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CHAPTER 1 EXPLORING DATA BY GRAPHICAL METHODS

KEY PROBLEM
Will the Real Author Please Stand Up?

It can be very important to nd out who actually wrote a bookdmcument. After billionaire Howard Hughes
died, several dierent wills came to light, and the courts had to decide whighwas actually written by Hughes
Other questions of authorship may not have as much monegrat them but are very interesting. For exampl
various scholars have suggested that some or all of the playpoems attributed to William Shakespeare we
actually written by Sir Walter Raleigh, Sir Francis Bacontlee 4th Earl of Oxford.

Davy Crockett (1786—1836) is now a legend of the Americantfes, but between his days as a pioneer apd

hunter in Tennessee and his death in battle at the AlamogitirenTexas War of Independence, he also served

the U.S. Congress. There he opposed President Andrew Jegfkams to seize the lands of the Native Americans

east of the Mississippi that had been granted by treatieslepdrt the people along the Trail of Tears to what
now Oklahoma. Two books were published in Crockett's nantbén1830s in support of his political activities
and another was published in his name after his death ab®atxperiences in the Texas Revolution. Schold
have doubted whether the frontiersman actually wrote tlek&decause he did not learn to read and write urj
his early 30s. They especially doubted that he wrote theshesa memoir, which lacks the plain-speaking sty
that Crockett was admired for.

How can we identify the author of a text that was publishedetioan a century ago? We cannot cross-exam
possible authors in court. We may not have any evidence exoemvords of the text in question and other tex
known to have been written by the various possible authoysuding statistical techniques, we may be able
determine whether the text in question was written by theesamthor as one or another of the known texts.

Statisticians Frederick Mosteller and David Wallace irtegina method that uses a set of words called “co
tentless” because they can be used anywhere in a piece ofgysee Table 1.1). Researchers count the ra
at which each of these words occurs in the text in questioniratige writing samples for which authorship id
known and compare the patterns of these word counts. If 8tgldition of the rates of these words in the text i
question is very dierent from the distribution in a sample known to be writterthy author, the text in question
was probably written by someone else. Mosteller and Wallesteised their method to conclude that 12 of th
Federalist Paperga set of 85 essays in support of the U.S. Constitution, phbtl during 1787 and 1788 unde
the pen name “Publius”) had been written by James Madistiersihan Alexander Hamilton.

David Salsburg and Dena Salsburg applied the method of Merstend Wallace to the three books attribute
to Davy Crockett:A Narrative of the Life of David Crockett, Written by Himsg@thlledNarrative for short);An
Account of Col. Crockett's Tour of the North and Down Egstlled Tour); andCol. Crockett's Exploits and
Adventures in TexagalledTexa3. As a comparison sample, Salsburg and Salsburg used GtsdpEeches in
Congress. Only 9 of the 30 contentless words were used tentjsin each of the four texts. Their distributions
are shown in Table 1.2.

At rst glance the di erences among texts do not look very great. But one notettthéitequencies ab and
this are lower inTexasthan in theNarrative, the Tour, and the speeches; the frequencynfis much higher in
Texasthan in others. These dérences suggest that Crockett could have wriarrativeandTour and may not
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have writtenTexas But this is only a vague impression!



Table 1.1 Contentless Words

Section 1.1 The Science of Statistics

Table 1.2 Rates of Contentless Words (per 1000
Total Words) in Texts Attributed to Davy Crockett

according considerable probability
also direction there Word Narrative Tour Texas Speeches
although enough this also 0.75 032 041 0.51
always innovation though always O. 13 0. 79 0' 55 0. 00
a :"“d to an 2.63 221 4.93 2.54
Epth a“?t“age upon both 1.00 0.47 0.14 0.00
b° ”:)a er vfl19|0r there 3.75 4.90 3.43 1.52
C())/mmonl ‘Zm Vzvtlmest this 4.75 522  2.60 7.10

y _ though 0.25 0.00 1.51 0.00
consquently particularly works to 36.79 33.21 28.78 30.93
Source:D. Salsburg and D. Salsburg. 1999. Searching for the while 1.13 0.63 0.68 2.54
“real” Davy Crockett.Chance.12 (2, Spring): 31. oa

Source:lbid, 32.

Applying a statistical hypothesis-testing (hypothesssitgy is covered in Chapter 9) technique to these wqgrd
distributions, Salsburg and Salsburg found that Kzerative, the Tour, and the speeches were very possibly
written by the same person, but tfi@xaswvas most likely written by someone else.

Salsburg and Salsburg were carefatto say, “Davy Crockett wrote thidarrative,the Tour,and the speeches.”
Such a statistical inference would have gone beyond whatgtagistical methods could reliably tell us. At mos}
we can say that if Crockett composed the speeches, he collllave written theNarrative and theTour but
probably did not writélTexas.

The underlying concepts and methods of such statisticaténice are the central focus of this book. The
science of statistics is essential: Statistical reasoeirables us to draw conclusions based on data patternsfthat
are often hidden from the statistically uninformed obsenfehe data. It also forces us to not exceed the limifs
of what we can determine from the data. Author identi catoblems usually involve both of these aspects.

statistics
data

statistics

statistical inference

1.1 THE SCIENCE OF STATISTICS

As a sciencestatisticsis the discipline of gathering data, describing data, aagvidrg conclu-
sions (statistical inferences) from dafata are pieces of information obtained by counting,
measuring, or categorizing, using some kind of observatiprocess. In this book we will
study the basic ideas in statistics and learn how to obtamnsarize, and interpret data.

Statisticsalso refers to numbers that somehow inform us about the veoddnd us. For
example, a baseball fan might consider Barry Bonds's 73 hams in 2001 an interesting
statistic. The wordstatisticsoriginally meant the kind of information that a state (i.a.,
government) can use in managing publi@aas. Accordingly, all around us there are statistics
about taxes collected, prices of goods, weather pattendss@forth.

The daily newspaper is lled with statistics, presented iany clever ways, about topics
ranging from sports and entertainment to politics and healiere are some examples of
statistics in both senses of the word: as numerical infdonaind as the science of reasoning
statistically from data to reach conclusions about the omkmcharacter of the real world (this
is known asstatistical inference.
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Statistics in Real-World Studies

The Rise in Undergraduate Tuition On April 2, 2006, a front-page article ifihe Ann
Arbor Newswas titled “U-M budget gap drives tuition.” The article dissed how tuition at
the University of Michigan had increased at a much fasteeghan the in ation rate from

1990 to 2005. The rise in annual tuition was illustrated k®ydghaph in Figure 1.1.

The reason given in the article for the increase in tuitios that the university budget grew
steadily over the past 15 years but state funding did not kaep and, in fact, declined over
the last 5 years. This was illustrated by the graph in Figuze The article noted that whereas
the university budget had increased 115% since 1990, statbrfg had only increased 28%
and had not even kept pace with in ation. As a result the ursie relied more and more on
tuition and student fees. In the 2005-2006 school yeaotuiind fees paid for nearly 60%
of the university budget, compared to 46% in 1990-1991. Whassillustrated by the graph in

Figure 1.3.

Statisticians look for patterns in data and attempt to linkedent trends, such as the in-

crease in tuition at state schools and the decrease in gtadnf) for education.

Tuition up 163% since 1990
while inflation rose only 49%

$3,502.24

090 691 H92 693 H94 H95 696 O97 H98 H99 600 H0o1 HO

Source: University of Michigan

U-M BUDGET GAP DRIVES TUITION

b O03 (

SONIA L. GOTTFRIED, THE ANN ARBOR NEWS

Figure 1.1  Annual in-state tuition at the University of Michigan from 1990 to 2005
(Source: The Ann Arbor News, April 2, 2006. All rights reserved. Reprinted with

permission).
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BUDGET GROWTH COMPARED TO STATE APPROPRIATIONS
Growth of the University of MichiganOs general fund budget has continued

even as the amount of state appropriations has declined in recent years. $1,220,485,312
M General Fund
[0 State appropriation
$568,493,861
I I $316,368,500

$247,292,861

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
Source: University of Michigan budget

SONIA L. GOTTFRIED, THE ANN ARBOR NEWS

Figure 1.2 University of Michigan's budget and state funding from 1990 to 2005
(Source: The Ann Arbor News, April 2, 2006. All rights reserved. Reprinted with
permission).

U-M REVENUE SOURCES

Students® tuition money and fees pay for a significantly larger
share of U-MOs general fund budget today than a decade ago,
as state appropriations have dropped.

199001991 2005D2006
8.0% 2.3% 13.6% 1.3%
Indirect cost Other** Indirect cost Other**
recovery* recovery*

25.9% State
appropriation
43.5% State
appropriation
46.1%Tuition
and fees

Total: $568,500,000 Total: $1,220,500,000

Note: Percentages do not add up to 100% due to rounding.

* Indirect cost recovery: refers to reimbursement for indirect research costs, such as
laboratory utilities and administrative expenses.

** Other: includes income from investments and departmental activities.

Source: University of Michigan budget documents
SONIA L. GOTTFRIED, THE ANN ARBOR NEWS

Figure 1.3 Revenue sources for the University of Michigan in 1990-1991 and in
2005-2006 (Source: The Ann Arbor News, April 2, 2006. All rights reserved. Reprinted
with permission).
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estimates
population, sample

cause-and-eect
treatment, response

positively associated

“American ldol” Hits Record Heights On March 21, 2006, a record 33.36 million TV
viewers watched Fox's 2-hour installmentAxiherican Idol.That week's second-most-watched
program was a half-hour installmentAmerican Idowhich drew 27.68 million viewers, fol-
lowed byDesperate Housewiveghich had 21.41 million viewers, according to gures re-
leased by Nielsen Media Research a week later. These nurntegeoslyestimates Nielsen
did not obtain information from the entipopulation, only from asampleof approximately
25,000 metered households. The Nielsen TV households amesa section of households
from all over the United States, carefully selected so thatwiewing habits of the 25,000
sample households mirror the viewing habits of the more fi@hmillion households in the
United States. In Chapters 7 and 8 we shall discuss how aisingly small but carefully
selected sample can give quite accurate information alleuttuch larger population the
sample was drawn from.

Is Co ee Bad for Your Heart? Some medical studies in the 1970s found a connection
between coee drinking and heart disease: The rate of heart disease iglasrHor cof-

fee drinkers than for nondrinkers. Did this mean thate® drinkingcausesheart disease?
Further studies revealed that the e® drinkers smoked more than the nondrinkers. It was
smoking that contributed to the cee drinkers' risk of heart disease, not the ee. In Chap-

ter 3 and 7 we shall discuss how statisticians investigatethr there is @ause-and-e ect
relationship between reatment (such as coee drinking) and aesponse(such as heart
disease).

Does More Math Mean More Money? One of the most extensive studies ever made of the
careers of high school graduates con rms the conventiomad@m that those who take more
mathematics courses earn considerably more in the maaket@ducation WeekJan. 11,
1989, 9). On the surface, it seems plausible that taking mmath courses should increase
one's earning potential. On the other hand, other chariatiter of those who take lots of math
(such as having the motivation to take on a dult challenge, or being of high intelligence)
may be the major causes of their higher incomes. Therefatking more math courses might
not be thecauseof higher earning potential. The science of statistics edirus when two
quantities are statisticallyositively associated-that is, they are large or small together. Itis
dangerous and incorrect, however, to conclude automigtitat an increase in one quantity
causesan increase in the other (see also Section 3.4 and the lungtsmoking debate in
Chapter 7).

Want to Avoid a Cold? Don't Get Stressed Out! Survey research carried out in England
indicates that persons under stress have a greater tenttenajch a cold than those who
are not stressed (Psychological Stress and Suscepttbilibe Common ColdNew England
Journal of MedicineAug. 29, 1991, 606—612). Provided the experimental work fina-
duced these data was done properly, it may be valid to coadhat stress increases one's
susceptibility to colds. For example, did the study balaogeor adjust for other factors
that make catching a cold more likely and that go togethen Wting stressed? If not, these
other factors (such as lack of exercise or poor diet) coulthbesal cause of stressed people
catching more colds.

Do Headaches Run in the Family? If you su er from migraine headaches, perhaps blame
your genes: Migraine headaches may be a hereditary comdiflata show that if both the
father and mother have had them, then a son or daughter h&s at¥nce of migraines. If
only one parent has had migraine headaches, data show ¢helidince of the condition oc-
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inferential statistics
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curring in o spring is 50%. Even having distant relatives with migraieadaches increases
the risk of having them by about 20% over the general pomriatte. Of course, concluding
from these data that heredity causes migraine headachskyis For example, stress in the
family environment could really be causing migraine heagado occur more frequently in
all family members. For that matter, the parents' frequeigraines could put stress on the
family that then contributes to the children having migedireadachesieadwayyol. 3, Dec.
1993).

All of these news items deal with topics of general intereBach contains numerical
information (i.e., statistics) or presents statisticédéiences drawn (rightly or wrongly) from
numerical information. Here are some questions thesestitally based discussions may
help us with:

n Entertainment; The popularity of one TV program as contrasted to anothah s1$
“American Idol” versus “Desperate Housewives”

n Health: The relationship between stress and susceptibility toscold
n EconomicsWhether the study of mathematics may increase one's eapawer

We've said that statistics is the discipline of gatheringneuical data, describing these data,
and drawing conclusions from the data. It can help us ansuestiopns such as:

n Does the future economic growth of the United States depantbatinued immigra-
tion?

n  Why do casinos make a pro t at roulette?

n How accurately can a person's future income be predicted fiis or her education?

n How do medical researchers determine whether a new drugsvesmot?

n How accurately can a poll of 1500 randomly selected eligibters predict the outcome
of an election?

This book contains many examples of the statistical aralykreal data sets as well as the
basic ideas and techniques of gathering, describing, aalgzng data. After studying this
book, you will be able to draw from data sound conclusions d@ine not necessarily obvious
to the casual observer. Further, you will often be able tonken the reported conclusions
of a study cannot be trusted to be valid, in spite of a glitzapgror compelling words to the
contrary.

The techniques of graphically representing data and nwalbrisummarizing them with
appropriate statistics in ways that make it easy to recagthie essence of the information
in the data are calledescriptive statistics On the other hand, the techniques used to draw
conclusions from data using the theory of probability arelrttethods of statistics are called
inferential statistics. Good inferential statistics often needs to be preceded ggoa de-
scriptive statistical analysis of a data set. This textbp@sents both of these aspects of the
discipline of statistics.

This chapter presents some commonly used graphical tasdsinf descriptive statistics,
beginning with the dotplot. The last section will cover soof¢he common ways in which
the techniques of descriptive statistics have been abosedkemisleadingpresentations.

We will rst introduce some terminology and consider the éient types of statistical data
we are going to study.
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population
units
subjects

variables

numerical
continuous variable
guantitative
discrete variable

gualitative
categorical

ordered categorical
ranked

levels

distribution

Individuals and Variables Thepopulation in a statistical study is the collection of objects
or individuals of interest. The population members areschalhits or subjects(if the popula-
tion consists of people). We are interested in certairbatteis or characteristics that vary from
one individual to the next. For example, eye color, height, aumber of siblings vary from
person to person. A corporation's pro t varies from quattequarter. The bond rating (AAA
through C) varies from corporation to corporation. Suchrabteristics of people or other
units of interest that vary from one individual to anothes aalledvariables. Some vari-
ables such as height and number of siblings take numerit@yand are calledumerical
or quantitative. Numerical variables may be discrete or continuousoAtinuous variable,
such as height, can be any value in a given rangealisérete variable, such as number of
siblings, can only be certain distinct values, in this casg,®, 3, and so on. No value in
between the distinct values is possible. A variable suclyagelor cannot be expressed as a
number. Such variables are callgdalitative or categorical We call a categorical variable
ordered categoricalor ranked if the categories imply some order or relative position.iMil
tary rank, for example, is an ordered categorical variabt@porate bond rating is an ordered
(or ranked) categorical variable taking on the orddeetls AAA, AA, A, BBB, BB, B,
CCC, CC, and C (using S&P rating from highest to lowest).

We shall give a couple of examples in which we identify theivithial units of interest,
the type of variable of interest, and the possible valuesghiferariable.

n If we are looking at the highest elevation (in feet) for eatthe 50 states in the United
States, then the individual units of interest are the statélgvation is a numerical
variable. It is a continuous variable, but when we round ih® nearest value in feet,
elevation becomes a discrete variable with values betw@82 feet (in Death Valley)
and 20,320 feet (Mt. McKinley).

n If we are looking at the size of households in the United Statieen the individual
units of interest are the households. Household size isaedésnumerical variable
with possible values 1, 2, 3, 4, ..., and so forth.

n If we are looking at the letter grades of the students in éssitzg class, then the individ-
uals are the students. Letter grade is a ranked categosddable with ordered levels:
A+, A A-, B+, B,B-, G+ C,C—, D+, D,D—, and F.

As well as describing variables, the terms numerical, @aiegl, ordered categorical, dis-
crete, and continuous are also used to describe data.

The pattern of variation of data for a variable in a study iechits distribution . It is
usually described by a table, graph, or formula that tellehiat values the variable takes and
how often they occur. Distributions provide the shape ofta dat, such as being bell-shaped.

Section 1.1 Exercises

1. In each of the following examples, identify the individuailsits of interest, the variable of interest, the type of

variable, and indicate the possible values of the variable.

a. A public opinion poll asks a representative cross sectidrbdfl adults whether they favor a constitutional amend-
ment banning same-sex marriages.

b. A car buyer compares the highway mileage (miles per gallbegweral car models.

c. A population survey nds that 60% of American adults are ety 23% have never been married, 7% are
widowed, and 10% are divorced.

d. A weigh station along the freeway weighs all passing trucks.
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e. A study is conducted to nd out whether weekend binge driskeaiuse more fatal automobile accidents than
everyday drunks. The study looks at 185 fatal-accidentntepovolving drunk drivers and notes the day of the
week each accident occurred.

. A blood bank records the ABO blood type and Rh factor (@r example) of each donated unit of blood.

g. In 1882 Simon Newcomb conducted an experiment to deterrhimepeed of light. Sixty-six times he measured
how long it took a light beam to travel a known distance frosilaboratory on the Potomac River across the river
to a re ecting mirror at the base of the Washington Monumenat back.

2. Classify each of the following variables as either nonraht&tegorical, ranked categorical, discrete numerical, or
continuous numerical.

race

weight

sex

religious preference

age

employment status (employed, unemployed, not in the latrae)

family size

marital status (married, never married, widowed, divojced

college degree (bachelor, master, doctor)

j. Olympic medal (bronze, silver, gold)

~TQ 0200w

3. Classify each of the following variables as either discogteontinuous numerical, nonranked categorical, or ranked
categorical.

blood type

grade-point average

IQ

number of children

occupation

state in which a person's legal residence is

systolic blood pressure

letter grade in a college course

college major

~7TQ@ w0200

4. Charles Darwin conducted an experiment to determine whetbss-pollinated plants (i.e., another plant is involved
in the breeding of a seedling) or self-pollinated planteieg produced without genetic in uence of another plant)
have greater vigor. Darwin took 15 pairs of seedlings, eaihmatched by age. One seedling in each pair was
produced by cross-pollination and the other by self-pation. The members of each pair were grown in as nearly
identical conditions as possible. The following data shiogv hal height (in inches) of each plant after a xed period
of time.

a. What is the fraction of the 15 pairs of seedlings for which¢hess-pollinated seedlings exhibited greater growth
than self-pollinated seedlings?

b. What seems reasonable to infer statistically from the data?

c. ldentify the three major components of the science of siedisn the statement of the problem and in your
answers to parts (a) and (b).

d. If you had the option of purchasing peas guaranteed to hamfr®duced by cross-pollination, what would your
decision be as a result of your (informal) statistical asslgonducted in part (b)?

e. What general name does this chapter use for the kind of nuadmeputed in part (a)?

f. Suppose the fraction had beefiSin part (a). Is your decision in part (b) then obvious? Tdssbn: We need to
understand how to do statistical inference when the databtigive us an obvious answer. That is one reason for
studying this textbook.
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Pair Cross- Self-
number pollinated pollinated
1 235 174
2 12 20.4
3 21 20
4 22 20
5 19.1 18.4
6 215 18.6
7 221 18.6
8 20.4 15.3
9 18.3 16.5
10 21.6 18
11 23.3 16.3
12 21 18
13 221 12.8
14 23 155
15 12 18

Source:Charles Darwin. 1976The E ect of Cross- and Self-Fertilization
in the Vegetable Kingdon2nd ed. London: John Murray.

5. A survey was conducted by thgritish Medical Journato study the relationship between snoring and heart disease

Heart Occasional Snore nearly Snore every

disease Nonsnorers shorers every night night Total

Yes 24 35 21 30 110
No 1355 603 192 224 2374
Total 1379 638 213 254 2484

Source:P. G. Norton and E. V. Dunn. 1985. Snoring as a risk factorferdisease: An epidemiological surv@itish Medical
Journal,291: 630-632.

a. Which of the four categories of snorers is most prone to hdisgase?Hint: Would it be right to say that
occasional snorers are most prone to heart disease beasuskttioe 110 persons who have heart disease, the
greatest number (35) are occasional snorers and no otlegrorgthas such a high number of snorers with heart
disease? Explain.

b. Is there any kind of relationship between the degree of egand being prone to heart disease?

c. Suppose a behavioral psychologist tells a person who soft@asthat he can condition him not to snore. Is this
likely to reduce that person's risk of heart disease? Inmoffmds, is it plausible that snoring is the cause of
heart disease? If you do not think so, give another possikglaeration of why frequent snorers have more heart
disease than infrequent snorers.

6. The following data show the brain weights (in grams) and bedights (in kilograms) of selected animals (extant
and extinct).

a. Rank the animals from largest to smallest according to thliy baeight and then do the same for the brain weight.
(For example, the African elephant ranks fourth (rank) in body weight but rst (rank= 1) in brain weight.)

b. Are the two rankings positively associated?

c. Do you notice that a certain group of animals seems vergmint in the closeness of matching of their ranks?
(Statisticians call data points that are veryelient from the main body of the datatliers.)
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Species Body weight (kg) Brain weight (g)
Mountain beaver 1.35 8.1
Grey wolf 36.33 119.5
Guinea pig 1.04 55
Diplodocus 11,700 50
Asian elephant 2547 4603
Potar monkey 10 115
Gira e 529 680
Gorilla 207 406
Human 62 1320
African elephant 6654 5712
Triceratops 9400 70
Rhesus monkey 6.8 179
Mouse 0.023 0.4
Rabbit 25 12.1
Jaguar 100 157
Chimpanzee 52.16 440
Brachiosaurus 87,000 154.5
Rat 0.28 1.9
Mole 0.122 3

Source:H. J. Jerison. 197Fvolution of the Brain and Intelligenc&lew York: Academic Press.

7. The table below gives the road distance and the shortesndistetween 15 derent pairs of points in a city. Plot
the data on graph paper and discuss the nature of the redaiobetween the road and the shortest distance in this
city. Why do the points not all lie on a straight line?

Road distance Shortest distance Road distance Shortest dis tance
51 4.3 10.4 7.9
5.8 5.2 9.5 6.4
11.1 9.5 10.3 7.7
6.6 4.1 4.2 35
5.9 4.3 3.8 3.4
2.3 1.7 10.5 8.2
9.2 7.8 7.0 4.2

5.9 4.3

8. A survey interviewed a representative cross section ofraébeindred Canadians, asking about their level of edu-
cation and their level of participation in physical actvitActive” persons were de ned as those taking partin 3 or
more hours of physical activity per week for 9 months or marerdy the year.

Amount of education Percentage who are active

Elementary school only 41
Some secondary school 53
Secondary certi cate or diploma 58

University degree 63
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a. What relationship do you see between educational levehleehcategorical variable) and physical activity?
b. Between which twa@onsecutiveducational levels was the increase in percentage of pdiysitivity the largest?

9. Infant mortalityin the following table refers to the number of infants who diging the rst year of life per 1000
live births. Life expectancis the number of years, on average, that an infant can expéeet Here are the infant
mortality and the life expectancy rates in the United Stidepeople born in the years 1920 through 2000:

Year of birth Infant mortality Life expectancy
1920 86 54
1930 65 60
1940 47 63
1950 29 68
1960 26 70
1970 20 71
1980 13 74
1990 9 76
2000 7 77

. Look at infant mortality throughout the years. What trendyda see?

What trend do you see for life expectancy?

Which improved more dramatically from 1920 to 2000, infarmrtality or life expectancy?

What may be a cause of both of the trends you see?

. Can we conclude that lowering infant mortality is the soleseaof the increase in life expectancy?

® o0 Ty

1.2 DISPLAYING SMALL SETS OF NUMBERS: DOTPLOTS
AND STEM-AND-LEAF DISPLAYS

dotplot The simplest way to visualize a small set of numbers is to ttoasadotplot—a plot that
displays a set of data on a number line by using a dot to represeh member of the data
set. If multiple values in the data set are the same, theytackexd vertically in the dotplot.

Example 1.1 Heights of 11-Year-Old Girls

Eleven-year-old Julie is short for her age. She is only 138tain(about 4 12 feet tall).
Should her parents worry that she is not growing properlyf?€Ta.3 gives the heights of a
representative sample of forty 11-year-old girls.

Looking at Table 1.3 it is di cult for us to tell whether Julie is unusually short or just
short. We have to display these numbers graphically. Thplsshway to represent 40 heights
graphically is to construct a dotplot.

The data in Table 1.3 are displayed as a dotplot in Figure Hagh observation is repre-
sented by a dot. The dotplot reveals that 2 of the 40 girlsérstimple were shorter than Julie.
So although Julie is short, her height is within the normabe

The dotplot reveals a lot about the data in Table 1.3. For @i@anwe see that half of the
girls in the sample were shorter than 147.5 cm and half wéler than 147.5 cm. We express
this fact by saying that the median height of the girls in theaple is 147.5 cm. (see Section
2.1). In Figure 1.5 we have superimposed a smooth curve ahotipéot indicating the overall
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shape of the height distribution. The smooth curve helpsass on the overall pattern of the
data by ignoring minor accidental deviations from the oll@attern.

Table 1.3 Heights (cm) of Forty 11-year-old Girls

144 152 147 146 151 145 142 148
146 141 160 148 153 150 149 139
157 138 146 144 155 148 149 135
137 158 142 152 145 150 156 147
143 151 150 147 144 153 146 149
°
© © © 00 ©
° © 000 000 ©0 0
° © oo © 0000000060 00 © © 00 o ©
T T T T T T
135 140 145 150 155 160

Height (centimeters)

Figure 1.4 Dotplot for the data in Table 1.3.

© 06 06 0 ©

T
135 140 145 150 155 160
Height (centimeters)

Figure 1.5 Heights of 11-year-old girls with curve.

Dotplots work well for many small sets of numbers that, like tlata in Table 1.3, (a) have
repeated values and (b) are not too spread out. The dotpfist bie discover and display the
pattern of variation or distribution of the data.

Another graphical tool for describing the distribution afraall set of numbers is tretem-
and-leaf plot (also called atemplot). Such a plot is a mixture of a table and a graph.

Example 1.2 Luminosities (Brightnesses) of Stars

Table 1.4 lists 40 stars in a certain section of the sky in tirestellation Taurus. (They were
selected from the stars that can be seen without a telescdlpatipart of the sky; they are the
ones whose distances from Earth are known most accura@ytg possibly this sample of
stars can be viewed as representative of the populatio wik#lle stars. If so, properties of
the sample can be inferred to be approximately true for tipaifadion of all visible stars.
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exploratory data
analysis (EDA)

Table 1.4 Star Luminosities

Luminosity Luminosity
Star ID (Sun=1) Star ID (Sun=1)
18735 7 20661 4
19038 43 20711 34
19076 1 20713 29
19261 7 20842 9
19877 5 20877 29
19990 7 20885 53
20087 13 20889 67
20205 60 20894 71
20219 9 20901 18
20255 6 20995 9
20261 14 21029 19
20284 6 21036 11
20400 8 21039 10
20455 53 21137 6
20484 10 21273 23
20542 19 21402 33
20614 8 21421 138
20635 35 21459 6
20641 12 21588 8
20648 30 21589 32

The numbers in the left (and third) column in the table wereduBy software on the
satellite Hipparcos to identify the stars and have no mepftinus. The right (and second)
column shows how much light each star puts out in comparis@ut own star, the Sun. For
example, star 18735 puts out seven times as much light asuthel&s. That is, if it were
the same distance away from Earth as the Sun is, it would agpean times as bright as the
Sun does. Astronomers call this number the luminosity. @hmesnbers are rounded to the
nearest integer; to illustrate, a star with a measured losiiy of 0.79 would be listed with
luminosity 1 in this table.

The stars are listed in order of their identi cation numbefEhus, such a table is not
designed to enable us to see important patterns in the dagacavihot easily see how the
luminosities are grouped or any special characteristi¢heif distribution: For example, are
they tightly clustered around one value, or are they spre&dwer a wide range of values? In
other words, what is the pattern of variation of the data?thAese any highly unusual values
(i.e., much di erent from the majority of the values)? We cannot easilyfteln the table.
We would have to reorder the data at least.
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A stem-and-leaf plot is a way of listing a data set that digplne basic distribution or
pattern of variation of the data. It is easy to construct amdtes the data easier to interpret.
This way of organizing data was developed by John Tukey,ahader of a modern approach
to descriptive statistics callezkploratory data analysis (EDA)

Here we present only the simplest method for constructintgm-snd-leaf diagram. Vari-
ations of this method enable us to decrease or increase theanof stems as is sometimes
desirable (see, for example, the textbook entillad ABCs of EDAy Velleman and Hoaglin).
These techniques are beyond the scope of the textbook.
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Constructing a Basic Stem-and-Leaf Plot

The starting point for constructing a stem-and-leaf plat fable of the numbers whose distri-
bution (shape) we wish to display. Suppose we wish to displleyf the individual values as
well, because those values are also interesting in addditive general shape. This dual goal
of wanting to display the general shape of the data whilémigetg all of the individual values
sometimes arises, for example, when one examines spods 8atne athletes have superb
lifelong careers, performing at a high level for many yeadsereas other athletes have brief
moments in the sun, when they really shine, and then rapatlg away. A stem-and-leaf
plot can clearly contrast the two types of careers. We wilisider Roger Maris's career as
a Major League Baseball home run hitter and, in particulamstruct a stem-and-leaf plot to
see whether he falls clearly into either of these two caiegoiConsider the raw data of the
number of home runs per year, ordered from year to year fathigears as a Major League
Baseball player:

14 28 16 39 61 33 23 26 8 13 9 5

In a stem-and-leaf plot every value to be plotted is represtoy itsstemand itsleaf. The
basic idea is that the last digit (farthest to the right) olianber provides its leaf and the rest
of the number (all numbers to the left of this last digit) sliggpthe stem. To illustrate:

138 yields a stem of 13 and a leaf of 8
33 yields a stem of 3 and a leaf of 3

9 yields a stem of 0 and a leaf of 9

To construct the simplest kind of stemplot, this is all youdno know about nding the stem
and leaf of a number. Let us apply this knowledge and buildsteen-and-leaf plot for the
Maris career home run data. Clearly the stems run from 0, 16. We create a stem column
that has as entries 0, 1, ..., 6. To the right of it we creatafecielumn, where we will list the
leaves of all numbers having the same stem, separated by a@mm

Let us deal with the numbers with stem 1, namely the data pdiBt 14, 16. We obtain

Stem Leaf

3,4,6

OO0~ WNPREFO

This completes the tens row. Now we simply do the same forfathe other stems to
complete the stemplot.
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Stem Leaf
0 58,9
1 3,4,6
2 3,6,8
3 3,9
4
5
6 1

This graphical approach (in the sense that it displays tapeslof the data) is often very
useful. It shows at a glance the general shape of the data wétdining the values of each
individual data point. For example, any visual represématf the Maris home run data that
fails to identify the value 61, which at that time broke BahéHss record of 60 home runs in
one season, loses much of its interest. From the view of db@sgriptive statistics, we see
from the stemplot that over his career Maris fairly unifoyrhlt home runs in the 5-39 range
and that 61 is an extreme value, calledautlier by statisticians, that made Roger Maris
famous. It would be interesting to compare the stem-anfigiea with that for Babe Ruth's
home run career. We shall do so in Exercise 3.

Because each data value is represented by a one-leaf déjiertgth of the string of leaves
is proportional to the total number of data items that fathivi that stem. This visual prop-
erty, displayed in the Maris stem-and-leaf plot, is why stmmad-leaf plots show us the shape
(distribution) of the data. Useful stem-and-leaf plotsallguhave between 5 and 15 stems,
with larger data sets allowing the use of more stems.

Let's return to the star luminosity data of Table 1.4. Heredss the stem-and-leaf plot can
be constructed for this data set. A brief inspection of Tdbfeshows that the values range
from 1 to the 70s, with one highly unusual value of 138. It @slard practice in a stemplot to
list unusual values (outliers) separately, putting unligsanall values in a group labeled LO
at the top and unusually high values in a group labeled Hlabtittom of the stemplot. So,
grouping the data by tens (0-9, 10-19, etc.), we will havhtestems, which is a reasonable
number. Now we write down the list of the stems. We start with, avhich stands for the
group of stars whose luminosities are less than 10 timesuh&s,Shamely in the range 0-9.
In the next row we put a one for the group having luminositiest 10 to 19 times the Sun's,
and so on.

Then we start making the leaves. Let's start with the rst tstars in the table:

Star 18735 luminosity 7 times the Sun's
Star 19038 luminosity 43 times the Sun's
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We list those two data points as shown in the stemplot beldwat 1B, for star 19038 with
its luminosity of 43, we separate the 4, the stem part (whidhiss table stands for 40), from
3, the leaf.

Stem Leaf
0 7
1
2
3
4 3
5
6
7

To read stem-and-leaf plots correctly, in general, we ndag/aWe write a key under the
table:

Key: “4 3" stands for a luminosity 43 times that of the Sun.

The key tells us that in this table the stems are put in theglate and the leaves are putin
the units place. When you make a stem-and-leaf plot, youldradways provide a key. For
example, in another application “4 3" might stand for 0.043800: The key is needed to tell
us which.

After the rest of the data are added, the completed stermeafigiot is presented in Table
1.5. Notice that we have put the leaves of the table in ordesit & a desirable step, and it is
easy to do, especially by computer.

The unusual value, or outlier, is listed below the main poriof the table. If there were
another outlying large value (say, 3100) we would have amitHI 138, 3100.” If there were
an outlying small value (which would not happen in this pesh) we would have written it
in a group labeled “LO” above the main portion of the table.

A stem-and-leaf plot has two very attractive propertiegstit shows the shape of the
distribution of the datat a glance We can see theange of the data (between 1 and 138,
with all the values falling between 1 and 71 except outliduga 38). Half of the stars have
luminosities under 12.5 and half have luminosities gretitan 12.5. We express this fact
by saying that the median luminosity of the stars in the sangplL2.5 times the Sun's (see
Section 2.1.) Moreover, we can distinguish several impar@apects concerning the shape of
the distribution of this data set:

n Is the distribution at, or does it have a de nite peak? As aimoby its stemplot in
Table 1.5, star luminaosity distribution is rather peakeginy high near 0 and steadily
decreasing toward 70. By contrast, the Maris distributsotather at (or uniform) from
0 to 40.
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symmetric distribution

skewed

gaps
clusters

Table 1.5 Stem-and-Leaf Plot of Star Luminosities

Stem Leaf

0 1,4,5,6,6,6,6,7,7,7,8,8,8,9,9,9
0,0,1,2,3,4,8,9,9

3,9,9

0,2,3,4,5

3

3,3

0,7

1

~NOoO b WNBE

HI 138

Key: “1 0" in this stem-and-leaf plot indicates a luminosity 1@és the Sun's.

n Is the distributionsymmetric around some central value, that is, are the distributions
on the 2 sides of the central value mirror images of each 8ti@ris the distribution
skewed to one side or the other? The distribution of the lasities is strongly skewed,
which means much more stretched out in one direction thaotther, here toward the
high end of the range at the bottom of the plot. Imagine thatstemplot in Table 1.5
is turned counterclockwise 90 degrees. It will then haveng lail to the right, and we
say that the distribution iskewedto the right(following the usual convention based
on other kinds of displays, such as the histograms intradiic8ection 1.4, where data
values increase from left to right).

n Does the distribution contain one or maggaps? That is, sometimes a data set splits
into two or more distinct chunks, often calletlisters(see Example 1.7). In Table 1.5
there do not appear to be any large gaps in the 1-71 range.

n Does the distribution have any outliers (observationsdhatvidely separated from the
rest of the data)? The star with luminosity 138 and, for thei®data, the year with 61
home runs are outliers.

Second, the stem-and-leaf plot represents every pointeohtimerical data that was in
the original table. That is, we can recover (know the exattes) all of the data points
from the stem-and-leaf diagram. In some other kinds of pkish as the box-and-whisker
plot introduced in the next chapter, the numbers that wees tic make the plot are not
recoverable from the plot—to see the numbers, you must gh tfoahe original list of data,
such as a scientist's lab notebook or a computer le.

Comparing Populations:
Back-to-Back Stem-and-Leaf Plots

One of the most common tasks in statistics is to compare twe skts that dier in some
important characteristic, such as the annual incomes of aradl female college graduates,
the sizes of U.S. families and Brazilian families, or thetaafstwo-bedroom homes in San
Francisco and in St. Louis, to name a few examples. The twoos#ds are usually regarded as
representative samples from the two populations we wantitepare. Statisticians look for
di erences between the samples to determine whether they gealude that the populations
di er. Trustworthy methods for comparing populations basethein representative samples
will be presented later in this book, when statistical iefere is studied.
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Infant Mortality Rates in Europe
1995-1999: Noncommunist Countries
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One way to compare two small data sets visually is to write gtem-and-leaf plots back
to back. The stems are written in the middle of the table,éheds for one data set are written
to the left of the stem and extend leftward, and the leavethfopther data set are written to
the right and extend rightward. Be sure to arrange the Idavesch data set in the increasing
order out from the stem.

Example 1.3 Infant Mortality Rates in Europe

Tables 1.6 and 1.7 show the infant mortality rates per thodidarths, measured over the
years 1995 through 1999, for the countries in Europe thatrimdeen under communist
rule during the Cold War and those that had been, respegti@kermany, listed among the
noncommunist countries here, is a special case, becausé aloarter of the country had
been communist. But both parts had almost the same infartatitprate.)

The completed back-to-back stem-and-leaf plots are showalble 1.8. The dierences
between the two data sets are clear. The noncommunist gesimtifant mortality data from
Table 1.6 are tightly concentrated, between 5 and 10, withgdesoutlier. The rates from the
former communist countries in Table 1.6, on the other harelpainly distributed between
10 and 26. The back-to-back stem-and-leaf plots reveal atiaally how much larger on
average and how much more spread out the mortality rates iiotmer communist countries
are.

Table 1.7 Infant Mortality Rates in Europe
1995-1999: Former Communist Countries

Infant mortality
(deaths per thousand

Infant mortality
(deaths per thousand

Country live births) Country live births)
Austria 6 Albania 32
Belgium 7 Belarus 15
Cyprus 8 Bosnia 13
Denmark 7 Bulgaria 16
Finland 5 Croatia 10
France 7 Czech Republic 9
Germany 6 Estonia 12
Greece 8 Hungary 14
Ireland 6 Latvia 16
Italy 7 Lithuania 13
Luxembourg 9 Macedonia 23
Malta 10 Moldova 26
Monaco 58 Poland 13
Netherlands 6 Romania 24
Norway 5 Russia 19
Portugal 8 Slovakia 12
Spain 7 Slovenia 7
Sweden 5 Yugoslavia 19
Switzerland 5

United Kingdom 6 Source: New York Times Almanac 20800-492.

Source: New York Times Almanac 20800492,
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Table 1.8 Back-to-Back Stem-and-Leaf Plot for Infant Mortality in Eu rope,

1995-1999
Leaf (Table 1.6 Data) Stem Leaf (Table 1.7 Data)
9,8,8,8,7,7,7,7,7,6,6,6,6,6,5,5,5,5 0 7,9
0 1 0,2,2,3,3,3,4,5,6,6,9,9
2 3,4,6
3 2
57 HI

Key: “1 2” indicates 12 infant deaths per 1000 live births.

Also, the Monaco outlier deserves careful investigatiomat\is so unusual about Monaco
(a very small country)? In this case, the outlier “58” is pmbly a misprint in the book from
which the values were taken. The correct value is most lisey which we would round to
6. Sometimes outliers result from mistakes like this; ineotbases they are real (not caused
by error) and, therefore, important values. They must belkda carefully in each case to
determine whether they are mistakes or not.
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Most standard statistical computer software packagesrawtitioners have a stem-and-
leaf program that enables the operations we have descridmatstructing a standard stem-
and-leaf plot, back-to-back plotting, representation ighh and low-valued outliers, and so
on. Further re nements of the standard approach allow &idit choices of stem intervals.
It is important for you as a student in an introductory staiscourse to be familiar with the
basics of this powerful and often-used tool.

Section 1.2 Exercises

1. The origins of the Etruscan empire (centered in Italy aro8®@ B.C.) is a bit of a mystery to anthropologists. In

a study, observations on the maximum head width (measureillimeters) were taken on 84 skulls of Etruscan
males and 70 modern Italian males. (Source: N. A. BarnicottarR. Brothwell. 1959. The evaluation of metrical
data in the comparison of ancient and modern boneblddical Biology and Etruscan Origingdited by G. E. W.
Wolstenholme and C. M. O'Connor. Little, Brown, 136.)

Etruscan Skulls

141 148 132 138 154 142 150 146 155 158 150 140
147 148 144 150 149 145 149 158 143 141 144 144
126 140 144 142 141 140 145 135 147 146 141 136
140 146 142 137 148 154 137 139 143 140 131 143
141 149 148 135 148 152 143 144 141 143 147 146
150 132 142 142 143 153 149 146 149 138 142 149
142 137 134 144 146 147 140 142 140 137 152 145
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Italian Skulls

133 138 130 138 134 127 128 138 136 131 126 120
124 132 132 125 139 127 133 136 121 131 125 130
129 125 136 131 132 127 129 132 116 134 125 128
139 132 130 132 128 139 135 133 128 130 130 143
144 137 140 136 135 126 139 131 133 138 133 137
140 130 137 134 130 148 135 138 135 138

a. Compare a dotplot for the Etruscan skulls with a dotplot figr italian skulls.

b. Construct back-to-back stem-and-leaf plots for the Emnskulls and the Italian skulls.

c. Is the hypothesis that Etruscans and modern Italians afeafame origins supported by the data (as it would be
if the two plots seem quite similar)?

2. The ages of the 30 Oscar-winning Best Actors and the 30 Qeicenring Best Actresses from 1976 to 2005 are as
follows:

Actors

38 60 30 40 42 37 76 39 52 45 35 61 43 51 32
42 54 52 37 38 31 45 60 46 40 36 47 29 43 37

Actresses

41 35 31 41 33 31 74 31 49 38 61 21 41 26 82
42 29 33 35 45 49 38 34 26 25 33 33 35 28 30

Source:Dr. Anne E. Lincoln of Rice University

a. Construct back-to-back stem-and-leaf plots for actorsaatiksses.
b. What can you infer?

3. The number of home runs hit by Babe Ruth during his 15 yeatsthé Yankees, from 1920 to 1934, is as follows:

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

The home run record of Roger Maris during his 10 years in thedean League is as follows:

14 28 16 39 61 33 23 26 8 13

a. Construct a back-to-back stem-and-leaf plot.

b. Who was the better home run hitter from the viewpoint of hiirertareer? Explain.

c. In any discussion of famous home run hitters, Hank Aaroraggit must be mentioned as well. Over 21 years
with the Braves, Aaron's record was
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13 27 26 44 30 39 40
34 45 44 24 32 44 39
29 44 38 47 34 40 20

Construct a back-to-back stem-and-leaf plot comparingnRat Aaron. Discuss it.

4. The following are the test scores of students in a class:

77 70 65 77 60 79 71 86 82 78 76 65 81 59 100
62 81 67 74 71 62 84 75 70 76 72 66 73 91 49
66 70 81 79 72 64 95 71 66 80 78 73 69 58 89

Construct a stem-and-leaf plot.

5. The following stem-and-leaf plot gives nal scores on aistats test for 20 students. From the table, write down
each student's score.

Stem Leaf
7 2,3,4,59
8 0,2,3,4,4,5,7,8
9 0,1,2,3,5,6,6

Key: “8 2" stands for 82.

6. Using the stem-and-leaf plot of Exercise 4, answer thefotig questions:
a. What was the lowest score obtained?
b. What was the highest score obtained?
c. How far apart were the lowest and highest scores? (Recalitissstatistic is called theangeof the data.)
d. How would you describe the general shape of the distribstairthe data?

7. The following table gives the high temperatures in degredsénheit for 20 cities on April 3, 1997.
a. Construct a stem-and-leaf plot of the high temperatures.
b. How far apart were the lowest and highest temperatures ésethities?
c. Describe the distribution of temperatures.

Asheuville, North Carolina 72 Miami, Florida 77
Champaign, lllinois 68 Birmingham, Alabama 74
Indianapolis, Indiana 69 lowa City, lowa 63
Abilene, Texas 67 Detroit, Michigan 58
Las Cruces, New Mexico 72 Molokai, Hawaii 77
Los Angeles, California 71 St. Louis, Missouri 76
Billings, Montana 56 Lincoln, Nebraska 63
Chicago, lllinois 65 Boston, Massachusetts 53
Albany, New York 53 Baltimore, Maryland 66

Charleston, South Carolina 77 Boise, Idaho 60
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8. The following table gives the unemployment rates for thealled G7 nations (Group of Seven Leading Industrial
Nations) for the years 1975 and 2004 (frdime World Almana2006).

1975 2004
United States 8.5 55
Canada 6.9 6.4
Japan 1.9 4.8
France 4.2 9.8
Germany 3.4 9.8
Italy 34 8.1
Great Britain 4.6 4.8

Construct a stem-and-leaf plot for the unemployment ratd9v5.
What was the highest rate in 1975? Which country had it? Wiaattive lowest? Which country had it?

Construct the stem-and-leaf plot for the unemploymentsrat@004.
. What was the highest rate in 2004? Which country had it? Wiaattive lowest? Which country had it?
Line up the stem-and-leaf plots for 1975 and 2004 back-tkbislake a general comparison of the rates in 1975

to those in 2004.

9. Assume that the stars in Table 1.4 of Example 1.2 are repiaaen(typical) of the roughly 2000 stars visible to the
naked eye on a dark night away from city lights. Do you thinkttthe stars in Table 1.4 also are representative of
the 200 billion stars in our galaxy that are not visible totiaed eye? Explain.

® oo T

1.3 GRAPHING CATEGORICAL DATA

We cannot draw a stem-and-leaf plot for categorical datac&vmot say anything about the
“shape” of a table of categorical data, because it would dejpa the order of the categories,
and we could put them in any order. For example, there woulddereferred order for
the six continents from which a person's ancestors may hawgec (Theycould be put in
alphabetical order, but that order indicates nothing atimitontinents themselves and would
not be the same when written in a érent language, such as Russian.)

Two kinds of graphical displays are particularly useful fiaaking comparisons involving
categorical data: the bar chart and the pie chart.

The Bar Charts

bar chart A bar chart is constructed by drawing a vertical bar for each of the idesiategory values.
frequency All bars are of equal width. The height of each bar equals timabrer (orfrequency) of
persons (or objects) in that category. A vertical scalealigwn the left, helps the reader
see the frequency. Sometimes the bars touch each otheparadisies an equal space is left
between each pair of bars (see Figure 1.2). When the ca¢sgane ordered, then this order
determines the order of the bars from left to right. One eXampsuch a bar chart would
be the number of trac accident fatalities in Boston on each day of the week. A bartds
bar graph often called aar graph.
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Pareto chart

frequency table

Often the categories have no special order. In this caskeitategories are arranged so
that the tallest bar is to the left, then the second tallesd, so forth, the resulting graph is
called aPareto chart. By arranging the bars in order of decreasing frequency, oced
attention on the more important categories. Thus, a Pahett enables us to easily compare
the numbers of objects in the various categories. Paretascaie often used in engineering
studies of causes of failure.

Example 1.4  Causes of Death

For Americans under 45 years of age, accidents are the tpadunse of death. But for the
entire U.S. population, accidents are only the fth most coom cause of death. Table 1.9
lists the number of deaths due to the eight leading causesaihdn the United States in
1997. The cause of death is a categorical variable charzotpeach death. Table 1.9 is a
frequency table The data in Table 1.9 are displayed graphically in Figuée Clearly, the
vast majority of deaths is due to heart disease or canceen@ftnewspapers and magazines,
the bars are separated for artistic reasons.

Table 1.9 Leading Causes of Death in the

United States, 1997
Number

Cause of Death of Deaths o

<
Heart disease 726,000 § 500,000
Cancer 537,000 S
Stroke 160,000 ©
Pulmonary diseases 111,000 8
Accidents 92,000 g
Pneumonia and in uenza 88,000 =
Diabetes 62,000
AIDS 30,000
Provisional data, estimated from a 10 percent sample ohdeat 0
Source: The New York Times Almanac 20REE. q?‘b

6\&
&
<

Figure 1.6 Pareto chart for leading causes of
death in the United States.

The Pie Chart

If we want to draw attention to the percentage that each oagerpntributes to the whole,
we might present a so-callgue chart. (See Figure 1.3 and Figure 1.7). In a pie chart, each
category value is represented by a wedge-shaped sectioammi@between two radii (lines
drawn from the center of the circle to its circumference)e $lze of each sector is determined
by the angle between the radii:

Angle between radiF Relative frequency of this category360
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Just as the frequencies of all the categories add up to thkrnteinber of individuals being

counted, the angles of the sections of the pie chart add upQod8grees, the number of
degrees in a complete circle. Note that we cannot obtain mpene the total frequencies in
the various categories from a pie chart, as contrasted viatr graph.

Example 1.5 The U.S. Population by Marital Status

Marital status is a categorical variable that classi esspes. Each adult is eithenarried,
never married, divorcedor widowed. The rst two columns in Table 1.10 give the total
number of occurrences (in millions) of each of these categalues—in other words, the
total number of persons having each marital status—in theediStates in 1998.

The data in Table 1.10 could be displayed in a Pareto chartwbwshall instead use a
pie chart. The third and fourth columns in Table 1.10 givephaportions and the resulting
sizes (in degrees) of the sections needed to draw a cirgidndgram these data. For example,
the number of persons never married is 44.6 million. The @rign of the total number of
adults is 44.6 million divided by the total, 195.5 million; 8.228. The angle between the
radii needed to draw the corresponding wedge is 0.2280 degrees, rounded to 82 degrees.

The complete pie chart is shown in Figure 1.7. The number oftswd/ho have never been
married is nearly a quarter of the total; the number of aduhie are currently married is
somewhat over half the total.

Table 1.10 U.S. Population (Age 18 or Over) by Marital Status, 1998

Millions of Proportion of Angle
Status persons total (degrees)
Married 117.9 0.603 217
Never married 44.6 0.228 82
Widowed 13.6 0.070 25
Divorced 19.4 0.099 36
Total 195.5 1.000 360

Source: The New York Times Almanac 2008.

Divorced
10%
Married
Widowed 60%
%
Never
married Figure 1.7 Pie chart of the marital statuses of U.S.

23% adults in 1998 from Table 1.10.



28 CHAPTER 1 EXPLORING DATA BY GRAPHICAL METHODS

Example 1.6  Authorship of Three Books to Davy Crockett

In the Key Problem we learned that the rate at which auth@$asntentless” words can help
establish the authorship of a disputed book. In particstatistical evidence suggests that the
NarrativeandTourwriting is consistent with that of Davy Crockett's Congriesgl speeches
(presumed written by him). In contrast, the writing of ffexashook is inconsistent with both
theNarrativewriting and the writing in the speeches.

We cannot present the sophisticated hypothesis-testialysis that produced these con-
clusions, but we can present back-to-back bar charts tiggestithe conclusions drawn. Us-
ing the rate data of Table 1.2, in Figure 1.8, tarrative-Tourand theNarrative-Texaar
chart comparisons are made. Statistically the bar chartth&Narrative versusTour were
judged entirely similar (shown shaded dark): There wereate pairs of bars too derent
to occur just by chance if the same author wrote both. In shanprast, the dierences in
heights for the “an,” “both,” and “this” pairs of bars (showhaded light) are each too large
to have easily arisen by chance if the same author wiretasas wroteNarrative. A similar
bar chart comparison dfarrative with the speeches shows no rate disparities, whereas the
Texasspeeches comparison shows rate disparities for “this™#mdugh” inconsistent with
having a common authorship (see Exercise 5 below).

Narrative Tour

Narrative Texas

Figure 1.8 Back-to-back bar charts of Narrative-Tour and Narrative-Texas comparison.
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Section 1.3 Exercises

1. Bar graphs are sometimes used to compare categories everwelae looking at data other than frequencies. The
table below shows the percentage of foreigners (from thepeetive of the listed country) in the total labor force in
di erent countries in 1991. (For more details on this table Sdatistical Abstract of the United States, 1997.

Country Percentage Country Percentage
United States 9.3 Germany 8.9
Australia 24.8 Japan 0.9
Austria 8.9 Luxembourg 33.3
Belgium 7.4 Netherlands 3.9
Canada 185 Norway 4.4
Denmark 25 Spain 0.4
France 6.2 Sweden 5.5

a. Depict these data using a bar graph. Then make comments disttibution of the data.
b. Explain why the data cannot be displayed in a pie chart.

2. The following table gives the breakdown of total U.S. oil samption (by percentage) by the purposes for which oil
is used:

Use Percentage
Gasoline 43.0
Heating oll 17.0
Industrial fuel oil 12.0
Jet fuel 7.0
Diesel fuel 5.5
Petrochemical 35
Other 12.0
Total 100

a. Construct a pie chart from the data.

b. Construct a Pareto chart.

c. Which is more useful, or are they both useful for éient purposes?
d. What conclusions do you draw?

3. Forty randomly chosen customers were asked to name the bfaodthpaste (labeled A—E) they liked the most.
The preferences showed are as follows:
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a. Use an appropriate graphical tool that facilitates congmaramong brands from most to least popular.
b. Use an appropriate graphical tool that shows clearly ttagtivel preference of each brand of toothpaste compared
to the total for all brands.

4. A sample of employees at an organization start their workafallowing times in the morning:

9:00 9:00 8:30 9:00 8:00 9:30 9:00 10:00 8:30 9:00 9:30 10:00.008
8:00 8:30 9:00 9:00 8:00 800 9:00 8:30 830 8:30 9:00 9:30000:
9:30 8:30 9:00 8:30 9:30 8:30 9:30 9:00 9:00 9:00 9:00 9:30 09:0

Use an appropriate graphical tool that facilitates an aeuromparison of the proportion of employees starting
their work at two di erent times such as 9:@0v. versus 9:3G.Mm.

5. a. Construct two back-to-back bar charts: one forNarative-speeches comparison and the second foiféxas
speeches comparison in the Key Problem and Example 1.6.
b. In part (a), for theTexasspeeches comparison, do the eliences in height for the “this” bars seem unusually
large? For the “though” bars?

1.4 FREQUENCY HISTOGRAMS

In Section 1.3 we constructed bar graphs for categoricallitative) data. We can do the

same thing for quantitative (humerical) data in order talgtthe distribution (shape) of the

data. In this case, each bar represents the number of p€sdhings, observations, etc.) for

which the measured value falls within a certain intervalctsa bar graph for measured data
frequency histogram is called afrequency histogram, or just ahistogram. (The wordhistogramcomes from the

Greek worchistos,meaning pole, because the bars in the histogram look sonéa row

of poles. Histograms appeared as early as 1786.)

The horizontal axis of such a graph shows the intervals obtheerved data values, and

frequency the vertical axis indicates the number of observationshefrequency, within each interval

in the range.

Example 1.7  The Highest Elevation in Each of the 50 States

Consider the highest elevation for each state, shown ineTaldll. We shall construct a
frequency histograrof these elevations in three steps.

Step 1. Divide the range of the data into class intervals of equaltividhe data in Table 1.11
range from 345 (Florida) to 20,320 (Alaska). We choose asctass intervals 0 to 150Q
1500 to 3000, 3000 to 4500, and so on, each of width 1500. The minus signs indicate that
the value 1500 is not included in the rst interval (note ifnsluded in the second); the value
3000 is not included in the second interval but is includethenthird; and so forth.
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Table 1.11 Highest Elevation in Feet

Elevation Elevation Elevation Elevation
State (feet) State (feet) State (feet) State (feet)
AL 2,405 IN 1,257 NE 5,425 RI 812
AK 20,320 1A 1,670 NV 13,140 SC 3,560
AZ 12,633 KS 4,039 NH 6,288 SD 7,242
AR 2,753 KY 4,139 NJ 1,803 TE 6,643
CA 14,494 LA 535 NM 1,161 TX 8,749
CcO 14,433 ME 5,267 NY 5,344 uT 13,528
CT 2,380 MD 3,360 NC 6,684 VT 4,393
DE 442 MA 3,487 ND 3,506 VA 5,729
FL 345 Ml 1,979 OH 1,549 WA 14,410
GA 4,784 MN 2,301 OK 4,973 A 4,861
HA 13,796 MS 806 OR 11,239 WiI 1,951
ID 12,662 MO 1,772 PA 3,213 WY 13,804
IL 1,235 MT 12,799

Source: The Universal Almanac.

Step 2. Count the number of observations in each class intervidle resulting table is a
frequency tableHere are the counts (frequencies):

Class interval Tallies Frequency

0to 1,500 HH
1,500103,000  +H+H H+H

H+H

H+H

3,000 to 4,500
4,500 to 6,000
6,000 to 7,500 1]
7,500 to 9,000 |
9,000 to 10,500
10,500 t0 12,000 |
12,0000 13,500  +HH
13,5000 15,000  ++H |
15,000 to 16,500
16,500 to 18,000
18,000 to 19,500
19,500 t0 21,000 |

Ay
POOOOUIFRPORr,rA~ANOOO-N

The highest elevation in Alabama is 2405, so we put a tallykmmait to the class interval
1500 to 3000. The highest elevation in Alaska is 20,320, so we put a tablykmext to the
class interval 19,500 to 21,000and so forth.

Step 3. Draw the histogram In Figure 1.9 we mark elevations on the horizontal axis. The
horizontal scale runs from 0 to 21,000. We mark frequencynfoer of states) on the vertical
axis. For each class interval we draw a bar whose base isahs iciterval and whose height
is the corresponding frequency.

We natice that the 50 states fall in three separate groupaskal with Mt. McKinley
(elevation 20,320 feet) is in an outlier group by itself. Theldle group (with maximum
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elevations between 11,000 feet and 14,500 feet) consigtsedRocky Mountain states, the
Paci c states, and Hawaii. Finally, the largest group (withximum elevations under 9000
feet) consists of the 37 states east of the Rocky MountainishiWthis group, only Texas
(“TX" in Table 1.11), which borders on the Rocky Mountaingshan elevation above 7500
feet. This is an example of a data set that has explainaldtectuwith gaps between them.

=
o

Number of states

O Fr N W » O O N 0 ©

0 3,000 6,000 9,000 12,000 15,000 18,000 21,000
Highest elevation (feet)

Figure 1.9 Frequency histogram for highest elevation in the 50 states.

Number of states

0 5,000 10,000 15,000 20,000 25,000
Highest elevation

Figure 1.10 Frequency histogram for highest elevation in the 50 states.

You may ask how we chose our class intervals in Step 1. It gelgra matter of common
sense. The number of class intervals should be large enowdjblay the important charac-
teristics of the shape of data but small enough to provide &tteve summary of the basic
shape of the data. Not counting the 4 empty class intervasggnwuped the data in 10 class
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intervals. With fewer observations we would have used fesl&ss intervals. As a general
rule of thumb, 5 to 20 class intervals are usually approeriétt this example we found the
range of the data, 345 to 20,320, then we picked a slightfyelainterval, 0 to 21,000, and
divided it into 14 class intervals of equal width of 1500. Wil just as well have used class
intervals of slightly greater width, say 2000 or 2500. Buivié use too few class intervals,
then we throw away too much information about the shape doigteibution. Unlike a stem-
and-leaf plot, the frequency table of a histogram only rdsdhe number of observations in
each class interval, not the exact value of each data point.

Figure 1.10 illustrates what happens if we use too few clatesvals. Figure 1.10 is not
very informative. Important and interesting informatidroat how the data are distributed is
lost. We can still see that a majority of the states have maximalevation under 5000 feet.
But we have blurred the distinction between the mountaitestand the states east of the
Rocky Mountains. The gap between the two groups has disaggheltigure 1.10 simply has
too few bars to tell the real story of the data.

The next example illustrates the fact that every stem-aaéiglot can be converted into a
frequency histogram.

Example 1.8  Annual Salaries

Look at the stem-and-leaf plot of annual salaries at a cecamnpany to the nearest $1000 in
Table 1.12. By simply enclosing each row (set of leaves) iwithbar, we have a respectable
histogram (see Figure 1.1d)j.

We can also build a frequency table by counting how many ave in each stem (see
Table 1.12) and then draw the histogram from the frequerulg tahowing the frequencies
(the number of leaves) along one axis of the graph (see Figfgb)).

Table 1.12 Stem-and-Leaf Plot of
Annual Earnings (Thousands of Dollars)

Stem Leaf

6,7

9,9,9,2,7,7,8,3,5
4,5,1,2,6,6,3,9
6,9,7,7,7,5,9,8,6,3,0,3,4,8,3
3,5,3,7,7,9

3,2,2,4,4,0,0

7,4

~NOoO O WNBRE

Histograms are usually shown with vertical bars rather thamzontal bars. In that case,
our histogram of the annual earnings becomes Figure 1.1thidrgraph the horizontal axis
scale (salaries in $1000s) has been included to make it wle@h interval in the range of
incomes each bar represents, with the rst interval from,800 to $20,000, and so on.



34 CHAPTER 1 EXPLORING DATA BY GRAPHICAL METHODS

Stem Leaf 16

~NOo g~ WNBRE

@)

0 20 40 60 80
0 1 23 45 6 7 8 9 1011 12 13 14 15 Annual salary ($1000s)

(0) Figure 1.12 Frequency
histogram of Figure 1.11 put

Figure 1.11  Frequency histogram derived from . -
in usual position.

stem-and-leaf plot of Table 1.12.
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Building a histogram from a frequency table whose classwate we chose rather than
from a stem-and-leaf plot has a major advantage. We caryfceelose the width of the class
intervals in a frequency table. In this way we can choose abaumof class intervals that does
a nice job of showing interesting and important aspects efstiape of the data. Stem-and-
leaf plots do not oer the same freedom of choice. For example, the frequentygnam
in Figure 1.9 cannot be derived from a stem-and-leaf plototAer limitation to the use of
stem-and-leaf plots is that they areestive only for small data sets.

Distribution Shapes

We have already seen that stem-and-leaf plots help revealntierlying shape of a data set.
Now we will see how useful histograms are for this purpose.

In 1903 Pearson and Lee published a paper on the laws of iaheeiin humans. They
studied over 1000 English families, relating the heigharspf arms, and length of left fore-
arm of the various family members. Figure 1.13 displaysaufemcy histogram for the heights
of the 1052 mothers in the study. The heights were record#étetoearest quarter of an inch.
We have superimposed a smooth curve approximating thelbsieape of the histogram. The
smooth curve makes the shape easier to see.
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Figure 1.13 Heights of mothers.

The histogram in Figure 1.13 is “bell-shaped,” a very commatcurring distribution
shape. Figure 1.14 displays some common distribution shapl-shaped uniform, U-
shaped right-skewed (or skewed to the right), andleft-skewed(or skewed to the lef}). We
say that guresd) and €) are “skewed” in the direction, right or left, of the longltdtigures
(a), (b), and €) are symmetric.

A |

(a) Bell-shaped (b) Uniform (c) U-shaped

VN

(d) Right-skewed (e) Left-skewed

Figure 1.14 Common distribution shapes.

When we superimpose a smooth curve on a histogram we foclemverall shape of the
distribution and ignore minor irregularities.
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Section 1.4 Exercises

1. One of the histograms sketched below shows the distribudfaage at death from natural causes (heart disease,
cancer, stroke, and so forth). The other shows the distoibudf age at death from trauma (accident, suicide,
murder). Which is which? Explain.

0 100 0 100
Age (years) Age (years)

2. The following data give the per capita (per person) spendisgibution in federal dollars for the 50 states. (For
example, seven states receive an outlay in the $2,200-$R\&9val).
a. Draw a frequency histogram.
b. What are your observations?

Dollars Number Dollars Number
per capita of states per capita of states
2000-2199 1 3400-3599 2
2200-2399 7 3600-3799 1
2400-2599 9 3800-3999 0
2600-2799 6 4000-4199 3
2800-2999 9 4200-4399 3
3000-3199 6 4400-4599 0
3200-3399 2 4600-4799 1
Total 50

Source:U.S. Bureau of CensuStatistical Abstract of the United Statd997.

3. The following data show the time in days between 63 successajor earthquakes. An earthquake is included in
this data set only if its magnitude was at least 7.5 on thetRidtale, or if over 1000 people were killed.

840 157 145 44 33 121 150 280 434 736 584 887 263
1901 695 294 562 721 76 710 46 402 194 759 319 460
40 1336 335 1354 454 36 667 40 556 99 304 375 567
139 780 203 436 30 384 129 9 209 599 83 832 328
246 1617 638 937 735 38 365 92 82 220

a. Draw a frequency histogram, using the class intervals 0 @ 1Q00 to 200, and so on. List the values over
1000 as HI values.
b. What are your observations about the distribution?
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4. Given below are measurements resulting from repeatedtyiogrout an experiment.

75 95 100 10 16 50 26 84 29 80 35 57 27 50 12 51 12 80 29 68
27 84 28 52 53 61 40 94 88 52 54 14 36 64 40 87 28 52 65 31

101 40 93 33 65 33 64 69 44 102 46 95 34 66 99 39 84 44 79 47
37 70 55 72 59 66 44 49 70 56 62 32 62 41 78 49 61 37 80 59
63 42 92 76 67 67 70 73 74 85 77 86 90 76 103 103 90 90 100

a. Construct a histogram using an interval size of 5.
b. Construct a histogram using an interval size of 10.
c. Which of the two interval sizes is more appropriate and why?

5. Given below are the observations from random sampling offauladion.

65 77 31 54 50 73 55 43 30 58 64 39 77 53 63 46
78 65 52 34 52 76 33 62 43 33 51 51 66 48 71 47
72 35 67 61 75 66 49 30 68 50 80 75 70 76

a. Construct a histogram using an interval size of 5.
b. Construct a histogram using an interval size of 10.
c. Which of the two interval sizes is more appropriate and why?

6. The U.S. Geological Survey's National Earthquake InfoioraCenter has published the data shown below on the
magnitude (on the Richter scale) of earthquakes recordettlwide by seismographs in 2005. Earthquakes of
negligible magnitude are notincluded in the rst categémgicating that the interval does not include 0.

Magnitude Number of earthquakes
0" -1 0
1-2 26
2-3 4,636
34 9,154
4-5 13,898
5-6 1,721
6—7 148
7-8 10
8-9 1

a. Construct a histogram.

b. Make your observations.

c. The USGS estimates that several million earthquakes ocoulidwide each year. Explain why the 30,000
recorded earthquakes are not a representative crossrsettiee millions of earthquakes that occur each year.
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7. The percentage of the residents of each of the 50 states wieoatvkeast 65 years old in 2004 are as follows:

Percentage of Population at Least 65 Years Old, by State, 200 4

State Percent State Percent
Alabama 13.2 Montana 13.7
Alaska 6.4 Nebraska 13.3
Arizona 12.7 Nevada 11.2
Arkansas 13.8 New Hampshire 121
California 10.7 New Jersey 12.9
Colorado 9.8 New Mexico 121
Connecticut 135 New York 13.0
Delaware 13.1 North Carolina 12.1
Florida 16.8 North Dakota 14.7
Georgia 9.6 Ohio 13.3
Hawaii 13.6 Oklahoma 13.2
Idaho 11.4 Oregon 12.8
lllinois 12.0 Pennsylvania 15.3
Indiana 12.4 Rhode Island 13.9
lowa 14.7 South Carolina 12.4
Kansas 13.0 South Dakota 14.2
Kentucky 125 Tennessee 125
Louisiana 11.7 Texas 9.9
Maine 14.4 Utah 8.7
Maryland 11.4 Vermont 13.0
Massachusetts 13.3 Virginia 114
Michigan 12.3 Washington 11.3
Minnesota 121 West Virginia 15.3
Mississippi 12.2 Wisconsin 13.0
Missouri 13.3 Wyoming 12.1

Source: Statistical Abstract of the United Sta2G06.

a. Draw a frequency histogram, using the class intervals 58653dinclusive), 6.6 to 7.5, 7.6 to 8.5, and so on.
b. Are there any gaps or outliers?
c. Comment on the smallest and the largest value.

counting variables

1.5 DENSITY HISTOGRAMS

Consider a variable such as the size of a family, the numbehitdren in the family under
16 years of age, or the number of rooms in the family's homee pssible values for such
counting variablesare the numbers 0, 1, 2, 3, 4, ... (called integers). When wehis-
tograms for such variables, we center the histogram bah&gtdssible integer values. To do
so, we use the following class intervals: —0.5to 0.5, 0.5.59 1.5 to 2.5, and so forth, even
though the variables cannot have a value like 0.5.

Example 1.9 Household Sizes

According to the U.S. Census Bureau, a household is any grbpgrsons living together. In
1999 the Current Population Survey studied a represeatatss section of a little more than
50,000 households, obtaining the following distribution.
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Relative

frequency
Size Class interval Frequency (proportion) Percentage
1 0.5t0 15 12,709 0.2503 25.03
2 15t02.5 16,517 0.3252 32.52
3 251035 8,435 0.1661 16.61
4 3.5t04.5 7,521 0.1481 14.81
5 45t055 3,640 0.0717 7.17
6 5.5t06.5 1,251 0.0246 2.46
7 6.5t07.5 425 0.0084 0.84
8 7.5t08.5 169 0.0033 0.33
Over 8 8.5 and above 118 0.0023 0.23
Total 50,785 1 100.00

Source:U.S. Census Bureau.

Because the sample of 50,000 is so large, the percentagesélholds of size 1 in the Cur-
rent Population Survey (25.03%) is likely to be very closéh®percentage of the population
of all 100 million U.S. households that are of size 1. The petage of households of size 2
in the survey (32.52%) is likely to be very close to the petaga of all U.S. households that
are of size 2, and so forth. We can therefore use the surveytdaipproximate very closely
the distribution by size of all U.S. households. Figure islthe resultinglensity histogram
We note that household size data are right-skewed. The dsagailed a density histogram
because the areas of its rectangles add to 100%. We coulasjustll have displayed relative
frequencies (proportions) for the heights, in which casegiteas of the rectangles add to 1. If
the areas of the rectangles add to one, it is still called aitdehistogram.

40

30

20

Percent

10

O —
0 1 2 3 4 5 6 7 8
Household size

Figure 1.15 Density histogram of U.S. households by size.
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In Section 1.4 we learned how to construct frequency histogrdisplaying the general
shape, or distribution, of data sets. Often we want to compao or more distributions.
To illustrate, we compare the age distribution of the popataof Germany with the age
distribution of the population of Kenya. We want to know win&tthe German population is
older than the population of Kenya. We shall use the dataloteTa. 13, taken from the U.S.
Bureau of the Census, International Data Base.
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Table 1.13 Distribution of German and
Kenyan Populations by Age, 2000

Age Millions of Millions of

group Germans Kenyans

Oto 15 13.01 12.99
15to 30 14.41 9.59
30to 50 26.29 5.21
50 to 65 15.64 1.72
65 to 80 10.54 0.72
80 to 95 291 0.11
Total 82.80 30.34

We rst note that, because the population of Germany is atrttuge times as large as
the population of Kenya, there are more Germans than Kerigagech of the age groups in
Table 1.13. But it is not thaumberof Germans of a given age we want to compare with the
numberof Kenyans of the same age. Rather, we want to comparneditentagef the total
number of Germans in each age group withpleecentagef the total number of Kenyans in
the same age group. To make this comparison, we shall cohatdensity histogram for each
population. In this density histograph the class interaaésnot of length one as in Example
1.9. In such density histograms, the areas of the blockserdahan the heights, represent
percentages. We proceed in three steps.

Step 1. Compute the percentage of Germans in each age group byrdjvide number of

Germans in that age group by the total number of Germans amdrthultiplying by 100%.

For example, the percentage of Germans under 15 years o$ fus the relative frequency
times 100%:

13.01
P 0H= 0,
8280 100%= 15.7%

Step 2. Find the height of the histogram bar over each class intebigihg the principle that
Area= Percentage, we use the formula

Percentage Area of rectangles Width Height,

where width denotes the width of the class interval. In otherds

Height= Percent Width .

For example, for the age group from 0 to 15 years (class iatgrwe get for the German
population

Height= 15.7% 15 years= 1.05% per year

Combining the two steps for the German population, we geleTali4.
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Table 1.14 Density Histogram Heights for
Age Distribution of German Population, 2000

Age group Percentage Height
Oto 15 15.7 1.05
15to 30 17.4 1.16
30to 50 31.8 1.59
50 to 65 18.9 1.26
65 to 80 12.7 0.85
80 to 95 3.5 0.23

We note that for a density histogram the class intervalsattave to be of the same size,
as is the case here.

Step 3. Draw the density histogram. We mark age on the horizonta. aXhe horizontal
scale runs from 0 to 100 years. The unit on the vertical axigascentage per year.”

We note that the height of the appropriate rectangle of thgiram tells us the approxi-
mate percentage of Germans of any speci ed age in the reletalgr example, the percentage
of 10-year-olds is roughly 1.05%, and the percentage ofedr-plds is roughly 1.59%. The
percentage of 60-year-olds is approximately 1.26%. Andg#reentage of all Germans who
are between their 5th and their 10th birthdays is roughly1505% = 5.25%, namely, the
area of the shaded block:

1.05

0O 5 10 15

Looking at Figure 1.16, we notice that the two blocks covgthre ages from 0 to 30 years
are not as tall as the two blocks covering the ages from 30 tge@Bs. Thus, assuming a
uniform age distribution within each rectangle, the petaga of Germans of any particular
age between 30 years and 60 years is greater than the pgreeftaermans of any particular
age under 30. For example, the percentage of 40-year-otgiedder than the percentage of
10-year-olds. Essentially, this is because Germans aiadéewer children today than they
had in the past. At the same time, people are living longera Aesult, in 20 years there will
be fewer workers and more retired people than there are tddéyy becomes a serious social
and political problem. It will be di cult for the working people to pay for the health care and
the pensions of the retired people. To maintain their ecaagnowth and standard of living,
the Germans will have to recruit foreign workers—a prospleey do not yet seem to have
come to terms with. Many European countries face the samaegmo Unlike the United
States, many of the European countries do not have a tmadifioecruiting skilled foreign
labor.
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Figure 1.16 Distribution of German population by age, 2000, as shown by a density
histogram.

The age distribution of Kenya tells a very @irent story. The numbers in Table 1.15 are
derived from Table 1.13. Again, the height of the densitydgsam tells us the approximate
percentage of Kenyans of any age. The percentage of 5-ydsisoroughly 2.85%; the
percentage of 20-year-olds is roughly 2.11%; and so on.réigji1 7 shows that the population
of Kenya is very young. As can be computed from the graph, riae half of all Kenyans
are under the age of 20 years. The population of Germany ishrolaer: Around half of
all Germans are 40 years old or older. While the populatioefmany is shrinking, the
population of Kenya is growing rapidly, mostly because ththtrate is high. If the current
rate of growth persists, the population of Kenya will doublsize in 30 years.

Table 1.15 Density Histogram Heights for
Age Distribution of Kenyan Population, 2000

Age group Percentage Height
Oto 15 42.8 2.85
15to 30 31.6 2.11
30to 50 17.2 0.86
50 to 65 5.7 0.38
65to0 80 2.4 0.16
80to 95 0.4 0.03

Percent per year

0O 10 20 30 40 50 60 70 80 90 100
Age (years)

Figure 1.17 Distribution of Kenyan population by age, 2000, as shown by a density
histogram.
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The statistical lesson here is that the density histograam igleal tool for comparing the
distributions of a variable in two settings, such as the aggeibutions of Germany and Kenya.

Section 1.5 Exercises

1. Use Table 1.14 and Figure 1.16 to answer the following gaestabout the population of Germany.
a. What percentage of Germans are under 30 years of age?
b. Estimate the percentage of Germans who are at least 30 ydabsibnot yet 40 years old.
c. Estimate the percentage of Germans under 40.
d. Are there more 10-year-olds than 40-year-olds?

2. Use Table 1.15 and Figure 1.17 to answer the following qoestabout the population of Kenya.

a. Is the percentage of 10-year-olds in Kenya much smaller,thhout the same as, or much greater than the
percentage of 40-year-olds?
What percentage of Kenyans are under 30 years of age (aggamimform age distribution within a rectangle)?
Estimate the percentage of 16-year-olds.
Estimate the percentage who are at least 15 years old, byehd8 years old.
Estimate the percentage who are under 18.

cao o

3. Below is a density histogram for the age distribution of th& Upopulation in 2000:

Percent per year

0
0O 10 20 30 40 50 60 70 80 90 100

Age (years)
Source: U.S. Census Bureau, Year 2000.

a. The percentage of 40-year-olds is around
1% 1.5% 15% 30% 45%
(Choose one option and explain.)

b. The percentage who are at least 30, but not yet 50, is around
1% 1.5% 15% 30% 45%

c. The percentage of 55-year-olds is around
1% 1.5% 15% 30% 45%

d. The percentage who are at least 50, but not yet 65, is around
1% 1.5% 15% 30% 45%

e. The percentage who are at least 30, but not yet 65, is around
1% 1.5% 15% 30% 45%

. Does the United States have rapid population growth likeyideslow growth, negative growth like Germany, or
something else?

4. In a medical study the systolic blood pressure (i.e., theguee while the heart is contracting and pumping blood)
of a couple of thousand young women was measured. The ursufdr measurements is “millimeter of mercury”
(mmHg). The gure below is the density histogram for the data
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Percent per mmHg
SO P N W b
1 1 1 1

90 100 110 120 130 140 150 160
Systolic blood pressure (mmHg)

. How would you describe the shape of the histogram?
. The percentage of women with blood pressure between 90 mméigs0 mmHg was around

1% 20% 50% 80% 99%
(Choose one option.)

. The percentage of women with blood pressure under 120 mmlidgveaind

1% 20% 50% 80% 99%

. The percentage of women with blood pressure over 130 mmHgweasd

1% 20% 50% 80% 99%

. The percentage of women with blood pressure between 105 mant#i§ 10 mmHg was around

1% 2% 5% 10% 20%

. Does the United States have rapid population growth likeyideslow growth, negative growth like Germany, or

something else?

5. The projected age distribution of U.S. presidents in 205@jgeted by the Census Bureau, is shown below:

Age group Number of people
(in years) (in millions)
Under 10 years 55.6
10 19 53.5
20 29 52.6
30 39 52.8
40 49 50.0
50 59 46.2
60 69 42.8
70 79 32.6
80 89 231
90 99 9.5
100 109 1.2
Total 419.9

a. Construct a density histogram.
b. Compare the density histogram with the density histograrBxarcise 3. Is the population getting older or

younger?

6. A major attraction at Yellowstone National Park is the ermuptof the geyser Old Faithful. The following table

summarizes a sample of 400 times (in minutes) between engpti
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a. Construct a density histogram.
b. What percentage of the time was the waiting time less tharoarth

Time (minutes) Frequency

30-39 4
40-49 15
50-59 85
60-69 49
70-79 15
80-89 211
90-99 18
100-109 3

7. Major active volcanoes in Alaska have the following heigittsve the sea level:

4,265 3,490 4,450 3,995 150 5,315 2,560 7,985 5,710 3,545705,35,775 10
140 8,185 2,945 4,450 7,540 885 4,025 4,885 3,945 6,050 7,26520 2,759
3,540 8,960 7,050 5,030 7,545 10,265 2,015 3,465 9,430 01,0015 11,413 6,830

8,450 6,965 5,055 1,980

Construct a density histogram using the class intervalsl®@® , 1000 to 2000, and so forth.
8. The following are the 1Q scores of 50 randomly sampled undehgates:

124 106 108 87 114 102 132 117 99 102 128 119 105 84 93 135 110
97 103 130 92 103 102 116 93 111 88 109 108 142 90 130 107 109
114 98 103 136 110 107 40 109 115 147 113 119 115 125 128 98

Construct a density histogram using the class interval® 80t, 90 to 100 , and so forth.

9. A company had 105 sales last year, grouped by price as fallows

Price range Number of
(in thousands of dollars) products sold
0-50 21
50-100 47
100-150 15
150-200 12

200-250 10
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a. Construct a density histogram. Describe the shape.
b. Estimate the total annual salddint: Make the rough approximation that the cost of every item ésrttidpoint

of its interval.

10. The distribution of a company's stock to shareholders atiogrto the number of shares held is as shown in the

following table:

a. Construct a density histogram.
b. How would you describe the shape of the distribution?

Number of Percentage of
shares held stockholders
0-25 39
25-50 27
50-100 20
100-500 12
500-700 2

1.6 MISUSING STATISTICS

Graphical displays can easily be used to give misleading rongyimpressions about the
world. This happens all too frequently in books, reportditios, advertising, and the media.
In this section we present examples of how statistical tieghes have been misused, so you
will not be misled as easily when you encounter statistiasewspapers or magazines or on
radio or television. Hopefully, you will also be better abdanterpret them correctly.

Many of the misuses of statistics are achieved by graphistdidions, but there are other
ways as well.

The Area Fallacy

In most of the bar charts and histograms constructed in thapter, the widths of the bars
were equal. Only the heights dired from bar to bar. Thus, the area of each bar represented
the relative contribution of that bar, just as the height dithe of the most common forms

of distorted graphical presentation is a gure in which thegth(or height) of each symbol
accurately indicates the quantity the gure is supposecdefwresent, but tharea does not.
This type of distortion often occurs in media stories in vhhtbe statistics of interest are
numbers of people. For example, suppose that the story ist @he di erent numbers of
police o cers per thousand residents in three cities:
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City X City Y City Z
11 2.2 3.3

35
3.0
25
2.0
15 City X
1.0 1.1/1000 City'Y
0.5 2.2/1000
0.0 City Z
City X CityY City Z 3.3/1000

(a) Police officers per thousand residents (b) Police staffing: A tale of three cities

Figure 1.18 Two ways to display statistics about numbers of people: (a) truthful but
boring bar chart; (b) lively but misleading pictorial.

A fair bar chart of these data is shown in Figure 1.18(a), bahynnewspapers would
instead use a “livelier” display of drawings of people, sasha chart using stylized gures
of police o cers with heights proportional to the numbers, as in Figut&(b). The o cer
for City Z is correctly three times as tall as the cer for City X but (because the gures
are similarly shaped) three times as wide as well, and tbexe¢he o cer for City Z looks
ninetimes as large. Worse yet, the gures are not placed on the &mseline, obscuring the
proper (height) relationship among them even further.

This kind of distortion is often not a conscious attempt toadee the reader, but rather a
thoughtless attempt to make the graphic display eye-aajdhy substituting pictures for text
and abstract bar shapes.

The Missing Baseline

A reader glancing at a bar graph is likely to base a rst impi@s on the assumption that
the vertical scale in the graph extends all the way to zeroabese that is the way we think
of graphs. Often, however, much of the bottom of the verscalle is cut 0. Such a graph
makes a dierence look far more dramatic than it really is. We illustraith an example.
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Example 1.10 The Most Expensive Big Cities for Drivers

Figure 1.19 appeared ldSA TodayMay 3, 1995. Once you hafeundthe bar graph among
all the cartoon cars, buildings, and seagulls (called ‘ctiatter” by Edward R. Tufte, one of
the world's experts on ecient and appropriate display of information), you mighnkhthat
you could cut your driving expenses by almost two-thirdsibing and working in Hartford
rather than Los Angeles. In fact, you would save only abodb 14ee Figure 1.20 for an
undistorted impression).

Figure 1.19 Bar graph of driving expenses (cents per mile) in various U.S. cities
(Source: USA Today, May 3, 1995).
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Figure 1.20 Correctly drawn bar graph of the driving expense data in Figure 1.19.
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The intention behind these graphs, as with the graphs tleapigtures instead of bars, is
often not malicious. Graphic designers are trying rst dftal make their displays attract
the reader's attention. Parts of a graph that show a charigk ttee eye. Parts that do not
show a change are often regarded as boring and a waste ddydspdce, even though they
are needed if they are to make an impression that agrees edtiyr In fact, the missing
baseline approach is so universally used in the media tresiomply must train oneself not
to be fooled by it.

The Combination Graph

Sometimes the changes in two drent measurements over time are shown on a single graph,

combination graph called acombination graph. Such a graph can be very useful for giving a view of how one
quantity may be aecting another (later in this book we will discuss statatiechniques for
determining the amount of in uence of one variable on angth&ach of the two graphs,
however, is susceptible to the zero point fallacy just desc. By carefully choosing the
scales and vertical placement for the two plots, a preseatemake an impression, or its
opposite, that has nothing to do with the data.

Example 1.11  SAT Scores versus Public School Funding

Suppose one wishes to assess the in uence of public edacgiEnding on student prepared-
ness for college. Table 1.16 shows the amount of money sgequpil on public education
in the United States for school years ending between 1990.888. Table 1.17 shows the
national average composite SAT (Scholastic Aptitude Tieshtnow called the Scholastic
Assessment Test) scores for college-bound students tékéntgsts over the same range of
years.

Table 1.16 Per-Pupil Expenditures on Public Education

School year Per-pupil expenditures on elementary and

ending secondary education,1997-1998 dollars
1990 6591
1991 6626
1992 6587
1993 6587
1994 6633
1995 6676

Source: New York Times Almanac 20868.

Table 1.17 National Average
Composite SAT Scores

Year Average composite SAT score, all students
1990 900
1991 896
1992 899
1993 902
1994 902
1995 910

Source:U.S. Department of Educatiofthe Condition of Education 1996,
Indicator 22.
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Figure 1.21 shows three combination graphs constructed fin@ data in Tables 1.16 and
1.17. Figure 1.21(a) might have been prepared to supportteteaopposing increases in
public school funding by suggesting that SAT scores havagha little. Figure 1.21(b), on
the other hand, might have been prepared to support areartiptaise of increased per-pupil
spending by suggesting that SAT scores have greatly inedeas a consequence. In both
graphs, a wide range is used for the measurement the presentts to look unchanged,
whereas a narrow range is used for the measurement thatakenper wants to make dra-
matic. Figure 1.21(c) is an impartial plot of the same dathjeved by starting both scales at
0. Neither measurement changed dramatically in this gnaplch is the point to be made.

One might wonder whether these two indices are the bestaaditwhether public school
funding directly in uences how well students are prepareddollege. Rather than the per-
pupil expenditure for only the year in which the test is takeme might construct an index
based on averaging the secondary school expendituresristact dollars) for the 4 years
before the student took the test, for example. Further, asdex of college preparedness in
a given year, one might use an index based on college perfmenrather than on a test used
in college admissions. See also Example 1.15.

School Expenditures Take Off;
SAT Scores Hardly Budge
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Per-Pupil Expenditures for Public Schools and
Mean Composite SAT Scores, 199091995
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Figure 1.21 Combination graphs of per-pupil public education expenditures in constant
dollars versus composite SAT scores.

Other Tricks

There are a few other ways a graph can be misleading in addaithe ways we have dis-
cussed. For example, a pie chart is often shown at an angtekorhore like a pie. The
wedges on the front facing the reader then look wider thamvéiiges on the sides.

Sometimes the distortion does not depend on the graph. Neamhardices can be com-
puted in a variety of ways. It is not dicult to construct an index that makes the point one
wants to make “statistically” no matter what the facts of siteation are.

Example 1.12  How Fast Can You Read?

A speed reading training school once used in its advertists@ereading index that measured
reading level by the score on a test of “comprehension” pligd by the reading speed.

Measured by that index, “readers” who learned to skim overtéxt extremely rapidly
could show much higher reading level scores after compgletie course than before they
took the course, even if they comprehended far less of whatamathe page than they did
when reading at their ordinary pace before taking the course
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We shall nally illustrate how a comparison of overall avges for two (or more) data sets
can give misleading impressions.

SIMPSON'S PARADOX

In 1987, the U.S. Department of Transportation made it aireqent that airlines report
each month what percentage of all their ights into the nalsB0 busiest airports arrived
on time. Major newspapers published these statistics, alivtea with a high percentage of
on-time arrivals began advertising the fact. But a compar two airlines' overall on-time
percentages can be misleading.

Each airline's overall on-time rating depends on its perfance at 30 airports, but the
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rating is determined mainly by the airline's performancétet airports it serves frequently.
The ratings therefore favor airlines that mostly y in and ofifair-weather airports, and the

ratings are disadvantageous to airlines that serve chisften have bad weather.

We shall illustrate this by comparing the on-time perforegm June 1991 of America
West Airlines with that of Alaska Airlines at ve of the thirtbusiest airports that Alaska

Airlines served in Table 1.18.

We shall compute each airline's on-time percentage at eattheove airports in Table

1.19.

Table 1.18 Number of Flights on Time and Delayed for
Alaska Airlines and America West Airlines in June 1991

Airline Alaska Airlines America West
Destination On Time Delayed On Time Delayed
Los Angeles 497 62 694 117
Phoenix 221 12 4840 415
San Diego 212 20 383 65
San Francisco 503 102 320 129
Seattle 1841 305 201 61

Source:Arnold Barnett. 1994. How numbers can trick yd@chnology Reviev@7 (7): 38—45

Table 1.19 On-Time Percentages for Alaska Airlines and
America West Airlines in June 1991

Airline Alaska Airlines America West
Relative Frequency Relative Frequency
Destination On Time On Time
Los Angeles % = 88.9% gillll = 85.6%
Phoenix % = 94.8% %:g: 92.1%
San Diego g—;g = 91.4% % = 85.5%
San Francisco Z—gg = 83.1% % = 71.3%
Seattle %: 85.8% % = 76.7%
Five-City Total %;g = 86.7% gg—gg = 89.1%
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We notice the surprising fact that, whereas Alaska Airlineperformed America West
Airlines in on-time arrivals at each of the ve airports, Anea West had a better overall
on-time percentage when we combined the ve cities. Thisn¢etintuitive result is due to
the fact that 73% of America West Airlines' ights landed iars-drenched Phoenix, whereas
73% of Alaska Airlines' ights landed either in foggy San F@sco or in rainy Seattle.

As aresult, America West Airlines' overall on-time percage (89.1%) is close to America
West Airlines' on-time percentage in Phoenix (92.1%), ardska Airlines' overall on-time
percentage (86.7%) is close to Alaska Airlines' on-timecgatage in Seattle (85.8%). The
fact that Alaska Airlines' ights even outperformed AmeaidVest Airlines in Phoenix has
little e ect on Alaska Airlines' ve-city average because only 6% dagka Airlines' ights
landed in Phoenix. What we have here is an exampl8iofpson's paradox.Simpson's
paradox occurs when the combined data show one patternubgtaips show a derent
pattern.

Simpson's Paradox

Simpson's paradox refers to the reversal of the directicm@mparison when data from
several groups are combined to form a single group.

When we compare the on-time performance of Alaska AirlimekAmerica West Airlines,
the airport being served is a so-calledking variable , a factor lurking in the background,
in uencing the comparison, but not taken into account inralleratings. If we ignore the
lurking variable and look at overall on-time performancendtica West Airlines seems to
do better than Alaska Airlines. But when we take the lurkiagiable into account and look
at the individual airports, we discover that Alaska Airknis the one with the better on-time
performance.

We shall give another example of Simpson's paradox.

Example 1.13  Is Smoking Good for You?

A study on thyroid and heart disease among women in Whicklaanarea in England, was
conducted from 1972 to 1974. Twenty years later, in 1994llavfeup study of the same peo-
ple highlighted an interesting relationship between smglkind death. Of the 1314 womenin
the original study, 28% (369) were dead 20 years later. Hew®f those women who were
smokers originally (582), only 24% (139) had died, while 3(280) of the nonsmokers (732)
had died.

The study seems to imply that smoking helps people stay,dliviethat is obviously not
true. The lurking variable turns out to be age. There wereynmare old people among
the nonsmokers than among the smokers. In fact, 26% of thenmokers were 65 or older,
whereas only 8% of the smokers were 65 or older. So, many maremokers than smokers
died of causes related to old age. This accounts for the higberall death rate for the
nonsmokers.
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controlling for age

In Table 1.20 we categorize the women as either young (18 e84 old), middle-aged
(35to 64 years old), or old (65 years or older). We can thengarmthe young smokers with
the young nonsmokers, the middle-aged smokers with thelezalged nonsmokers, and the
old smokers with the old nonsmokers. Statisticians cadl¢bitrolling for age.

Look rst at the women who were young (18-34) in 1974. Almdsweere still alive 20
years later, whether they smoked or not. Look next at the woawer 65. Most of them
(about 85-86%) were dead 20 years later, again, whethestheked or not. However, there
is a sizeable dierence in the death rate between the smoking and nhonsmokimgmwwho
were middle-aged (35—-64) in 1974, that is, 26% of the smolkenmipared to 18.4% of the
nonsmokers, were dead.

The original article broke the middle-aged group down ifieé groups: 35 to 44 years
old, 45 to 54 years old, and 55 to 64 years old. In each age ghmupmokers had a higher
death rate than the nonsmokers. But when we combine all tlikems in the study and
combine all the nonsmokers in the study, then the nonsmdieates a higher death rate than
the smokers. This reversal is an example of Simpson's parado

Table 1.20 20-Year Death Rates of Smoking and Nonsmoking Women

Smokers

Age Category Number Proportion in  Number Dead  Proportion

in 1974 in Category Category in 1994 Dead in 1994

18-34 179 0.31 5 0.028

35-64 354 0.61 92 0.260

65+ 49 0.08 42 0.857

Totals 582 1.00 139 0.239
Nonsmokers

Age Category Number Proportion in  Number Dead  Proportion

in 1974 in Category Category in 1994 Dead in 1994
18-34 219 0.30 6 0.027
35-64 320 0.44 59 0.184
65+ 193 0.26 165 0.855
Totals 732 1.00 230 0.314

Source:D. R. Appleton, J. M. French, and P. J. Vanderpump. 1996.
Ignoring a Covariate: An Example of Simpson's Paradiixe American Statisticiars0: 340-341.
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Our next example looks at a comparison of two medical treatsfer kidney stones. The
lurking variable turns out to be the size of the kidney stone.

Example 1.14

A medical study compared the success rates of two metho@sraiving kidney stones. The
investigators looked at 350 patients who had undergone spegery (Treatment A). They
compared them with 350 patients who had had a hollow tubetetsénto their kidneys
through small incisions in their backs and had had the kicsteges removed through the
tube (Treatment B).



Simpson's Paradox 55

Open surgery had a success rate of 78% f253), whereas Treatment B had a success
rate of 83% (28850), an improvement over open surgery. So, Treatment Bstebe more
e ective than Treatment A. But, if we take the size of the kidsieye into account, we get a
di erentresult, as shown in Table 1.21.

Table 1.21 Success Rates, Controlling for Size of
Kidney Stone

Treatment A Treatment B
81 234
Small Stones — = 93% — = 87%
87 ° 270 0
192 55
- = 0, —_— = 0,
Large Stones 63 73% 0 69%

Source:S. A. Julious and M. A. Mullee. 1994. Confounding and Simgson
ParadoxBritish Medical Journal 309: 1480-1481.

According to the data presented in this study, open surgeeafment A) is more eactive
than Treatment B, both for patients with small kidney staaregfor patients with large kidney
stones. The reason that the overall success rates gavepbsitegmpression is that most of
the large kidney stones were removed using open surgerygatienost of the small kidney
stones were given Treatment B. So open surgery was used dtelthe more di cult cases
(the large stones), whereas Treatment B was used to treataiite easy cases (the small
stones). That obviously biases the comparison againstsayrgery and in favor of Treatment
B.
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Our nal example has important implications for educatibpalicy.

Example 1.15 Those Misleading SAT and NAEP Trends

In 2002 the average SAT Verbal score had not improved ovet ithad been in 1981. The
NAEP (National Assessment of Educational Progress) rgestiores for 9-year-olds, for 13-
year-olds, and for 17-year-olds were up only marginallyrdatie same period. Critics of the
American educational system took this as evidence that afdlse money invested in public
education between 1981 and 2002 had been wasted. In his Magf03, column, George
F. Will stated in his usual erudite manner, “This refutes dleable delusion that schools'
cognitive outputs vary directly with nancial inputs.”

But when we break down the SAT and NAEP data into ethnic suljggica di erent picture
emerges: Minorities have improved their averages corsiiderin fact, each of the major eth-
nic categories used by the College Board shows an increaseias from 1981 to 2002. For
example, although the overall average Verbal SAT score wabkanged from 1981 to 2002,
Whites were up 8 points on average, African Americans wergupoints on average, Asian
Americans were up 27 points on average, Mexican Americame we 8 points on average,
Puerto Ricans were up 18 points on average, and Native Aarerizere up 8 points on aver-
age. This is exactly the kind of improvement that the monggsted in public education was
supposed to achieve!



56

CHAPTER 1 EXPLORING DATA BY GRAPHICAL METHODS

But how can it be that all the ethnic groups that make up thiomalt average have im-
proved, but the overall national average score is unchahgéidks is yet another example of
Simpson's paradox. In this case, the explanation is thegihgrcomposition of the SAT test-
takers. Minority students now make up a much larger pergentd college-bound seniors
than they did in 1981. A lot of minority students who would meatve dreamed of going to
college 25 years ago, had they been of college age then,dag pdanning to go to college.

The reason that the overall SAT averages have not improviihighe group of college-
bound seniors has become more inclusive than it was 25 ygarsAnd although minority
scores have improved signi cantly over the years, they tilleslatively low (except for the
Math scores of Asian Americans).
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Of course, the speci ¢ ways presented here of distortingitigerlying truth of the data are
just a sampling of the many ways that casually or dishongstgented and casually exam-
ined statistical information can mislead us. The goal of thiktbook is to imparstatistical

statistical literacy literacy. One aspect of statistical literacy is to not be easily ndiélg improper conclusions

drawn from data, often supported by false ways of interpgegind displaying data.

Section 1.6 Exercises

. A commercial released by an automobile company says, “Mipetcent of all our cars sold in this country in the

last 10 years are still on the road.” This gives the impres#iat the company's cars are built to last. Explain how
this commercial can mislead, especially if the companysshave rapidly increased from year to year over the last
10 years.

. The average weekly earnings of men in a certain company i8 886 that of women is $710. Draw a bar chart that

visually exaggerates the dérence in the salaries.

. A manager who has achieved a small growth in sales over th& gaars wants to show his performance in a better

light.
a. What trick might he adopt when he is showing his performamaglgcally?
b. If he has had a steep decrease in his sales, what trick mighgehehen showing his performance graphically?

. The U.S. map (distributed recently by First National BankBaiston) purports to show what portion of income

earned by U.S. citizens was being taken and spent by thedlegtsrernment. The shading is to indicate that federal
spending has become equal to the total incomes of all peepiding in the states west of the Mississippi River,
except Louisiana and Arkansas. This map certainly giveswadistorted picture. Can you gure out why? Is the
federal governmentin fact spending an amount that is ouétheentire income of its citizengint: What do you
know about the population densities of various states?
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5. The market share of a toothpaste company for the past fews hearbeen as shown in the accompanying gure. This
is an honest bar graph with no intention to mislead. But howtba performance be represented so that it seems
better than it actually was? Hint: Would you begin the veitaxis from zero?

Market Share (%)

Tol © ~ [ce] D
D D D D D
D D D D D
- - - - -

6. The pro t or loss made by a company in the last 5 years is asvd|

Year Protor loss ($)
1995 97,563
1996 28,576
1997 30,379
1998 41,274
1999 49,273

Note that the company had a loss in the year 1995. The chacbthpany publishes to show this data is shown
in the accompanying gure.
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Profit/Loss

o (o] N~ 0] (o2}
[*2] ()] ()] (o)) (e2}
(o] (o] (o] (o] (e}
— —l - — —

a. What is misleading about this bar graph?
b. Draw an appropriate graph. (Hint: For a negative amounthkebar lie below the axis.)

7. A government agency reports population trends and valugefey services on the same graph, similar to those
shown for SAT scores and school funding in Figure 1.21. Tha dee as shown in the following table.
a. Graph these data in a way that makes the government agericigédter than it should.
b. Graph it honestly.

1960 1970 1980 1990 2000

Government spending
(in billions of $) 6.4 6.45 6.51 6.54 6.57
Population (in millions) 92.1 96.4 100.1 1125 120.1

c. Propose an appropriate index (a statistic) to measure vhlagency services adjusted for population growth.

8. Find examples from newspapers, magazines, and similariaatef presentations of statistics that are subject to
the kinds of misinterpretation presented in this section.

9. Imagine that the marketing department of a corporation svemmislead people as to how the increasing market
share of the rm has changed over the decades. The graph tbdyged is shown here.
a. Why is this graph misleading?
b. Redraw the graph so that a fair visual image is presented.
c. Think of another example where such a trick can be used.
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Market Share (%)
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10. Discuss whether the accompanying graph (a similar grapbapg in a major national magazine) fairly represents
the price increase of gasoline at the pump over several.years

Price per Gallon of

Gasoline, with Tax
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11. Here are the batting performances of Barry Bonds and Mark WMo&for their rookie season, 1986, and for 1998,
when both players were at the top of their game. A player'tirgaiverage is his number of hits, divided by his
number of times at bat.
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CHAPTER 1 EXPLORING DATA BY GRAPHICAL METHODS
Barry Bonds Mark McGwire
Year At-Bats Hits At-Bats Hits
1986 413 92 53 10
1998 552 167 509 152
Combined 965 259 562 162
a. Compute Barry Bonds's batting average for 1986.
b. Compute Mark McGwire's batting average for 1986.
c. Who had the higher batting average in 19867
d. Who had the higher batting average in 1998?
e. If we combine the scores for the 2 seasons, who had the ohéghkr batting average?
. Explain the reversal in terms of how much each player playethd his rookie season.
We shall compare the survival rates for surgery patientsshaller rural hospital and those at a large teaching

hospital in a big city. We control for the diculty of the surgery.

Simple Surgery Complicated Surgery

Outcome Rural City Rural City
Died 36 60 15 160
Survived 864 1940 85 1840
Total 900 2000 100 2000

. What is the overall survival rate for surgery patients atrtiral hospital?

What is the overall survival rate for surgery patients atdityg hospital?

Which hospital has a higher overall survival rate?

Which hospital has a higher overall survival rate for singlegery patients?

. Which hospital has a higher overall survival rate for corgied surgery patients?

Explain the reversal in terms of the percentage of the pistigreach hospital who require complicated surgery.

- ® 20 Too

CHAPTER 1 SUMMARY

A variable is a characteristic that changes from individual to indixtlin a study.
Numerical variablestake numerical values. (Examples: height, income, 1Q.)

Categorical variablesplace each object (or person) in one of several groups ogcaés.
(Examples: gender, religion, state of residence.) If thegaries areanked, then the variable
is said to beordered or ranked categorical.

The pattern of variation of a variable in a study is calledligdribution. Itis usually described
by a table, graph, or formula that tells us what values thealite takes and how often they
occur.
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Categorical data are best displayed#r charts (sometimedareto chartswhen the bars
are ordered from tallest to shortest)pie charts.

Quantitative data are displayeddotplots, stem-and-leaf plotsor frequency histograms.
We look for symmetry or skewness.We also look forgapsand resultingclustersin the
distribution and exceptional valuesutliers).

Histograms foicounting variablescenter their rectangles of width 1 at the integers 0, 1, 2, 3,

A histogram issymmetric if its left and right sides are mirror images of each othexa(i-
ples: bell-shaped, uniform, U-shaped.)

The histogram isight-skewed (skewed to the right, positively skewed) if it has a long tail
the right.

The histogram i¢eft-skewed(skewed to the left, negatively skewed) if it has a long taitte
left.

Density histogramsare very useful for comparing how a variable is distributedlii erent
settings.

Displaying a data set is not an end in itself. The purpose ohdlisplays is to help us
recognize the overall pattern of the data so that we can stadet the information contained
in the data.

Beware of picture graphs and distorted scales!

A lurking variable in a comparison is a factor lurking in the background, in g&rg the
comparison, but not initially taken into account.

Simpson's paradoxrefers to the reversal of the direction of a comparison whesia érom
several groups are combined to form a single group. Morergépene have an example of
Simpson's paradox if the combined data show one patterrthbigubgroups show a dérent
pattern.

CHAPTER REVIEW EXERCISES

1. Here are the speeds of cars traveling down a street with ictestspeed zone when school children are present:

28 26 29 27 22 24 23 29 34 24 23 22 27 26 22
36 54 29 28 16 41 34 27 29 20 21 34 29 21 28

a. Construct a stem-and-leaf plot.
b. Is the shape what you would expect?

2. The following data were collected to determine whether tm@nce that a horse will win a race is in uenced by its
starting position. Data represent 134 races, each withtlgx@ight horses in the starting line-up. Starting position
is closest to the rail on the inside of the track.
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4. A sequence of 300 pseudo-random digits (the 10 digits arppgear random and hence each should have the same

CHAPTER 1 EXPLORING DATA BY GRAPHICAL METHODS

Starting Position
1 2 3 4 5 6 7 8
Number ofwins 29 19 18 25 17 10 15 11

Source: New York Posugust 30, 1955, 42.

a. Draw a pie chart for the data.
b. Draw a bar chart.
c. Can you see any apparent relationship between the chanaésrifng and the starting position?

Identify whether the following statements are true or fats®l give reasons why they are true or false.

a. In a frequency histogram, the height of a bar is always equidd frequency of the class the bar represents.

b. In a density histogram, the area of each bar equals the gageof observations in the corresponding class
interval.

likelihood of occurring) was generated on a Casio calculato

Digt 0O 1 2 3 4 5 6 7 8 9
Frequency 25 28 29 35 35 31 27 33 32 25

Source:l. R. Dunsmore, F. Daly, and the M345 Course Team. 1987. M34fis8cal
Methods, Unit 9: Categorical data: In Milton Keyn&@$ie Open Universityfable 1.5.

a. Construct a pie chart and a bar chart.
b. What can you infer, if anything?

People have noticed that sports teams tend to do better & hotheir own stadiums than when they play in their
opponents' stadiums. Part of the reason may be the fargteon the referees. To study this possibility, videotape of
a particular soccer match was shown to 11 experts, 5 of whora sfewn the videotape with the crowd noise (the
“noise” group), and 6 of whom watched without any sound (the fioise” group). Each person judged 52 incidents
in which there may have been a foul, and all were asked to desftther a foul had occurred. (A. Neville, N.
Balmer, and M. Williams. 1999. Crowd in uence on decisionsAssociation footballThe Lancetyol. 353.)

In half of the incidents, all the experts agreed. For the oitladf of the incidents, the following were the results:

n Potential fouls against the home team: 61% were deemedtigulse “no noise” group, and 47% were deemed
fouls by the “noise” group.

n Potential fouls against the visiting team: 36% were deernalsfoy the “no noise” group, and 58% were deemed
fouls by the “noise” group.

a. Look at the data on the potential fouls against the home tefhat does the fact that the “no noise” group
decided there were more fouls than the “noise” group sugajestit the eect of crowd noise on the experts'
judgments?

b. Look at the data on the potential fouls against the visiteent. What does the fact that the “no noise” group
decided there were fewer fouls than the “noise” group sugajesut the eect of crowd noise on the experts'
judgments?

c. Does it appear that crowd noise biases the experts' judgindator of the home team, in favor of the visiting
team, or neither?

d. For the potential fouls against the home team, the refereieiactual game decided that 53% were fouls. Were
the referees’ decisions closer to the “noise” group or “ns@bgroup?

e. For the potential fouls against the visiting team, the msderin the actual game decided that 60% were fouls.
Were the referees' decisions closer to the “noise” groumorrioise” group?
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. Overall, does it appear that the crowd noise tends to leackfeeces to favor the home team?

6. In a histogram, explain how the selected width of the claksval a ects
a. the preservation of important details contained in theipaldata.
b. accidental irregularities in the heights of the bars thstadt the true overall pattern or shape of the data.

7. The frequency table that follows shows the number of chiigver household for 50 households interviewed in a
survey.

Number of children f Percentage
0 3
1 8
2 26
3 10
4 2
5 0
6 1
Total 50

a. Complete the third column to show the percentage of famili¢is each number of children.
b. Construct a density histogram of the data. (Center eachngld at an integer: 0, 1, ..., 6.)
c. From your graph in part (b), nd the proportion of familiesuiag two or fewer children.

8. Here are data on average fuel economy and average vehiclegzerprice for all cars made by a certain automobile
manufacturer in selected years.

1970 1975 1980 1985 1990 1995

Fuel economy (MPG) 16.8 19.2 23.1 25.1 25.9 25.7
Price (thousands of 1995 dollars) 15 16.5 18.1 19.2 20.5 15

a. Using combination graphing (see Figure 1.21), draw a grhphstresses gains in fuel economy while deempha-
sizing rising prices.

b. Draw a combination graph in a way that a political group wamtio stress poor advances in fuel economy and
the high price of cars might draw the graph.

c. Draw it honestly.

9. Identify the true and false statements among the followiatements, and give reasons why they are true or false.
a. Ina bar chart for categorical data, the width of the bars important, but the choice of width is important in the
case of a histogram for quantitative data.
b. A histogram is used to display the distribution of quanitiatiata such as measurements or counts.
c. In a histogram, all the bars must touch each other, but in gtagh for categorical data they need not do so (see

Figure 1.20).

10. The following data concern 40 heavy men, each weighing at 225 pounds. Their cholesterol levels (measured
in milligrams per 100 milliliters) were recorded and werdeggrized as belonging to either the Type A behavior
category or the Type B behavior category. (Type A behavicharacterized by urgency, aggression, and ambition,
whereas Type B behavior is characterized as relaxed, nguetitive, and less hurried.)
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Type A 233, 291, 312, 250, 246, 197, 268, 224, 239, 239, 258,234, 181, 248, 252,
behavior: 202, 218, 212, 325

Type B 344, 185, 263, 246, 224, 212, 188, 250, 148, 169, 225,242, 252, 153, 183,
behavior: 137, 202, 194, 213

Source:S. Selvin. 1991Statistical Analysis of Epidemiological Dathlew York: Oxford University Press, Table 2.1.

a. Construct a back-to-back stem-and-leaf plot for Type A biltaand Type B behaviorHint: Drop the ones
digits. For example, 188 becomes 180; then 180 is assignaddréds stem of 1 and a tens leaf of 8.
b. What do you infer?

11. In a national survey, men were asked why they exercise. Hertha reasons they gave:

Percentage
Reason responding
Health 51
Stress relief 25
Weight loss 20
Other 4

Draw a pie chart of these data.

12. You have learned that usually the heights of a picture-bdsstbgram” are accurate and the distortion arises because
our perception keys in on area.
a. Is this the case with the following picture?

Comparative Annual Cost per Capita for Care of Insane in
Pittsburgh City Homes and Pennsylvania State Hospitals

I

South Pittsburgh Harrisburg Norristown Warren
Mountain

Pittsburgh Civic Commission, Report on Expenditures
of the Department of Charities (Pittsburgh, 1911), 7.

b. Draw an appropriate bar graph for the given institution®té\hat this was drawn in 1911. Would such a graph
contain the word “insane” today?)

13. A six-sided die is rolled 120 times, and the following out@sare obtained:



Chapter Review Exercises 65

Outcome

f Proportion

OO, WNER

Total

15
21
23
19
17
25

120

a. Draw a density histogram of the data.

b. From the graph, nd (i) the percentage of rolls that give 3esd, (ii) the percentage of rolls that give 5 or more,
and (iii) the percentage of rolls that give an even number.
c. How would you roughly describe the shape of the density istm?

14. The following table gives the percentage breakdown of tigareitte smoking habits of young adults (ages 18-24).
They are broken into three groups: (i) those who currentlglem(ii) those who are former smokers, and (iii) those
who have never smoked. Two years (1965 and 1991) and gereleoasidered (from the 1998 paper “Trends in
Cigarette Smoking” by the American Lung Association).

Smoking 1965, 1965, 1991, 1991,
status Males Females Males Females
Current 54.1 38.1 235 22.4
Former 7.6 6.2 8.0 7.5
Never 38.3 55.7 68.5 70.1

a. Create pie charts for the 1965 males and the 1965 females.hi@h wategories do males and femalesatithe

most?

b. Create a pie chart for the 1991 males. What changes do youmsed £65 to 1991 for the males?
c. Create a pie chart for the 1991 females. What changes do yousa 1965 to 1991 for the females?
d. Now compare the males and females in 1991. Whaéinces do you see? Are the diences larger than in

1965 (see part (a)) or smaller?
e. Brie y summarize what these data indicate.



