBS 10.6
53. Mike Hammer CBS ! 10.5
54. Webster ABC 10.4
55. Under One Roof NBC 104
56. Half-Nelson NBC 10.4
57. Double Dare cBS 9.6
58. Best Times NBC 9.5
59. “Dr. No" ABC 9.5
60. Punky Brewster NBC 9.0
61. Ripley's Believe It
or Not ABC 8.5
62. Cover Up I cB8s 8.3
63. Eyeto Eye - ' ABC 8.3
64. Street Hawk ABC 7.9
B65. ) "Silver Spoons NBC 7.8
66, Lucie Arnaz Show CBsS 7.5
67. Jeffersons ces 7.4
Source: A.C. Nielsen Company.
56
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Page 57: Discussion Questions

1. 50 percent
25 percent
75 percent

50 percent
25 percent

G oW N

SECTION IV: BOX PLOTS

The following instructions will teach you how to make a box plot of the
ratings of the 67 programs:

Step 1 Find the median rating.

There are 67 ratings, thus the median will be the 34th show. The
34th show, St. Elsewhere, has a rating of 13.9.

Step 2 Find the median of the upper half.

There are 33 ratings above the median. The median of. these
ratings is at the 17th show. This show is Sara with a rating of 16.3.
This number 16.3 is the upper quartile.

Step 3 Find the median of the lower half.

There are 33 ratings below the median. The median of these
ratings is at the 51st show, which is Benson with a rating of 10.7.
This number 10.7 is the lower quartile.

Step 4 Find the extremes.
The lowest rating is 7.1 and the highest is 25.5.

Step 5 Mark dots for the median, quartiles, and extremes below a number
line.

5 o 5 20 25 30

RS GO WS USR] (AN S NP RN DON SR [ N ARG NI Chlcs I NN PN BO el LNty S N N CP)

Step 6 Draw a box between the two quartiles. Mark the median with a line
across the box. Draw two “whiskers” from the quartiles to the
extremes.

Discussion Questions

About what percent of the ratings are:
. Below the median?

. Below the lower quartile?

. Above the lower quartile?

. In the box?

. In each whisker?

L A
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SECTION IV: BOX PLOTS

6. Is one whisker Ionger than the other? What does this mean?

Page 58: Discussion Questions (continued)

7. Why isn’t the median in the center of the box?

b. Yes; if means the ratings of the top quarter of the shows are more

8. On May 8, 1985, UBS announced that it was cancelling The Jeffersons,

spre

Cover Up, The Lucie Arnaz Show, and Double Dare. The future of Mike

Hammer was in doubt. Why do you think CBS is cancelling these

7. It'sclose to the center, but generally won 't be exactly in the center

shows? Are there any other programs CBS should consider cancelling?

because the values in the second and third quarters are unlikely to

be equally spread out
A o r

— 9 Which shows do you think ABC cancelled?

8. Low ratings mean advertisers will pay less to show their

commercials; Magnum P.L

The executives of the networks are interested in how the three compare in

ratings. We learned that a back-to-back stem-and-leaf plot is good for such

. On May 6, 1985, ABC announced that it was cancelling Threes a

D

comparisons. Unfortunately, it has only two sides and there are three

Crowd, Eye to Eye, MacGruder and Loud, T. . Hooker, Hail to the Chief. and

networks. Box plots are effective for comparing two or more sets of data. For

Street Hawk

example, let’s plot the ratings for CBS, NBC, and ABC on separate box plots.

i H i sy
SE— ry wTe

L1 % isg 185 LFS 17 s I7.6 1.3 15,7

JER: 3 5.2 15U 126 1.7 1242 | ) 114

1Ue U X 8.3 7.9 /.1

I'ne median 15 hallway beftween the 11th and IZth rahings, which are I5.U

and 146, Thus, the median is:
150+ 146 296 ...
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The | 71
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The box plots for CBS, NBC, and ABC are shown bel
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SECTION TV BOX FLOTS

Discussion Questions

Page 59 Di ion Ouesti

1. They are aciually 145 115and 170, 78 and 255

; ; ; .
T Use the box plot to estimate the median, guartites;, and extrenresfor

2. They are actually 13.6, 10.4 and 14.3, 7.9 and 15.9.

NP,

3RS 2. Use the box plot to estimate the median, quartiles, and extremes for
ABC

4N CBS, ABC ;

R R B B S 3. Study the box plois to decide which metwork has the largest

5_ i BS' ElBi 5 q Bi mferquﬁi‘t ite ﬁifg@.

4, If you say that the winning network is the one with the highest-rated

7. Yes, the Cosby Show is just barely an outlier (25.5 versus 25.25)

show, which network is the winner? Which is second? Which is third?

51f you say that the winning network 15 the one with the targest upper

8. no quartile, which network is the winner?  Which s secorcd?— Which s
third?
U]. !.ll.l: utmu Ul. ul.uwm.ual vcuu!:a la 3
6. If you t median,

omitted in box plots and we can then see relative standings better.

which netwaork is the winner? Which is second? Which is third?

In addition, we don t have any method of showmg three different

7. Use the box plot to estimate if there are any outiiers for NBC (Hint———————————

e len o € DOX 1 1 ety
10. In redrawing the box plot for ABC to reflect the hypothetical B e i RR itHaE o CHS G ARCY
Mﬁﬂmppmmmmiums_@bww minimum 104, 2 - — —
: ¢ - ; - . 9. Why are box plots a better way to compare the refative positiorns of the

three networks than line piots or stem-and-ieaf piots?

10 Write a deseription of the relative standings of the three networks.

Then (don’t peek) read the following example

The median ratings of the three networks are very close — each

around 14. The lower quartiles and lower extremes are also very

close — around 11

at just the shows in the bottom half for each network, the three

networks do about the ever, when

looking at the top half of the ratings. NBC and CBS do much

better than ABC. T i tightly

between 13.0 and 159 In contrast, about 25% of the ratings for

both CBS and NBC a:e_la:gez_than_lf?_it_w_clfa:_:hai_ﬂﬂﬁ_ls the

losing network, but whether NBC or CBS is the winner is not so

clear

Even if ABC had cancelled the botfom quarter of their SHOwWs

and replaced them all by shows that received a higher rating than

their current top show — lor example between I/ and 22 — They

would still be a bit behind NBCT and TBS in terms of the tOp

shows. (As an exercise, redraw the boxplot for ABC fo refiect this

hypothetical situation.)
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SECTION TV: BOX PLOTS

Application 12

Prices of Corn Poppers

The box plot below shows the dollar prices of twenty popcorn poppers as
listed in Consumer Reports Buying Guide, 1981,

Source: Consumer Reports Buying Guide, 1981,

. Approximately how much did the most expensive popcorn popper cost?
. Approximately how much did the least expensive popcorn popper cost?
. What was the median price for a popcorn popper?

. What percentage of the poppers cost more than $26.50 (the upper
quartile)?

. What percentage of the poppers cost more than $17.00 (the lower
guartile)?

. If you had $21.00, how many of the twenty poppers could you afford?
. If you had $26.50, how many of the twenty poppers could you afford?

e L3 R s

w

. Are any of the prices outliers? How can you tell?
. Write a short description of the price of popcorn poppers.

oooe oo
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NOTE TO TEACHERS: Application 12, “Prices of Corn Poppers,” may be
omitted.

Application 12

1. $48
2. 812
3. 821
4. 25 percent
5. 75 percent
6. 10
7 15

8. Yes; because the upper extreme is more than 1.5 box lengths above
the upper quartile.

9. Answers will vary. Sample: Of the twenty popcorn poppers listed in
Consumer Reporis, the most expensive was about $48 and the least
expensive about $12. Half cost more than $21 and five more than
about $26, Five cost under about $17. At least one popper was much
more expensive than the others.
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Page 61

NOTE TO TEACHERS: Application 13 should be completed by all
students because it introduces the method of showing an outlier on a
box plot (question 5 on p. 62).

Application 13

1. The missing states probably have no roller skating clubs, so the
values would be 0; Alaska, Idaho, Montana, North Dakota, South
Dakota.

2. A stem-and-leaf plot like this helps in making the box plot:

ojrti1 112222344
-18555667778®38
iloo1 t 33

|55 8

2|1,224

19

3|3

159

410 |

17 102

The lower extreme is 1, the lower quartile is 3.5, the median is 8, the
upper quartile is 21.5, and the upper extreme is 102.

© 0 20 30 40 350 e0 70 30 490 100
l [, P [ AR  FERTENS [CSR. RO |

R ®

3. An outlier will lie more than 1.5 interquartile ranges above the upper
quartile; that is, above

21.5+1.5(21.5- 3.5) = 48.5.
California, at 102, is larger than 48.5

4. California makes this whisker long. If California were omitted, the
whisker would end at 47.

SECTION IV: BOX PLOTS

Application 13

Roller Skating Clubs

The following table gives the number of roller skating clubs by state for

45 states.

State Number State Number
Alabama 11 Nebraska 8
Arizona 6 Nevada 1
Arkansas 5 New Hampshire 1
California 102 New Jorsey 24
Colorado 11 New Mexico 1
Connecticut T New York i8
Delaware 2 North Carclina 15
Florida 39 Ohio 47
Georgia a8 Oklahoma 5
Hawaii 1 Oregon 13
ilinois 35 Pennsylvania 41
Indiana 21 Rhode Island 5
lowa 7 South Carolina 2
Kansas 7 Tennessees 10
Kentucky 6 Texas 40
Louisiana 10 Utah 2
Maine 1 Yermont 1
Maryland 15 Virginia 33
Massachusetts 13 Washington 22
Michigan 29 Wast Virginia 4
Minnesota 4 Wisconsin 8
Mississippi 3 Wyoming 2
Missouri 22

Source: Roller Skating Rink Operators Association.

1. Why do you think the data include only 45 and not 50 states? What
values might the 5 remaining states have? Which states are missing?

2. Make a box plot of the 45 values. (Hint: The numbers

must be put in

order before you find the median and the quartiles. A quick way to do

this is to use a stem-and-leaf plot.)

3. Show that California is an outlier.

4. Look at the upper whisker. Why is it so long? If you were to omit

California from the list, how would the box plot change?
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SECTION IV: BOX PLOTS

5. There is an alternate way to construct the box plot when there is an Page 62: Application 13 (continued)
outlier, such as California. Copy your box plot, but stop the upper
whisker at Ohio’s 47. Then, put an asterisk at California’s 102. Thus, 5.
there is a gap in the plot, corresponding to the gap between the largest :
and second-largest values. O o 20 30 490 50 0 70 80 90 100

L N S | 1 | 1 ] L j

6. Which of these plots do you think gives a more accurate picture of these
data? Why? b i ] %

7. Write a description of the information given in the box plot you
constructed for question 5.

6. The plot in question 5. It shows that there is only one state with
more than 47 roller skating clubs. From the plot in question 2, one
might think there are many.

7. Answers will vary. Sample: This box plot shows that half of the
forty-five states listed have 8 or fewer roller skating clubs. Another
quarter of the states have between 8 and 21 clubs, and the top
quarter between 22 and 47. One state, California, has 102 clubs, more
than twice as many as the next state, Ohio, with 47,

Five states—Alaska, Idaho, Montana, North Dakota, and South
Dakota—are not listed. They probably have no roller skating clubs.
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Page 63

NOTE TO TEACHERS: Application 14, “Sugar in Cereals,””
may be omitted.

Application 14

1. It could mean either percentage of weight or percentage of calories.

SECTION IV BOX PLOTS

Application 14

Sugar in Cereals

Percentage of Sugar in Cersals

Product % Sugar Product % Sugar
Sugar Smacks (K) 56.0 Kellogg Raisin Bran (A) 29.0
Apple Jacks (K) 54.6 C. W. Post, Raisin, (A) 29.0
Froot Loops (K) 48.0 C. W. Post (A) 28.7
General Foods Raisin Bran (A) 48.0 Frosted Mini Wheats (K) 26.0
Sugar Corn Pops (K) 46.0 Country Crisp (K) 22.0
Super Sugar Crisp (K) 46.0 Life, cinnamon (K) 21.0
Crazy Cow, chocolate (K) 45.6 100% Bran (A) 21.0
Corny Snaps (K) 45.5 All Bran (A) 19.0
Frosted Rice Krinkles (K) 44.0 Fortified Qat Flakes (A) 18.5
Frankenberry (K) 43.7 Life (A) 16.0
Cookie Crisp, vanilla (K) 43.5 Team (A) 14.1
Cap'n Crunch, crunch berries (K) 43.3 40% Bran (A) 13.0
Cocoa Krispies (K) 43.0 Grape Nuts Flakes (A) 13.3
Cocoa Pebbles (K) 426 Buckwheat (A) 12.2
Fruity Pebbles (K) 42.5 Product 19 (A) 9.9
Lucky Charms (K) 42.2 Concentrate (A) 9.3
Cookie Crisp, chocolate (K) 41.0 Total (A) 8.3
Sugar Frosted Flakes of Corn (K) 41.0 Wheaties (A) 8.2
Quisp (K) 40.7 Rice Krispies (K) 7.8
Crazy Cow, strawberry (K) 40.1 Grape Nuts (A) 7.0
Cookie Crisp, oatmeai (K) 40.1 Special K (A) 5.4
Cap’n Crunch (K) 40.0 Corn Flakes (A) 53
Count Chocula (K) 39.5 Post Toasties (A) 5.0
Alpha Bits (K) 38.0 Kix (K) 4.8
Honey Comb (K) 37.2 Rice Chex (A) 4.4
Frosted Rice (K) 37.0 Corn Chex (A) 4.0
Trix (K) 359 Wheat Chex (A) 3.5
Cocoa Puffs (K) 33.3 Cheaerios (K) 3.0
Cap’n Crunch, peanut butter (K) 32.2 Shredded Wheat (A) 0.6
Golden Grahams (A) 30.0 Puffed Wheat (A) 0.5
Cracklin’ Bran (A} 29.0 Puffed Rice (A) 0.1

Source: United States Department of Agriculture, 1879,

1. What do you think the table means when it says that “the percentage of
sugar” in Sugar Smacks is 56.0?

We divided the list into “kid” and “adult” cereals as indicated by a (K) or
an {A) following each name. (You may disagree and change some of these.)




SECTION IV: BOX PLOTS

The following box plots show the amount of sugar in “kid” and “adult”

cereals.

o 10 20 30 40 50 &0

1 | . Ll - L i L 1 L i 1 | N | L 1 i L | L 1 ) i | I 1 I3 1 H
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2. For the “kid” cereals, estimate:
a. the lower extreme
b. the upper extreme
¢. the median
d. the lower quartile
e. the upper quartile

3. For the “adult” cereals, estimate

a. the lower extreme

Page 64: Application 14 (continued)

2. The actual values are as follows:
a. 3.0

b. 56.0

¢. 40.85

d. 35.9

e. 43.7

3. The actual values are as follows:
a. 0.1
b. 48.0
c. 11.05
d. 5.15
e 20.0

4. Answers will vary. Sample: These box plots show that there is a lot
more sugar in “kid”’ cereal than in “adult’’ cereal. In fact, all but one
of the “adult” cereals are 30 percent or less sugar while more than
75 percent of the “kid” cereals have more than this percentage of
sugar. However, there are five outlier “kid’" cereals that have far less
sugar than the others. The three lowest-—Cheerios, Kix, and Rice
Krispies—even have a low amount of sugar relative to most “adult”
cereals. The other two—Cinnamon Life and Country Crisp—are high

Ly

b, the upper extreme
c. the median

d. the lower quartile
e. the upper quartile

4. Write a paragraph comparing the percentage of sugar in “kid” and
“adult” cereals.

relative to the "adult™ cereals, but still quite Iow relative to the other
“kid”’ cereals.

One “adult” cereal, Raisin Bran, has more sugar than most of the
“kid”’ cereals.
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SECTION IV: BOX PLOTS

Four-Door Modaels

Injury injury Injury
Small Cars Ratings Widsize Cars Ratings Large Cars Ratings
Saab 900 7 Chrysier E Class 75 Oldsmobile Deita 88 59
Honda Accord 89 Oldsmobile Cutlass 76 Buick LeSabre 62
Volkswagen Rabbit a2 Buick Regal 79 Qldsmobile Ninety Eight 62
Volkswagen Jetta a7 Pontiac Bonnaville 80 Mercury Grand Marquis €5
Mazda 626 100 Mercury Topaz 81 Buick Electra 66
Nissan Stanza 107 Pontiac 6000 BS Chevrolet Caprice 68
Dodge Omni 114 Marcury Marquis 86 Ford LTD Crown Victotla 68
Renault Alliance 114 Dodge 600 86 Chrys. 5th Ave. 69
Ford Escort 117 QOidsmaobile Ciera 86 Dadge Diplomat 72
Plymouth Horizon 118 Chrysler New Yorker 87 Chevrolet impala 79
Maearcury Lynx 120 Buick Century 87 Plymouth Grand Fury 101

Toyota Corolla 122 Chrysler LeBaron 88

Subaru DL/GL Sedan 125 Volivo 240 89

Toyota Tercel 127 Ford LTD 88

Mazda GLC 130 Peugeot 505 o1

Pontiac 1000 139 Toyota Camry 91

Isuzu T-Car/)-Mark 140 Toyota Cressida 22

Chevrolet Chevette 143 Buick Skylark 92

Dodge Colt 144 Cadiltac Cimarron a3

Nissan Sentra 145 Chevrolet Celebrity 94

Mitsubishi Tredia 155 Chevrolat Citation 24

Plymouth Coit 156 Audi 4000 96

Oldsmobile Omega o8

Ford Tempo 100

Pontiac Phoenix 101

Pontiac 2000 109

Dodge Aries 111

Plymouth Reliant 112

Chevrolet Cavalier 112

Oldsmobile Firenza 113

Buick Skyhawk 113

Nissan Maxima 121

Source:

Highway Loss Data Institute.
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Page 67: Application 15

1. station wagons and passenger vans
2. two-door models

SECTION IV: BOX PLOTS

Two-Door Modeis

Injury injury injury
Small Cars Ratings Midslze Cars Ratings Large Cars Ratings
Saab 900 70 Oldsmobile Cutlass 88 Ford Crown Victorla 65
Honda Accard 102 Buick Regal 50 Buick LeSabre 70
Nissan Stanza 105 Otdsmobile Ciora 91 Qldsmobile Deita 88 70
Volkswagen Rabbit 106 Pontiac Grand Prix 92 Oldsmobile Ninety Eight 71
Mazda 626 106 Qidsmobile Omega 82 Morcury Grand Marquis 76
Yolkswagen Scirocco 108 Pontiac 6000 94 Chevrolet Caprice Fad
Mazda GLC 110 Buick Skylark 94 Buick Electra 81
Honda Prelude 114 Chevrolet Monte Carlo a8
Honda Civic 115 Chrysler LeBaron 99
Subaru Hardtop 117 Ford Thunderbird 100
Renault Fuego 118 Bulck Century 100
Toyota Celica 120 Volvo 240 104
Dodge Daytona 122 Dodge 400600 105
Subary Hatchback 125 Chevrolet Celebrity w7
Plymouth Horizon 128 Dodge Arles 109
Chrysler Laser 128 Mercury Cougar 109
Toyota Tercel 129 Chevrolet Citation 111
Ford Escort 130 Pontiac Phoenix 112
Renauit Encore 130 Pontiac 2000 118
Dodge Charger 132 Ford Tompo 118
Marcury Lynx 137 Plymouth Reliant 119
Nissan Sentra 137 Buick Skylark 123
Renauit Alllance 138 Oldsmobile Firenza 123
Toyota Stariet 148 Chevrolet Cavalier 126
Plymouth Coit 148
Dodge Coit 149
Mitsubishi Cordia 151
Chevrolet Chevette 154
Pontiac 1000 155
Nissan Pulgar 158

Source: Highway Loss Data Institute.

1. Which of the four groups of cars is the safest?

2. Which is the most dangerous group?
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SECTION TV: BOX PLOTS

3. The box plot for all of the small cars and for midsize cars is shown
below. (All four types of models were combined.) Make the box plot
for large cars. Show any outliers as in Application 13, question 5.

50 ¢0 T0 80 90 o O 20 3o 140 50 f6D
i i 1 I H 1 i l 1 1 1 1
- i 3 L SMALL
1
P i HIDSIZE
LARGE

4. Which would you say are closer in safety, small and midsize cars, or
midsize and large cars? Why?

5. Write a paragraph giving an overall summary of the plots.

6. (Optional) Make box plots for American small cars and for Japanese
small cars, or two other categories that interest you, and write a
summary of the plots.

7. (For class discussion) Do you think that these injury ratings reflect just
the inherent safety of these cars? Might they also relate to other factors
such as different characteristics of the drivers, different mileages, or
different types of driving that the cars receive? What other ways can
you think of for comparing the safety of different automobiles?

68
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Page 68: Application 15 (continued)

3.
50 &0 (o] 20 90 100 HO 120 130 140 50 160
L 1 I | | 1 } 1 1 . l 1
. L 4 ¢———e SMALL
[ > & [ MIDSIZE
> o ¢— o » LARGE

For large cars, the lower extreme is 54, the lower quartile is 64.5, the
median is 69, the upper quartile is 72.5, the upper whisker is 81, and
the outlier is 101. (For small cars, the points plotted are 57, 102, 118,
135:i and)158. For midsize cars, the points plotted are 56, 87, 94, 109,
and 127.

4. Small and midsize; their box plots overlap.

5. Answers will vary. Sample: The box plots show that the larger the
car, the better safety record it tends to have. There are exceptions.
Several small cars have very good safety records, and the safest
small, midsize, and large cars have almost exactly the same safety

“ratings. One large car, the Plymouth Grand Fury, has a safety record
much worse than the other large cars, and it is more typical of
midsize cars.

Another interesting thing is that the box plot for small cars is
more spread out than that for midsize cars, and the plot for midsize
cars is more spread out than that for large cars. This means that
large cars tend to be alike in their safety records while there is more
variation in midsize cars and still more in small cars.

The distributions of the small and midsize cars overlap more
than do the distributions of the midsize and large cars. More
precisely, any large car (except for the Plymouth Grand Fury) is safer
than three-fourths of the midsize cars and three-fourths of the small
cars.

6. Answers will vary.

7. Answers will vary. Sample: The factors listed could also affect the
ratings. [t would be helpful to know more about how these numbers
were compiled.
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Page 69

NOTE TO TEACHERS: Application 16, “High School Eligibility,”
may be omitted.

SECTION IV: BOX PLOTS

Application 16

High School Eligibility

Data from the Los Angeles Times appear in the following table.

High School % Ineligible in Sslected Activities
Boys Girls
Band Drama Yearbook Baseball Track Track

Banning 27 19 0 9 38 24
Bell 37 19 - [+] 22 13
Belmont e 3 7 19 14 7
Birmingham 52 31 - — 24 —
Canoga Park 30 19 20 17 25 33
Carson — ] —_ 13 21 —
Chatsworth 25 19 33 9 20 31
Cleveland 11 — 7 16 15 —
Crenshaw 68 36 —_ 20 19 17
Daorsey 8 28 -_— 15 31 31
Eagle Rock (] — [+] —_— — -_
El Camino Real 7 15 13 3 16 15
Fairfax 35 23 —_ 21 51 30
Francis Poly 4 28 — 0 22 3
Franklin 48 33 21 17 29 44
Fremont -— 43 _— 32 32 38
Gardena 34 - 17 19 20 20
Garfield 21 — o 7 16 23
Granada Hills 14 29 — 15 21 28
Grant _ 3 _— 17 26 _—
Hamilton 36 27 o 24 12 [v]
Hollywood 3 3 8 — —_ —
Huntington Park 40 33 44 15 22 —_
Jefferson 61 58 — B 62 _
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paae 70: Aoplication 16

High School % Ineligible in Selected Activities

£

Because a 0 in the table means no students were ineligible. Maybe it

Boys Girls

means that the activity is not offered at the school or that the school

Band Drama Yearbook Baseball Track Track

did not respond for that activity

2 The box plots are based on the following points for the lower

bt g '.: b "o ﬁ 20 extreme, the lower quartﬂe, the median, the upper auartﬂe the
Lineoin 32 28 71 6 17 13 - :
Loeke 30 &7 45 30——&57———— FS
Los-Angel = —400 3 3 37— Baseball-0, 8,155, 19,3238, 43,45
i ol o 38 p%: o Band: U, 11, 225, 35, 68; —
e ¥ L
Monroe a3 30 P 3 s 24 Girls’ Track: 0, 13, 235, 31, 57; —
Marbonne 21 25 o Boys” Track:3,17,21.30,44; 51, 62
W 2 Z Drama 015,26, 35,64, 76,160
-1 L4 | 'g ac Ers £l
Rimed s e e Yearbook: 0, U, 13,3565, 71, —
(2] 1t o 30 — 12 12 a5
San Eernando 19 64 24 24 44 33 O 10 20 30 40 50 60 10 80 90 100
San Pedro 11 10 — 8 18 0 L £ 1 I 1 I i ] i 1 i
South Gate 38 a s 19 15 28
Syimar 10 an i, = B ] BASE BALL *—% S 9—= X W
-— 0
» — T F :
22 BAND .
GIRLS  TRALK ® .l
BOYS® TRACK e—¢ ¢ —e
DRAMA l--«-—+ H————-c *
YEARBOOK s
were declared %hgbh—md—cmﬂd—n@—lengﬂt—pamelpate —
1. The mewspaper does not say why the table contains blanks. How do
you know thata blank does ot mean that nostudents were ineligible?
—igrore the blamks:
2 3 X i
a b d; one
group should consmn:Lthe_plm_fnLd:ama,_anniher_inqzeaﬂzmk,_and 80
on. Use an asterisk for any outliers, as in Application 13, question 5
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SECHON- Y BOX PLOTS———

Page 71 Application 16 (continued)

3. Make a number line on the blackboard or overhead projector. A

Tepresentative from each group should draw its box plot under this

3. See the preceding box plots in question 2.

numbper line.

i 4 ba nd-members
RO IMemoers

4 Do band members or baseball players tend to have higher rates of

_ 5. Because more than 25 percent of the schools have an ineligibility

ineligibility?
& Y

— rate of O percent

6. Answers will vary but could include the following information.

5. Why is there no lower whisker on the yearbook box plot?

The rates of ineligibility were generally lowest in baseball

= 1 h|
" T IO HIUUIT UVELLdA P

among, the distributions.

_ The ineligibility rates for yearbook appear to be different from

A%i%@thepachmﬂe&leaﬂmok_hasﬂwlongesf box by a
%mﬁlﬁdtﬁﬁfﬂ’tg—fh&t—fh%ﬂ-ﬂ—lﬁ

$ rrayiaiai]iber Ao

Gl Vol lﬂ UIHLJ G‘il—lULlE

the schools. Further, at least one-fourth of the schools have

ineligibility rates of 0 percent; this didn’t happen for any other

aphvrtv Yearbook’s median of 13 percent is the lowest of any

1 l&t‘:

Drama generally had the largest rates of ineligibility. It has the

largest median of 28 percent, 1ts upper quaru}e of 35 nercent is as

rcent

af 15
oo

percent or smailer, and some had 0 percent ineligible for drama:

The rates for band, girls” track, and boys’ frack are similar, being

larger than those for baseball but c;rnaﬂpr than drama
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SECTION IV: BOX PLOTS

Page 73: Discussion Questions

Let's examine the ~INature result more carelully. Ihere are two bDOX plots

for "Nature.” The top one is for gitls and the botfom oneé 15 10T bOys. [he top

1. mathematics

box plot shows that the median Interest score in nature for girls is apout o1

- . : 5 a

(The scale is above "Mechanical Activities) The score of ihe girl who took the

Tnce;

test is marked on each scale by a # . Thus, her infterest in nature is very [ow

musmfdramaucs, art, wntmg, teaching, domestic arts, lanpouttcs,

compared to other girls who have taken the test previously.

Discussion Questions

1. For which subject(s) is this girl's interest score in the top Z5% of all

girls?

’ r

- hiel biects is thi irl’s int ¢ 1 est?

3. Which subjects are girls much more interested in than are boys?
i i ..

5. Write a letter to this girl recommending possible career choices.

a sporfs stafisfician Or as a computer progranmuner who writes

adventure games.

There are more areas in which you have low interest than areas

%ﬁ%%ﬁw—higkme&%—ﬁﬁghi—b&dﬂe to-atack-of
lack

Box Plots — Summary

Y

change as you learn more about these areas.

You may have found it difficult to see the advantages of using box plots.

Some students are disturbed by the fact that most of the data disappears and

only five summary numbers (the median, quartiles, and extremes) remain. It

is true that we can no longer spot clusters and gaps, nor can we identify the

shape of the distribution as clearly as with line plots or stem-and-leaf plots.
However, we are able to focus on the relative positions of different sets of

data and thereby compare them more easily.

Box piots are especially useful when the set of data contains trordreds or

&ven tnoummmmwmf—pht—wmm be

unwielay wiin thousands of Tambers on it!

To compare two (or more) sets of data using box plots, first look at the
boxes to get an idea whether or not they are located in about the same place.

Also, study their lengths, to determine whether or not the variabilities in the

data sets are about the same. Then, you can focus on details. Check whether

les, and extremes that

or not one data set has median, upper and lower quartiles, ar
are all larger than the corresponding values in the second data set. If it does,

then the data in the first set tend to be larger than those in the second no

matter which criterion we use for comparing them. If it does not, then there

plot has

helped us learn some details about the similarities and differences between

the two data sets. Also; check to see if the pattern of outliers is the same in

both data sets

Notice that even if two (or more) sets of data have unequal MUMbers of

values, this does not cause problems for making comparisons with box plots.

['his was not true for stem-and-leal plots.
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Suggestions for Student Projects

1. Collect some data on a topic that interests you, construct box plots, and

interpret them. Topics that other students have used include:

» number of hours of TV watched per week by different types of

students

aRe

* scores of all the students in a school that take a certain test, separated

50 you can compare the different classes

2. One variation of box plots involves changing the width in proportion to

the number of data values represented. For example, if a box

representing 100 values is 1 cm wide, then a box

rgpmnnng_iﬁ_mlne
would be 0.5 cm wide and a box representing 200 values would be 2 cm

wide. Make box plots under the same number line for the small two-

door models, midsize two-door models and large two-door models from
Make the width of the box proportional to the number

Application 15. Make the wi

of cars represented. Discuss the merit of this variation
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REVIEW OF ONE-VARIABLE TECHNIQUES

Which Method to Use?

This section is different from the previous four. Each of the previous four

introduced some statistical method that can help to interpret data. Then, the

method was used on several examples. Often more than one of these

methods could be used to display and to help interpret a particular set of data.

This section helps you to choose an appropriate method by giving some

comparisons among them.

e = f b £ i 1 16 = f
LF BOyULRAOLLL a IRy

S g T
basic qucstmﬂs—about—the—wa.—ﬂow—m—fhe—numbers—ﬁ%mucf Are—the

2 43
val —Are-there ﬂu'y

akmum quesums—that—yon—kﬁow—need—mwerSJ—'Ehe—mﬂpese—ef—statﬁ tieal

lllclll oo

Suppose we have the starting weekly wage for 23 different jobs. We could

display the values using a line plot (SectionI), a stem-and-leaf plot

(Section II), or a box plot (Section IV). We could calculate statistics such as

the median, mean, range, and interquartile range (Section III). Which of

g5y PP | i= Ta i i
ll !3 d 5UUH UEd U RECH UESLIVIIS SuLllr

these methods should we use, or, at least, which should we use first? There

is no single, correct answer. However, there are some guidelines that can

help you to make an appropriate choice of methods.

: : ; ”
A Teasonable general strategy is to use the simpler methods tirst—Thern; i

the interpretations of the data are very ciear, there ts o need to guon to

form:rlg OnE gFroup Ut JODs. IT UnE

R
LU

this type of probient.

The line plot. the stem-and-leaf plot. and the box plot are three different

¥ 1z y » -
and-displays are needed. Most of the examples e Sections L i and Hiare——————————— 17—

displavs that can be used for the ome-group/one-variable situation. The

following paragraphs describe their relative advantages and disadvantages.

Line Plof. The line plot is easy to construct and interpret. It gives

a clear grapmcai plcture, and a few values can be labeled muy.

Constructing a line plot 15 also a useful first step fof calculating the

median, extremes, and (uartiles. [hese statements are all trae

providing the number of values is not too large — fewer than

about 25, As the number ol values becomes larger, the line plot

can become unwieldy and mofe difficult to interpret. wien a

specific value is repeated several Hmes Of when there are many

75
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and-leaf plots do Tot get—as unwieldy as line pilots when the

Box Plot. The box plot is more complicated to construct, since you

must calculate the median, extremes, and quartiles first. Generally,

the simplest way to do this is fo construct the stem-and-leaf plof

fitst and then count in from the ends to get the guartiles and

median. Unlike the stem-and-leaf plot, once the box plot is

constructed, specilic data values cannot be read from it {except for

outhers and the median, quartiles, and extremes). The main

advantage ol the box plof is that it is not clutftered by showing all

the data values. It highlights only a few imporfanf features of the

data. lhus, the box plot makes it easier o focus attention on the

median, exiremes, and quartiles and comparisons among them.

Amnother advantage of the box plot is that it does not become more

complicated with more data values. It is useful with any number

of values. A disadvantage of the box plot occurs when there are

only a few data values — less than about 15. Then, the plotted

values might change greatly if only one or a few of the

observations were changed.

The box }\‘h!‘ is a

djspl_ay_sm_it shows only certain
¥ SHOWS—ORL Y Certany

e TN e




SECHON-VREVIEW OF ONEVARIADEE TECHNIQUES

enables us to focus more easily on the median, extremes, and

quartiles. Since the line and stem-and-leal plots are useful for

computing the statistics needed to construct the box plof, 1T 15

generally reasonable to make one of these two plots st even I

you will eventually construct and use the box plot.

Several Groups and One Variable

“Think agaim about the starting weekly wage examplementioned—at-—the

begining of this section. Instead of corsidering the23-jobsas—one group of

groups. Wew

an example of the two-group/ one-variabie problerm. Mamy of the examplesin

Sections [I and IV are this type. The following paragraphs describe the

Tetative advantages and disadvantages of the tine, stenrand=teaf, ard—box

plots for this situation.

Line plots can be placed next to each other to compare two groups,

although we did not give any examples of this type. However, this becomes

confusing if the two groups overlap a lot or if there are more than a total of

about 25 data values

Back-to-back stermand-leal plots are more uwsefulfor comparing —two

gToups. They are easy {0 CONSTuct, COmparisons tar be rade—byjudging

the number of leaves for various stems. However, if the mumberof data

values in the two groups is Tot roughly equal, the comparisons getmore

ditficult. The am}s—gmrmm—m—mf—ptms—can—hamm AT

obstacie. urthermo 5 TEE these [.uuu-

become unwieldy. Int sﬁrrmﬁ?—for—coﬁpzmrg—twc—gmups—ohhnm equat

size with around 100 or fewer data values i each group, back-to-back stem

and-leaf plots are easy to CONSITUCT and generally adequate:

Box plots below the same_:mthLhne_can_alsn_km_used_m_cggmare two

groups Thi i i of the two

minimums, the Fwo lower quarﬁieq the two medians, the two upper

quartiles, and_the two maximums. Of course, this does not show any other

3
details, but these guantities are usually sufficient for comparing two groups.

Mareaver, there i d by having a large number of

data values, or by having a different number of values in the two groups.

Otten, we need to compare more than two gwup‘s_l?vr—example, the jobs

could be broken down into those Not Fequiring a high

requiring a high school diploma, tThose Tequuring a coxlé‘g‘é‘d‘&‘gree_anq those

requiring a graduate degree. This gives four groups. It is an example of @

many-group]one-variable probiem.

There is no way to construct a stem-and-leaf plot for this situation.

Several line nIﬁH ﬁiarad next to each other can be useful, if there are not

many data valnea_Box_plats_a:e_ﬂle_hesLdlmce._Thf_tﬂams_athﬂ_iﬁms

those given for comparing two groups
& T = o T

A more concise way to compare two groups than any of these is stmply to

calculate a single number, such as the mean or median, for each group, out

this number hides all the other inlormafion in the dafa. It

i
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HeleH e l—tﬁt‘. o 6.5 Application—17
8.
O—+—2—3 45 6T 89 —Ho—+—12—3 ———
| i i ] i i I i f t i i i |
| # The number of occurrences of each letter was counted in a very large
d amount of written material. The percentage that each letter occurred is given
1 i in the table below.
M | PR
s : prot
_10. Half are used about 2.5 percent of the time or less, so most are A 82 J 0.1 S 60
———rarely-used; from-the bex-plot: g ;; : 2: :; 1:2.\.2
11. D 3.8 M 25 v 09
E 13.0 M 7.0 W 1.5
VOWELS CONSONANTS E 3.0 0 80 X 0.2
oto+—+249 G 2.0 P 2.0 Y 2.0
=5 H 513 o] 0.1 b 0.07
1 6.5 R 6.8
1L 0U0U05 &8
31098 ] -
Source—National-Councit-of Teachers-of Mathematics
4. SOUTCE
513
lOo8
7/0 1. What is the most-used letter?
20 2 2Wh -used-tetter?
nls 3. How many s would you expect to find in a paragraph of 100 letters?
1 In a paragraph of 500 letters?
12 4—As @ group, vowels account-for- what-percentage of tetters used?
o143 -
AP . o 5. Make a line plot of the percentages.
% REPRESENTS 187+ P P ages
& Makeastem=ard=teaf Piui of the Pu:u—:uidst_-b.
7. Find the median percentage, the quartiles, and any outliers.
—IL%?WMMM&MWMkP a 8 Make abux plotof the percentages-
9. Which two letters have the most unusual percentages? From which plot

13, Answers will vary. Sample: Three of the vowels (E, A, and O) are

is it easiest to find this information?

——used more than-any consonant-except T. The next vowel, I, is used

— 10 ATe most of the letters used Tarely or wsed more frequentty?> From

used more than about half the consonants. Among the consonants, 11. Make a back-to-back stem-and-leaf plot of vowels and consonants.
T is used far more than any other. Another group used frequently 12—Why x : 1 ot il ]
4LS—N7—R,—S,—31'!CI. H {OT COTISOTants?
13, What conclusions can you make by looking at the stem-and-leaf plot
you constructed for question 11?7




SECTION V: REVIEW OF ONEVARIABLE TECHMIQUES
Application 18 Page 80: Application 18
1. _veterinarian
Salaries
2. tood counter worker
The table below lists the median weekly salaries of workers employed full 5 o _
time. For exampile, the i T carpenters is cause nalf of o m‘(SWETS‘WTH‘V'aIy.
the $325 "
4. __Answers will vary
Median WeeKly mMedian Weekly 5. Stem-and-leaf plot:
Occupation ESrAMGE Occupation P P
Aceountant 379 Machinist 356 L4
AirplanePilot— 530 Mathematician 508 5 & 77788
Architeet 428 Newspaper Reporter 351 rrtoo 22 a
AutoMechanic ————— 285 Painter 271 178
Bank TFeler 189 Pharmacist 463
Baih i b 31122222334
ber 327 Physician, Osteopath 501
B P ey o - A A . E E 5 & fro fu TF 3
UURRKOOpPTT -4 Fiamoar BUS - et S S NS L (4 [
Carpenter 325 Puotice Officer 363 FT OO £ 2 4
Cashier 168 Postat Cterk 400 1o &
Chemist 467 Printing Press Operator 320
CiviEngineer 505 Psychologist 394 51000134
College Teacher 333 Receptlionist 200
Computer Programmar A27 Hegistered Nurse 332 G
Cooks and Chels 1771 Retail Sales Worker 178 15 2]0 REPRESENTS 3 2.00 - s 209
Cosmetologist 179 School Counselor 396 MEDIAN WEEKLY SALARY
Dental Assistant 183 Secondary Teacher 351 1 3aa “}G"
Dentist 352 Secretary 229 e
Drafter 343 Shoe Repairer 200 7
Electrician 418 Telephone Operator 240 .
Fire Fighter 362 Truck Driver (iocal) 314 A A
Flight Attendant 365 Truck Driver (long distance) 517 A AR x
Food Counter Worker 141 Typist 213 AR R X AX AR KX X LS X
K-6 Teacher 322 Veterinarian 656 | RXRRXXKKK K, KK OO RERX K X XX XX, ; X 7
Lawyer 546 Waiter/Waitress 150 100 200 200 400 500 HOO 100
Librarian 320 Welder 334 - -
SourceUmted-States Bureau oH-Labor Statistics: Box PlU‘t
1. Which kind of worker earns the most? 100 200 300 400 500 0 OO O 000000000
P T 1 B T 1 r3 - i i 1 i 1 i [l
2 Which kind-of worker earns the teast?
3. Which occupation listed would you most like to have someday? s :
4. Supp a3 see § :
compares to the nﬂ'mf nalana;. thh .rin you H-ain‘k is hM} Fnr H-ne.- use:
aline plot, stem-and-leaf plot, or box nlot’ {lower extre = = ian = 345; upper
5 Corstruct the plot you setected: d‘ﬂfﬂ‘l :nu, upperex treme 65'6}
6. In one or twe sentences, describe how the salary of the occupation you 6. Answers will vary
chose compares to the other salaries. i
NOTE TO TEACHERS: ‘Sﬂme_shldﬁnj:s_mlghl_quﬂsnmughﬁthﬂl;thase—
numbers ar s I-“r
80 tAnswersfor-p-80-continue on-the-facing page)




far the highest median salary, much larger than physicians, for

Application 19

examnle These numbers were taken accuratelv from the source.
I

I Money Spent Per Student

Perhaps similar issues also apply for other occupations.

The point of this is that yon cannot always just take published |

The walues in the table below are the amount of money spent on

edum,t]ou per student in 1983-B4 for each of the 50 states and Waehvﬂarfnn

Atabama ;082 Montana $3:691
Alaska $6,378 Nebraska $2,913
____ Page 81: Application 19 Arizona $2,685 Nevada $2,882
Arkansas $2,214 New Hampshire $2,765
1. Answers will vary California $2,981 New Jersey $4,677
2. Answers will vary. Sample: Utah spends the least amount of money | celerado—$3;188 —New Mexico $2,066
per student, but four other states also spend between $2,000 and Connecticat $4,055 New York $4,821
Delaware $3,848 North Carolina $2,455
£ 7 s Y : T D.C. $4,574 North Dakota $2,952
— with $4,821. There are three other states that are refatively high— i'f‘“a“ $a ‘?f oo - 42,906
New jersev, Washington, DC, and Wyoming. The median spent per e $2,317 i $3:146
the states are within $400 i $3,395 kol 83,771
+f that amount ldaho $2,174 Pennsylvania $3,707
o llinois $3,384 Rhode Island $3,811
210001 | indiana $2.583 South Carolina 2,271
223 owa $3.251 SouthrDakota $2,639
45 Kansas $3,392 Tennessee $2,141
bbb T Kentucky $2,646 Texas $2,960
- 18888 894994949 Louisiana $2.707 Utah $2,047
3+ Maine $2.839— Vermont 3491
1233333 Maryland $3,771 Virginia $2,853
4 Massachusetis $3,692 Washington 53,129
o666 T T7 Michigan $3,315 West Virginia $2,488
8_8 M{ wta $3,322 Wisconsin $3.877
41 ihesliitsol $2.090 Wyomt $4.488
. Missouri $2,814
- Z 5 Source:Nationat Education-Association:
il .. I—Using—the value for—your state,—and an—estimate of the number of
5 students—in—your—sechool,—give a: rough—estimate—of thetotal cost—of
: running-your-school-in-1983-84
3 M & 2. Suppose you want to know how your state compares to the others.
. Z[]O REPRESENTS Y2000 - ¥17099 Construct a plot to help you make this comparison, and label your state.
P SPENT PER STUDENT
2 81
pe )




SECTION V: REVIEW OF ONEVARIABLE TECHNIQUES

Then, write a paragraph describing the overall distribution of expenses,

Page 82: Application 19 (continued)

and the relative position of your state.

3. Answers will vary.

classified as follows:

4. Using the map of the United States on page 15, classify each state as

being in the Northeast, Central, South, or West. Then, construct a plot

E co
LApensc

to show how the expenses per student compare in the four regions of

the country. Write a paragraph summarizing the comparisons. S Alabama $2,082 W Montana $3,691
W Alaska $6,378 C Nebraska $2,913
W—Ariz $2,685—W Nevada 2382
LA B s ¥ FA 7 ¥ Foriminra
S Arkansas $2.214 N New Hampshire $2,765
W California $2,981 N New Jersey $4,677
W—Celorade $3188— W New Mexdeo———$2866—————
N Connecticut $4.055 N_New York $4.821
N Delaware $3,848 § North Carolina $2,455
N—DBC 44574 C North-Daketa $2,052
R L= S 7 Py o
S Florida $3,169 C Ohio $2,996
S Georgia $2,317 S Oklahoma $3,146
W—Hawai $3.395 W-—Oregon $3.771
W_Idaho $2,174 N Pennsylvania $3,707
CIilinois $3,384 N Rhodelstand— $3,811
' Indiana ¢n 11 ¢ 271
AT C =T Lo Wy =
C lowa $3.251 C_South Dakota $2,639
C Kansas T $3,392 S Tenmnessee $2, 141
< K antielkw $:! 646 S [ axas $ ! gé”
=4 ANCITOOCIN 7]
S Louisiana $2,707 W Utah $2,047
N—Maine $2,839 N Vermont $3491
N Marvland £3.771 S Virginia $2853

N _Massachusetts $3,692 W_Washington $3,129
CMichigan $3315 N West Virginia — $2488
C Minnesota $3322  C Wisconsin— $3677
S Mississippi $2,090 W_Wyoming $4,488
C Missouri $2,814
82 [Aristoers for p. 82 continue on the facing page.)
"-. _,-"-_ f"\ : H\_ ._,."\-” P ,P\ -:"\_ _I,;; P e s /'\ L I e T e T Y o S o T I i, W o P M S e TR S o VI T e o R — — e e




SECTION VI: SCATTER PLOTS

Stem-and_]_eaf p]ot: Vl._scmms
2ZIWSs5S55S W .
.le ¢ ¢ The table below gives the box score for the first game of the 1985 National
i wa Basketball Association Championship series.
= -~ 1Y :
COSWSN
-|CNSWWCLCSWC Los Angeles Lakers 114, Boston Ceitics 148
/ L
o, 0S ANGELES
¥ L= "I SR S=py R =
Min FG-A—FT-4&—R A i
N Mi: P
Worthy 37— 819 46 8 ] 1 20
51::NNNW Rambis 22 46 00 o o2 8
* Jabbar 22 6=11 o0 3 7 3 12
LA MagicJohmson 34— 81— 34—+ 12— 219
= Scott 30— 51— 00 2 0 2 10
WN Cooper 24 =5 =2 2 2 3 &
N McAdoo 21 6-13 00 3 0 5 12
: McGeo 15 47 45 2 2 1 1%
N Spriggs 15 47 oF2— 3 4 1 8
5 Kupthak 16 33 1=2 2 1 3 7
< Lester 4 o=t 00 0 1 0 O
. Totals 240 49100 1921 35 28 23 114
E{rEH-'FS—i T Shooting fleld goals, 49.0%, free throws, 66.7%
= RIS
B BOSTON
o Min— FGA — FTA R A P T
= A
i Bird 37 8-14 22 [} 9 i 19
McHale 32 10-16 659 g 0 1 26
Parish 2B 611 67 8 1 i ia
Dennis Johnson 33 6-14 1-1 3 10 1 13
Ainge 29 g-15 00 5 6 1 19
. H Buckner 16 35 00 4 & 4 4]
West: 2,000, 2,700, 3,100, 3,650, 4,400 Williams T4 35 o0 0O 5 2 ;]
Central: 2,500, 2,850, 3,050, 3,300, 3,600 e L R T .. s AR T o TR....
Maxwell 16 -1 -2 3 1 (] 3
a7 (T Kite 10 35 1-2 3 0 i T
HUHhEﬂSt 2 40\*',- J;-‘Wa 37 Uy 2,200, 7,0 Carr 4 -3 [+2¢] 1 8] 1 3
Clark q 12 00 1 3 O Z
fz.000 $3.000 Totals 240 ©62-102 17-25 48 43 17 48
L L Shooting field goals, 60.8%, free throws, 68.0%
W 4
Key-for-table
Wi Winutes played
0 .
= i ra-A [ =
FT-A Froa throws made - free throws attemptod
S o9 ® E ﬁ leabumwi
P Personal fouls
N [ —— T Total points scored

Source: Los Angeles Times, May 28, 1985,

(Answers for p. 82 continue on the next page)




SECTION VI: SCATTER PLOTS

Discussion Quastions

. How many rebounds did Kevin McHale make?
. Which player played the most minutes?
. Which player had the most assists?

. How many field goals did James Worthy make? How many did he
attempt? What percentage did he make?

G P e

5. Five players are on the court at one time for each team. Determine how
many minutes are in a game.

6. Which team made a larger percentage of free throws?

7. How is the T (total points scored) column computed? Verify that this
number is correct for Magic Johnson and for Xevin McHale.
(Caution: Some of the field goals for other players were three point
shots.)

Do you think that the players who attempi the most field goals are
generally the players that make the most field goals? Of course! We can see
this from the box score. To further investigate this question, we will make a
scatter plof showing field goals made (FG) and field goals attempted (FG-A).
First, set up a plot with field goals attempted on the horizontal axis and field
goals made on the vertical axis.

—
S

0

FIELD GOALS MADE (FG)

s el 5 20
FIELD GOALS ATTEMPTED (FG-A)

Worthy, the first player, attempted 19 field goals and made 8 of them.
The L on the preceding plot represents Worthy. The L is above 19 and across
from 8. We used an L to show that he is a Los Angeles player.

AT G R G S AT, TR R AT R T T AT TR, T T, TN Y Y T AT TR T AR AT YT eTy Ty Y Ty ATY T, TV TR ATy AT T AT TN TN ATy e

(Answers for p. 82 continued from the previous page.)

Paragraph summaries will vary but may contain the following
information:

In general, the northeast spends the most per student and the
south spends the least. Among the northern states, West Virginia,
New Hampshire, and Maine are separated at the low end, since each
spends at least $600 less than any other northeastern state. In the
south, only two states, Florida and Oklahoma, spend more than
$3,000 per student, an amount that is exceeded by all northeastern
states except the three first listed.

The central and western regions have about the same median,
midway between the northeast and the south. The west, however, is
more diverse. Two western states, Idaho and Utah, are among the
lowest of all states, and Alaska spends far more than any other state.
The central region is the least variable of the four regions.

NOTE TO TEACHERS: These features can be seen using either a stem-
and-leaf plot with four symbols or box plots. The stem-and-leaf plots
make it easier to spot states that are different from the rest in their
region. The box plots show the overall relationship more clearly, but
we have to be a bit careful because there are not many observations in
each group.

Page 84: Discussion Questions

1.
2

N oo oW

9

Worthy

Magic Johnson

8; 19; 42 percent

240/5 = 48 minutes
Boston with 68 percent

Multiply the number of field goals by two and add the number of
free throws.

Johnson: 8x2+3 =19

McHale: 10 x 2 + 6 = 26




SECTION VI: SCATTER PLOTS

Paue 85:Di i Gt

The completed scatter plot follows. Fach B stands for a Boston player and

each L fora Los Aﬁgnlnz ?la}uﬂ-

; T
- @ -
I A~ () ooy
K /0 & 1o B
8 Bl u s
i ¥l
$ =3 g % B e
- s
4 B P LT
F 4
S : ‘ 5 :
= -
[=] T (S =t
@ Q L 5§5
Rl A o |
'I-T F | ";: =¢
5 70 75 20 i
FIELD GOALS ATTEMPTED (FG-A) i 5 10 /5 20

il

FIELD GOALS ATTEMPTED (FG-4)

Y&l

macde more hieid goals than he attempted.

3—no AS we suspected, this plot shows that players who attempt more feid

goals generally make mao: g r a

_____ 4 Cooper, Scott, and Worthy T ket TORE Roats—TITe TheTe T R Fesirioe a8t weer fietd
55 goals attempted and field goals made:

6 Answers-will vary However, we can see much more from this plot. First, a player who

’ et will be nted by a point on the line through the

points (0, 0}, (1. 1), (2, 2), (3, 3), and so forth. Second, the players who are

relatively far below this line were not shooting as well as the other players.

Finally, we can observe the relative positions of the two teams in this plot.

1. Using the scatter plot, find the points that represent the three perfect

shooters.

[jed
Lt
e,
f
b
}

: Which-three Laker plaverswere not shooting very well thalb game?

-
=
B

e

%
i

5. Suppose a player attempts 9 field goals. About how many would you

expect him to make?

& Write a brief descripti i

:

scatter

Pinr Then r 1 i jon. Did you notice any

information not listed in this camp]n discussion?

o0
o




SECTION VI: SCATTER PLOTS

In this plot, we were not surprised to see a positive association
between the number of field goals attempted and the number of
field goals made. There were three players, two from Boston and
one from Los Angeles, who made all the field goals they
attempted. Onme of these Boston players was truly outstanding as
he made eleven out of eleven attempts. The Laker players who
attempted a great number of field goals generally did not make as
many of them as did the Celtics who attempted a great number of
field goals. This could have been the deciding factor in the game.

The points seem to cluster into two groups. The cluster on the
upper right generally contains players who played over 20 minutes
and the one on the lower left contains players who played less
than 20 minutes.

An assist is a pass that leads directly to a basket. A player is credited with
a rebound when he recovers the ball following a missed shot. Do you think
that players who get a lot of rebounds also make a lot of assists? It is difficult

to answer this question just by looking at the box score.

and assists (A).

To answer this question, we will make a scatter plot showing rebounds (R)
This plot includes all players who made at least four

rebounds or four assists.

T
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: ]
|
RS EREmRAINEmEwEEE
MARENERRERNENL AR
! 2 3 4 &5 e 7T 8 9

REBOUNDS (R)

This plot shows that players who get more rebounds generally have fewer
assists, and players who get fewer rebounds have more assists. Thus, there is a

negative association between rebounds and assists.
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SECTION VI: SCATTER PLOTS

Discussion Questions

Page 87: Discussion Questions 1. Do the players who get the most rebounds also make the most assists?
L no 2. Suppose a player had 7 rebounds. About how many assists would you
2 4 expect this player to have?
3. no 3. Is there a different pattern for Boston players than for Los Angeles
; layers?
4. Answers will vary. Py
5. No; both might result from whether the player tends to play close to * g:‘g‘i‘s’sg;‘:;‘, stipiions: players:ehor ger & Jot oE sébannds o ot ke
the basket or far away. )
3 i ~ 5. If you were the coach and you wanted a player to make more assists,
6. Answers will vary. Sample: They played too few minutes for any Witeld pou Ineteint fine to molke fesverxobonmi?
possible relationship between rebounds and assists to develop.
Therefore, including them just clutters the plot. 6. Why didn’t we include players who would have been in the lower left-

hand corner of this plot?

The following scatter plot shows total points and personal fouls for all

players.
5 h
T4 B 4
9
2
Q3 i 4 4 —
g
§ 2 B e .
it : I ]
N o
I g B4 B #-BBE 1 f ? B
HE
L B B [ 1 | II !
5 1o 15 20 25

TOTAL POINTS (T)

This plot shows no association between total points scored and the number
of personal fouls committed.
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SECTION VI: SCATTER PLOTS

Application 20

Box Office Hits

The table below shows production costs, promotion costs, and gross ticket
sales for twelve of the most popular “dumb” movies. The box office grosses
were obtained from studios and are estimates.

Dumbing for Dollars

90

Page 90

NOTE TO TEACHERS: All but one of Application 20, “Box Office Hits,”
Application 21, “Protein versus Fat,”” Application 22, “Walk-around
Stereos,” or Application 23, “SAT Scores,” may be omitted.

Production Promotion Worldwide

Year Costs Costs Ticket Sales
‘“animal House™ 1978 $2.9 million $3 million | $150 million
‘isdeatbalis’’ 1979 $1.4 million $2 million $70 million
“Caddyshack™ 1980 $4.8 million $4 million $60 million
“Stripes’’ 1981 | $10.5 million | $4.5 million $85 million
“Spring Break” 1982 $4.5 million $5 million $24 million
“porky’s” 1882 $4.8 million $9 million | $160 million
“Fast Times At
Ridgemont High”' 1982 $5 million | $4.9 million $50 million
‘“‘Porky’s Il —
The Next Day” L $7-mithon——$7-5million $55 mittion
““Hot Dog —
The Movie” 1984 $2 million $4 miilion $22 million
“Bachelor Party” 1984 $7 million | $7.5 million $38 million
‘‘Revenge of
the Nerds™ 1984 $7 million | $7.5 million $42 million
“police Academy” | 1084 $4.5 million $4 million | $150 million

Source: Peter H, Brown, “Dumbing for Dollars,” Los Angeles Times, January 20,1985,

The scatter plot for total costs (production costs + promotion costs) and
worldwide ticket sales follows.
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Page 93: Application 21 (continued)
3. 40

oo N oo

no

0

0

positive association
around 30

Yes; the four points at the left side are all low in protein and
especially high in fat.

SECTION VI SCATTER PLOTS

3. What is the number of grams of fat in the item in question 2?

4. Does the item in question 2 have an unusually large amount of fat
considering how much protein it has?

5. What is the smallest number of grams of protein in any item?
6. How many grams of fat did the item in question 5 have?

7. Is there a positive, negative, or no association between grams of protein
and grams of fat?

8. If a new item has 32 grams of protein, how many grams of fat would
you expect it to have?

9. Do you see any clusters of points? Where?

The following table lists the items in the previous plot with their grams
of protein and grams of fat.

Protein Fat

grams | grams
Big Mac — McDonald’s 26 33
Cheeseburger — Hardee's 17 17
Double cheeseburger — Burger Chef 23 22
Cheeseburger w/Bacon Supreme -— Jack-in-the-Box 33 54
Single — Wendy's 26 26
Double — Wendy’'s 44 40
Hamburger — McDonald’s 12 10
Quarter Pounder — McDonald’s 24 22
Whopper — Burger King 26 36
Roast beef — Arby’s 22 i5
Beef and cheese — Arby's 27 22
Roast beef — Hardee’s 21 17
Big fish — Hardee's 20 26
Ham and cheese — Hardee's 23 15
Thick-crust cheese pizza — Pizza Hut 24 10
Super Supreme thin-crust pizza — Pizza Hut 30 26
Idiot’s Delight pizza — Shakey's 14 10
Cheese pizza — Shakey's 16 12
Chicken McNuggets — McDonald's 20 19
Chili — Wendy's 19 8
French fries — McDonald's 3 12
Onion rings — Burger King 3 16
Chocolate shake — McDonald's 10 9
Apple turnover — Jack-in-the-Box 4 24
Chocolaty chip cookies — McDonald’s 4 i6
Carbonated beverages (4] 0

Source: P. Hausman, At-A-Glance Nutrition Counter, 1984.

93




Page 94: Application 21 (continued)

10. thick-crust cheese pizza, or chili
11. desserts and fried vegetables

12. Answers will vary. Sample: 0 grams of protein and 0 grams of fat—
carbonated beverages. Also, 33 grams of protein and 54 grams of
fat—the Cheeseburger w/Bacon Supreme. This item is the only one
in the list that has bacon in it; maybe that is the reason it is
relatively higher in fat than other hamburger-type sandwiches.

14. Answers will vary. Sample: In general, the items with the most
protein also have the most fat. If one is looking for high protein and
low fat, the best bets are the thick-crust cheese pizza or the chili. A
cluster of desserts—chocolate chip cookies and apple turnovers—
and fries—potato and onion—are very low in protein and high in
fat. One other item, the cheeseburger with bacon, is also high in fat
relative to its amount of protein. Except for the items just
mentioned, it is interesting that these items have about equal
numbers of grams of fat and protein.

It is interesting that three of the pizzas are in the main group of
items although one, the thick-crust cheese, is relatively high in
protein for the amount of fat. Is this because the crust of this pizza
1s tluck or because it perhaps has more or less cheese than the

other N =
the others have, or because of some other reason?

NOTE TO TEACHERS: In a scatter plot, a point can be an outlier in at
least two different ways. One possibility is that the x (or y) value is
itself an outlier compared to just the other x (or y) values, but the point
follows the same relationship between x and y as do the rest of the
data. An example here is Double-Wendys. Such an item might be
similar in nature to others in the data but has values that are larger or

Another possibility is an item whose x and y values are not outliers
when compared separately to the other x and y values; however, when
taken together the (x, y) pair does not follow the same relationship as
the other items. An example here is apple turnover—Jack-in-the-Box.
Such an item is called a bivariate outlier because both variables together
are required to show that the item is an outlier. Both kinds of outliers
are important for interpreting scatter plots.

SECTION VI: SCATTER PLOTS
10. What is the item that you decided to order in question 1?7
11. What kinds of items are in the cluster of question 9?7
12. Do you see any single points in the scatter plot that could be outliers?
That is, do you see points that don’t foliow the general relationship or
that don't lie in a large cluster? If so, list the grams of protein and fat
for those points. Which items are they? Can you give explanations for
any of them?
13. With your fingers, cover up any points you identified for question 12
and the cluster from question 9, and look at the remaining points. Are
they scattered fairly closely about a straight line?
14. Write a summary of the information displayed in the scatter plot. 13. yes
smaller.
94




SECTION VI SCATTER PLOTS
Page 95: Application 22 Application 22
1. Answers will vary.
2.
I I T EREEN TTT Walk-around Stereos
| |
# i The following table lists 22 “walk-around stereos,” each with its price and
overall score. The overall score is based on “estimated overall quality as tape
70 players, based on laboratory tests and judgments of features and
convenience.” A “perfect” walk-around stereo would have a score of 100.
i oo L3 Consumers Union says that a difference of 7 points or less in overall score is
ignificant.
& 501 (] not very significan
o [
9 ®
V‘
50 . J Ratings of Walk-around Stereos
= Brand and Model Price Overali Score
q;
& 46 t r AIWA HSPO2 $120 73
a ; PN AIWA HSJ02 180 65
1 JVC CQ1K 130 64
Sanyo MG100 120 64
30 Sony Walkman WM7 170 64
Sanyo Sportster MG16D 70 61
Toshiba KTVS1 170 60
Pl JVC CQF2 150 59
o] Panasonic RQJ20X 150 59
o) 70 50 90 /o / Sharp WF9BR 140 59
50 &0 F:/ 100 110 /20 (30 140 150 160 170 {80 90 200 210 220 Sony Walkman WM4 78 56
FPRICE General Elactric Stereo
Escape Il 35275A a0 55
KLH Solo $200 170 54
Sanyo Sportster MG36D 100 52
Koss Music Box A2 110 51
Toshiba KTS3 120 47
Panasonic RQJ7TS 50 46
Sears Cat. No. 21162 60 45
General Electric
Great Escape 35273A 70 43
Sony Walkman WMR2 200 41
Sony Walkman WMF2 220 38
Realistic SCP4 70 37
Source: Consumer Reports Buying Guide, 1985.

1. Which walk-around stereo do you think is the best buy?

2. A scatter plot will give a better picture of the relative price and overall
score of the walk-around stereos. Make a scatter plot with price on the
horizontal axis. You can make the vertical axis as follows:

35




SECTION VI: SCATTER PLOTS

-3
Q

ACCURACY
S

L
&1

The = lines indicate that part of the vertical axis is not shown, so that
the plot is not too tall.

3. Which stereo appears to be the best buy according to the scatter plot?
4. Is there a positive, negative, or no association between price and overall
score?

5. Given their overall
expensive?

scores, which walk-around stereos are too

Page 96: Application 22 (continued)

3. Sanyo Sportster MG16D, or possibly the ATWA HSP02

4. With the exception of the two points at the far lower right, the
remaining 20 show a positive association. These two look so
different, though, that we could say that overall the 22 points show
no association.

5. Sony Walkman WMR?2 and Sony Walkman WMF2
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SECTION VI; SCATITER PLOTS

1. In general, as a larger percentage of students take the test, what
happens to the SAT math score?

2. Find the two clusters of states. Within the cluster on the left, is there a
positive, negative, or no association between the percentage taking the
test and the score?

3. Within the cluster on the right, is there a positive, negative, or no
association?

4, Taking into account the percentage of students taking the test, which
state(s) do you think have the best SAT math score? Which have the
worst?

5. Using the facts you discovered in questions 1 through 4, write a
summary of the information given in the scatter plot. Include an
analysis of the position of your state.

Time Series Plots

Some scatter plots have year or some other time interval on the horizontal
axis. Since there is only one value per year, we can connect the points in
order to see the general trend. For example, the following plot over time
shows how many 12-ounce soft drinks the average person in the U.S. drank
each year from 1945 to 1984.

Page 98: Application 23

= B

It goes down.
negative association
no association

For the cluster of states with 30 percent or more taking the SAT,
New Hampshire and then Oregon have the highest scores. For the
cluster with less than 20 percent taking the SAT, the states on the
upper boundary are lowa, South Dakota, Montana, and Colorado.
These are the states that seem to be doing better, but it is hard to
say one state is the best. Similarly, for thé worst we look at the
bottom of the two clusters, finding Louisiana, Nevada, North
Carolina, Georgia, the District of Columbia, and South Carolina.

Answers will vary. Sample: The states fall into two clusters. Among
states with fewer than 20 percent of the seniors taking the test, the
mean SAT score ranges from about 575 in Iowa to 480 in Nevada. In
general, the more students taking the test in this cluster, the lower
the score. '

In the other cluster, with 30 percent or more of the students
taking the test, there is no association between the percentage
taking the test and the mean SAT score. All the states in the second

Source: National Soft Drink Association.
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cluster have a lower mean SAT score than every state in the first
cluster except Nevada. Their mean scores range from about 490 in
New Hampshire to about 425 in South Carolina.

For a discussion of states that scored relatively high or low, see
the answer to question 4. To analyze the position of a specific state,
you will want to consider its position within its cluster. You may
also want to consider some states that are geographic neighbors and
see where they are in this plot.
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SECTION Vi SCATTER PLOTS

P 99: Di ion Questions Discussion Questions
1 1R, 147
300242 I About how many soft drinks did the average person drink in 19507 In
2. 410/6 or 68 el
2. About how many six-packs of soft drinks did the average person drink
3. 28 in 19807
A 1 L 2O
%, dDudy UUy

3. About how many soft drinks did the average person drink per week in

THU7 In 1Y8UY

5. 1960; introduction of diet drinks, introduction of aluminum cans

6. The amount the “average pe i

- ce_soft drinks will the

"~ the total number of 12-ounces consumed by the number of people i

average person drink each year in 1960?

 the United States

5 In what year dit soft drink consumption start to “take off“?Carr you

think of arny reason for tiis?

7. Answers will vary but should resemble the su i text:

3 wh: is It o na!! arag n'?

7. Write a summary of the trend i soft drink consumption showrn by the

plot. (Our summary of this plot follows.)

In the U5 Irom 1935 unfil 1Y61, SOIt dTink consumpiion rose

gradnally from about 90 fwelve-ounce semngs per yé‘ﬂ‘p@?‘?‘&ﬁn

to about 130 twelve-ounce servings. In 1962, solt drink

consumpfwn starfed to rise raplaly until it was about 400 tTwelve-

ounce servings in 1980. In other words, in these 1B years, soit

drink consumption more than tripled in the Urnuted States.

What happened in 1962? Some ideas are as follows:
T

e Diet drinks might have been introduced.

e Soft drinks in aluminum cans mighl- have become available

® The economy might have improved 50 people started to spend

more money on luxuries such as soft drinks.

e The post-war hah}r boom kids waere h:arhing their tesnage

YEArs
Vear

There were very big increases in the late 7Us. Then, the

increase showed signs of leveling oft. However, there were Iarge

increases again in 1983 and 1984,




SECTION VI; SCAITER PLOTS

;
e
(==}
[--]

Ty T ACTITRC. T 2
IV TU T EAUTIEAG, T D TIECT

)
How Long Lan You Expect to Live,” Application 25, "Speeding,” or

How Long Can You Expect to Live? Application 26, “Sex Ratio by Age.””
L3 Y o (=]
I—Study-the—table—below—At-your-birthsowlongcould-you—expectto = z
Hve? Application 24
F—Answerswilbvary
2. females
tife Expectancy-at Birth

3 whites

Birth White Black and Ofher

Yoo Mate——Fomale Mate Female

1920 54.4 55.6 45.5 45.2

1930 59.7 63.5 47.3 49.2

1940 62.1 86.6 51.5 54.9

1950 66.5 72.2 59.1 62.8

1955 74 737 64 -1

1 74 741 611 £6:3

4 876 T47 &1 B

1976 o 75.6 643 694

1971 683 75.8 61.6 §9.7

1972 68.3 75.9 1.5 9.9

1973 68.9 76.7 | 619 700

1974 689 76.6 529 713

1975 69.4 77.2 63.6 72.3

1976 69.7 77.3 64.1 72.6

1977 70.0 77.7 64.6 73.1

1978 70.2 77.8B 65.0 73.6

1979, 70.6 78.3 65.5 74.5

E—i

N e e e e T e T T T e e e e e T e T e e e
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SECTION VI: SCATTER PLOTS

4. Which group born in 1979 could expect the longest life?

5. Which group made the greatest gain in life expectancy in the years from
1920 to 1979?

6. Which group has had the smallest increase in life expectancy since
19207

7. During which decade did the largest increase in life expectancy occur
for black and other females?

8. Within each race, males and females had about the same life expectancy
in 1920, Was this still true in 19797

9. Write a summary of the trends you see in the plot.

Page 102: Application 24 (continued)

W@ N (e

white females
black/other females
white males

1940s

No; females live longer,

Answers will vary. Sample: All four groups have had large increases
in life expectancy since 1920. The largest gain was made by
black/other females and the smallest gain by white males.

In 1920, black/others of both genders could expect to live to be
about 45 years old and whites to be about 55 years old. This 10-year

occurred so that a female born in 1

98

11

0 ca

difference between white and black/others was reduced to about 5

n expec

t to live 8 or 9 yes

longer than a male. In fact, black/other females can expect to live

longer than white males.

The greatest gains in life expectancy occurred in the years

1920-1955 and 1972-1980,
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SECTION VI: SCATTER PLOTS

5. Was there a decrease in fatalities when the 55 miles per hour speed
limit took effect?

6. Another way to display these data is with a scatter plot of fatalities
against speed. Construct such a plot. Place the values for speed on the
horizontal axis. Plot the last two digits of the year instead of a dot.

7. What do you learn from the plot in question 67
8. Why is the plot in question 6 the best one?

B N T T i T T T e T T T e e P

Page 104: Application 25 (continued)

5.
6.

Yes. This plot suggests it took effect in 1974, not 1973.

38 7
36
34
32 33
30
28
26
24 i
22 CYRIEE
20

100 MILLION

MILES DRIVEN

LIEE

FATALITIES PER

54 55 5b 57 58 59 &0 ol
AVERAGE SPEED (MPH)

Answers will vary. Sample: Two years, 1970 and 1972, had a much
higher number of fatalities per 100 million miles driven. The average
freeway speed was also higher for these two years.

The other years are in a cluster. Within the range for this cluster,
55 to 58 miles per hour, there does not appear to be a strong
relationship between speed and fatalities, but there is more
indication of a positive than a negative association.

It contains all of the information—the year, fatalities, and speed—
and it shows clearly the relationship between speed and fatalities.
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NOTE TO TEACHERS: If your students have had algebra, ask them this
question: If the sex ratio is 0.600, what is the percentage of males? To
find the answer, in general, let P be the proportion of males and let 7 be
the sex ratio. Then

= L.
i-P L
P = p(1-P)
P = r-tP
P+rPp = 7
PAl+r) = r
r
P - 1+
0.600

Sointhiscase, P= 10600
= 0.375.

The answer is 37.5 percent.

For a project, a student might want to compare this plot of sex ratio
over time to one of percentage of males over time. Will the plots have
the same shape?

Application 26

1. 1.500

0.714

the same

more males than females
fewer males

S I RS

a. whites
b. “others”

SECTION Vi: SCATTER FLOTS

Application 26

Sex Ratio by Age

The following table gives the ratio of males to females at different ages for
whites, blacks, and other races in 1980. The sex ratio is computed by

dividing the number of males by the number of females.

Sex Ratio by Age (total number male/total number female)

Age White Black Other
0-4 1.054 1.016 1.035
59 1.053 1.016 1.036
10-14 1.050 1.011 1.035
15-19 1.037 995 1.073
20-24 1.009 913 1.087
25-29 1.003 877 1.026
30-34 .994 856 971
35-39 .983 832 972
40-44 974 .828 973
45-49 963 821 917
50-54 939 .808 .878
55-59 901 818 913
60-64 .869 .793 .864
65-69 804 745 863
70-74 720 712 925
75-79 620 .651 .B65
80-84 524 .599 730
85- 429 500 642

Source: United States Census Bureau.

1. If there are 750 males and 500 females, what is the sex ratio?

2. If there are 500 males and 700 females, what is the sex ratio?

3. If the sex ratio is 1.000, are there more males than females, fewer males
than females, or the same number of males as females?

4. If the sex ratio is 1.213, are there more males, fewer males, or the same

number of males as females?

5. If the sex ratio is 0.736, are there more males, fewer males, or the same

number of males as females?
6. Is there a higher percentage of males among

a. 0-4 year old whites, 0-4 year old blacks, or 0-4 year old “others™?
b. B80-84 year old whites, 80-84 year old blacks, or 80-84 year old

“others”?
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SECTION Ve SCNTTER BLOTE

Page 106: Application 26 (continued)

The following scatter plot shows the curves for whites, blacks, and

7. ves
i

Others,

8. They go downhill.

9—Th t f-males-is-decreasin
Fu F e L- PCLLCJ. ILQEC il 15.

10._at ages 0-9

11.

a. about 20-24

b. For some reason, black males are dying at a rapid rate in

these-years:

SExX RAT IO

1T +1
FIUOWEVEL, L

85+, there are 429 white males for every 1,000 white females, 500

black males for every 1,000 black females, and 642 other males for

every 1,000 other females

I wranld be smbpracks
WO DE INTeETe

“others™ during the teenage years and during the seventies. Why

are females dying atf a Iaster rate than males?

e We can also see that the black and white curves are close until
about _')_Q 24 and ‘l-u_en sepaigate “Ht—]l 7074 _For ages in-the mldd[e’
7. Do the three curves look about the same overall? : d
W,lll.l
2 TATReak 2o 1Lk T bl £ =11 ¢k "]

SRt s one genera S ah-thTee-curvess

be mterestmg o learn Wl'ly black males die at a more rapm rate

9 What does it mean when the curve is going downnuily

compared to females than white males for these ages. However, for

10. Where are the curves closest?

the oldest ages this effect reverses and, for some reason, blacks

11. a) At what ages do the curves for whites and blacks first start

separating?

B auwhitac
It OWiltC oo

by Can you think of any I_\Mg:"h'hl na{ﬁ" tions for this?

—— {2 =) How dv the white ard-black carves compare st vider ages?

b) Again, can you think of any possible explanations for this?

13. Write a description of the information you see in this plot. Include any

questions the plot suggests to you.
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Scatter Plots — Summary

Scatter plots are the best way to display data in which two numbers are

given for each person or item. When you analyze a scatter plot, look for the

following:

e clusters of points

s—pointe-that-do-rnot-follow-the general-pattern

On time series plots, it is often helpful to connect the points in order to

see the trend. Look for places where the general trend seems to change, and

try to find possible explanations. If there is more than one time series on a

plot, compare them to determine similarities and differences.

Suggestions for Student Projects

Think of a problem that interests you Or select one oOf those below.

Collect the data, make the appropriate plot(s), and write a summary Of your

results. Try to explain any frends or patterns.

1. hd the students who studied the most hours tend to ger_the_hj,gher
grades on your last test?

2. Do students who get the most allowance fend to work more nours

doing chores at home?

3. Can the students who do the most sit-ups in one minute also do the

maost ?ngh uPc.?

4. Investigate whether there are relationships between certain physical

characteristics by measuring a group of studenis. Some possibilities

include the following:

a—height and elbow-hand length

b. circumference of closed fist and length of foot
e—hand span and circumference of wrist

= spas-and t

d.  weight and waist

a—¢i terenees-ot-head-and neck

5. Construct a plot over time of the number of absences in your class on

each day of the Jast six weeks. What trends do you see?




SECTION VIl: LINES ON SCATTER PLOTS

Irthe tastsection we interpreted scatter piots by looking for general

w;aanshprof—wsxme—negammﬁurasmfamm—We—ﬂMWa for

cmscers of polmmmrrhmmm

through the points (0,0), (1, 1), {2, 2), and so forth. The second fype is a

straight line that is fitted o go through much of the data.

Number of Black State Legisiators

1974 —1984 19741984
Alabama 3 24 Montana 0 4]
Alaska z 1 Nebraska 1 1
Arizona 2 4 Nevada 3 3
Arkansas 4 5 New Hampshire 1] 0
Calitornia T 8 New Jersey 7 7
Colorado 4 3 New MeXico 1 0
Connecticut 1] 10 New York 14 20
Delaware 3 3 North Carolina 3 15
District of Columbla — n/a n/a North Dakola 0 4]
Fiorida 3 12 Ohio 171 12
Goorgla LL:] 26 Okiahoma -3 5
Hawaii 1] 0 Ofegon 1 3
idaho 0 ) Pennsylvania 13 18
Titinois 19 20 Rhode island 1 [}
Indiana 7 8 South Carolina 3 20
Towa 1 1 South Dakota 0 0
Kansas 5 L} Tennessee g 13
Keniucky 3 2 Texas B 13
Louisiana 8 18 Utah (1] )
Maine 1 [+ Vermont 4] i)
Maryland 19 23 Virginia 2 7
Massachusetts 5 6 Washingfon 2 3
Michigan 13 17 West Virginia i 1
Minnesoia 2 1 Wisconsin 3 4
Mississippi i 20 Wyoming [+] i
Missouri 15 15 Total 236 382

Source: Joint Center for Political Studies.

The scatter plot of the 1984 number against the 1974 number follows:
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arape warii]

= < i e

I A
= ASwWers-wid vdaly.

3. How many points fall below this line? What can we say about these

states? What is the maximum (vertical) distance any of these is below

the line? What does this mean in terms of the number of black
legislators in 1974 and 19847

3 7 thetmexe_femer_black_legislatmq in 1984 than there were in 1974;

-

—Again, consider states above this tine, those where the mumber of black

fegisiators was larger im 1984 tham i 1974 What are the names of the 7

or 50 states that lie farthest above the line? What do these states have in

mcrema the number OI black 1eg 1 tors Dy the 1argest amount

CONUMON 7

4

5. The numb

1984 qus_thls_mgan_thai_rhg_pexcemage_af_mgmlntnrs who are black

1K g 0 ] ’

tiom of

the state had increased, there were 8U legislators in 1984 with 20

has nenerﬁmL}ancmaSﬁd._(HmLIs_the_mjaLnnmheleegmiazm ina

state necessarily the same in 1984 as in 1974?)

black. Then, in 1974 bIacks were 15/50 o;_&(}_pemgnt_of_the

mumerat 4 at that pOint: lmmmmfmmw

In summary, this 457 line (somelimes cailed the y = x line) divides the

we plot points. The first time a value comes up, we plot it as usual with

plot into two regions. We should try to distinguish the characteristics of the

poinis in the two regions. In this plof the top region confains states where

the number of black legislators in 1954 is larger than it was in 1974. Most of

the states lie in this region. The poinis in this region that are farthest from

the line are those where the number has increased the most from 1974 to

value, we add a third petal; for the fourth value, we aad a fourth petaL

1984. These states turn out to be states in the deep south. There are only a

then a fifth, a sixth, and so on, as shown in the following progression:

few points slightly below the 457 Iine, where the number of black legislators

was greater in 1974 than in 1984, These are all states that had only 5 or one two three four five 5i%

tewer black legislators in 1974. Almost half the states are in the Jower left- value values vahias values wralipe values

hand corner, with 5 or fewer in both years. Two states, Illinois and

Maryland, had relatively large numbers in both years.
! as NY L] [ »— R - P T _/”L

for New York) instead of a det, However, there wasn’t room to do this for

the states in the lower left corner.
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SECTION VII: LINES ON SCATTER PLOTS

== '//',
i
Vi
P
VAR
/
10— -

™N

BEHAVIOR

A
A

N

T T

5

10 15

PLUMAGE

LY 1 (K] 4 b T ) . e P
L UW SITUMINY EKPE‘»( o€ DETEVIULD Ldililly Ul %,

1

Now we will describe a method for drawing a line through the data in
order to predict a duck’s behavior rating if we are given a plumage rating

e ;
First; tount the total mumber of points. Braw two vertical dashed lines so
there are approximately the same mumber of points i each of the thiee

,if

possible:

In this case, we have 11 points. We will have four points in each outside
strip and three points in the middle
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SECTION VITT LINES UN SCATTER PLOTS

Second, place an X in each strip at the "center” of the points in that strip.

10

HAVIIOR

BE

5 70 5 20

PLUNMAGE

The median of the behavior ratings is halfway between the second and

third points, counting from the bottom. Move the ruler up until it is halfway

between these points and draw a horizontal dashed line there. The plot is

shown as follows:

15 -

10

HAVIOR

B

T T

5 10 5 20
PLUMAGE
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SECTION VIIi: LINES ON SCATTER PLOTS

Finally, place your ruler so that it connects the two X's in the outside
strips. Now slide the ruler one-third of the way to the middle X and draw
the line.

The finished plot including the fitted line is shown below. It is not
necessary to include the dashed lines.

15

BEHAVIOR
3
1

h
1

T T
5 10 5 20
PLUMAGE

Discussion Questions
1. Which duck behaved the most like a pintail?
2. Which duck behaved the most like a mallard?

3. Why do we need a method for drawing a line? Why cant we just
sketch one?

4. If a duck has a plumage rating of 10, what would you expect his
behavior rating to be? Use the fitted line to get your answer.

5. If a duck has a plumage rating of 4, what would you expect his behavior
rating to be?

6. To judge how much a duck’s actual behavior differs from its predicted
behavior, we measure the vertical distance from the point to the fitted
line. Which duck is farthest from the line, and how many units is he
from the line?

Which ducks are within two units of the line?

You might wonder why the fitted line has been constructed this way.
Why have we used medians instead of means to form the X’s? Why
have we constructed three X’s instead of two or four? Why have we
constructed the slope of the line by using only the two end X’s? After
connecting the two end X’s, why did we slide the ruler one-third of the
way towards the middle X rather than some other fraction? Try to
think of reasons for these choices or of alternate reasons for
constructing a fitted line in a different way.

P T e T e S T S S S NEE 0 T S S )
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NOTE TO TEACHERS: Question 6 introduces students to an important
idea of statistics: residuals, or errors. The residual for a given duck is
the difference between its actual behavior rating and the behavior
rating predicted by the line. The sum of the squared residuals is often
used in statistics as a measure of how well the line fits the data.

Discussion Questions

1. ¥Y.U. and Kold
2. Rub

3. So we will all get the same line; sometimes it is hard to “eyeball”
one accurately.

9o0r10

3ord

Rub, about 4

Y.U, Kold, Joe, and Fred

Answers will vary. Sample: Medians are not affected by a few
outliers the way means are. With three X's, we can judge if the data
follow a straight line at all by seeing if the X's approximately line up.
If we used only two X’s, they would automatically fall on a straight
line, whether it makes sense to fit one or not. With four X’s, it would
be harder to use them sensibly to draw in the fitted line. To obtain
the slope, we use the X’s from the end strips so that we can get
more stability in the estimate. To get the intercept, we slide the ruler
one-third of the way because there are three X’'s and we want each
to have equal importance for obtaining the intercept.

N e
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NOTE TO TEACHERS: In this section, all but one of Application 28,
“Smoking and Heart Disease,” Application 29, “Catholic Clergy,”” or
Application 30, “Voting for President,” may be omitted.

If you feel that your students have had enough practice making
scatter plots, a scatter plot that you can duplicate for students to use in
answering question 5 appears on page 8 of this Teacher’s Edition.

Application 28

1. United States

2. United States

. Mexico

. cigarette consumption

. a. See the following plot.
b. See the following plot.
¢. See the following plot.
d. yes
e. See the following plot.
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SECTION VII; LINES ON SCATTER PLOTS

Application 28

Smoking and Heart Disease

The following table lists 21 countries with the cigarette consumption per
adult per year and the number of deaths per 100,000 people per year from
coronary heart disease (CHD).

Cigarette Consumption

CHD Mortality

Country per Adult per Year per 100,000 (ages 35-64)
United States 3900 257
Canada 3350 212
Australia 3220 238
New Zealand 3220 212
United Kingdom 2790 194
Switzerland 2780 125
fretand 2770 187
Iceland 2290 111
Fintand 2160 233
West Germany 1880 150
Metherlands 1810 125
Greece 1800 41
Austria 1770 182
Belgium 1700 118
Mexico 1680 32
italy 1510 114
Denmark 1500 145
France 1410 60
Sweden 1270 127
Spain 1200 44
Norway 1090 136
Source: American Journal of Public Heaith.
1. In which country do adults smoke the largest number of cigarettes?
2. Which country has the highest death rate from coronary heart disease?
3. Which country has the lowest death rate from coronary heart disease?
4. If we want to predict CHD mortality from cigarette consumption, which

variable should be placed on the horizontal axis of a scatter plot?

5. a) Make a scatter plot of the data.

b) Draw two vertical lines so there are seven points in each strip.

¢} Place an X in each strip at the median of the cigarette consumption
and the median of the CHD mortality.

d) Do the three X's lie close to a straight line?
e) Draw in the fitted line.
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SECTION VII; LINES ON SCATTER PLOTS

o

a)—Which—threecountrieslie—thefarthestvertical-distance from—the——
o

k1 2

7

TERE

a.— Finland, Mexico, and Greece

g\

b) How many units do they lie from the line?

b. about 85

e)—Considering —the —cigarette—consumption, —are—these—countries

c. Finland is high; Mexico and Greece are low

. - 0 -,
————— 1 relatively-high-or- fow in CHD-mortality?

7. If you were told that the adults in a country smoke an average of 2500

7, about 170 per 100,000

cigarettes a vear, how many deaths from CHD would you expect?

2

¥

B

I£ g 1 P, T
H-you-weretold-that the adultsinacountry smokearaverage of 1300

8. about 105 per 100,000

L 4 +} £ LITY 143 L1
cigarettesa-year how Tany deans ronT U oD Would you expects

9. (For class discussion) Sometimes strong association in a scatter plot is

D
)
]
B
A
E‘

taken to mean that one of the variables causes the other one. Do you

think that a high CHD death rate could cause cigarette consumption to

be high? Could high cigarette consumption cause the CHD death rate

to be high? Sometimes, though, there is not a causal relationship

between the two variables. Instead, there is a hidden third variable.

This variable could cause both of the variables to be large

simultaneously. Do you think that this might be the situation for this

example? Can you think of such a possible variable?

between Cigarette consumphon ancl CHD mortahity. Does this positive

assocxatlon mean that cigarettes necessarily cause heart disease? It may
D S10 . ul i i 3

cgamﬁ&smnkmz?

v -

r
there is a positive association between foot length and math

achievement. But foot length doesn’t cause math achievement. Instead

both variables increase with age

124
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NOTE TO TEACHERS: A scatter plot that you can duplicate for students
to use in answering question 1 appears on page 9 of this Teacher’s

Edition.

Application 29
1.

14,000

12,000

_g

b

8,000

e o e b . ok

000

NUMBER OF NUNS

- —

X

4000

A
g

o

2,000

]

L

i

S

]

=1l

1,000

2,000

2. See the preceding plot.

3. yes

4. Yes; it's near the line,
5. Pennsylvania; California

3,000 4,000 5,000
NUMBER OF PRIESTS

T
6,000 7,000

SECTION VII: LINES ON SCATTER PLOTS

Application 29

Catholic Clergy

Nineteen states have more than' 500,000 residents who are Catholic. The
following table lists these states, along with the number of priests and nuns

in each state.

Number of
State Priests Nuns
Arizona 412 591
California 4242 6615
Connecticut 1298 2450
Florida 1224 1240
Iinois 4131 8564
Indiana 1229 2515
lowa 982 2140
Louisiana 1236 1931
Massachusetts 3630 6715
Michigan 1892 4296
Minnesota 1403 3911
Missouri 1660 4049
New Jersey 2784 5102
New York 7334 14665
Ohio 2901 6685
Pannsylvania 4600 12785
Rhode Island 580 1105
Texas 2146 3832
Wisconsin 2167 5176

Source: The Official Catholic Directory.

Clearly, the number of priests and nuns varies greatly among these states.
This application investigates whether there is any relationship between the
number of priests and the number of nuns.

1. Make a scatter plot of the number of nuns on the vertical axis against

the number of priests on the horizontal axis.

2. Fit a straight line to the scatter plot.

3. Do you feel that a straight line fits these data well, overall?

4. New York is the state with the largest number of Catholic clergy.
Would you say that the two numbers for New York follow the same

relationship as do the other states? Give your reasons.

5. Which state has a large number of nuns compared to its number of
priests? Which state has a relatively small number of nuns compared to
its number of priests?
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SECTION VII: LINES ON SCATTER PLOTS

2 Make-ascatter plot-with-the 1960-pereentages-on-the horizontalaxisand——

o 3ol oo
the-1864-percentages on-the vertieal axis:

b} g
.
—

3. Is there a positive, negative, or no association? Why? >
4—Fitastraight lineto-the-seatter plot—Due—to—thefactthat-three—states 40 } F’
SR ENTES: Sl perees age—of4>and tour-states have 21960 ertage of i y
5% Foit will-have to-have O states—inthe-left Eroup; S—inthe moddie I l'
7—greup,—md—L9—iﬂ—the—right groups i y ’-
5. Which two states lie the farthest vertical distance from the line? E
———————————————6—Use-yourline to-complete-these sentences: 2+ 40 I
5  §
a. A state with a 50% vote for the Democratic candidate in 1960 o i
would give the Democratic candidate about a % vote - § 4
in 1964. < -
: . ; : 70 w4
74b+ﬂnte—wﬂh—a—69%—vme—&n—&mﬂmmmndm o L) H
wotd BIve the BDemocratic r..ﬂnliiddie about=a —_————— Ve g 2
1964 z 1
& Hte: i
c. As an approximation using the fitted line, the 1964 vote can be 8 ! -
estimated by adding about % to the 1960 vote, lﬁl‘.l &6 } .
7—7—We—euﬂ—the—vertmi—dmance—o{—mh—pumt—ﬁmm fitted tine the n ﬁ
'cxu.u “—With-the :auEPﬁOn—Df—ﬁte—twn—statesin—quesﬁun—STaﬂ—ﬂre—mt— e ¥
of the-states 54 veam“error”tess than "d, 3
8. Putting together the information in questions 5, 6, and 7, we can say the A &
foilowmg The 1964 Democratic percentage 50 v, 1:!’
percentage plus %, with an ezmr_nLlﬂss_than o
% for all these states except for two, which are 30 40 o €0 70 20
and PERCENTAGE N0
9—Now ke a statter plot-with the 1920 percentages on the horizontal . B _
axis amd the 1964 percentages on the vertical axis. . rositive; some states tend to vote Democratic and some tend to
10. Is there positive, negative, or no association? Why? vote Republican.
1 Divide the plot-into three vertical strips and mark the X ineach stip. | % oee the preceding plot:
7—ﬁMhrEE‘?f‘5ﬁmrhrdme—ﬂrmmgﬁrﬁmﬁo Tiot dTaw One if. E Mae and Vermont
12. Is it possible to predict the 1964 vote if you are given the 1920 vote?
- 6. a. 64 or 65
13— Summarize the information from these two scatter plots in a paragraph. b. 74
14. What two candidates ran in c—14
@ 19207 7. about 5 percent
b. 19602 8—14; 5; Maine; Vermont
T 19647
(Answers for p. 124 continue on the facing page.)
124
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SECTION ViII: LINES ON SCATTER PLOTS
(Answers ; conti the facing page.
fm" P 124 Hsied fm " f acing pag ) Fitting a Line with a More Complicated Example
9 When the scatter plot has more points on it than in the previous
examples, we can still use the method that was described to fit a straight line.
90 I However, some parts of the construction and interpretation can be more
t complicated, so we will now work a larger example.
f The following scatter plot shows the weights and heights of 52 men in an
{ office. Notice that in several places there is a 2 in the plot. This means that
two men had the same height and weight.
T &
g §0 i
T i
T - i 260
2 t ] ..
L] -
l\% @ F 1] J ) H__ 240
3 o ' 2 °
\Y] i { >
€ o < t t 220 °
A o t t 2
' -4 a2
#— ° : 1 § ° .
° : & 200 -
: = a ']
50 ¥ = » ®
T - 2 LI §
o] 20 30 40 50 % e
PERCENTAGE IN 1920 %‘ 804 * o £ e 2 e
: 4 o ®
10. No association; apparently states that tended to vote Democratic i s 2 °
1920 showed no particular tendency in 1964. I
i 160 —
11. See the preceding plot. " .
12. no “ e ®
L]
13. Answers will vary. Sample: There is a positive association between 140 - .
the percentage of the vote given to the Democratic candidate in N
1960 and in 1964 in these twenty-four states. With the exception of T T e S e
Maine and Vermont, the 1964 percentage can be estimated by &b 68 70 72 L 7% %
adding 14 percent to the 1960 percentage. The error resulting is less HEIGHT IN INCHES
than about 5 percent. However, it is impossible to predict the 1964 _ ) . i
vote from the 1920 vote. States with a relatively high Democratic There are 52 points, 20 to conatruct the ftted live we would like to divide
. . : f . the points into groups of 17, 18, and 17 points. This division is not possible
vote in 1920 did not tend to have a relatively high Democratic vote because different men have the same height. For example, for the left group
in 1964. there are 16 men with heights 69" or less, and 23 men with heights 70" or
. less. We cannot construct a group with exactly 17 men, so we choose the
14. a. Warren Harding (R) and James Cox (D) roup with 16 by making hy di\?jding line at 69,5". For the right group,
group by ght group
b. John Kennedy (D} and Richard Nixon (R) counting in from the right side of the plot shows that 15 men have heights
¢. Lyndon Johnson (D) and Barry Goldwater (R)
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SECTION VII: LINES ON SCATTER PLOTS

73" or taller, and 25 men have heights 72" or taller. Similarly, we choose the
dividing point to be 72.5" so the right group has 15 points. This choice
leaves 21 points in the middle. The dividing lines are shown in the
following scatter plot.

Next, we find the centers of the three groups, using the median method.
For the left group of 16 points, both the eighth and ninth largest heights are
68", so the median height is 68". For the weights, the eighth largest is 170
and the ninth is 175, so the median weight is 172.5 pounds. These medians
give the left X on the scatter plot. For the right group of 15 points, the
eighth height is 73' and the eighth weight is 190 pounds. These medians
give the right X on the plot. Similarly, the center X is obtained from the
21 points in the center group as before.

The scatter plot with the three X’s follows. It is important to stop now
and see if the three X’s fall reasonably close to a straight line. If they do not,
we would not continue to fit the straight line.

260
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SECTION VII: LINES ON SCATTER PLOTS

In this case the three X's are close to a straight line, so we continue,
Draw the fitted line by first taking a straightedge and placing it along the
two end X’s, The middle X is below this line. We now slide the
straightedge down one-third of the way towards the middle X and draw in
the fitted line. This line is shown in the following scatter plot.

The fitted line does not go exactly through any of the three X's, but it goes
close to each of them. From this straight line we can predict that a typical weight
for a man 66 tall is 160 pounds, and a typical weight for a man 76 tall is
197 pounds. For a 10" increase in height there is a typical increase in weight
of 37 pounds, so we could say that on the average for each one inch increase
in height there is a 37 pound increase in weight. It would be difficult to draw
a conclusion like this without fitting a line to the scatter plot.

260 E
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SECTION VI LINES Obl SCATTER PLOTS.

Discussion Questions

.|
P 2

1. How many men fall above the top line? Below the bottom line?

6//R2 =115 pmc‘pnf

2. What percentage of these 52 men would you say are unusually heavy

for their height (above the top line)?

3. 27572 = 3.6 percent

2__What percentage of these_sz_men_umﬂd_}um_say_amnmmnv light for
AP & i -

igcht?

nmmna]ly_heavv 4. Are there more men who are very heavy for their height, or are there
g more men who are very light for their height? Why do you think this
6. a. 7 is the case?
b. No; because he is on the line, which means his weight is typical

£ H o P
UL SULLICT IILS

5—For those-men whose weight is unusually heavy or unusually light for
T TN, El Ed 'l ¥
| ] e mMore € e 3 | = . L

thai icht?

5 DUD trem

6. Consider the man with height 78",

o How—many men-are heavier than he ig?
f—OW-IanRy -hRess

b. Do you think he is overweight? Why or why not?
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Application 31 Page 130

WNWUIEL 1O TEACHERS! A scatter plot that you can duplicate for students

to use in answering question 1 appears on page 12 of this Teacher’s

1980-84 Rock Hits Edition

nilxmrﬂpplmmmﬁi—“i%ﬁr}%xk—fhtsﬁnﬁppiw

"52 Men in an Insurance Office,”” mav be omitted.

—Application 31

—————————————many-weeksa hit record-was-inthe Top-10, could we tel dict the
e Bl bt e J ¥ Ll 1.
total-lengih-of Hme-itwould-remain-in-the Top-407 :
o 1
21 Py
f
ot ! i A : E j,
Number of weeks in el : i P
Titte = Artist Top 10— 40 8 i :
. - = = o 19 L - }ﬁ
Physical” — Olivia Newton=John 15 21 O §
“Endiess Love” — Diana Ross & Lionsl Richie 13 19 = o
Betto Davis Eyes” — Kim Carnes L3 20 = + r
Evory Broath You Take' = Police 13 20 218 g
Billie Jean" — Michaal Jackson 1Tt 17 9 N
T tove Rock 'w Roil*' — Joan Jett & The Blackhearts 12 16 w7 + ZH
‘Ebony and Ivory” — Faul McCartney & Stovie Wonder 12 15 o 1 :
i aae — = 14 20 v - +=+= 1, 4
‘Centerfoid™ — J. Gells Band 12 20 5 = ¥
“Lady*— Kenny Rogers 13 19 e —rt—¢ i
Call Me” — Blondie 12 19 1
“Eye of tha Tiger — Survivor 15 18
“Say Say Say~ — Paul McCartney & Michasl Jackson 13 18 15 4 +
“(Just Likey Starting Over " — John Lennon 14 19 $
“When Doves Cry’ — Prince 1 16
“Jump” = Van Halen 10 15 g 70 77 1Z T3 7% 5
“Yotal Eclipse of the Heart” — Bonnie Tyler T1 18 WEERS /N TOP 10
“Upside Down ' — Diana Ross 14 e
“Another Brick in the Wall {part 1l)” — Pink Floyd 12 19 A S .
“Down Under’ — Men At Work 10 19 28 }e{t—group—anu i mreenter group
‘Rock w ou” — ael Jackson g 19
“All Night T.ong (Al Night)” — Lionel Richie 13 17
“Maneafer” — Daryl Hall & John Oafes 13 17
“"Magic” — Olivia Newton-John g 16
“Funkytown™ — Lipps, Inc. g 15

Source: The Billboard Book of Top 40 Hits, 1985.

——————+——————————————and-wecks-inthe Top10-on-the horizental-axis
Faxis-

2. Next divide the data into three groups. There are 25 points, so we

would like to have three groups of 8, 9, and 8 points. However, notice

that there are many records that are tied with the same Top 10 values,

13U

i S e G e Moo S e G I e T e B T e B e e T i e e e e B . . e i — e — — — . e — . e — P— e .




SECTION VII: LINES ON SCATTER PLOTS

—Page 131 Application 31 (continued) For the right group, if we include records 14 or more weeks in the Top

10, we would have 6 points. If we include records 13 or more weeks in

3. bee the preceding plot. the Top 10, we would have 12 points. In order to have enough points
4 abeat 1614 Ted remaining to put into the other two groups, it seems reasonable to make
HAbOUTIOTZWEEKS the right group consist of the 6 records with 14 or more weeks in the
o i o i L 2 ively Top 10. Decide how to form the left and center groups.
¥
3—Using these-three groups; fit- the limeto-these data:

4. If a record stayed in the Top 10 for ten weeks, about how long would it

stay in the Top 407

= Il Y-y

tong orshort time-inthe Top40compared totheir time—inthe Top 167

- i '
Canyouthinkof any reasons?
¥ Y

6. Write a paragraph that summarizes these data,

Qb 1R 1
IT7 U L WETRKRD,

Lons;clermg that they were in the 1op IU thaf long, an exfra

6 weeks in positions 11 to 40 does not seem hke a long tJme

'I'op 10 but 19 weeks in the Top 40, and “Ebonv and lvorv“ W1th 12

— weeks in the Top 10 but only 15 weeks in the Top 40

131




[ SECTION VIT: LINES ON SCATTER PLOUTS
= 3
Application32 Page 132
NOTE TO TEACHERS: A scatter plot that you can duplicate for students
to use in answering question 1 appears on page 13 of this Teacher’s
52 Men in an Insurance Office Edition.
The following table lists the heights, shoe sizes, and weights for
52 men in an office. These weights and heights were discussed earlier, on = . s
pages 125 to 129. Now we will consider shoe size against height to see if this Application 32
relationship is similar to or different from the relationship with weight and -
height 1.
g - ¥
[ ',
& i = T Cd /
Height Shoe Size Weight | Height Shoe Size Woeight P4 .
b 4 pd
70 10.5 105 73 10 190 i A
68 10.5 195 70 9.5 180 ¥ .4
69 8.5 152 72 9 168 2 2 I ¢
72 10.5 185 72 10 193 y. 7
72 10 180 74 12 175 7~ =
73 9.5 189 71 9 160 - i
74 11 180 72 o5 163 It = - = ra
70 10 180 73 10.5 175 # 2
72 9.5 155 72 10 235 4 * A3
73 11 180 71 12 230 A i 2
68 2 150 89 95 220 R 4 3 Gl
72 10 195 75 12 252 N oL T
7 135 68 10 175 n £ i
or 85 178 76 13 250 e 7/ TV
88 9 143 69 8 180 - B s
69 10 190 70 10 170 ya L C - 1
rae’ 9.5 170 73 10 230 Ed A
73 10.5 205 73 11.5 195 7 I 4
73 10 180 | 72 9.5 180 -
67 85 140 | 66 8.5 170 3
72 10 165 68 8.5 130 o
70 16 190 | 73 105 166 =
7O 9.5 178 78 13 207 = =
73.5 11 210 | 66 8.5 180 745 -
715 10 145 71 9 170 -
68 9 176 59 s 155 3
£ ',
7] E
1. Construct a scatter plot of shoe size against height. Put height on the 8 B
horizontal axis. There are several men with exactly the same height and e
shoe size. For example, 5 men have the same helght of 72" and the @5 ©& @7 ¥ &4 1o M X 13 15 Mo 17 18
same shoe size of 10, so there should be a 5 at that position on the plot. HEIGHT IN INCHES
At first, vou will want to make the scatter plot lightly with pencil so
vou can change the dots to numerals as necessary. 2 ves
dare i i i 7 3 Lhc
three grou ;21 imits; igit. €
Tine fit well?
132
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SECTION VI LINES ON SCAITER PLOTS |

3 What shoe size wouald you predict for a man 06" fall? For a man

76" tall?About how many additional inches of height are needed for a

man's predicted shoe size to increase by one whole size?

4 Draw lines 1-1/2 shoe sizes above anﬂ 1-1 -‘") shoe sizes below the fitted

line, Are there many poin i ranpp? Are H\F\F

?ﬂmnrulv above the mn hm‘- or below the bottom line?

5. Are there any outlying points in the plot that do not follow the

Telationship given by the fitted line?

6. Compare the plot of shoe size agajnst hejghl- with the parlier Plnl- of
weight inst  heigt Whicl lot indicat ] isht

relationship? Does this R!I‘I‘I_'Ilﬂ.ﬂﬂ ynn? Can you think of any p\rFIanaHnn

for this?

at the U.gi'lt end.

Apparently being extra heavy does not cause your feet to get extra

long

How can we tell if there is clustering or curvature, and what should we

do about them? Look at the scatter plot as a whole, as you did in Section VI,

to see if you observe clusters or a curved relationship. Sometimes clusters or

curvature are more obvious after a straight line has been ftted. Always look

at a plot again after fitting a line to see if something is apparent that wasn't

before.

The following two applications have scatter plots containing clustering

and curvature. For these plots it is best not to interpret the data in terms of a

single straight line fit.




Appilication 33

Tetephone Office Costs {Clustering)

The following scatter plot involves some engineering data. The

horizontal axis gives the number of telephone lines that can be handled by

each of 20 telephone switching offices. (A telephone switching office is the

place that local telephone calls pass through and one customer is connected

to another.) The vertical axis gives an estimate of the total cost Of

5 telep o

constructing the office. The cost depends on more than just the number of
IF e scatter piot Teprese OTiE :

4
19 .
18
-
o 17 -
2
E )
E [} 4 -
X 4 o
wht * . -
t’i Q = 3 W
a g 12 b
% <t s
<X o
B 4
)
X Z
. n
S .
\Q b-—'- )
5

#—5 & 7 8§ 9 1o H &35 163118

CAPACITY OF TELEPHONE SWITCHING OFFICE

(NUMBER OF FELEPHONE LINES tN-THOUSANDS)
i ~7

134
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Page 135

NOTE TO TEACHERS: You can duplicate the scatter plot on page 134 in
the student edition for students to use in answering question 2.

SECTION VII: LENES ON SCATTER PLOTS

The first general impression is that there is a large gap in the data, giving
two separate groups of switching offices. The bottom four offices are all
separated by over 3,000 lines from the smallest of the other 16. You might
think that the topmost three points should also be treated as a separate
cluster. Perhaps they should be, but the gap on the horizontal axis here is
definitely smaller, only about 1,000 lines. Thus, as a first step, it seems

2. Fit a straight line to the cluster of 16 larger offices.

Application 33 sensible to treat the data as two clusters rather than one or three.
The data values for the 20 offices are listed in the following table. You
1. about $600,000 will need to construct or trace a scatter plot such as the preceding one to
2 answer the following questions.
. 20 i
19 + ! et
8 f ot
o 19 1 I; - R Switching Office  Estimated | Switching Office  Estimated
9 i {1 Capacity (lines) Cost Capacity (tines) Cost
8 16 ] : / il i
35 — %{ s i |L 4,200 $560,000 13,200 $1,470,000
LR 1 A o i,_- 4,600 610,000 13,300 1,510,000
BY . T At ] 4,700 580,000 14,400 1,300,000
8o ! == T 5,700 660,000 15,200 1,580,000
a & 2 i ! ! 9,300 1,120,000 15,500 1,480,000
gg e |4 [ ! ! 10,200 1,230,000 16,700 1,400,000
2 A [ ] 10,700 1,270,000 16,800 1,370,000
e % t i 11,100 1,360,000 17,600 1,710,000
W gy TR 11,600 1,340,000 17,700 1,870,000
e 3 | 13,000 1,250,000 18,400 1,930,000
3 9 ’
- M
S~ e ° 1. For an office with 5,000 telephone lines, what cost would you estimate?
5 ; Do not fit any straight line, Just scan the plot to get an estimate.
% t T
“ 5 & 7 8 9 0 H 2 13 H# 15 6 17 I3

CAPACITY OF TELEPHONE SWITCHING OFFICE
(NUMBER OF TELEFHONE LINES IN THOUSANDS)

3. For offices of about 18,000 telephone lines, what cost does this line
predict?

4. Extend the fitted line to the extreme left of the plot. What would it

3. about $1,750,000
4. about $950,000
5. not well at all; from about 9,000 to 18,000 telephone lines

e s A
predictas the cost for an office of size 50007

5. How well does the line fit the four observations with small capacity?
For what size offices does the fitted line give reasonable estimates of
cost?
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SECTION VII: LINES ON SCATTER PLOTS
Application 34 Page 136

NOTE TO TEACHERS: A scatter plot that you can duplicate for students
to use in answering question 1 appears on page 14 of this Teacher's
Tree Age and Diameter (Curvature) Edition.

The table below lists 27 chestnut oak trees planted on a poor site with
their ages and diameters at chest height. We would like to determine how Application 34
their size increases with age.

1. See the following plot; age.

biameter at Chest
Age in Years Height in Inches

p
[
h

o4

4 0.8
5 0.8
8 1.0
8 2.0
8 3.0
10 2.0
10 3.5
12 4.9
i3 3.5
14 25
16 4.5
18 4.6
20 5.5
22 5.8
23
25
28
29
30
30
33
34

-y

INCHES

———

IN

AN
N

Now R o B
N\

DIAMETER

AN

4.7 j
6.5
6.0 ? i i
4.5
8.0 1o 20 30 40 50
7.0 AGE /N YEARS
8.0
6.5 ;
35 7.0 2. See the preceding plot.
38 5.0 3. yes
a8 7.0
40 7.5 4, a 4
42 7.5 b. 5

Source: Chapman and Demeritt, Elements of Forest Mensuration.

1. Make a scatter plot of these data. We want to predict diameter given
age. Which variable will you put on the horizontal axis?

2. Divide the points into three strips. Mark the three X's and draw in the 4
fitted line.

3. Do the three X’s lie very close to a single straight line?
4, In the left strip, how many points are

a. above the line?

b. below the line?
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S hrthecemter strip; how many points are

a. above the line?

5 a6
b. 3 b—betow the Hine?
5 5 6. In the right strip, how many points are
. d. o
b 7 a.  above the Hne?
b. below the line?
7. young

ay

There are too many points above tiie line in the cerer strip and too ma
points below the line inm both end strips. L his means that a single straight

tine does not fit these data well. A curved line would summarize these data

etter. There are more compiicated statistical methods for fifting a curve to

data, bur we won't investigate them. You could draw a free-hand curve

tnrough the miadlie oi the data.

7. The fact that the points lie on a curved line tells us that trees do not

The scatter plot is the basic method for learning about relationships

between two variables. Sometimes interpretations are clear simply from

studying the scatter plot. This section has dealt with problems where the

interpretation becomes clearer by adding a straight line to the plot.

In some examples it is helpful to fit a straight line through the central part

of the data. We have used a method based on medians. This method is not

greatly affected by a few outlying points. If the data follow a straight-line

relationship, the method described gives a line that fits the data closely.

Moreover, looking at the data in terms of the three X'’s and the straight line

can help us to recognize examples where the data do not fit a single straight

line. These situations, such as clustering and curvature, need to be dealt with

dlfferentiy

s PO oY | s I e e Il s S 1
e vV almaorc Ol 1T VCAIALGI axisfrom-thevariable CITTITE leAl‘.VJllal. MISA

.

Student Project

I. Take the scatier plots you made on your projects from Section VI and

add straight lines when appropriate. Do the lines change any of your

interpretations?
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1o bind the smoothed value Ior 1Y.Z%, for example,

Page 140

d O pared (TiE

NOTE TO TEACHERS: Students may notice that there are no cases in

which the smoothed value is bigeger than the original number of home

For the first and last years, just copy the original data into the smoothed

runs for two years in a row. Challenge them to explain why

values column.

The plot of the connected smoothed values follows. Notice what has

happened to the large fluctuation between 1938 and 1939, Since this plot is

S Bipge )
It-is-alse-true-that-itis-impessible for the smoothed value to be ————————
—smatler than the origimal mumber for two years ima row.

smoother than the previous one, we can see general trends better, such as the

drop in the number of home runs in the 1940'.

Discussion Questions

i f i i I T. Smoothed
i i Year Home Runs Values
o o 1931 46 49
L atalal cQ 40
r 1724 SO
T 1953 4% 4y
507 X Talals T 1934 49 48
a YA} r ﬁ\ 1935 36 49
o f AN SRR 1936 49 46
S / \ N \ 1937 16 49
* i § ' \ IR Y 1938 58 6
5 \ [aal / | IS 1939 35 41
% bal | Ty [ 4 ¥\ 1940 41 3
1 1Y) L W 2_a World War Il
| ~ 1. | L ]
0 1 D provaniy
i
]
T
d
s
1930 19449 ik 160 1970
YEAR
Discussion Quastions
T Complete the smoothed value column through 1940 for the next ten
American beague ome ran champions:
2. 3 e smoothed plot o he Ameorica A TR - TU T - a T P OR R
a. What happened around 1940 that could have affected the number
of Fome rans hit?
b. Did the increase in the number of games from 154 to 162 in 1961
have an effect on the number of home runs hit?
140
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SECHON VIR SMOCTHING PLOTS-CVER-TIME

o : - d)

3. Study the following rule changes. Do any of them seem t© have

affected the number of home Tuns hit by the champions?

| 1926 — A ball hit over a fence that is less than 250 feet from home
- plate will not be counted as a home run

1931 — A fair ball that bounces over a fence will be counted as a

4_ ves: no
S5,

double instead of a home run.

149 t have a minimum distance of 325 feet

5. Use the weighted average of 2/3 of the 1921 value pius 1/3 ot the

down the foul lines and 400 feet in center field

1922 value

1999 — The strike zZone is decreased in size to include only the area

b, aboutl 4uU

from the armpit to the top of the knee.

1969 — The pitcher’s mound is lowered, giving an advantage to the

hitter

T971 — All batters must wear nelmets.

. In 1981 there was a sirike that shorfened the season. (an this be seen

in the original data? In the smoothed values?

. Since they were not smoothed, the endpoints may appear to be out of

place. The number of home runs hit in 1921 seems too high. Can you

determine a better rule for deciding what to write in the smoothed

values column for the endpoints?

. Imagine a curve through the smoothed values. Try to predict the

number of home runs hit in 1986.

. Some students feel that smoothing is not a legitimate method. For

example, they do not like changing the original 33 home runs in 1925 to

46 home runs on the plot of smoothed values. Write a description of

the trends that are visible in the smoothed plot that are not easily seen

in the original plot. Try to convince a reluctant fellow student that

smoothing is valuable. Then study the following answer. Did you

mention features we omitted?

The original plot of the time series for home runs gives a very

for

two years in the 1920's, two years in the 1930's, and also in 1961

Extremely low values occurred in the mid-1940's and in 1981

Using thi
o

the values in the 194(0's and early 1950's seem lower than the

values in the late 1920's and 1930s

We get a stronger impression of trends irom the smoothed piot

of the home run dafa. In particular, for the years from 1927 O

1935, the values are generally higher than at any other time before

or since. The only period that was nearly comparable was in the

early 1960°s. The original data show that the champions causing

the earlier values to be large were Babe Ruth, Jimmy FOXX, and

Lou Gehrig. In the 1Y6U's, it was Koger Mams and Harmon

Killebrew. These players clearly were ouistanding home Tun

hitters!
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SECTION Vill: SMOOTHING PLOTS OVER TIME

There w. ine i e 1930's to
a low pm‘inri in the middle 194V There weare also low pprinda in
the early 1950°s and in the pavly 1978('s }z_is_intemsﬁng that these
lows coincide roughly with World War 11, the Korean War, and the
Viet Nam War. Th i ible causes for the
declines, ali—hrsngh we have not P'r'nvarf this c.imp]v H'lmng}\
ob: i i iati for the vears since 1980 are
near the middle rnmpawhd ta the whale 65-year series The
smoothed i indivi i h as

Maris” 61 in 1961) and lows {such as the 22 in the strike-shortened

1981 season). Therefore, the longer trends stand out more clearly
=
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Page 143

NOTE TO TEACHERS: In this section, all but one of Application 35,
“Birth Months,”” Application 36, “Olympic Marathon,” or Application
37, “Tennis Earnings,” may be omitted.

Application 35

1. 296,000
2. July

BIRTHS (THOUSANDS)

SECTION VIII: SMOOTHING PLOTS OVER TIME

Application 35

Birth Months

The following table gives the number of babies born in the United States
for each month of 1984. The numbers are in thousands.

Births Smoothed
Month {thousands) Values
January 314
February 289
March 291
April 302
May 295
June 297
July 336
August 323
September 329
October 316
Novembar 292
Dacember 3

Source: National Center for Health Statistics.

1. How many babies were born in May 19847
2. In which month were the most babies born?

The time series plot for these data is given as follows. This plot is a good
candidate for smoothing because of the sawtooth effect. This appearance is
an indication that some points are unusually large or small.
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SECTION VIIl: SMOOTHING PLOTS OVER TRME
3. Copy and complete the “Smoothed Values” column.
4. Make a scatter plot of the smoothed values.

5. What is the general trend in the number of babies born throughout the
year?

Page 144: Application 35 (continued)
3.

Births Smoothed
Month (thousands) Values

January 314 314

February 289 291

March 291 291

April 302 296

May 296 297

June 297 297

July 336 323

August 323 329

September 329 323

October 316 316

November 292 311

December 311 311
4. —~ 340

2 330

-

3 W 1 =

~ 310 \ E

o \

E 290 P14

o 280

| 2 3 4 5 & 77 8 9 ot 12

MONTH

5. Answers will vary. Sample: The number of births is relatively low in
February through June and relatively high in July through January.
Further, from February to June, the number of births is fairly
constant, in that the smoothed curve changes by only about 2
percent (6/291) over these five months. In July, however, there is a
marked increase of 9 percent (26/297) over June. The values for
August and September are also high, and then there is a gradual
decline until January. The largest drop is from January to February, a
decline of about 7 percent (23/314).

It is interesting that the smoothed values at the end of the year

are close to the value for January, even though these are at the
opposite ends of this 12-month series.

A, . — — —_— T —~ 5 . L i, S — TR T e i T e ~~




Page 145: Application 36

1. 1952
2. 1916, 1940, 1944; World Wars [ and II
3. See the second-to-last column in the following table:

SECTION VIiI: SMOOTHING PLOTS OVER TIME

Application 36

Olympic Marathon

The following table shows the winning times for the marathon run
(slightly more than 26 miles) in the 1896-1984 Olympics. The times are

Winner Time Time in Smoothed rounded to the nearest minute.
Year Name, Country Hours Minutes Minutes Values
1896 Loues, Greece 2 59 179 179 vear Na \:hg‘erm 5 ;;melin ngvffbed
F y LOou me n alua
1900 Teato, France 3 0 180 . ¢ 180 > s it —
3 e 1896 Loues, Greece 2 hours 59 minutes 179
1904 Hicks, US.A. 3 29 209 180 1500 Vet Frante - 5 i s
1908 Hayes, US.A. 2 55 175 175 1804 Hicks, U.S.A. 3 29 209
. 1908 Hayes, U.S.A. 2 85 175
1912 McArthur, South Africa 2 37 157 157 RiT Mekie Sosivikiica 5 7 387
1920 Kolehmainen, Finland 2 33 153 157 1920 Kolehmainen, Finland 2 33 153
. 1924 Stenroos, Finland 2 41 161
1924 Stenroos, Finland 2 41 161 153 1928  El Ouafi, France 2 33 183
1928 El Ouafi, France 2 33 153 153 1932 Zabala, Argentina ] 32 152
1932 Zabala, Argentina 2 32 152 152 :222 2": "a"a: ) z :2 18
abrera, Argentina
1936 Son, Japan 2 29 149 152 1952 Zatopek, Czechoslovakia 2 23
1956 Mi , F 2 25
1948 Cabrera, Argentina 2 35 155 149 1960  Bikila, Ethiopia. 2 15
: 1964 Bikila, Ethiopia 2 i2
1952 Zaftopek, Czechoslovakia 2 23 143 145 1668 WO; de. E“:iopia 2 20
1956 Mimoun, France 2 25 145 143 1972 Shorter, U.S.A. 2 12
oy — . 1976 Cierpinski, East Germany 2 10
1960 Bikila, Ethiopia 2 15 135_ 135 1980 C:‘em;nski, East Germany 2 11
1964 Bikila, Ethiopia 2 12 132 135 1984 Lopes, Portugal 2 9
1968 Wolde, Ethiopia 2 20 140 132 Source: The World Almanac and Book of Facts, 1985 edition.
1972 Shorter, US.A. 2 12 132 132
1976 Cierpinski, East Germany 2 10 130 131
ierpi i 1. The first Olympic women’s marathon was not held until 1984. The
1980 ClerpmSkl' East Genna'ny 2 3 151 130 winner was ]031::‘[ Benoit of the United States with a time of 2 hours
1984 Lopes, Portugal 7. 9 129 129 25 minutes. What was the first year that a Olympic men’s marathon

winner was able to beat this time?

. Find the three years when the Olympics were not held. Why were the

Olympics not held in these years?

. Complete the second to the last column of the previous table by

converting each time to minutes. The first ten are done for you.
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Page 147

NOTE TO TEACHERS: A scatter plot that you can duplicate for students
to use in answering question 3 appears on page 15 of this Teacher’s
Edition.

There are extra data here that are not needed to answer the
questions. The extra data are given in case a student wants to use them
in a project on top tennis players.

Application 37
1. Plot of women tennis players' earnings.

£ARNINGS OF THE TOP 32 WOMEN TENNIS PLAYERS

SECTION VII: SMOOTHING PLOTS OVER TIME

Application 37

Tennis Earnings

The following two tables from Tennis Championships Magazine list the top
tennis players of each sex and their earnings from tennis tournaments in the

first part of 1985,

The Top 32 Women

Computer 1985
Name Birthplace Height Weight Age Ranking Earnings
Chris Evert Lioyd Ft. Lauderdale, FL 56" 118 30 1 $652,269
400 Martina Navratilova Czechoslovakia 57 145 28 2 994,579
Hana Mandlikova Czachoslovakia s'g" 130 23 3 294,872
Pam Shriver Baltimore, MD 511" 130 23 4 244,653
Manuela Maleava Bulgaria 5'6" 114 i8 5 115,113
Helona Sukova Czechoslovakia g1 139 20 6 261,512
350 Zina Garrison Houston, TX 5'q° 128 21 7 162,732
Ciaudia Kohde-Kilsch West Germany 68'0° 140 21 8 181,995
i Wendy Turnbuil Australia 5'¢" 120 32 9 104,795
aQ Kathy Rinaldi Stuart, FL 5’5" 110 18 10 120,315
Z 35 Bonnie Gadusek Pittsburgh, PA 5'g" 120 21 11 B8,097
b Steffi Graf West Germany 5's" 110 16 12 81,872
3 Catarina Lindgvist Sweden §'5" 125 22 13 107,805
X 1 Gabriela Sabatini Argentina 57" 121 15 14 85,405
= 250 Carling Bassett Canada 5'5" 118 17 15 113,173
P4 Barbara Potter Waterbury, CT 5'g" 135 23 16 82,049
Kathy Jordan Bryn Mawr, PA 5'8" 130 25 17 149,763
3 Bettina Bunge Switzeriand L 120 22 18 72,090
= ) Syivia Hanika West Germany 5'8" 128 25 19 32,310
z 200 1 Andrea Temesvarl Hungary 511 125 19 20 49,810
o« I Alycia Moulton Sacramento, CA 511" 145 24 21 58,735
X - Paanut Loule San Francisco, CA 5'%" 115 25 22 48,850
s » Pam Casale Camdan,NJ 5'8" 127 21 23 43,965
a 150 { Gigi Fernandez Puerto Rico 57" 140 21 24 56,850
- Kathieen Horvath Chicago, IL 57" 115 20 25 58,962
=~ Michelle Torres Chicago, IL 5'5* 107 18 26 10,950
[) HRNP r Elise Burgin Baltimore, MD 54" s 23 27 68,806
{00 L] K i Katerina Maleava Bulgaria 5'5" 110 16 28 54,897
.‘){_& Rosalyn Fairbank South Africa '8 140 24 29 81,301
s Catherine Tanvier France 5'g" 116 20 30 45,660
XY Virginia Ruzici Romania 5'g" 128 30 31 49,757
s0 Ty, Pascale Paradis France 5’9" 135 19 3z 42,017

: Source: Tannis Championships Magazine.

4 3 2 e 20 24 2§ 3z
COMPUTER RANKING
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Computer 1985
Name Birthpiace Helght Weight Age Ranking Earnings
John McEnroe Waest Garmany 511" 165 26 1 $618,852
Tvan Lend] Czechoslovakia 62" 175 25 2 608,283
Mats Wilander Swaden BT 175 A 3 416,037
Jimmy Connors Baitaviiie, 1T 50 155 3z q 37529
Kevin Curren South Africa 61 170 27 5 193,422
Andersdarryd———Sweden 511" 155 24 -] A8, 133
¥ tek-Noah France &4 180 25 7 202:899
Andros Gomer — Eouador £'3" 190 25 & 09,754
Boris Becker  West G ¥ §2° 173 17 g 278,207
Joakim Nysirom Swad 62" 155 22 10 192,583 EARNINGS OF THE TOF 37 MEN TENNIS PLAYERS
Stefan Edbherg Swad 82" 158 19 11 169,920
Eliot Teltscher Palos Verdes, CA 5"1Q° 150 26 12 81,092
Miloslav Mecic Czechoslovakia [ 180 21 13 209,172
Johan Kriek South Africa 5'8" 156 27 14 151,991
Pat Cash Australia 511 170 20 15 123,244 400 1
Tim Mayotte Springfieid, MA 6'3" 180 25 16 255,174
Scott Davis Santa Monica, CA 6'2" 170 22 17 126,324
Henrik Sundstrom  Sweden 62" 160 21 18 140,122
Tomas Smid Czechoslovakia &3 175 29 19 220,043 350
Brad Gilbert and, CA 3] 160 28 20 9Z.667
Martin Jatte Argenting 511 150 20 YA 104,985 i
avidPate os AngatesCA ;' 5 23 3 54,798 g %
reg-Ho! Covina, CA 510" 160 21 24 56,002 § 200 1
Vitas Gerulaitis Brookiyn, NY 80" 155 31 25 54,329 =
Libor Plmek Czechoslovaki §'5" 172 22 26 61,542 E
Henri Laconte France §'1" 160 22 27 101,690 b~
Josa Luis Clerc Argentina 61" 176 27 28 46,356 d 250 p
Jan G Sweden §'0" 165 23 29 81,694 =
Ben Testerman Knoxville, TN 6'3" 180 23 30 40,557 W 1
Sammy Gi iy Houston, TX 510" 165 22 31 78,873 -“7" =
Jimmy Arias Buffalo, NY 59" 145 21 32 79,941 = 200
Source: Tennis Championships Magazine. g
|
n 50
Do this activity in pairs, with one of you taking the data for men and the <) 3
other the data for women. After you each answer questions separately for = [2. &
your players, you will put your plots together to compare the women’
earnmings with the men's. You will need to coordinate with your partner so 100 @ @
you bothuse the same size graptt paper: i 1
1. Constract @ piot over time of the earnings against the computer Tanking
—— [ for your players. Begim by piotting the 32 values as dots; do not
0T " with-lines,—Because e LIS EW DTEIT and WOimelT &2 ed 50 :
4 # 2 1) 20 24 28 E A
LOMPUTER BANKING
_— - ~— ~ TN -~ o~ P — int '—\ — i, ~— ~ i T ™ T k] i £ S etz o B i F Sl o b s S o




Page 149: Application 37 (continued)

2.
3.
4,

o N

See the two preceding plots.
See the two preceding plots.

Answers will vary. Sample: For women, those with unusually high
earnings for their ranking are Sukova (6) and Jordan (17); those with
low earnings are M. Maleeva (5) and Torres (26). For men, high
earners for their ranking are Becker (9), Mayotte (16), and Smid (19);
low earners are Gomez (8) and Teltscher (12).

Here are some possible reasons why the earnings may not
correspond exactly with the rankings. The time period for
calculating the computer ranking, possibly a year, could be different
from the time period for earnings (the first part of 1985). If a player
wins a single lucrative tournament, this could increase the earnings
more than the ranking (for example, Becker won Wimbledon in
1985). If a player enters a lot more tournaments than most, his or her
earnings could be high. If a player just turned professional, his or
her earnings could be low. The ranking probably reflects only
singles play but the earnings include both singles and doubles, so a
very good doubles player could have high earnings.

top ranked players
about $250,000
men’s

Answers will vary. Sample: The very highest earnings is for a
woman, but for about the top five rankings, men and women
typically earn about the same, $200,000 and higher. Similarly, for
positions from around 24 to 32, both men and women earned nearly
the same, about $50,000.

For the rankings between 5 to 24, however, the men typically
earned more than the women. The men’'s earnings decreased
steadily from rankings 5 to 25 and are, for example, about $150,000 at
positions 13 to 15. The women's earnings decreased more quickly,
and they are only about $90,000 to $110,000 at these ranks,

NOTE TO TEACHERS: The material on advanced smoothing on pages
149 through 155 is optional and may be omitted.

SECTION VII: SMOOTHING PLOTS OVER TIME

players who earned more than this, just write in their numbers at the
top.

2. In the earlier examples, to get the smoothed earnings we constructed a
column of smoothed values and then plotted them. This time we will
save a step and do this directly on the plot. For each rank, plot an X at
the median of the three earnings from that rank, the next lower rank,
and the next higher rank. (You might also want to use a different color
from the dots for the X's to help distinguish the actual earnings from
the smoothed earnings.)

3. Connect the X's by lines. This gives 2 smooth curve relating the 1985
earnings to the computer rankings.

4. Name any players that have earned a relatively large amount, or a
relatively small amount, considering their ranking. Can you think of
any reasons for this to happen?

5. The earnings generally decrease as the computer ranking increases. Do
the earnings decrease more quickly for the very top ranked players or
for the lower ranked players?

6. Give an estimate of how much money you would expect the player who
is fifth ranked in 1986 to earn in the corresponding part of 1986.

To answer the remaining questions, work with your partner so you have
plots for both men and women.

7. Is smoothing more helpful for the men’s data or the women's data to
get a useful picture of how earnings relate to rank?

8. Which top tennis players earn more, men or women? To compare the
earnings, it helps to place the two plots on top of each other and hold
them up to a light. Write a paragraph summarizing how the women's
and men's earnings compare.

Advanced Smoothing (Optional)

Often the smoothing method we have just used will give a smooth curve.
Sometimes, however, it will still have fluctuations in it that can hide overall
trends. In these cases, we will want to smooth the data a little bit more.

For example, in the plot of smoothed values for the American League
home run leaders on page 140, the points for the years 1927, 1928, 1944, and
1945 are separated from the general trend. They still give that sawtooth
appearance that obscures the overall pattern. A simple method for further
smoothing is described in the following paragraphs.

One result of what we did to the first ten years of American League home
run data was to make some short strings where adjacent values are equal. For
example, the smoothed values for 1922 to 1924 are all 41. One possibility is
to treat such “horizontal ties” as single points, and then do the smoothing a
second time.

To illustrate, the data for the first ten years, the first smoothed values, and
the second smoothed valugs are listed in the following table.

149
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SECTION VIlI: SMOCTHING PLOTS OVER TIME

First Second

Year Home Runs Smoothed Values Smoothed Values
1921 59 58 59
1922 39 41 46
1923 44 41 a6
1924 46 41 46
1925 33 a6 46
1926 47 47 47
1927 60 54 49
1928 54 54 48
1929 46 49 49
1930 49 46

To find the second smoothed values, we. use only the first smoothed values.
For the first year, 1921, the value is simply retained. For 1922, we treat the
three adjacent 41's as a single value and find the median of 59, 41, and 46,
which is 46. For 1923 and 1924, we have the median of 59, 41, and 46 again.
For 1925, use the median of 41, 46, and 47. For 1926, use the median of 46,
47, and 54. Use the median of 47, 54, and 49 for 1927 and 1928. For 1929,
use the median of 54, 49, and 46.

The plot of the second smoothed values follows. Notice that these
smoothed values show the overall trends somewhat more clearly than the
earlier smoothed values. Almost all the points that lie far away from the
others have been smoothed away. It is now easy to imagine a smooth curve
that connects most of the points.
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SECTION VI SMOOTHING PLOTS QVER TIME

Page 151: Discussion Questions Discussion-Questions

=
- 1. Complete the next ten values in the second column of smoothed values
Home Smoothed Second Smoothed for the American League home run champions.
Year Runs Values Values 2 Whi i
1930 49 46 49 3. When were the periods of fewest home runs? What was happening
1931 46 49 48 during these years?
4 Compare o oother curve
1932 58 49 j 5 _ N 3 vost_from the value of the
1933 48 49 48 everall- trend when-they played?
1934 49 48 49
s T This same smoothing process can be repeated to get third smoothed values
1935 EL) 7 20 that are even smoother than the second ones. Using the second smoothed
1936 49 46 49 values and the same exact method that was used to calculate the second
smoothed values from the first smoothed values, you can calculate the third
1937 46 27 20 smoothed values. The effect will be to remove even more of the
1938 58 4 46 “bumpiness.” For these particular data, the third smoothed values will
remove the small peak in 1947-1950 and lower the peak in 1964.
1939 35 41 4]
1940 41 37
msr Eovyv—and Low
. iy Ty T OO i Ioo
Lehrig

3. 1940s and early 1970s; World War Il and Vietnam War

4 Roger Maris in 1961, Babe Ruth in 1927, and Hank Greenberg in 1938

were all high- The champions in 1925, 1965, and 1981 were all much
—below thetrend:

H
3




SECTION VHI: SMCOTHING PLOTS OVER TRJE
Application 38
National League Home Run Champions (Optional)
The following table lists the National League home run champions.
National League
First
Yaar HR  Smoothed Values
1921 George Kelly, New York 23 23
1922 Rogers Hornsby, St. Louis 42 41
1823 Cy Williams, Philadelphia 41 41
1924 Jacques Foumier, Brooklyn 27 39
1925 Rogers Hornsby, St. Louis 39 27
1926  Hack Wilson, Chicago 21 30
1927 Hack Wilson, Chicago 30 30
Cy Williams, Philadelphia
1928 Hack Wilson, Chicago 31 31
Jim Bottomley, St. Louis
1928 Charles Kilein, Philadelphia 43 43
1930 Hack Wiison, Chicago 56 43
1931 Charles Kiein, Philadelphia 31 38
1832 Charles Kiein, Philadelphia 38 31
Mel Ott, New York
1833 Charles Klein, Philadelphia 28 35
1934 Rip Collins, St. Loyis 35 34
Mal Ott, New York
1935 Walter Berger, Boston 34 34
1936  Mel Oti, New York 33 33
1937  Mel Otf, New York 31 33
Jos Medwick, St, Louis
1938  Mei Ott, New York 36 31
1939 .John Mize, St Louis 28 36
1940 John Mize, St. Louis 43 34
1941 Dolph Camilli, Braokiyn 34 34
1942 " Mel Ott, New York 30 30
1943  Rill Nicholson, Chicago 29 30
1944  Bili Nicholson, Chicago 33 29
1945 Tommy Holmes, Boston 28 28
1946 Raiph Kiner, Pittshurgh 23 28
1947  Ralph Kiner, Pittsburgh 51 40
John Mize, New York
1948 Ralph Kiner, Pittsburgh 40 51
John Mize, New York
1949  Ralph Kiner, Pittsburgh 54 a7
1950 Ralph Kiner, Pittsburgh 47 47
1951 Ralph Kiner, Rittsburgh 42 42
edition:
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Page 153: Application 38

SECTION VII: SMOOTHING PLOTS OVER TIME

National League

1. Hack Wilson in 1930 F:::t
Year T th
2. Mike Schmidt and Ralph Kiner for seven seasons each MR Smoothed Yelee
1952 Ralph Kiner, Pittsburgh 37 42
Hank Sauer, Chicago
1953 Ed Mathews, Milwaukee a7 47
1954 Ted Kluszewski, Cincinnati 49 49
1955 Willie Mays, New York 51 49
1956 Duke Snider, Brookiyn 43 44
1957 Hank Aaron, Milwaukee 44 44
1958 Ernie Banks, Chicago 47 46
1959 Ed Mathews, Milwaukee 46 46
1960 Ernie Banks, Chicago a1 46
1961 Orlando Cepeda, San Francisco 46 46
1962 Willie Mays, San Francisco 49 46
1963 Hank Aaron, Milwaukee 44 47
Willie McCovey, San Francisco
1964  Willie Mays, San Francisco a7 a7
1965 Willie Mays, San Francisco 52 47
1966 Hank Aaron, Atlanta a4 44
1967 Hank Aaron, Allanta 39 39
1968 Willie McCovey, San Francisco 36 39
1869 Willie McCovey, San Francisco 45 45
1 45 45
1971 Willie Stargell, Pittsburgh 48 45
1972 Johnny Bench, Cincinnati 40 44
1973  Willie Stargell, Pittsburgh 44 40
1974 Mike Schmidt, Philadeiphia 36 38
1975 Mike Schmidt, Philadelphia 38 38
1976 Mike Schmidt, Philadelphia as 38
1977 George Foster, Cincinnati 52 40
1978 George Foster, Cincinnati 40 48
1979 Dave Kingman, Chicago 48 48
1980 Mike Schmidt, Philadeiphia 48 48
1981 Mike Schmidt, Philadelphia 31 37
1982 Dave Kingman, New York 37 a7
1983 Mike Schmidt, Philadelphia 40 37
1984 Mike Schmidt, Philadelphia 36 37
Dale Murphy, Atlanta
1985 Dale Murphy, Atlanta 37 37

Source: The World Almanac and Book of Facts, 1985 edition.

1., Which player hit the largest number of home runs in a season?

2. Which player was champion for the most seasons?
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SECTION VHl: SMOOTHING PLOTS OVER TIME

13. For which year is the actual data value the farthest above the second
smoothed value? For which year is the data value the farthest below
the second smoothed value?

14. Compare the second smoothed curve for the American League home
runs with the second smoothed curve for the National League. What is
one way that these curves are similar? What is one way that they are
different? i

15. Since 1960, are the trends in both leagues about the same?

Smoothing Plots Over Time — Summary

Smoothing is a technique that can be used with time series data where the
horizontal axis is marked off in years, days, hours, ages, and so forth. We can
use medians to obtain smoothed values, and these smoothed values can
remove much of the sawtooth effect often seen in time series data. As a
result, a clearer picture of where values are increasing and decreasing
emerges.

Many students feel uncomfortable with smoothing. Try to think of it in
the same way you think about computing, say, a mean. When you average
your test scores in math, the original scores disappear and you are left with
one number that summarizes how well you did overall. It is a similar idea
with smoothing. Some of the original data disappear and you are left with a
summary of overall trends.

Page 156: Application 38 (continued)

13.
14.

15.

1930; 1924

relatively low in the early 1940s; American League higher in 1920s
and 1930s

Answers will vary. Sample: No; both leagues increased following
World War II, but the National League increased quickly to a peak
around 1950, while the American League had a much slower
increase, peaking in the early 1960s. At that time, both leagues were
at about the same level. The American League had a sharp drop in
the early 1970s that the National League did not have. There has
been a steady decline in the National League since 1950, while the
American League has fluctuated much more.

156

Suggestions for Student Projects

1. If any of the scatter plots from your projects in Section VI were plots
over time, smooth those plots. Does this show any of the trends more
clearly than before?

2. Collect some time series data that interest you and analyze these data
according to the methods of this section. Your topic might be one of
the following:

e the number of student absences in your class or school for each day
of the last few months

e daily sales in the school cafeteria during the last few months

o the daily temperature maximums, minimums, or ranges as reported
in the local newspaper

# sports records for your school

3. A variation of the procedure for smoothing is to replace each value with
the median of that value and the fwo values on either side. For
example, in the American League home run data, the smoothed value
for 1924 would be 41, which is the median of 39, 41, 46, 33, and 47.
These are the number of home runs hit in 1922, 1923, 1924, 1925, and
1926. Use this method of “smoothing by medians of five values” on the
American League home run data. Discuss the advantages and
disadvantages over the usual method.




SECTION IX: REVIEW OF ALL TECHNIQUES

Two Variable Techniques

Suppose that we have measured the cumulative grade point average and

the SAT score for each seruor in a school. We want to learn how grade point

averages and SAI scores are related. IThis is called a fwo variabie Situation

since we have two values, grad.e average and test score, for each person.

The b n Vi) From a

scatter nln! u'nn can determine if fhere_w_pns;tme:,_negafrw or no association

hn*Wﬂen_the_vanables._!ou_can_also_detezmmuﬂ:ethELnerLthLdaia

np?afahn into al clusters of Pnints. and whether or not there are any
outlyi i n__¥f you notice one of
these features, try to find hmn?\lo reasons for it as part of pour mte_qnprahnn

ions we

have a Pinl over time {Cnrﬂnn V'}

After constructing and studying a scatter plot, the relationship between

the variables may be clear. If so, there is no need to supplement the scatier

plot. However, important yet subtle interpretations, concerning both general

relationships and specific data points, can often be brought out by adding an

appropriate straight line to the scatter plot (Section VII}. For plofs over time,

smoothing can help to show Jong-run underlying trends, as well as

depar:ures of spec;ﬁ.c pomts from these trends (Section VIII].

There are no right or wrong answers to many of the questions. Your

teacher will expect you to make plots that are appropriate and to write

thoughtful and complete comments about the characteristics of the dafa

shown in the plot.
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SECTION IX: REVIEW OF ALL TECHNIQUES

Application 39

Presidential Autographs

The following table lists the U.S. presidents. With each is the lowest price
you could expect to pay for his autograph (a plain signature).

Washington, George $450 Arthur, Chester A. $30
Adams, John 300 Cleveland, Grover 26
Jefferson, Thomas 400 Harrison, Benjamin 28
Madison, James 100 McKinley, William 38
Monroe, James 75 Roosevelt, Theodore 32
Adams, John Q. 80 Taft, William H. 28 .
Jackson, Andrew 150 Wilson, Woodrow 38
Van Buren, Martin 65 Harding, Warren G. 28
Harrison, William H. 80 Coolidge, Calvin 28
Tyler, John 60 Hoover, Herbert 28
Polk, James K. 80 Roosevelt, Franklin 33
Taylor, Zachary 60 Truman, Harry 39
Fillmore, Millard 50 Eisenhower, Dwight D. 28
Pierce, Franklin 50 Kennedy, John F. 80
Buchanan, James 50 Johnson, Lyndon B. 35
Lincoln, Abraham 350 Nixon, Richard M. 50
Johnson, Andrew 50 Ford, Gerald 28
Grant, U. 8. 40 Carter, James E. 25
Hayes, Rutherford B. 30 Reagan, Ronald W. 25
Garfield, James 38

Source: The Official Price Guide to Paper Collectibles, 1985

1. Which president’s autograph costs the most?
2. Which president’s autograph costs the least?

3. Theodore Roosevelt became president in 1901, and all those preceding
him in this list were president before 1900. We want to compare the
prices of autographs for those who weré president before 1900 with the
prices for those who were president since 1900. Use any two of the
three types of plots — line, stem-and-leaf, or box — to make this
comparison.

4. Which plot do you prefer? Why?

5. From this plot, estimate the median prices of autographs of presidents
before 1900 and the median prices of autographs of presidents after
1900.

6. Do you think that presidents’ autographs become more valuable as they
get older? Construct the appropriate plot over time. If it seems to be
helpful, make a plot of the smoothed values.

7. Write a summary of the information that you have learned about
presidential autographs.
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1. George Washington’s
2. Jimmy Carter’s and Ronald Reagan’s

3. Line plot:
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Stem-and-leaf plot:
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Box plot:
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before 1900: lower quartile = 39, median = 60, upper quartile = 90
after 1900: lower quartile = 28, median = 28, upper quartile = 38

{Answers for p. 158 continue on p. 204 at the end of this section.)
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Source: Murray J. Brown, “‘Hotel and Dining Prices in Cities," Los Angeles Times,

MNovember 13, 1983,
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price 310 higher than in the hrst city, then we would expect the

_ dinner price to be about $4.20 higher in the second city.

<. In which city is the cost of dinner relatively expensive compared to the

cost of a hotel?

3_If the cost of a hotel reom-in-aparticalarcity is-$50
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4. Write a description of the information displayed in your plot.
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Page 161: Application 42

Application 42

Answers will vary.
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Here is a possible question to get you started: In a year when attendance

for the Yankees is high does Mets attendance also tend to be high?

YANKEES METS

Finish—Atlendance—Year —Atiendance —Finish
¥ o ¥ Lo aiy

- s ol
Second— 2,214,587 1985 2,751,437 econg
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Tables for question 6 on p. 155 of Exploring Data. The second smoothed
values have been added to the tables on pp. 152 and 153.

Second Second
Home Smoothed Smoothed Home Smoothed Smoothed

Year Runs Values Values Year Runs Values Values
1921 23 23 23 1954 49 49 47
1922 42 41 39 1955 51 49 47
1923 41 41 39 1956 43 44 46
1924 27 39 39 1957 44 44 46
1925 39 27 30 1958 47 46 46
1926 21 30 30 1959 46 46 46
1927 30 30 30 1960 41 46 46
1928 31 31 3 1961 46 46 46
1929 43 43 38 1962 49 46 46
1930 56 43 38 1963 44 47 46
1931 31 38 38 1964 47 47 46
1932 38 31 35 1965 52 47 46
1933 28 35 34 1966 44 44 44
1934 35 34 34 1967 39 39 44
1935 34 34 34 1968 36 39 44
1936 33 33 33 1969 45 45 44
1937 31 33 33 1970 45 45 44
1938 36 31 33 1971 48 45 44
1939 28 36 34 1972 40 44 44
1940 43 34 34 1973 44 40 40
1941 34 34 34 1974 36 38 40
1942 30 30 30 1975 38 38 40
1943 29 30 30 1976 38 38 40
1944 33 29 29 1977 52 40 40
1945 28 28 29 1978 40 48 40
1946 23 28 29 1979 48 48 40
1947 51 40 40 1980 48 48 40
1948 40 51 47 1981 31 37 37
1949 54 47 47 1982 37 37 37
1950 47 47 47 1983 40 37 37
1951 42 42 47 1984 36 37 37
1952 37 42 47 1985 37 37 37
1953 47 47 47
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(Answers for p. 158 continued.)

4. Answers will vary.
5. $60; $28
6. Yes.

Time series plot for question 6.
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Time series plot of smoothed values for question 6.

1
500
— h 4
Q o \
W 40
=
(o}
2 400 [
300
s o
Ly
o
o 200
Y
100
L oLl X o L bary
3 I [ ]
10 20 30 40
PRESIDENT NUMBER
204

7. Answers will vary. Sample: The most expensive

presidential autograph is George Washington's
at $450 and the least expensive are Jimmy
Carter’s and Ronald Reagan’s at $25 each. In
general, men who were president before 1900
have more expensive autographs than men
who were president after 1900, The median
price of the earlier presidents is $60 and that of
the later presidents is only $28.

Further, about three-fourths of the
presidents before 1900 have autographs costing
$40 or more, while only two of the 15
presidents since then have autographs costing
that much. The three earliest presidents—
Washington, Adams, and Jefferson—plus
Lincoln—all have autographs substantially
more expensive than the rest. Among the more
recent presidents, only Kennedy’s autograph
stands out as unusually expensive.

With the exception of Jackson and Lincoln,
prices get gradually cheaper for the presidents
from Washington up to about 1900. For the
presidents since then, there has not been much
change in the typical price, with the exception
of Kennedy (and possibly also Nixon).
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