SIXTH EDITION .

ntro
tats

®7e
A\ 362

001:14:20

154
Q313

i by
|

De Veaux | Velleman | Bock



This page intentionally left blank



Intro Stats

Richard D. De Veaux
Williams College

Paul F. Velleman
Cornell University

David E. Bock
Ithaca High School (Retired)

with contributions from

Brianna Heggeseth
Macalaster College

and

Susan Wang
Google Inc.

@ Pearson



Comtent Developament: Reert Caroll
Comtent Managerment: Sicanns Dainbridse

Procct M n
Product Marketing: Akia Wilsan
Rights and Permimions: T B By Sharms
Cover Credit:

Aomgomery

Py L et

Spamond or cnoesed by cr fbated e Microsoh Commratan.

Inc o s alffates, 21 K Hoboken, N0V,
LS. andlor ctber coumrin.

Library of Congress Cataaging in Pubcation Dta

Names: DeVeau, Richand D._ st

ellman, Pad T, 1985 sutce. |

ity
esces, Macalater College, nd Suma

oen,NJ : Parsan, [2022]chdes
len. | Sumamary:~An iiodicicn b Stastics s the ssbors”

Acees Code Cand
ISHNID: 0136206859
ISHIN.13: 780 1368069

SnkntRemsl
ISENID: 0136306864
ISHIN.13: 7.0 3. 680686.5



T Sylvi, who has helped e in more ways than she'l ever know,
10 Nicholas, Serie, Frederick, and Alexondra,
who muke me s prowain everyuhing thasthey ane and do

oy sons, Daid and Zev rom whom I've learned so much,
and 0 my wie, Sue, for aking a chance on me
—Aud

and especiallyio my vefe and bess frend. Joanne for her
ondersianding, encouragemen, and love.
—Dave



MEET THE AUTHORS

Richard D. De Veau i an inwmationally known educstor and consultant. He has tiught
 the Wharton School and the Princeton University School of Engincering, where he won
2Liftine Avadfox Dodiaionmd Excllce i Tahing” Ho i e C. Corilemd
M

1994, Dick
T b e Wicanan . Shewel e o he Anrican oy o Qualy
Heis s fellow d member ofthe

ket St e (1S, 3008, e wh nmt S o e Yo
e Boston Chapter of e ASA and was the 20182021 Vice-President of the ASA. Dick
s s wel v i inoty,whers (o st 30 e e b comld o snch
press, Hewlet-Packand, Alooa, DuPont, Pillhury,

Gomer e Chemice Bk, Beca:h cnsae i MicheyFaran s bk
Planer D, be has ko sometimes boen called the “Oficial Satistician for the Grteful

ead™ Hisreal- workd experiences and anocdotes dlustrste many of this book's chay

K ol degress from nceion Unvendy in Civil Engincring (B5.5) and

I sl e el dhoe wlh I Wi s Sy ik et oicous i
s on the analysis of large data sets and dita mining i science and industry.
In his spare tme, he s an avid cyclit and swimmee. He ako is the founder of e

colloge cancert choi and with the Chocur Vitoria of Pari. Dick s the fher offour childsen.

Pl F. Velloman has an imcrmational repution for nmovative Steitics oducation. H is e
dsigner o the muRimedia St program A, for which he was awac
e EDUCOM Mol fox innomsive uses of computers in teaching saiis. and the ICTCM

i Usveni whee h i with o Tk i escach e des ey

Etoniny Do Amtate i Pollow af b Anions S s of
e Nt e Mmemoaes ST b Nt bt
T his pare time he sings with the a capella group VoXX and studies 2 chi.

David . Bock taught mushemtics « haca High School for 35 years. He has tught
i 18 F5h Skl Tomhi Colrd Commnky g o OB

d Comell U . erous teaching awards, including the MAA'S
Fayh May S A-,a To Didaguihed hgh ey babmais Tacking vt
Comell U
New York St Teacher of the Year.

Eduwation (M. eader for e AP
a5 a Staistics consultant 1 the Colege Bosed. and leads workshops and insius for AP
lecturer for the Mathe University. His ow
sudais ml\'m«ulunlnl this book's approach.

Dae. king. s,
the Racis. Mounta s, They by daughax,




TABLE OF CONTENTS

Preface w
Index of Applications i

[ZV 10 Exploring and Understanding Data

BN stats Starts Here 1
11 WSt SUSKS? « 12082 « 13 Vatates 1.4 Mot

[BA vispiaying and Describing Data 18
2

Variathe o 2.3Shape « 24 Center o 2.5 Spread
ia | ips Between Categorical Variabl tingency Tables 67

a1 .
Tatkes o 3.4 Tiree Camgoric Varsbles

Il tderstanding and Comparing Distributions s
.1 Distas a2 0ums o

JE The Standard Deviation as a Ruler and the Normal Model 128
511 Usiny e Stndard Dvetion b Stdarcie Vs + 5.2 g ans Skg
+ 5.3 Normal Mo + 5.4 Workg wih Nomd Purcarls » 55 Namid
Py Pts

Review of Part I: Exploring and Understanding Data 163

I} scatterplots, Association, and Correlation 173
6.1 Scaterplols » 6.2 Camelation « 6.3 Warning Correlafion » Causation
* "6 Straighiening Scatiergiots.

Linear Regression 207
7.1 Lot S The Line B FI « 7.2 The Lir Nl 7.3 g e
Least Squares Line « 74 Regression to e Mean « 7.5 Bxamining he Residudls.
Y ity hevad + 7.7

s v e



I regression Wisdom 27

Eﬂnﬁwkﬂml + 8.2 Extagolation: Reaching Beyond fe Data « 8.3 Outlers,
Cusaion

sum-yv« + *8.6 Svaightening Scattarphits—The Three Gaaks 11nnmq-

Good o £

BN Muitiple Regression 222

& 8.3 The Mutipke Ragression Modul—Assungtions and Conditions » 9.4 Parid
Rogression P+ *9.5 Iicatar Varables

Review of Part Il: Exploring Relationships Between Variables 23

[ZU1MITN Gathering Data

[ semple Surveys s
10,1 The Ton g ke of Saroing » 10.2 Fopuators md Paanctrs » 10.3 Single
0. .
Sarple o Ca' Avays el Whatiou W+ 106 The Vi Survy o 107 Common
‘Sampling Mistakes, or How b Sample Badly

TN Experiments and Observational Studies 1
n ot

. 13T
Four Princiles of Bpeimenti Design o 1.4 Cortrd Growps » 11.5 Blocking
+ 116 Cantouncing

Review of Part Ill: Gathering Data 385

[Z.Lif\'B From the Data at Hand to the World at Large

From Randomness to Prwamny £
121

© 128 Ptk Pty Taies, Ve Digrams, i T » 127 R B
Conttining an Bapes ke
12A: Random Variables and Probability Models (Online)
1281 Expct Vb Corker + 12A2 Scard Dodaton + 1243 Conblg R
Vaathes + 12A4 Te B0 Model  12A.5 Modding th Bimrid i lorned
Ml + *1208 The Polssn Mod + 1247 Cortunus Faniom \arkbles
[EEl sampiing Distribution Models and Confidence Intervals
for Proportions 431
131 Do Sotg Dt Nl s« 132 kst b

T3 taorty e e Wt Dos 95% Condmcs Pty Mear?




coTeMts v

[ confidence Intervals for Means 484
1 . »

. oretig .
Bauktraps  14.5 Thoughts Aunut Canfidnce beenvals

B esting Hypotheses wo
15.1 Hypotheses « 15.2 P-Vakes « 15.3 The Reasoning of Hypomesis Testing
+ 154 A Hymiess Tst o o M 15,5 Wbrsand Toss 1556 P-kos id
‘Decisions: What 10 Tell Abaut a Hypathesis Test

[ More About Tests and Intervals 5%
161 Hapreing Pk + 162 Abha Levs i CRalVkus o 163 Pracicd v
StastealSanifcace + 16.4 &rors

Review of Part IV; From the Data at Hand to the World at Large 563

IEZZIAA (nference for Relationships
I comparing Groups 571
m

+ 17.3 The Tuo Sarple

oo Mt 17.5 Th Tuo-Sarge Tt Tsing o e OferanceSetuosn T Vs
+ 176 g+ *17.7 TheStndard Devaon of a Wfrence
[EA Paired Samples and Blocks 17
18.1 Parm Dta » 18.2 T Paed ETest + 183 Comidenca Wervals o Metchd Pors
+ 184 Blocking
B comparing Counts sz
191 Guodvess ot Tsts + 102 Cv-Squar Test of Hmogenay » 103 Exarining B
skl + 19.4CH-Spra Tt o pendunce
[ terences for Regression &7
20.1 oo Rgresin Vod + 20.2 Assarptinsand Condilors + 20.3Regesson
Vi mdbbiBon + 20.4 e Fegessin Tak + 20.5 Ml Rgrsskn
Wi o .
* *20.8 Mare About Regression
Review of Part V: Inference for Relationships 721
Parts I-V Cumulative Review Exercises 734
Appendises
Adisuos A1 o BOudls A47 o Chioues A5
+ 0 Tatks md Sectd Formuzs A7




This page intentionally left blank



/.m S, s sl i e ik s
o com

v viched tt madl)with s v of oo gt il for Erchig aont

. sampling distribusion models, and inference thaoughout the book. We've

ki curren discusions of thica 550 0 € chapir. Esch chapir now s with
able 3 4 challeage

sons of
e boh (o ot cxpeiee 1 he i e 2016 wvision of the
Guidelines for

‘concepts and coverage. You'llnotice thit the order of topics s desgned. 1 upnﬂm
atcntion beyond just one or two varisbles.

Technology
The GAISE

We emphaically agree. We think 3 modrn saitics text should ecogaize (rom the st
hat stattics is. practicsd with techaology. A s0 shouk our stdenss. You won't sl

ou wil nd inition over
caleulation. You' I find exensive use of rea data—even Lrge dats sets. Thioughout, you'll
s cach

of our hundreds of exampls is ot “How do you cak-ulste the answer?” bat “How doyou
ik sbout the answer?™
For this dition of atro Stats we've taken this principle stl further, We have has-

ning of 1w of the most
diffcult concepis n he introduciory course: the idea of a sampling distrbution and the
soning of saistical infercnce.

Multivariable Thinking and Multiple Regression

caly s Chaper 3

c plos
Folovi te o of et pevion s e Gt b, vl )

i Chapers 6,7, and 8, we ittnxduce multple regression i Chapier 9.
g e sy i Wy o M e, A
24 s Gk i e s o R il gasions o1 sk
s

effon, We' v
e of muliph repoion s Immody obviom #d aekns o Fach skl pover o
aistios .

roa e o o oprein i Cloir 20 & s nkcs. o om dn i

P i o e e oo S St o s o e

ey



ey ne them) This cousse s an nsroduction % statistis. | 1s't necessary 1o learm alf

e detals of the mthods and modeks. But # i imporiant o come away with a sense of

e power and usefulness of stisics 1 solve real probles.

Innovative ways 10 teach the logic of statsical infenencs have received increasi

atention. Among these are greaer use of conputer-based simulations and resampling
inference.

Bootstrap

The introduction to the new GAISE gudelines explicitly mentions he bootstrap method.
widely avallable or a5 wilely 2 multiple regresion.
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Student Projects
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pon team effors. aputes o gather

han just some nunbers or P valucs.

Streamlined Content

Following the GAISE recommendations, we've sweamlinad several pars of the coune:
Inroductory material is covered more rapidly. Today's students have secn a lot of st
stcs in feir K-12 mash courses and in e daiy contact wih online and prit news
sources. W
between a histogran and a bar char). Chapier 2 dors most of the work that previously
ook wo chapen.
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Final
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GAISE 2016
As we've sid, all of these enhancements follow the new Guidelines for Awessaat
nd

Instraction in Statistics Education (GAISE) 2016 report adopied by the American
‘Suistical Association:

1. Teach statisical dinking.

* Give students experience w th mulvasisble thinking.
2. Focus on conceptual ing.
3. Integrae real data with a context and purpose.
4. Foser actve leaming.
5. Use technology to explore concepts and analyze data.
6. Use assessments 0 improve and evaluste student leamning.
The result s P
ot e e sl ing o ks s o ooy a e
ways, while retaining core principles and topic coverage.
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<t Caper s
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Features

 The need 1o read. Stisics i a consistnt sory about how 10 understand the world
Vhen we ave . The sy b sld pemcn Tis bkt s 10
be read. s0 we'

with dierent nambers wil find that our presentasion does't support thit approach.

Mathematics
Mathermatics cn make discussions of statstis conceps, pobabily, and inference clar
and concise. We don't shy away from using mth where & ca clanfy W thout ntimidat-
Bt
a verbal description and a pumercal example as well.
lide i the opposie discction and concentrat on calkulition. Altough
‘tatstics cakulations are generally swaighiforwand, fiey are also usually wdious. And.
more 1 the point, today,virbally all siatisics are calculaed with echaology. We have
elocted the cquation that focus on ilkminating concapss and methods rther tha for
B aeubion. We sometinesgive n bmath fom, bt s for b -
way toleam,

repraly
Technology and Data

on purposes. We hope tha studets have access 1 computers and sttstics software for

c e comep of 3 amping dissbson, snd ofcr bty

Wcmmqclmcumpluml’llikudn[lm-clq’mhl“h'ndnw

guidance huwnmmmnw-:pl-h i Desk, Excel, JMP, Mini
SiaCmmch. R, We auo ofrsome aiice o THS¥AA P rehig ukullm.
ok e epe will also have some
satistios

We o Tt olves o i, il s, b b s csmpis snd

dta are availsble at the Pearson Math & Stats Resource Sike, MyLab Setistis, and a
dasl datadescription com.

Enhancing Understanding

Random Matters. These innovative features travel slong a progressive path of under-
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ing about drawing iferences from data. Subsequent Random Mtk

oot m e kg, v . st s, o
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1 of.

Lster Randorm




and expanded o provide stcp-by-sicp guidance.

Newt ikl Mattrs. T s todcs st il comldraions Exhehg-
‘oo materal for

classroom discussion, which we encourage.
New! Student projects. Each chapter cads w h & student peoject that wses the methods
leamed thus fa. They can be wed for individual work or 45.3 basis o team projects.
Renlity Check. Wo sty emind sdens thl s is bout ndersandg the
verdvih . R

houghi, s0
e — .

‘Notation Alert. Throughoutthis book, we emphasize the importunce of clear communica-
oo e proe ntin e prt o i sy o i Wi ok o i
students when we are clear sbout the letirs and symbols satistcians use 10 mean very
peci g, 50w e Notation At hemcrerwe e 30l 2t
on that sudents will see sgain.

Each chapter ends with several clemenss % belp students sudy and consolidate what
they've seen in the chaptes.

. le make

e
Wit the tools o detect staistial emors and 10 offr pratics i debunking misuses of
‘satistics, whether intentional or not.

& Next, the Chapter Review summarizes the story told by the chapter snd provides
bullet it of the major concepss and principles covered.

* A Review of Terms is a ghossary of all of the spocial term. intrducad in the chap-
1.1 the text,these are prined in bold and underlinod. The Review provides page
pet wrnback

definiion k't sufficient

e
ould be enough 1o ge 4 student strted in e right direcion.

Learning by Example
Step-by-Step Examples. We have updated the exampls in our imnovative Sicp-by-Siep
suides students theough the
process of analyzing 2 problem. The examples follow our thiee-tep Think. Show, Tell
organization for pproaching 3 ‘They e orgunized with general expla
It snd The rightide of the
£ models what would b “A” kvl slation o e problem. Stcp-by-Seps dlusirc
ic imporiance of thinkiag about 4 staistics question (Wht do we know? What do we

(@he Tel sep). The Show sip contains he mechanics of cakubing eults wd comeys

Examples. As we intmduce cach imporant concept, we provide s focused example at
applics 4—usually with real, up-1o-the-minute data. Many examples cary dhe discussion
rough the chapicr, picking up the skory and moving it forward as students lesm more
about the topic.



