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DISPLAYING DISTRIBUTIONS WITH GRAPHS

Introduction

Statistics is the science of data. We therefore begin our study of statistics
by mastering the art of examining data. Any set of data contains infor-
mation about some group of individuals. The information is organized in
variables.

INDIVIDUALS

Individuals are the objects described by a set of data. Individuals
may be people, but they may also be animals or things.

A variable is any characteristic of an individual. A variable can take
different values for different individuals.

Data for a study of a company’s pay policies, for example, might con-
tain data about every employee. These are the individuals described by
the data set. For each individual, the data contain the values of variables
such as the age in years, gender (female or male), job category, and annual
salary in dollars. In practice, any set of data is accompanied by background
information that helps us understand the data. We say that data are num-
bers collected in a particular context. When you meet a new set of data,
ask yourself the following questions:

1. What individuals do the data describe? How many individuals appear in
the data?

2. How many variables are there? What are the exact definitions of
these variables? In what units is each variable recorded? Weights, for
example, might be recorded in pounds, in thousands of pounds, or in
kilograms. Is there any reason to mistrust the values of any variable?

3. What is the reason the data were gathered? Do we hope to answer
some specific questions? Do we want to draw conclusions about
individuals other than the ones we actually have data for?

The third set of questions is very important, so important that Chapter
5 addresses them in detail. For now, however, we are content to describe
the individuals and the variables in a data set.
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CA PAC 29,760 419 484 45- 4826 39.6
CO MTN 3,294 456 513 28 4,809 31.8
CT NE 3,287 430 471 74 7,914 43.8
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The individuals described are the states. There are 51 of them, the 50 states
and the District of Columbia, but we give data for only 3. Each row in the table
describes one individual. Each column contains the values of one variable
for all the individuals. This is the usual arrangement in data tables. The first
column identifies the state by its two-letter post office code. We give data for
California, Colorado, and Connecticut.

The second column says which region of the country the state is in. The
census bureau divides the nation into nine regions. These three are Pacific,
Mountain, and New England. The third column contains state populations,
in thousands of people. Be sure to notice that the units are thousands of people.
California’s 29,760 stands for 29,760,000 people. The population data come
from the 1990 census. They are therefore quite accurate as of April 1, 1990,
but don’t show later changes in population.

The remaining five variables are the average scores of the states’ high
school seniors on the SAT verbal and mathematics exams, the percent of
seniors who take the SAT, public school spending per pupil in dollars,
and average teachers’ salaries in thousands of dollars, Each of these vari-
ables needs more explanation before we can fully understand the data.
For example, spending per pupil is total spending on public education di-
vided by the number of pupils. Because the number of pupils in school
varies from day to day, the data use average attendance. Attendance is re-
ported by each school system. Attendance often determines how much
state aid a school system gets, so some schools may report numbers that
are too high. If this happens, the spending per pupil in the table will be
too low,

Statistical tools and ideas can help you examine data in order to
describe their main features. This examination is called exploratory data
analysis. Like an explorer crossing unknown lands, we first simply de-
scribe what we see. Each example we meet will have some background
information to help us, but our emphasis is on examining the data. Here
are two basic strategies that help us organize our exploration of a set
of data:

* Begin by examining each variable by itself. Then move on to study
relationships among the variables.

* Begin with a graph or graphs. Then add numerical summaries of
specific aspects of the data.

We will organize our learning the same way. Chapters 1 and 2 examine
single-variable data, and Chapters 3 and 4 look at relationships among
variables. In both settings, we begin with graphs and then move on to
numerical summaries.
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bar chart

Variables: categorical and quantitative

Some variables, like gender and job title, simply place individuals into
categories. Others, like height and annual income, take numerical values
for which we can do arithmetic. It makes sense to give an average income
for a company'’s employees, but it does not make sense to give an “aver-
age” gender. We can, however, count the numbers of female and male
employees and do arithmetic with these counts.

CATEGORICAL AND QUANTITATIVE VARIABLES

- A categorical variable records which of several groups or categories
an individual belongs to.
A quantitative variable takes numerical values for which it makes
sense to do arithmetic operations like adding and averaging.
The distribution of a variable tells us what values the variable takes
and how often it takes these values.

A variable generally takes values that vary. One variable may take val-
ues that are very close together while another variable takes values that
are quite spread out. We say that the pattern of variation of a variable is its
distribution.

The values of a categorical variable are just labels for the categories,
like “male” and “female.” The distribution of a categorical variable lists
the categories and gives either the count or the percent of individuals who
fall in each category. For example, here is the distribution of marital status
for all Americans age 18 and over.

Single 41.8 22.6
Married 113.3 61.]
Widowed 13.9 7.5
Divorced 16.3 8.8

To present such data to an audience, you may wish to use graphs like those
in Figure 1.1. The barchart in Figure 1.1(a) helps us compare the sizes of
the four marital status groups. The heights of the four bars show the counts
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FIGURE 1.1 (a) Bar chart of the marital status of U.S. adults. (b) Pie chart of
the same data.

in the four categories. The pie chart in Figure 1.1(b) helps us see what part
of the whole each group forms. For example, the “married” slice makes
up 61% of the pie because 61% of adults are married. Bar charts and pie
charts help an audience grasp the distribution quickly.

1.2

In Activity 1, you collected some pulse rate data.

(a) What individuals do the data describe?

(b) How many variables are there? What are they?
(¢) In what units is each variable recorded? .

(d) Are the variables quantitative or categorical?

Example 1.1 presents data on the states. The first column identifies the
states. Each of the remaining seven columns contains values of a variable.
Which of these variables are categorical and which are quantitative?
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1.5 Data from a medical study contain values of many variables for each of
the people who were the subjects of the study. Which of the following
variables are categorical and which are quantitative?

(@ Gender (female or male)

(b) Age (years)

(¢) Race (Asian, black, white, or other)

(d) Smoker (yes or no) C.

(e) Systolic blood pressure (millimeters of mercury) &

(f) Level of calcium in the blood (micrograms per milliliter)

L)

Dotplots and histograms

Table 1.1 presents the percent of residents aged 65 years and over in each of
the 50 states. One way to quickly visualize a data set i to construct a dotplot. To
dotplot make a dotplot, draw a horizontal line to represent the variable and impose 2

number scale for the values of the variable. Then mark a dol at the appropriate
place for each observation. If you enter the data from Table 1.1 into 2 Minitab
worksheet and ask for a dotplot, you would see the following:

MTB > Dotplot "Pop%’.

- - . .
-------------

P fom————— e —————— e o ———— b ————— Pop%
3.0 6.0 2.0 12.0 15.0 18.0
MTB >
range Notice that you need not begin with zero on the left: simply cover the range

of the data. If you sort the data—the keystrokes on the TI-83 are STATS /
2:SortA(L) ) —you see that the smallest percent is 4.9 (Alaska) and the largest
percent is 18.6 (Florida). We say that the range of the data is from 4.9 to 18.6,
If you are constructing a dotplot by hand, you would mark a horizontal scale
that extends from about 4 to about 19, )

Sometimes quantitiative variables lake so many values that a graph of the
histogram distribution is clearer if nearby values are grouped together. A histogram is the
most common graph of distributions with one quantitative variable. To illus-
trate the histogram, let’s use the data from Table 1.1 to explore histograms on
the TI-83. Enter the data into a list, say Ly, in your TI-83. In STAT PLOT,
specify a histogram using the data from Ly; see Figure 1.2(a),
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Percent of population 65 years
old and over by state (1995)

Source: Statistical Abstract of the United States, 1996.
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FIGURE 1.2(a) FIGURE 1.2(b) FIGURE 1.2(c)
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Press TRACE and hit the right cursor key several times. You should see
the name of the list that contains the data, the left and right endpoints of the

interval (class), and the frequency, that is, the number of observations in that
class,

The algorithm for constructing a histogram by hand for this data set would
go like this:

. Divide the range of the data into classes of equal width. The data in Table
1.1 range from 4.9 to 18.6, so we choose as our classes

4.0 = percent over 65 < 5.0
5.0 = percent over 65 < 6.0

18.0 = percent over 65 < 19,0

Be sure to specify the classes precisely so that each observation falls into
exactly one class. A state with 4.9% of its residents aged 65 or older would
fall into the first class, but 5.0% falls into the second.

2. Count the number of observations in each class. Here are the counts;

40t049 1 90t0 99 0 14.0 to 14.9 5
50t0 5.9 0 10.0 to 10.9 4 150t015.9 4
6.0 to 6.9 0 11.0to 119 9 16.0to 16.9 0
7.0t07.9 0 120t0129 12 17.0t017.9 0
8.0t08.9 ] 13.0to 13.9 13 18.0t0 18.9 1

3. Draw the histogram. First mark the scale for the variable whose
distribution you are displaying on the horizontal axis. That's “percent
of residents 65 or over” in this example. The scale runs from 4 to 19
because that is the span of the classes we chose. Then mark the scale of
counts on the vertical axis. Each bar represents a class. The base of the
bar covers the class, and the bar height is the class count, Draw the graph
with no horizontal space between the bars (unless a class is empty, so that
ils bar has height zero), .

The bars of a histogram should cover the entire range of values of 2
variable. When the possible values of a variable have gaps between them,
extend the bases of the bars to mect halfway between two adjacent possi-
ble values. For example, in a histogram of the ages in years of university
faculty, the bars representing 25 to 29 years and 30 to 34 years would meet
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at 29.5. There is no one right choice of the classes in a histogram. Too few
classes will give a “skyscraper” graph, with all values in a few classes with
tall bars. Too many will produce a “pancake” graph, with most classes hav-
ing one or no observations. Neither choice will give a good picture of the
shape of the distribution. You must use your judgment in choosing classes
to display the shape. Our eyes respond to the area of the bars in a his-
togram, so be sure to choose classes that are all the same width. Then area
is determined by height and all classes are fairly represented. If you use a
computer or a graphing calculator, the software will choose the classes for
you. The computer’s choice is usually a good one, but you can change it
if you want.

Interpreting histograms

Making a statistical graph is not an end in itself. After all, a computer or
graphing calculator can make graphs faster than we can. The purpose of
the graph is to help us understand the data. After you (or your computer}
make a graph, always ask, “What do I see?” Here is a general tactic for
looking at graphs:

« Look for an overall pattern and also for striking deviations from that
pattern.

Tn the case of a histogram, the overall pattern is the overall shape ofthe
distribution. Outliers are an important kind of deviation from the overall
pattern.

An outlier in any graph of data is an individual observation that
falls outside the overall pattern of the graph.

Three states stand out in the histogram of Figure 1.2(c). You can
find them in the table once the histogram has called attention to them.
Florida has 18.6% of its residents age 65 or over, and Alaska has only 4.9%.
These states are clear outliers. You might also call Utah, with 8.8%, an out-
lier, though it is not as far from the overall pattern as Florida and Alaska.
Whether an observation is an outlier is to some extent a matter of judg-
ment. It is much easier to spot outliers in the histogram than in the data
table.

Once you have spotted outliers, look for an explanation. Many outliers
are due to mistakes, such as typing 4.0 as 40. Other outliers point to the
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special nature of some observations. Explaining outliers usually requires
some background information. It is not surprising to an American that
Florida, with its many retired people, has many residents over 65 and that

Alaska, the northern frontier, has few.

What about the overall pattern of the distribution in Figure 1.2(c)?

OVERALL PATTERN OF A DISTRIBUTION

To describe the overall pattern of a distribution:

¢ Give the center and the spread.

in a few words.

« See if the distribution has a simple shape that you can describe

Section 1.2 tells in detail how to measure center and spread. For now,
describe the center by finding a value that divides the observations so that
about half take larger values and about half have smaller values. The cen-
ter in Figure 1.2(c) is about 13%. That is, about 13% of the residents of
a typical state are at least 65 years old. You can describe the spread by
the extent of the data from smallest to largest value. The spread in Fig-
ure 1.2(c) is about 10% to 16% if we ignore the outliers. The histogram in
Figure 1.2(c) has an irregular shape that isn't easy to describe. Some distri-
butions, however, do have simple shapes. Here are examples that illustrate

some shapes to look for.

(AMPLE 1.3

=

=l

symmetric.

short words are common and very long words are rare.

©W.H. Freeman & Co.: The Practice of Statigieges, Moore, McCabe)

Look at the histograms in Figures 1.3 and 1.4. Figure 1.3 comes from a study
‘of lightning storms in Colorado. It shows the distribution of the hour of the day
during which the first lightning flash for that day occurred. The distribution
has a single peak at noon and falls off on either side of this peak. The two
sides of the histogram are roughly the same shape, so we call the distribution

Figure 1.4 shows the distribution of lengths of words used in Shakespeare’s
plays." This distribution is skewed to the right. That is, there are many short
words (3 and 4 letters) and few very long words (10, 11, or 12 letters), so that
the right tail of the histogram extends out much farther than the left tail.

Notice that the vertical scale in Figure 1.4 is not the count of words but
the percent of all of Shakespeare’s words that have each length. A histogram
of percents rather than counts is convenient when the counts are very large
or when we want to compare several distributions. Different kinds of writing
have different distributions of word lengths, but all are right-skewed because



2011 AP Statistics Summer Reading & Practice Assignmen

14 1 Exploring Data

Court: of first lightning flashes

0 2 B w B B o7

Hours after midnight

FIGURE 1.3 The distribution of the time of the first lightning flash each day
at a site in Colorado.

e N D R Y TR TR TR i Y

Nurmber of lebters in word

FIGURE 1.4 The distribution of lengths of words used in Shakespeare's plays.
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A distribution is symmetric if the right and left sides of the
histogram are approximately mirror images of each other.

A distribution is skewed to the right if the right side of the histogram
(containing the upper half of the observations) extends much
farther out than the left side (containing the lower half of the
observations). It is skewed to the left if the left side of the histogram
extends much farther out than the right side.

[n mathematics, symmetry means that the two sides of a figure like a
histogram are exact mirror images of each other. Data are almost never
exactly symmetric, so we are willing to call histograms like that in Figure
1.3 approximately symmetric as an overall description. '

The overall shape of a distribution is important information about a
variable. Some types of data regularly produce distributions that are sym-
metric or skewed. For example, the sizes of many living things of the same
species (like lengths of cockroaches) tend to be symmetric. Data on in-
comes (whether of individuals, companies, or nations) are usually strongly
skewed to the right. There are many moderate incomes, some large in-
comes, and a few very large incomes. Do remember that many histograms,
like Figure 1.2(c), can’t reasonably be called either symmetric or skewed.
Some data show other patterns. Scores on an exam, for example, may have
a cluster near the top of the scale if many students did well. Or they may
show two distinct peaks if a tough problem divided the class into those who
did and didn’t solve it. Use your eyes and say what you see.

There are many ways to measure the reading ability of children. One fre-
quently used test is the Degree of Reading Power (DRP). In a research
study on third-grade students, the DRP was administered to 44 students.
Their scores were ;

40 26 39 14 42 18 25 43 46 27 19
47 19 26 35 34 15 44 40 38 3] 46
5225 35 35 33 29 34 4] 49 28 52
47 35 48 22 33 41 51 27 14 54 45

Make a dotplot of these data. Then make a histogram. Which display do
you prefer, and why? Describe the main features of the distribution.

©W.H. Freeman & Co.: The Practice of Statigieges, Moore, McCabe)
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Percent of NYSE stocks

2 60 &0
Percent total return

FIGURE 1.5 The distribution of percent total return for all New York Stock
Exchange common stocks in one year, for Exercise 1.5.

The total return on a stock is the change in its market price plus any div-
idend payments made. Total return is usually expressed as a percent of
the beginning price. Figure 1.5 is a histogram of the distribution of total
returns for all 1528 stocks listed on the New York Stock Exchange in one
year.? Like Figure 1.4, it is a histogram of the percents in each class rather
than a histogram of counts.

(a) Describe the overall shape of the distribution of total returns.

(b) What is the approximate center of this distribution? (For now, take
the center to be the value with roughly half the stocks having lower
returns and half having higher returns.)

(c) Approximately what were the smallest and largest total returns? (This
describes the spread of the distribution:)

(d) A retum less than zero means that an owner of the stock lost money.
About what percent of all stocks lost money?

Figure 1.6 is a histogram of the number of days in the month of April on
which the temperature fell below freezing at Greenwich, England.” The
data cover a period of 65 years.

©W.H. Freeman & Co.: The Practice of Statigieges, Moore, McCabe)
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1.7

1.8

10

Years

il e RS R
Days of frost in April

FIGURE 1.6  The distribution of the number of frost days during April at
Greenwich, England, over a 65-year period, for Exercise 1.6.

(@) Describe the shape, center, and spread of this distribution. Are there
any outliers?

(b) In what percent of these 65 years did the temperature never fall below
freezing in April?

How would you describe the center and spread of the distribution of first
lightning flash times in Figure 1.37 Of the distribution of Shakespeare’s
word lengths in Figure 1.4?

The distribution of the ages of a nation’s population has a strong influence
on economic and social conditions. The following table shows the age
distribution of U.S. residents in 1950 and 2075, in millions of persons.
The 1950 data come from that year’s census. The 2075 data are projections
made by the Census Bureau. *

(a) Because the total population in 2075 is much larger than the 1950
population, comparing percents in each age group is clearer than
comparing counts. Make a table of the percent of the total popula-
tion in each age group for both 1950 and 2075.

©W.H. Freeman & Co.: The Practice of Statigieges, Moore, McCabe)
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(b) Make a histogram of the 1950 age distribution (in percents). Then
describe the main features of the distribution, In particular, look at

the percent of children relative to the rest of the population.

(¢) Make a histogram of the projected age distribution for the year 2075
Use the same scales as in (b) for easy comparison. What are the most
important changes in the U.S. age distribution projected for the 125-
year period between 1950 and 20752

Under 10years 293 349
10 to 19 years 218 357
20 to 29 years 240  36.8
30 to 39 years 22.8 381
40 to 49 years 193 378
50 to 59 years 155 <378
60 to 69 years 110 345
70 to 79 years 25 202
80 to 89 years 1.6 188
90 to 99 years 0.1 7.7
100 to 109 years — 1.7
Total I51.1 3106

Stemplots

Dotplots and histograms are two of many graphical displays of distribu-

stemplot tions. For small data sets, a stemplot can be quicker to make and presents

m To make a stemplot, separate each observation into a stem consisting of all but

stem, leaf

a single digit.

draw a vertical line to the right of the stems.

©W.H. Freeman & Co.: The Practice of Statigieges, Moore, McCabe)

the (rightmost) digit and a leaf, the final digit. For the “65 or over” percents
in Table 1.1, the whole-number part of the observation is the stem and the
final digit ( tenths) is the leaf. The Alabama entry, 13.0, had stem 13 and leaf
0. Stems can have as many digits as needed, but each leaf must consist of only

* Write the stems vertically in increasing order from top to bottom, and
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rounding

splitting stems

* Go through the data, writing each leaf to the right of its stem.

* Write "'IC stems again and rearrange the leaves in increasin Of(lCl' out
’
from cach stem,

Here is the completed stemplot for the data in Table 1.1:

419
5

6

7

8|8

9

10 | 0029
11 | 011344469

12 | 003445556666
13 | 0133445677999

14 | 23455
15 | 2379
16

17

18 16

A stemplot looks like a dotplot or histogram turned on end. The stem-
plot in Example 1.4 is exactly like the histogram in F igure 1.2(c) because
each stem is a class in the histogram. But the stemplot, unlike the dotplot
or histogram, preserves the actual value of each observation, We interpret
stemplots as we do dotplots and histograms, looking for the overall pattern
and for any outliers.

You can choose the classes in a histogram. The classes (the stem) of a
stemplot are given to you. There are two variations of a stemplot that give
us more flexibility in graphing a distribution. First, you can round the data
so that the final digit after rounding is suitable as a leaf. Do this when the
data have too many digits. For example, data like

3.468 2.567 2981 1.095 ...

would have too many stems if we took the first three digits as the stem and
the final digit as the leaf. You would probably round these data to

39 26 30 L) e

before making a stemplot.

You can also split stems to double the number of stems when all the
leaves would otherwise fall on just a few stems. Each stem then appears
twice. Leaves ( to 4 go on the upper stem and leaves 5 to 9 go on the lower

©W.H. Freeman & Co.: The Practice of Statigieges, Moore, McCabe)
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stem. If you split the stems in the stemplot of Example 1.4, for example,
the 11 and 12 stems become

11 | 0113444

11|69

12 | 00344

12 | 5556666
Rounding and splitting stems are matters for judgment, like choosing the
classes in a histogram. The stemplot in Example 1.4 does not need either
change. Stemplots work well for small sets of data. When there are more
than 100 observations, a histogram is almost always a better choice,

back-to-back 1.11 A back-to-back stemplot helps us compare two distributions. In this exercise
you will construct a back-to-back stemplot of the pulse rate data you col-
lected in Activity 1, Begin by making a stemplot of the male pulse rates,
Then draw a vertical line to the left of the stems. Add the female pulse rates

stemplot

1.9 The Survey of Study Habits and Attitudes (SSHA) is a psychological test
that evaluates college students’ motivation, study habits, and attitudes to-
ward school. A private college gives the SSHA to a sample of 18 of its

incoming fisst-year women students. Their scores are

154 109 137 115 152 140 154 178 101
103 126 126 137 165 165 129 200 148

Make a stemplot of these data. The overall shape of the distribution is
irregular, as often happens when only a few observations are available.
Are there any outliers? About where is the center of the distribution (the
score with half the scores above it and half below)? What is the spread of

the scores (ignoring any outliers)?

.10 The Modern Language Association provides listening tests that measure
understanding of spoken French. The range of scores is 0 to 36, Here
are the scores of 20 high school French teachers at the beginning of an

intensive summer course in French:*

32 31 29 10 30 33 22 25 32 20 30 20 2424 31 30 15 32 23 23

(a) Make a stemplot of these scores. Use split stems,

(b) Describe in words the most important features of the distribution. Are

there any outliers?

(¢) About what score would place a teacher in the center of this distribu-

tion, with roughly half the scores lower and half higher?
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as leaves on the same stems, but going out to the left rather than the right.
Be sure to arrange the leaves on each stem in increasing order out from
the stem. Here is an example:

Females Males
0110
75431 | 9| 0002
8864200 | 8 | 04688
88620 | 7 | 024578
742| 6 | 00234679
5 S | 488
48

If you have enough data values, you should be able to visually compare the
two distributions. Write a statement that compares the two distributions of
pulse rates for your class.

Time plots

Many variables are measured at intervals over time. We might, for exam-
ple, measure the height of a growing child or the price of a stock at the
end of each month. In these examples, our main interest is change over
time. To display change over time, make a time plot.

TIME PLOT

A time plot of a variable plots each observation against the time

at which it was measured. Always mark the time scale on the
horizontal axis and the variable of interest on the vertical axis. If
there are not too many points, connecting the points by lines helps
show the pattern of changes over time.

EXAMPLE 1.5

Year

Here are data on the rate of deaths from cancer (deaths per 100,000 people)
in the United States over the 50-year period 1940 to 1990:

1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990

Deaths 1203 134.0 139.8 1465 149.2 153.5 1628 169.7 1839 1933 201.7

Figure 1.7 is a time plot of these data. [t shows the steady increase in the cancer
death rate during the past half-century. This increase does not mean that we
have made no progress in treating cancer. Because cancer is primarily a disease
of old age, the death rate from cancer increases when people live longer even
if treatment improves.
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210
200 -

Cancer deaths per 100,000 people
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Year

FIGURE 1.7 Time plot of the death rate from cancer (deaths per 100,000
people) from 1940 to 1990,

When you examine a time plot, look once again for an overall pattern
and for strong deviations from the pattern. One common overall pattern is
trend a trend, a long-term upward or downward movement over time. Figure 1.7
shows an upward trend in the cancer death rate, with no striking deviations
such as short-term drops.

1.12° The buying power of a dollar changes éver time. The Bureau of Labor
Statistics measures the cost of a “market basket” of goods and services to
compile its Consumer Price Index (CPI). If the CPI is 120, goods and
services that cost $100 in the base period now cost $120. Here are the
yearly average values of the CPI for the 1970s and 1980s. The base period
is the years 1982 to 1984.
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Displaying Distributions with Graphs R

(@)

(b

(c)

(d)

1970 38.8 1980 824
1971 40.5 1981 909
1972 41.8 1982 96.5
1973 444 1983 99.6
1974 49.3 1984 1039
1975 53.8 1985 107.6
1976 56.9 1986 109.6
1977  60.6 1987 113.6
1978 65.2 1988 1183
1979 72.6 1989 124.0

With pencil and grid paper, make a time plot of the CP1 for these two
decades.

Check your graph by doing the plot on your TI-83. Enter the years
(the last two digits will suffice) into list L; and enter the CPI into °
list Ly. Then select STAT PLOT and specify the second graph icon,
which is called the xyLine. In this graph, the data points are plotted
and connected in order of appearance in X1ist and ¥1ist. Press
ZOOM / 9:ZoomStat to see the graph.

Plot2 Blot3

What was the overall trend in prices during this period? Were there
any years in which this trend was reversed?

In what period during these decades were prices rising fastest? In what
period were they rising slowest?

The Virginia Department of Motor Vehicles publishes data each year on
the number of road fatalities, pedestrian fatalities, and alcohol-related fa-
talities in the state, This information is used as a stimulus for public safety
awareness programs, legislation on speed limits and the use of seat belts,
highway engineering projects, and similar purposes. Here are the results
for an eleven-year period:
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Year  Total  Pedestrian  Alcoholrelated
1986 1118 141 492
1987 1022 117 418
1988 1069 131 522
1989 999 141 480
1990 1071 116 535
1991 938 112 429
1992 839 93 379
1993 875 112 397
1994 925 101 376
1995 900 93 360
1996 869 114 346

(a) Make a time plot for the total number of Virginia road fatalities. Does
there appear to be a trend? If so, describe it. Can you give some pos-
sible reasons for what has happened?

(b) Make a time plot for the number of alcohol-related fatalities. Answer
the same question as in (a),

A data set contains information on a number of individuals, Individuals may
be people, animals, or things. For each individual, the data give values
for one or more variables. A variable describes some characteristic of an
individual, such as a person’s height, gender, or salary.

Exploratory data analysis uses graphs and numerical summaries to describe
the variables in a data set and the relations among them.

Some variables are categorical and others are quantitative. A categorical vari-
able places each individual into a category, like male or female. A quan-
titative variable has numerical values that measure some characteristic of
each individual, like height in centimeters or annual salary in dollars,

The distribution of a variable describes what values the variable takes and
how often it takes these values,

To describe a distribution, begin with a graph. Dotplots, histograms, and
stemplots graph the distributions of quantitative variables.

When examining any graph, look for an overall pattern and for notable de-
viations from the pattern.
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The center, spread, and shape describe the overall pattern of a distribution.
Some distributions have simple shapes, such as symmetric and skewed. Not
all distributions have a simple overall shape, especially when there are few
observations.

Outliers are observations that lie outside the overall pattern of a distribu-
tion. Always look for outliers and try to explain them.

When observations on a variable are taken over time, make a time plot that
graphs time horizontally and the values of the variable vertically. A time
plot can reveal trends or other changes over time.

SECTION 1.1 EXERCISES

1.14

Here is a small part of the data set that a company keeps to record infor-
mation about its employees:

Name Age Gender Race  Salary  Jobiype

1.15

1.16

i‘“leelwood, Delores 39 Female White 52,100 Management
Fleming, LaVerne 27 Male Black 37,500 Technical
Foo, Ruch-Lin 22 Female Asian 15,200 Clerical

(1) What individuals does the complete data set describe?

(b) The data set records five variables in addition to the name. Which of
these are categorical variables?

{¢) Which of the variables are quantitative? Based on the data in the ta-
ble, what do you think are the units of measurement for each of the
quantitative variables?

The histogram in Figure 1.8 shows the number of hurricanes reaching
the east coast of the United States each year over a 70-year period.® Give
a brief description of the overall shape of this distribution. About where
does the center of the distribution lie? (For now, take the center to be the
value with roughly half the observations on either side of it.)

Figure 1.9 displays the distribution of batting averages for all 167 American
League baseball players who batted at least 200 times in the 1980 season.
(The outlier is the .390 batting average of George Brett, the highest batting
average in the major leagues since Ted Williams hit 406 in 1941.)
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FIGURE 1.8 The distribution of the annual number of hurricanes on the
U.S. east coast over a 70-year period, for Exercise 1.15.

(a) Isthe overall shape (ignoring the outlier) roughly symmetric or clearly
skewed or neither?

(b) What was the approximate batting average of a typical American
League player? About what were the highest and lowest batting aver-
ages, leaving out George Brett?

.17 Here are the numbers of home runs that Babe Ruth hit in his 15 years
with the New York Yankees, 1920 to 19347 '

54 59 35 41_46 25 47 60 54 46 49 46 41 34 22

(a) Make a stemplot for these data. Is the distribution roughly symmetric,
clearly skewed, or neither? About how many home runs did Ruth hit
in a typical year? Is his famous 60 home runs in 1927 an outlier?

- fb) Babe Ruth’s home run record for a single year was broken by another
Yankee, Roger Maris, who hit 61 home runs in 1961. Here are Maris’s
home run totals for his 10 years in the American League:

~-13 23 2616 33 61 28 39 14 8
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FIGURE 1.9 The distribution of batting averages of American League players
in 1980, for Exercise 1.16.

Make a back-to-back stemnplot with Ruth’s data on the right and
Maris’s data on the left, (See Exercise 1.11, page 20, about back-to-
back stemplots.) Is Maris's record 61 an outlier in his distribution of
home runs hit? How does your plot show Ruth’s superiority as a home
run hitter?

Sometimes both a histogram or stemplot and a time plot give useful infor-
mation about a variable. The following data are the greatest amounts of
rain (in inches) that fell on one day in South Bend, Indiana, for each of
30 consecutive years. Successive years follow each other across the rows

in the table.

T188 223 258 207 294 229 314 215 195 251
286 148 112 276 310 205 223 170 157 28l
124 329 187 150 299 348 212 469 229 212

(a) Make a stemplot for these data. Describe the general shape of the dis-
tribution and any prominent deviations from the overall pattern. (You
are expected to round and split stems as needed in making stemplots.)

(b) Make a time plot of the data. Is there any suggestion of a long-term
change in maximum rainfall at South Bend?
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