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Sifants Slarits

[(:'.r tatistice gets no respect. People say things like “you can prove any oy b
22 Stalistics.” People will write off a claim based v data as "just a watistical
Y trick ” And Statishes courses don't have e reputation of being studenls’
first choice for a fun elective.

But Statistics & fun. That's probably not what you heard on the streel, bui ity
true. Statistics is about how to think clearly with data. A tittle practice \hinking
statistically is all it takes to start seeing the world move cleacly and accurately

So, What Is (Are?) Statistics?

Q: Whal Is Statstics?

A: Slgtistics [s a way of raa-
saning, alang with & collec.
tlon af toals end methods,
designed lo help tis under-
aland the world.

C: Wha! are statistics?

A Stallatics (phural) are per-
licutar eakculallons made
from dats, ’
Q: So what Is data?

A:'You moean, “what-are
data?" Data is the plural form.
Tha singular ks datum.

C: 0K, OK, 50 what e data?
#: Dala are valusa atang with
their context,

1t seems every time we turn around, someone is collecting data on us, from every
purchase we make in the grocery store, 10 every click of pur mouse as we surf the
Web. The United Parcet Service (UPS} tracks every package it ships from one
place to another around the world and stores these records in 2 giant database.
You can access part of it if you send or receive a UPS package. The database is
about 17 terabytes big-—aboul the same size as 4 database that contained every
book in the Library of Congress would be. {But, we suspect, not quite as interest-
ing.) What can anyone hope to do with all these dara?

Statlstics plays a role in making sense of the complex warld in which we live to-
day. Statisticians assess the risk of genetically engineered foods or of a new drug
being considered by the Food and Drug Administeation (FDA). They predict the
number of new cases of AIDS by reglons of the country or the number of cus-
tomers likely to respond to a sale at \he market. And statisticians help scientists
and social sgientists understand how unemployment is related to environmental

IThie chaplar might have baen called "Intraduction,” il nabedy reads Iha introductlon, and we wantad
wob 1o read this. We lasl sala admitting this hare, In the footnote, bacause nobody reads fooinoles
allher.

Tha a0z 68Y, “Don't drink and
drive; you don'b want toba &
statistic? But you can't bea

slatlstke.
Wa say: “Don't ba a datum.’
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controls, whether enriched early education affects later pettormance of school
childcen, and whether vitamin C really prevents illness. Whenever there are data
and a need for understanding the world, you need Statistics. .

So our objectives in this book are to help you develop the insights to think
clearly about the questions, use the tools to show what the data are saying, and
accjuire the skills o tell clearly what it all means.

W/ LA
\ES (UG DOV RPSIGWE YWD DOEL'T QUESTUON
2y THATHES ARE MORE COMMAY. BRETERORED. JOAS 1:2!301.‘41%

STAISTS GHOW AR FEVKR CAEYY, PR SHFER OO OUT OF TIYE PEOFLE

FRAZZ ceprinted by promissken 6f United Feature Syndicate, lnc

Statistics in a Word

Statistics s aboul variation,

Dala vary bacausa wa
doo'l see everything and be-
cause evan whal we do sas
and Meadura, wa masue
imparfacily.

50, In w vary pasic way,
Slatistics I about the real,
imperlect world kn which we
e,

It can be fun, and somelimes useful, to summarize a discipline in cnly a few
waords. So,
Ecanomics is about . . . Money (and why it is good).
Psychalogy: Why we think wehat we taink (we think).
Biology: Life.
Anthropology: Who?
History: What, where, and when?
Philosophy: Why?
Engineering: How?
Accounting: How nuck?
In such a caricature, Statistics is about . ... Varfation,
Data vary. People are different. We can’t see every‘thing. And even what we_du
measure, we measure imperfectly. o the data we wind up looking 2t and basing

our decisions on provide, at best, an imperfect picture of the world. This fact lies
at the heart of what Statistics is all about, How to make sense of it is 2 central chal-

lenge of Statistics.

Sa, How Wil! This Book Help?

A fair question. Most likely, this book will noftum eutto be quite what you ex-
pected.
What's different?
Close your eyes and open the book to a page at ravtdom. 18 there an equation on that
page? Do that again, sny, 10 times, We'li bet you saw unly & few pages with equations.
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Equations are a great way of expressing a mathgmatical idea concisely. But they're
not the main point of Statiskics. Rather than just listing definitions and equations,
this book leads you through the entire process of thinking about a problem, lind-
ing and shoming results for the problem, and felling others about what you have
discovered.

You looked at only a few randomly selected pages to get an imptession of the en-
tire boolk. We'll see soon that doing sa was sound Statistics practice snd reasoning.

Nexi, pick o chapter and rend the first teo seittences. (Ga ahend; we'il nii.)

We'll bet you dldn.'t see anything about Statistics, Why? Because the best way to Delng I by hand

understand Statistics is to see it at work. In this book, chapters usually start by

presenting a stary and posing questions. That's when Statistics really gets down ;3 Vo'l ahow you how lo cal

To work. . wtale ihe simpier kemulaa
There are three simple steps to doing Statistics right: Hrink, show, and tell: M by hend ln & marginai ncle

Tkar thia one. That way you
can Nind it eesily, bui it
wor't be In The way.

Think first, Know where you're headed and why. [t will save you a lot of work,

Show is what most folks think Statistics is about. The medianics of calculating
statistics and making displays ls important, but not the most important part of
Statistics.

Tell what you've learned, Until you've explained your
else can understand your conclusions, the job is not done.

80 that e

You'h find @il sorts of sttt in
margin notes, such aa slores
and quotations. For wxample:

-g.agrsphsrsmd

Each chapter applies new concepts in a worked example called a Step-by-Step.
These examples model the way statisticians attack and salve problems. They lllus-

frate how to think about the problem, what to show, and how to tell what it all inio the edges of thei maps

means. These step-by-step examples will show you how to produce the kind of parte of the world which ihey

solutions instructots hope to see. ' ta not know about, adding

BT P DTSR PPVO TP SCP PRI notas In tha margin to the

Knowing where the formulas and procedures of Statistics come from and why they ; oftect ﬂlIN:s}'ﬂﬂ d this o

work will help you understand the important concepts. We'll provide brief, clear 3 ratting ...

explanations of the mathematics that supports many of the stafistical methods in H ~Phaarch, (467 G.E-

Math Boxes like this. i 120 .6}, A Llta of Thessus
One of the interesting <hallengen of Statistics is that, unlike some math and sci-

ence courses, there can be mote than one right answer. This is why two statisticians

can testify honepily on opposite sides of a court case. And it's why some people Onward!

Chapler 1 Stats Staris Here &

There are a number of statistics packages for comphters, too, and they differ
widely in the details of how fo use them and in how they present thelr resulis. But
they all work from Yhe same basic information and find the same results, Rather
than ndopt ane package for this book, we'll present generic output and point out
commor features fhat you should look for in an ... And the Computer section in
most chapters. We'll also provide an Appendix showing tables of instructions to
get you started on any of five commonly used packeges.

From tme to Gme we'll laka bme oul 10 discugs an intaresiing or Important slde fssue.

wa Indicate thesa by sslting them aperl llke this.2 e

We'll also highlight Key Concepts as tiey come up, and collect them at the end
of each chapter, together with a summary of important Skills, Use these to check
yaur knowledge of the important ideas in the chapter. Jf you have the skills and
undetstand the key concepts, you should be well prepared for the exam—and
ready to use Statistics!

Beware: Nu one can learn Statistics just by reading ot listening, The only way to
leam It is to da it. So, of course, at the end of each chapter (except this one) you'll
find Bxercises designed to help you learn o use the Statistics you‘ve just read
about,

You'll find answers to the odd-numbered exerciaes at the back of the book, But
these are only “answers” and not complete “salutions.” Huh? What's the differ-
ence? The answers are sketches of the camplete solutions. Por moat problems,
your solution should follow the model of the Step-by-Step examples. If your cal-
tulations match the numetical parts of the “answer,” and your argument contains
the elements shown in the angwer, you'te on the right track. Your complete solu-
tion should explain the context, show your reasoning and calcuistions, and state
your conclusions.

In the real world, there’s no chapter just before the question. So in additton to
the problems at the ends of chapters we've also collected more problems at the
end of each part to make # more like the real world, This should help you to see
whether you can sort out which methods to use when. if you can da that success-
fully, then you'll knowe you understand Statistics.

think that you can prove anything with statistics. But that's not true. People make
mistakes using stalistics, somnetimes on purpoae in order to mislead others. Most of
the unintentional mistakes pecple make, though, ate avoidable. We're not talking
sbaut arithanetic. More often the mistakes come from using a method in the wrong

What Can Go Wrong?

itustion or misinterpreting the results. Each chapter has a section called What
Can Go Wrong to help you avold some of the moat common mistakes. :

Although we'll show you all the formulas you need 1o understand the caleula-
tlons, you will most often use a calculator or computer to perform the mechanics
of & statistics problem. Your graphing calculator has & specialized program called
a “statistics package.” Each chapter contains TI Tips that teach you how to use it
{and avoid doing maost of the messy calculations).

It's only fair to warn yous You can't get there by just picking out the highlighted
sentences and the summarles. This beok is different. 1t's not about meretlzing
definitions and learning equations. It's deeper than that. And much more fun.
But...

You have to read the bookl®

203 s a footnote.
25, lurn tha page.
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The W'a:
wHoe

WHAY
and in whet units

WHER
WHERE
WHY
HOW

Data Tables

We bet you thou
exactly do we mean by “data

Jats is numerical data, but some data
Exziba’s database is data, but not numerical.

numeical values but are just numerals sarvi
Eziba uses to track inventory are really just names.

paper journalists know that the lend patagraph of a good stary sho
the “Blve W's": Who, Wihat, When, Where, and (f posaible) Wity Dften, we add How
to the List a5 well. Answering these questions can provide the context fak data val-
ues. The answers to the first twa questions are essential. If you can’'t answer those
questions, you don’t have data, and you don’t have any useful infarmation.

ght you knew: this instinciively. Think about it for a minute. What
s

You might say that dala are numbers. The amount of your last puschast in dol-

cecond names or other abels. Your name in

Sometimes, just to make things confusing, data can have values that laok like
ng as labels. The item stock numbers

wd, are useless without theiv contexl. News

Data vahues, no matter what ldi
uldh establish

Teble 2.1

Here are some customer records from another company’s database:

7028YT | 24 305 Boston 18 | Kansas 5

Yeterans Orange Y CKJ245 413 ¥

Garbage | 43 | Wmgley Y Chicago N Penway
610 130 yTY734 | 368 | JKNZ3 3z

Try to guess what they represent,
context, 1t's impossible 1o know w!

Why is that hard? Because these data have no
hat they're about or what they refer to without

knowing the W’s. We can make the context clear if we organize the values into a
data table such as this ane.

Time Since Catalog
Last Number

Purchase | Area | Mearest Internet af Lasl

Age
Name iy (days) Code | Stadium | Purchase? |CDBought | Actist
Katharine H. 130 12 | Wrigley Y MM Kangus
Samuel P, 24 1 305 | Orange N CKj245 Boston
Chris G. 149 268 610 | Veterans Y JETE234 Chicago
KMonlque D. 5 411 | Fenwey Y TOEYT Garbage

Mow we can see that these are four customer records from an Internet CDrstore
{that advertises at sporting events). The column titlés tell What has been recorded.
The rows telt us Who, The other W's might have to come from the company’s

database administrator?

"I gatabass managamant, this kind of Inl oy Ta callad
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Who

In general, each raw of a data table corresponds to an individual about whors {er
a!:oul which—if they're not people) we record some characteristics, These indi-
viduals go by different names, depending on the situation. Individuals who an-
swer  survey are referred to as respondenis. People on whom we experiment are
subjects or (in an attempt to acknowledge the importance of their role in the ex-
Penmenl) participants, but animals, plants, Web sites, and other inanimate sub-
jects are often just called experlmental units, In a database, rows are cailed
records—in this example, customer records, Perhaps the most generie term s

cases, In the table, the cases are the customers:

Monique.

Katharine, Samuel, Chris, and

Sometimes people just refer o date values as observations without being cl
clear
about the Wha, Be sure you know the Who of the data or you may not knmf what
the data say.

What

It i3 winw to be carohu, The What and Why of area codes are not as slmpla as they mey irn 1 ¢ characterlatics tecorded
seem. ¥han area codes wera firat Intradticed, ATST wa sl the source of all talaphons about each individual are

aquipman and phones had dlals.

] Yo reducs waar an 18ar on iha dlals, the area codag will [ha [owast
dighs flor which tha dial would have o pin Isast) ware sssigned fo e~ ©F O fata table, and they
fiost populoud raglons—thoae with the mast phone numbars and thua
The area cores most Iiwly o be dialad. New York City was assigned 212, 'iEieS 25fiat han been measured,
Chicage 312, and Los Angales 213, bt Tural upataba Mew Yori was given 807, Jolel wan

called vartables, These are
usually shown as the columns

should have a namée that iden-

Whether a data value is &

815, and San Dlago 819. For thal reason, at ane thne, the mumerical value of an arsa cosa ~ MUMDET OF 2 name may de-

muldbouudhm_mmmuupopuaﬂmofnsreﬁm.smmumm
push-bution phanes, area codes have finally bacome jusl catagorles.

“Tha-Internallanal Systam of Unila links
togeihar all systems of welghts and mea-
‘surea by Intarmational agreement. Thera are
aévan'bana unlly from which Il othar phrysi-

cal unlts are darved:

Metar .

TYou may slso ses tham called quaitative.

pend on how we use it. Al
though area codes are num-
bers, do we use them that
way? Is 610 twice 3057 Of courae it is, but is Allentown, PA (610), equal
to 2 times Key West, FL (3057

The numbets here are just labels and thelr values are arbltrary. The
rapresent categories of the varisbles. We call such variables categorical
A dog_’s gender, coler, and breed are all categorical.

Van‘nbles recorded In numbers that we use as numbers ate called
quantitalive. Pamiliar examples include incomes, heights, weights,
ages, and counts.

Q!.za.ntilative variables have messurement units. Units tell how a quan.
Htative value has been messured. Units are such things a3 yen, cubits,
carabs, engstroms, nanoseconds, miles per hour, and degrees Celsius.
Without units, the values of 3 quantitative variable have no meaning: It
does little good to be promised a salary of 40,000 a year if you don't know
whether it will be paid in euros, dollars, yen, or Estonian kroon, Knowing
the attribute may aot be sufficlent. You might be sugprised to see some-

one whose age is 72 listed in o database on childhood diseases until you

find out that age is measured in months. No quantitative variable is com-
plete without Its units,

3
4
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Often, just seeking the units can reveal a variable whose definition 8 dubiaus. For
example, how should we measure “friendliness,” “success,” "study effort” or
“eommitment”? It may nat be clear how to measure these concepls, yet people
make scientific-sounding clalins about such “variables.” For example, a claim such
as "Perforance jn school is highly correlated with self-esteem” might sound scien-
filic—until we ask in what unils one might measure “schoo] performance” or “self-
esheem.”

Although we've desciibed categorival and quantitative as if they were proper-
ties of vaciables, veally they're properties of how we iise & variable. For example,
i we messure someone’s age, we might measure it in years and use it as a quan-
ttative variable. Taking the average age would make sense. But sometimes we
treal age as categorical, as, for example, in the categorles "child” and “aduit.”
Many variables can be treated either way, depending an the uge we want to put
them to.

O ladiian that hangs on In some quar-
16ve is ko narme variables wih cryptic sbbra-
viatione writien in upparcass kitsrs. This
caf be traced back to the $880s when the
vary first stallstics compLINT prograny wars
liad with | llang punched on
carils. Tha sadisat punch card aquipment
used only uppercase falers, and the earli-
w8l atallslics programe imiled varlable
names 1o six or eight chamacter, 9o van-

ables wera calld things like PRERFS. Mod-

am programs do nat have such restrialive
Imits, 80 tharels no reason lor variable
names that you wouldn't use in an ordinary

Some variables fall right in between categorical and quantitative, These
are variables whose values are not categorical, but not quite quanditative
either. For example, think about a survey that asks a question, “What did
you think about the pace of the Statistics course you wok?” 1 = Way too
slow; 2 = A little too slow; 3 = About right; 4 = A little too fast; 5 = Way oo
fast, Is this varisble categorical or quantitative? There is certainly an order
of perceived speed here. Higher aumbers indicate higher perceived speed.
A course that averages 4.5 is perceived as going faster than one that aver-
ages 2, but we should be careful about treating them as purely quantita-
tive. A course that averages 4.0 is not necessarily fwice ag fast as one that
averages 2.0,

These varisbles are often called ordinal variables. Again, depending
on what one wants to do with them, they might be treated 23 rumerical
{with caution) or categorical, or sometimes even both. For example, the
figure nuumbers in this book can be categorical labela (as in “see Figure
2.3") or they could be quantitative and count the number of figures ina
chapter, although there’s little reason to want to know that3 The mam
point is to think about what the values mean and how they aze being
used. Be careful of automatically treating values as quantitative just be-
cause they look like numbers.

What is measured tells us the meaning of the values. In the Internet
CD database, there ave sever variables measuring verious characteris-
tics about the customers, The variable names often give a lot of informa-
tion about the What if they are well chasen. For this reason, it's & good
idiea to avoid names like x;, TEMP, or even XPECHRS (a3 tempting as
this may be). Use names that clearly show what the varisble 1s about.

Where, When, How, and Why

We must know Whe and What te enalyze data. The more we know, the more we'll
understand.

IFgurs rumbers am kentifiacs—s spocial typa of calegosical vadable.
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An Example

For example, we'd like to know the When and Where of data as well. Values
recorded in 1803 may wmean sonmething different than sinmilar values recarded last
year. Values measured in Tanzania may differ in meaning from similar measure-
mentts made in Mexico, '

How the data are collected can make the difference betweun insight and non-
sense. As wie'll see later, data that come from a valuntary susvey on the Tntemet
are alivost alivays worthless. One primary concern of Statistics, discussed in Fart
1IL, is the design of sound methods for collecting data.

Often the most revealing W is Why. Knowing why data weie collected can
alert us to potential prablems in How the data were measured or observed or in
the decisions macle about the Wi and What of the data. For example, knowing
that Levi Strauss conducted the survey may make us skeptical when we hear
that 90% of students predicted Levi's 501 jeans to be the most popular clothing
itern on campus.?

Throughout this book, whenever we introduce data, we will provide a marginal
note liskng the W {and H) of the data. It is & habit we recommend. Whenever
you encounter data {or values masquerading as data) ask yourself whether you
know the W's. You may be surprised to see how often this vital information {s
missing. That simple question will protect you from many of the most commaon
misuses of Statiatics.

Astudy compared the lifelimes of actors who had won Academy Awards (Oscars)
with those of actors who had been nominated but had nat won and with actors
who had been in the movies that led to the awards but had not been nominated.
The study foung that actors who had won tended to live Jonger than the other ac-
tors considered.

What are the W's in this account? Pause for 2 moment and try to determine
them to the extent that we can tell.

The Who are actors, and specifically actors who won Oscars, were nominated
far Oscars, or acted in films for which others won Oscars. The What of concern in
this study is the length of the lives of these actors (which suggests that we may
need to modify the Who to be only dead actors who meet the other criteria). The
When isn't clear, although the study may well have spanned the several decades
of Academy Awards. Where is not really an jssue here, although most of the actora
nominated are American, The Why is, s far as we can tell, a scientific concemn
with whether fame, or winning, affects lifetirnes.

Always refer o variabies by name. Your conclusions from statistical analyses
should be in clear sentences and about the variables. Far example, here is a brief
deseription of a stidy that was analyzed with Statistics:

Researchers gave 117 people either echinacen or g placebo (sugar pill) for two weeks,
then exposed tem to cold virnses. Those wha took the echinacea twere just as hikely to
develop a cold as those wha took a placebo. The researchers cornrluded that eclininces
treatrents do not veduce Hhe visk of calching colda,

4#Learning Inat Ihese were the only |eans an tha Het just might increase our akapticiam.

Wi L} 1

LY}
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Itis easy lo tell the Whe (117 people) and What {suxceptibilit'y to colds) from tluls
description and to understand the canclusions of the study in terms of the vari-
ables {Ireatment: a categorical variable with values of either echinacea or placebo;
and cold: a categorical variable recording whether the peaple gat colds}).

Just because yowr pariable’s values are numbers, don't asgitine that it's gusn-
tifative. Categories are often given numerical Jabels. Don’t let that fool you
into thinking they have quantitative meaning. Lo?k at the context. ]
Always be skeptzeal. One reason to analyze dala s to discover the Iruth. Even ¢
when you are told a context tor the data, it may um ou.tl that the truth is a bit (ot
even a lot) different. The context colors our interpretation of the data, 50 those
who want to influence what you think may slant the context. A sutvey that .
seems to he about all students may in fact report just the opiniens of those who -
vigited m fan Web site, The question that respondents answered may be slapted. %

You'll need to be able to enter and edit data in your caleulator. It's easy!

rf‘_" gt e

Hit the STAT button, and choose EDTT from the menu. You'll see a set of columns
labeled L1, L2, and so on. Here is where you can enter, change, or delete 8 set of
data. .

Let's enter the heights (in inches) of the five starting players on !?aske‘rball
team: 71, 75, 75, 76, and 80. Move the cursor to the space under L1, ypein 71, and
hit ENTER (or the down arrow). There's the first player. Now enter the data for
the rest of the tean.

To change a dattom . )
Suppose tt?\e 75" player grew since last season; his height should be listed as 78"
Use the arrow keys to move the cursor onto the 76, then change the value and
ENTER the correction.

To add 1nore data: ] .

We want to include the sixth man, 737 tall. 1 would be easy to simply add this new
datum to the end of the list. However, sometimes the order of the data matters, 5o
let’s place this datum in numerical order. Move the cursor to the desired position
(atop the first 75). Hit 2" INS, then ENTER tha 73 in the new space.

_To delete a datum: )
The 78" player just quit the team. Move the cursor there. Hit DEL . Byt

To elear the datalist: ) ;
Finished playing basketball? Move the cursor atop the L1, Hit CLEAR, then
ENTER (or down acrow]). You should now have a biank datalist, ready for you to
enter ypur next set of values.

Lost a datalist? . ) .

Oops! Is L1 niow missing entirely? Did you delete L1 by mistake, instead of just
clearing {£? Basy problem to fix: buy a new caleulator. No? OK, then simply go to
the STAT EDIT menu, and run SetUpEditor to recreate all the lists. 1
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Hey Concepts

Dala and the Compiter

os1 oflan we find stalistics on B compular ushg af , OF pack dasglgned for thal pur-
poze, There are many difierent slallstica packages, but they ail do essentially tha same ihings.
# you undarstand what the computer heeds to know to do what you wanit and what i needs to
shiow you in relurn, you can figure cut ihe spactic datalls of most packages prelly sasily.

For exampla, to get your dals inio & computer stalistlos package you need to telt the

camputer,

< Where ta find the data. Thig usually means directing tha computer o a lie stored an your
compuiars disk or to dalaon a database. Or it might jusl maan that your have copled the
dala from a spreadshest progam of fternal site, and 1 Is cumently on your compuler’s
clipboard. Usually, the dalz should be In the form of 2 dals table. Most computer stallslics
packager prater the dafmnitsr thal marks the divislon batwean elements of 2 dala labls lo
ba & fab chatacter and tha delimiler thit marks the end of & cage 1o ba a refum charatlet,

o Whers Lo pul the data. (Usually this I handiad automatically.)

@ What lo call Ihe varlabias. Some dala t2bles have varable names as the first row of lha dale,
and ollen slatisics packages can lake the variable names from the first row aulomatically.

Context

Data
Data table

Case

Varlabla

Categorlcal variable
Quantitative variable

Units

Tha contast ideally lells Who was measured, What was measured, How Ihe data were col-
laciad, Wiiare the dala wera collected, and When and Why the study was parformad,

Systematicalty dad inh H hath bhara or labels, togethar with s corniext.

An arrangemant of dala in which each row represenis a case and pach column represenis A
variable,

A case ig on individual about whom o which wa hava dala.

A varinble holds informalion ahout the sama characiersiic for many cases.
A variabla Ihat names categories {whelhar with wonds or numera's) ks caled calegorical,

A variable in which the numbers act as merical vatuet is called quantiative. Cuanifietive
variablas always have uniis,

A quantliy or amount adopted a3 a stendard of measurement, such as dollarg, houra, er grame,

whin You complete this lesson You chould:

el

» Ro abi# 10 idantify the Who, What, When, Where, Why, and How of data, of WIH
when agma of 1his Information has not bean provided.

o Bo able to kiontfy the cases and variables in any dala sat.
& Bo able lo classily a varlable as vategoricai or quantitativa.

& For any quaniitative variabla be able to Identity the unils In which the varlable has bean
measured for note that they have not been provided),

» Ba abin 1o doscribe & variable in lerms of s Who, Yhat, When, Wheare, Why, and How
{and ba prepared to remark when that Indormetian i nat provided).

Exercises

For vach description of data, identify the W, nawe the viriables,
oassifiy ench variable w5 categorical or quaitilativr, aid, for aay
quantitztive trhtble, iedentifyy the irls i ohicht ff vints mensired (or
spte thet ey wene not pravided.

1. Tind a newgpapet or magazine article in
which some dala are reparted. For the data discussed in
the arficle snawer the questions above. Include a copy of
the article with your report.

2. According to an atticle in Forlire {Dec. 28,
1992, 401{k) plans permit employees to shift part of
their before-tax salaries into investments such as mutual
Kunds. Employers typically match 50% of the employees’
contribution up to ataut 6% of salary. One company,
conperned with what it believed was a low emplayee
participation sate in its 401(k} plan, sumpled 30 other
comnpantes with similar plans and asked for their 401(k)
participation rates.

3. Owing to severs! major ocean oil spills by
tank vessels, Congress passed the 1950 Oil Pollution Act,
which requires all tarkers to be devigned with thicker
huils. Further imp in the steuctural design of &
tank vessel have been proposed since them, each with the
objective of reducing the likelihood of an.oil spil] and de-
creasing the amount of outfiow in Ihe event of a hull
puncture, To ald in this develop 1, Marine Techrology
{Jan. 1595) reported on the spillage amount and cause of
puncture for 50 recent major oil pitla from tankers and
carriers,

4. Ages of COscar-Winning Best Actors and Actresses
by Richard Brown and Gretchen Davls gives the ages of
actors and actresses at fhe Gme they won Oscars. We
might use these data to see whether actors and sciresses
are likely 1o win Oscars at aboul the same age or not.

5. Because of the difficulty of weighing a
bear in the waods, researchers caught and measured 54
bears, recording their welght, neck slze, length, and sex,
They haped to find a way to estimale weight from the
oiier, more easily deterrined quantities.

[ AR The Cleveland Casting Plant is a lacge,
highly automated producer of gray wnd nodular tron
automotive castings for Ford Motor Company. Accord-
ing to an article in Quality Engineering (7 [1995]}, Cleve-
land Casting is Interested in keeping the pouring tem-
perature of the molten iron (in degrees Pahrenheit} close
to the specified value of 2550 degtess. Cleveland Casting

d the pouring t for & random sample
of 10 crankshufts.

b

7. Arkys rasac. A listing posted by the Arby's restaurunt
chain gives, for each of the skndwiches it sells, the type

10,

11.

12,

13,

14
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of meat in the sandwich, the number of celories, and the
serving size in cunces, The data might be used to Bssess
the nutritional valus of e ditferent sandwiches.

A study was conducted to compare the
abilities of men and women to perform the stremuota
tasks required of & shipboard firefighter {Humar Fachrs
24 [1982H. The study reports the pulling force (in new-
tons) that a frefighter was able to exert in pulling the
starter cord of a P-250 water pump. The sludy also gives
the weight and, of course, the gender of the firefightecs.

Medical researchers at a large ity hospital in-
vestigating the impact of prenatal care en newborn
heaith collected data from 882 birtha during 1998-2000.
They kept track of the mother’s age, the number of
weeks the pregnancy lasted, the type of birth {cesarean,
induced, natural), the level of prenatal care the mather
had (none, minimal, adeguate), the birth welght and
gender of the baby, and whether the baby exhibited
health probleme (none, mingr, malor).

Inn a study appearing in the journal Science a re-
search team reports that plants in southern England sce
towezing earlier in the spring. Records of the firat flow-
ering dates for 385 species over a period of 47 years indi-
cate that Howertng has advanced an aversge of 15 days
per decade, an Indleation of climate warming ac 3
to the authors.

Ase physically fit people less likely to die of
cancer? An article in the May 2002 isaue of Madicine and
Seignea in Sporls and Exercise reported results of 4 study
that followed 25,892 men aged 30 to 57 for 10 years. The
most physlcally fit men had a 55% lower risk of death
from cancer than the least fit group.

The State Education Department requires local
achool districts to keep these records on all students: age,
race or ethniclty, days absent, current grade level, stan-
dardized test scores in reading and mathematics, and
any disabilities or special educational needs the student
may have,

. _:. .. . Sclentists at a major pharmaceutical
i conducted an experiment ko study the ¢fectiveness
of an herbal compound to treat the common cold, They
exposed each patient to & cold virus, then gave them ei-
ther the herbal compound or a sugar solution known fo.
have no sffect on colds, Several days later they assessed
each patient’s condition using a cold severity scale rang-
ing 0-5. They found no evidence of the benefits of the
compotnd.

“Sepeitusg sajes. A Start-up company js building a data-
tase of customers and sales information. For each
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customer it records name, 1D number, ragion of the
country {1 = East, 2 = Sauth, 3 = Midwaest, 4 = Wesi},
date of lagt purchase. amount of purchase, and em
purchaged.

5, A urvey of autos packed in student and staff Lots
at a large university recorded the make, country of ou-
gin, type of vehicle (car, van, SUV, ete.), and age.

16. Business analysts hoping o provide infor-
nation helpful to grape growers compiled these data
abaul vineyards: size (acres}, number of vears in eais-
tence, state, varieties of grapes grown, average case
price, gross sales, and pevcent profis.

i s regearch for an ecology class, studerus at o
college in upstate New York collect data on streams each

year. They record a number of biolugical, chemical, and

physical variables, including the stream name, the sub-
strate of Lhe stream (limeslone, shale, or mixed), the
acidity of the water (pH). the temperature (*C}, and the
BCI {n numerical measure of biological diversity).

8, The Gallup Poll conducted a representa-
tive telephone survey of 1180 American vorers during
the firat quarter of 1999. Among the reported results

i

4.

21,

were the voler's region [Northeast, South, elc.), age,
parly affiliation, and whether or nol the person had
vobed in the 1998 midterny Congressivnal election.

The Federal Aviation Administration (FAA)
munitors prhnes for safery, and customer service, For
each flight the corrier must report the type of aircralt,
number of pagsengers, whether or ot the fights de-
parted and arrived on schedule, and any mechanical
problems.

The Enwironmental Protection Agency
{EPA) tracks fuel economy of avtomobiles. Among the
data they collect are the manuficiurer (Fosd, Toyota,
etc.), vehlele type (car, SUV, ete.), sweight, horsepower,
and gas mileage {mpg) for clty and highway driving.

In 2002, Consuiter Reports published an
article evaluating refrigerators. It listed 41 models, giv-
ing the brand, cast, size (cu fi), type (such as top-freezer),
estimated annual energy cost, an overall rating {good,
excellent, ete.), and the repait histary for that brand (per-
centage requiring cepairs over the past 5 years},

Chapter 3

Bascribisg
Categeyical
Daty

WHO Pauple on the THanie

WHAT  Survival sinlus, age,
sEx, ekl ciass

WHER apnl 14, 1812
. WHERE WNorth Ataniic

- HOW  Avarlety of sources and
rdernal ghen

© WHY  Higtorosl intarasl

Hisplaying s

hat happuened on He Tt at 1140 oo the night_ of April H 1912, is
well known. Peaderick Fleet’s oy of “loeberg, {lght abwnd ar_\d Fhe
three secompanying pulls of the crow’s nest belil mgyaled the begiming
of & nightmare that has become legend. By 215 a.m. the Tiini, thaught by many
to be unsinkable, had sunk, eaving over 1500 passengers and crewmeombers on
iricy fate, )
W;Ir:mwa:r;e::):'t:: I;lat'rl about the passengers atwl crew aboard the Titmric. Each
record of the data table (each row) shows the data for one person on b:?a:'d the
ship. The varinbles are whethier or not the person Srml:ved: {Dead or Allwe], the
peraon's Age (Adult or Child), Sex (Male or Pemale), and ticket Clss {First, Sec
On'l%l:le pm‘t;l‘:;cir\'ei‘t;'l}a daln rable like this and in fact with all data lables—is that
you can't se¢ what's going on. And seeing is just wha.t_ we want ko do. We need
ways ta show the data so that we can see patterns, relationships, trends, and even

exceptions.

Survlved hge Sex Class

Deed pdult | Male ‘Third
Dead Adult | Male Crew
Dead Adult | Male Third
Dead Adult | Male Crew
Dead Adult | Male Crew
Dend Adult | Male Crew
Alive Adult { Pemale | First

Dead Adult | Male Third
Dead Adult | Male Crew

Part of a data table showing four variables bor
nlna passengers aboard the Titanrfc.  Tabda 3.4

15
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Tha Three Rules of Data Analysis Fraquency Tablee

So, what should we do with data like these? There are i i ' On 11 2201 people on the Titanic into piles i
: ) ree th , o e way to put a people on the Titanic inte pl is by
always do first with data: ings you should r Cigs | Count Claar % tickel Class, counting up how many had each kind of ticket,
1, N . . First 35 First 14766 We can organize these coun's into a frequency table, which
I:::t: ;:1 p:‘::"l;{:':::‘ dtspl;y of y;tlr_data will reveal things you ate not Iikely 5;m1\d RS Second | 12.949 revords Lhe totals and the category names.
terns and velaki "‘t‘": t;“ an ‘f;l" help you to think clearly about the pat- “Third 706 Thied | 32076 The variable ticket Class has only a few categovies, so a fre-
s onships that may be hiding in your date. Crew 885 Crew 140209  quency table is easy to read even though we have thausands of

. Make a picture. A well-designed display will shete the important features cases. A frequency table with dozens or hundreds of categories

amtl patteras in your data. And a picture will shaw you the things you did "_:J‘.;f;:'::‘“" able of :::"" dats ":;,;:[' would be much harder to read. We use the rames of the cate-
Tot expect to see: the extraordinary (possibly wrong) data values or unex- e P abin 3.2 e bess  gories to label sach row in the frequency table, Por ticket Cinss,

pected patterns.

- Make a picture, The best way o felf others ab : i
oo e ¥ rs about your data is with a well-

these are “First,” "Second,” “Third,” and "Crew.”

Arelatlve frequency table is similar but gives the percentages,
rather than the counts, of the values in each category. Both types
of tables describe the distribution of & categorical variable be-
cause they name the possible categories and tell how frequently
each comars.

These are the three rules of data analysis. There are

4 plctures of data throughout
the book, and new kinds keep showing up. These days, technalogy makes gtaw-
ing pictures of data easy, so there is no reason not fo follow the three rules.

A Plcture ia Tell b Gtory

Flarence Nightingale, a foundar of
modern nursing, was also well
versed in atatistice. Ta argue focor-
fully for better hospital condlilons
for soldiers, she inventsd this dis-
play, which showed that In the ~
Crimean War far more soldiens
died of fllaess aoed infection than
died of battle wounds, Her eam-
palgn succeeded in improving hos-
pltal condiions and nursing for

The Area Principle

Now that we have the frequency table, we're ready to
follow the theee rules of data analysis and make a pic-
ture of the data. But a bad picture can distort our un-
derstanding rather than help it. Here's a graph of the
Titanic data. What impression do you get about who
was aboard the ship?

1t sure looks like most of the people on the Titanic
were crew members, with a few pagsengers along for

Criw

soidiees.  Flgure 3.4 the ride, That doesn’t seem right. What's wrong? The
lengths of the shipa do match the totals in the table.

(You can check the scale at the bottomn.) However, ex-

petlence and paychelogical tests show that our eyes

i . tend to be more impressed by the arez than by other

i‘ : Third aspects of each ship image. So, even though the fength

of each ship matehes up with one of the totals, it's the
agsociated ared In the image that we notice. Since there
wete about 3 times as many crew as second-class pas-
sengers, the ship depicting the number of crew ia
about 3 times longer than the ship depicting second-
class passengers, but it occupies ebout 9 tmes the -
area, As you can see from the frequency table (Table
3.2), that just isn't & correct impression. .

The best data displays observe a fundamental prin-

Seeand |

; What to Do First: Make Piles

In ozder to make a picture, the first thing we have to do with data is to make piles.
Believe itornot, making piles is the start of all science and the beginning of all un-
derstanding about data. We pile together things that seem fo go together. Later
we'll ask how they go together, why they go together, and haw the piles relate
and compare with one another, But first, we pile,

How many people were In sach clsas on the ‘Titanic? From this
diisplay ft looka as though the sarvice must have bean great, ¥ince most
sboard weze crew members, Although the tength of each ship here cot-
responds to the correct numbe, the impreasion s all wrong. In fact,
only 40°% were crew.  Figure 3.2

elple of graphing data cailed the area principle. The
area principle says that the area occupied by a part of
the graph should correspond to the magndtude of the
value it represents. Violations of the aret principle are
a commeon way to lie {or, since most mistakes are un-
intentional, we should say err) with Statistics.
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Bar Charis
1000 Here's a chart that sbeys the area principle. It's not as vi-
sually entertaining as the ships, but it does give an accurate
800 visual impression of the distribution. The height of sach
bar shows the count for its category. The bars are the same
g 600 |~ width, 5o their heights determine their areas, and the areas
= ave proportional o the counts in each class. Mow it's easy
5 g to see that the majority of people on boavd were jtot crew,
as the ships picture led us to believe. We can also see that
Cl by 1 1 . \lere were about 3 times as many crew as second-class
5 ' . . passengers. And there were more than twice ag many

Firsl Secoed  Fhind
Class

Paople on the Titanic by Ticket Clase

With the arsa principte satisfied, we can see the true

distiibukion more clearly.  Figure 3.3

bess are horlzantal or vartical. Don't be mistad. *Bar
chari s the \erm for a afsplay of counts of 8 catagorical

varighte wilh bars,

Craw

third-class passengers as either Hrst- or second-class pas-
sengers, samething you may have missed in the frequency
table. Bar charts make these kinds of comparisons easy
and natural.

A bar chart displays the distribution of a cateporical
variable, showing the counts for aach catagory next to
each other for easy comparison. Bar charis have small
spaces between the bars to indicate that these are free-
standing bars that could be rearranged into any orcler, The
bars are lined up alang a common base.

For som@ fEa5an, 0me computer programs give the o
name "bar chan® 1o any graph Ihal uses bars. Andd i E E
Gordi whather the . . o

othars use difierent names according ta er th Usually they stick up like this ".« L but some-
L
A2
ERET
I ]

Pie Charts

times they run sideways like this -+ 1233,

The rumber of Tianic passengers in each
class. Flgure 3.4

I we want to draw atténtion to the relative proportion of passengers falling
into each of thesa clagses, we could replace the counts with parcentages ina
bar chart, A better choice might be a pie chart, Pie charts show the whale
group of cases as a circle, They slice the circle Into pieces whose size is pro-
portional to the fraction of the whale in each category.

Here again it's easy to see that the crew was the largest segment of those
aboard. Pie charts give a quick impression of how a whole group is parti-
tioned iuto smaller groups. Because we'e used to cutting up pies into 2, g
or § pleces, pie charts are good for seeing if the relative frequency of a cate-
gory is near 1/2, 1/4, or 1/8. For example, you may be able to tell that the
pink slice, representing the second-class passengers, is very close ta 1/8 of
the total. It's harder to see that there were about twice as many third-class as
first-class passengers. Were there more crew or more third-class passengers?
Compatisons such as these are easier in a bar chart.
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Chiidren and First-Class Ticket Hoiders First?

Bnntingenw Tables

We know how many tickets of each class were sold on the Titanic, ared we know
that anly 32% of all those aboard the Tifairic suxvived. Was Hiere a relationship be-
tween the kind of ticket a passenger held and the passenger’s chances of making
it into the lifeboat? To answer this question, we nead to look at the two categorical
vagiables Cliss and Strvioal together

A bell-shaped ardfact from the
Titartie,

When we look at bwo categorical variables together, we often arrange the counts
in & two-way table. Because the table shows how the individuals are distributed
along each varizble, contingent on the valte of the other variable, such a table is
called a contingency table.

Here is a contingency table of those aboard the Titanic classified according to
class of ticket and whether they survived or didn’t.

Class
First Second Third Crew | Toial
Alive | 202 18 we 212 710
Dead | 123 167 528 72 | 1N
Total | 525 285 706 BEE | 2201

Survival

Contingency table of ticket Class and Survisal. The bottom
lime of “Tokals" is the same as the previous frequency table.
Table 5.4

The margins of the table, both on the right and at the bottom, give totals, The
bottom line of the table s just the frequency distribution of ticket Class. A distribu-
tiom, like this, of one of the variables in a contingency table is called ils marginal
distribution,

The cells of the table give the counts or frequencies for every combination of
values far the two variables, If you look down the colemn for second-class pas-
gengers to the first cell, you can see that 118 second-class passengers survived,
Looking at the third-class pagsengess, we see that more third-class passengers
{178} survived, Those 118 surviving second-class passengers were nearly half of
{he 285 total in second class. But the 178 third-class survivars were a much smaller
fraction of the total of 706 third-class passengess. b

H might be mere useful to have percentages, but to do that we have to make
choices. We know that 118 second-class passengers survived. We could display this
nwmber as a percentage, but as a percentage of what? The tatal number of pasgen-
gers (118 is 54% of the total, 2201)? The number of second-class passengers {118
is 41.4% of the 285 second-class p gers)? The r of survivors (118 s
16.6% of the 710 survivors)? All of these are possibilities, and all are potentially uge-
ful ov interesting. You'll probably wind up calculating (or letting yout technology




