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To the Student

The purpose of this book is to give you a working knowledge of the big ideas of statis-
tics and of the methods used in solving statistical problems. Because data always come
from a real-world context, doing statistics means more than just manipulating data.
The Practice of Statistics (TPS), Sixth Edition, is full of data. Fach set of data has some
brief background to help you understand where the data come from. We deliberatcly
chose contexts and data scts in the examples and exercises to pique your interest.

IPS 6e is designed to be easy to read and casy to use. This book is written by
current high school AP¥ Statistics teachers, for high school students. We aimed for
clear, concise explanations and a conversational approach that would encourage you
to read the book. We also tried to enhance both the visual appeal and the book’s clear
organization in the layout of the pages.

Be sure to take advantage of all that TPS 6e has to offer. You can learn a lot by
reading the text, but you will develop deeper understanding by doing the Activities
and Projects and answering the Check Your Understanding questions along the way.
The walkthrough guide on pages xvi-xxii gives you an inside look at the important
features of the text.

You leamn statistics best by doing statistical problems. This book offers many dif-
ferent types of problems for you to tackle.

® Section Exercises include paired odd- and even-numbered problems that test |
the same skill or concept from that section. There are also some multiple-choice |
questions to help prepare you for the AP” Statistics exam. Recycle and Review !
exercises al the end of each exercise set involve material you studied in preceding
sections.

* Chapter Review Exercises consist of free-response questions aligned to specific
learning targets from the chapter. Go through the list of learning targets sum-
marized in the Chapter Review and be sure you can say of cach item on the list,

“I can do that” Then prove it by solving some problems.

* The AP® Statistics Practice Test at the end of each chapter will help you pre-
pare for in-class exams. Itach test has about 10 multiple-choice questions and 3
free-response problems, very much in the style of the AP® Statistics exam.

*  Finally, the Cumulative AP” Practice Tests after Chapters 4, 7, 11, and 12 pro-
vide challenging, cumulative multiple-choice and free-response questions like
those you might find on a midterm, final, or the AP® Statistics exam.

The main ideas of statistics, like the main ideas of any important subject, took a
long time to discover and thus take some time to master. The basic principle of learn-
ing them is to be persistent. Once you put it all together, statistics will help you make
informed decisions based on data in your daily life.
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7PS and AP® Statistics

The Practice of Statistics (TPS) was the first book written specifically for the Advanced
Placement (AP®) Statistics course. This updated version of TPS 6e is organized to closely
follow the AP® Statistics Course Framework (CF). Every learning objective and essential
knowledge statement in the CF is covered thoroughly in the text. Visit the book’s website
at highschool bfwpub.com/updatedtps6e for a detailed alignment guide, including “I'he
Nitty Gritty Alignment” guide to I2Ks and LOs in Updated TPS 6e. The few topics in the
book that go beyond the AP" Statistics syllabus are marked with an asterisk (*).

Most importantly, TPS 6e is designed to prepare you for the AP® Statistics
exam. The author team has been involved in the AP® Statistics program since its
carly days. We have more than 40 years” combined experience teaching APY Stalis-
tics and grading the AP® exam! Both of us have served as Question Leaders for more
than 10 years, helping to write scoring rubrics for free-response questions. Including
our Content Advisory Board and Supplements Team (page vii), we have extensive
knowledge of how the AP® Statistics exam is developed and scored.

TPS 6e will help you get ready for the AP Statistics exam throughout the course by:

* Using terms, notation, formulas, and tables consistent with those found
in the Course Framework and on the AP® Statistics exam. Key terms arc
shown in bold in the text, and they are defined in the Glossary. Key terms
also arc cross-referenced in the Index. See page F-1 to find “Formulas for the
AP® Statistics ixam,” as well as Tables A, B, and C in the back of the book
for reference.

e Following accepted conventions from AP® Statistics exam rubrics when
presenting model solutions. Over the years, the scoring guidelines for free-
response questions have become fairly consistent. We kept these guidelines in
mind when writing the solutions that appear throughout TPS 6e. I'or example,
the four-step State—Plan—Do—Conclude process that we use to complete infer-
ence problems in Chapters 8-12 closely matches the four-point AP® scoring
rubrics.

e Including AP® Exam Tips in the margin where appropriate. We place exam
tips in the margins as “on-the-spot” reminders of common mistakes and how
to avoid them. These tips are collected and summarized in the About the APY
Exam and AP® Exam Tips appendix.

e Providing over 1600 AP%-style exercises throughout the book. [tach chapter
contains a mix of free-response and multiple-choice questions that are simi-
lar to those found on the AP® Statistics exam. At the start of each Chapter
Wrap-Up, you will find a FRAPPY (Free Response AP® Problem, Yay!). Each
FRAPPY gives you the chance to solve an AP%style frec-response problem
based on the material in the chapter. After you finish, you can view and critique




two example solutions from the book’s Student Site (highschool . bfwpub.com/
updatedtps6e). Then you can score your own response using a rubric provided |
by your teacher.

* Developing the Course Skills for AP® Statistics through frequent repetition.
See the inside back cover for more details.

‘Turn the page for a tour of the text. See how to use the book to realize success in the
course and on the AP™ Statistics exam.

Xvii




READ THE TEXT and use the book’s features
to help you grasp the big ideas.

Section 3.1 Scatterplots and Correlation 7] 153

Scatterplots and Correlation

Read the LEARNING LEARNING TARGETS &y the eno of the section, you should b abis fo:
TARGETS at the = Distinguish between explanatory and response « Interpret the correlation.
beginning of each variables for quantitative data, » Understand the basic properties of correlation,
i = Make a scatterplot to display the relationship including how the correlation is influenced by
section. Focus on between two quantitative variables. unusual points.
mastering these skills » Describe the direction, form, and strength of « Distinguish carrelation from causation.
a relationship displayed in a scatterplot and
and CO"CBPTS as you identify unusual features.
work through the : iaa}
chapter. -
: A one-variable data set is sometines Mtl.‘:f statistical studies examine data on more than one variable for a gronp of
ﬁ::filiTT:Lmrﬁ:;?r:. :I'Idh:_’\:f atndividuals. b , analyvsis of relationships between two variables builds on
o il ‘s.m.so:;e;n::srz;u;zn the same ton 1 to analyze one variable. The principles that guide our
| sivartae date, ) work also remain the same:
* Plotthe data, then leok for overall patterns and departures from those patterns,
*  Add nomerieal summarics,
* When there's a regular overall pattern, use 2 simplified model to deseribe it,
Explanatory and Response Variables ;
_...P.....,_v p [t's important to
5 the nuwnber of candies is the response variable. -
Hand span is the explanatory variable because we a sale Ahat knowing a shi- learn the Ianguage of
dent’s hand span will help us prediet the nomber of candies that student can g, statistics. Take note of
the green DEFINITION
Scan the margins DEFIMITION Response variable, Explanatory variable hoxes that explain
Aresp i MEasUres an of a study. An explanatory variable i
for the green notes, may help predict or explain changes in a response variable. important vocabu lary
which represent the Flip back to them to
“voice of the teacher” [ You wit often see explanatory 1t is casiest to identily explanatory und response variables when we initially review key terms and
S 3 vartables calied indepandent speeify the values of ene variable 1o see how it affeets another v : ity
giving helpful hints for vartatles and respanse variabies inslance, to stady the effect of aleahol on body temperature, researe their d8f|ﬂ|t|0n3, or turn
- * called dependent v Because  several different amounts of aleahal to mice. Then they measured the elange in i
be[ng successful in the t;:; ’:‘:‘g‘;’g;';:::nms i each monse's hody temperatare 15 minutes later. Tn (his eose, amount of aleohol to the GFOSSﬂfWGleanD :
course. Many of these : ; : sl is the explanatory vriable, change in body temperalure is the response vari- i
£ y £ TS NSRBI e Whinwe dontt specily the values of vither variable before collecting 1he at the back of the book. |
notes include |mDUrtant dlata, there way or may not be a clear explanatory variable. " g i
reminders from the
AP® Statistics Course
Framework.
ﬂ APY EXAM TIP
When yausre asked to describo to address the following four charac
i:;ﬂ i shown in a in the context of the data: |
Head the AP® EXAM TI PS. They giVE in m_;r:;: i:gzﬁ;;?:mf: - Directin_'m: Acscallerplot can show a positive associalion, negative Lﬂﬁk fﬁr the mbeS
advice on how fo be successful on and strength o ho assaciation e et e T ; ;
® by along with any unusual fea-  Form: A sealterplot can show a linear form or a nonlinear form, The | with the green bands.
the AP™ Statistics exam. tures, in the context of fhe Ferenn i Jimenie if the overall pattern follows a steaight line, Otherwise, § 1
...... — - - - probilem. This means that torm is nonlinear. Some E)(Qlall'l how to
you need to use both variable = Strength: A scatterplot can show a weak, moderate, or strong associati make graphs or set
names in your descripfion. An assovialion is strong if the points don'l deviale much from the forng 2 E
identilied. A sssociation s weak if the points deviate guile a bil from up Ca]CUla’tIOﬂS, while
the form identified.

Watch for CAUTION ICONS. others recap important
They alert you to common : concepts .
mistakes that students often Few relationships are lincar for all values of the explanatory variable, Don't .

make. @ make predictions using values of x that are much larger or much smaller than
e those that actually appear in your data.
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LEARN STATISTICS BY DOING STATISTICS

I{HRVIER @ Candy grab

In this activity, you will investigate if students with a larger hand span can grab
more candy than students with 2 smaller hand span.!

Every chapter begins with a hands-on
ACTIVITY that introduces the content of

the chapter. Many of these activities involve
collecting data and drawing conclusions from
the data. In other activities, you'll use dynamic
applets to explore statistical concepts.

. Measure the span of your dominant hand to the nearest hall-
centimeler (em). Hand span is the distance from the tip of the thumb
to the tip of the pinkie finger an vour fully stretched-oul liand.

2

. Ohie student at a time, go to the front of the class and use your
dominant hand to grab as many candies as possible from the
container. You must grab the candies with your fingers pointing
down (ne scooping!) and hold the candies for 2 seconds before
counting them. After counting, pul the candy back into the
container,

W

. On the board, record vour hand span and number of candies in
a lable with the following headings:
ELHE
| Hand span [cm)

MNuinber of candies

-

. While other students record their values on the board, copy
the table onto a picce of paper and make a graph. Begin by
construeting a set of coordinale axes. Label the horizontal axis
thie vertical axis “Number of candies.”
seale for each axis and plot each point

e as accurately as you can on the graph.

WPLEy

Investigating properties of the least-squares
regression line

ell you aboul the relationship hetween
r ol candies? Summarize your ohserva-
.

In this activity, yon will use the Correlation and Regression applet to explore
some properties of the leastsquares regression line.

By

[ : L Launch the applel al highschool bfwpub.com/
10 : updatedipste.
E\I":C;O(I " 2. Click on the graphing arvea to add 10 points in

the lower-left corner so that the correlalion is
i about r = 0.4 Also, check the boxes to show
S the “least-Sauares Line” and the “Mean X & Y

ChépterS Project Investigating Relationships

D S a6
O Shew s

sl
Chapters 1,3, 4,11, and 12
conclude with a GHAPTER
PROJECT. Three of the projects
(Chapters 1, 3, and 11) provide

in Baseball

What is a better predictor of the munber of wing for a baseball =~ 5,
Leann, the inenber of rums scored by the teant or the mumber of
mns they allow the other leanr o seore? Wit variables can we
use 1o precdiet the number of rans a team scores? To predict e
mumnber of runs it allews the other leam to seore? In this proj-

Because the number of wins a team has is dependent on
both how many runs they score and how many rung they
allow, we can use o combination of both variables to pre-
dict the number of wins a colun in your data table
for a new variable, nun differential, il in the values using
the formala RAG - RAKG

eet, you will use technology to help answer these questions by

an Oppor‘tunity to thlﬂk like a explusing a Targe set of data from Major League Baselall, 6. Createa scalterplal Lo investigate the relatianship bebween

it ) rim differential and wins. Then caleulate the equation of

statistician b analyzm larger o, the lea ey repression line, the standard deviation of
Part 1 i

the residuals, and .

data sets with multiple variables
of interest. The other two
(Chapters 4 and 12) are longer-
term projects that require you to

1. Download the "MLB Teau Dala 2012-2016" Uxcel file 7[5 nun differential 4 better predicter than the variable vou
[rons the book's website, slong with the “Glossary for MLB

i ; chise in Cuestion 47 Explain your ressoning,
Team Data file,” which explaing each of the variables
included v the set. ™ Import the data into th
anl seftwire package you prefer.

engage in the statistical problem-
solving process: Ask Questions,
Collect Data, Analyze Data,

20 Creale a scalierplol to investigate the relationship

runs scored per game (R/G) and wins (W), Thel
late the equation of the leastsquares regression
standard deviation of the residuals, and . Note: |
the section for hitting statistics and W is in the s¢
pitehine statistics

Interpret Results.

f“' CHECK YOUR UNDERSTANDING

In Fxercises 3 and 7, we asked vou to make and deseribe a scatterplol for the
{ : _ 3 |
W hiker data shown in the table.

120 187 109 103 131 165 158 116
% 30 % 24 29 35 3 %

Body weight {Ib)
Backpack weight (Ib)

1. Caleulate the equation of the least-squares regression line,

CHECK YOUR UNDERSTANDING questions
appear throughout the section. They help clarify
definitions, concepts, and procedures. Be sure

2. Make a residual plot for the linear model in Question 1.

3. What does the residual plot indicate about the appropriateness of the linear model?
Iixplain your answer,

to check your answers in the back of the book.




EXAMPLES: Model statistical problems
and how to solve them

Read through each EXAMPLE, and then try out the concept yourself by
working the FOR PRACTICE, TRY exercise in the Section Exercises.

contexts.

120
1
]

a0

Interval {min}

SOLUTION:

EXAMPLE

PROBLEM: Describe the relationship in euch of the following

{a} The scatterplot on the left shows the relationship hetween
the duration {in minutes) of an eruplion and e interval
of time until the nex! eruplion (in minutes) of Old Faithfnl
during a particular month,

(a) Thereis a strong, positive linear relationship between the duration
of an eruption and the interval of time until the next eruption. There
are two main clusters of points: one eluster has durations around

0Id Faithful and fertility
Describing a scatterplot

(b} The scatterplot an the right shows the relationship between the average income {gross domestic product
per person, in dollars) and fertility rate (nmumber of children per woman) in 187 countries,?

. .a"-'h;_ i
" Ol |
- T o |
— : i
3 4 3 n 20000 HLOD 120000
Diaration (min) Average income ()

TalKl

Need extra help? Examples and exercises
marked with the PLAY ICON iy are supported
by short video clips prepared by experienced
AP® Statistics teachers. The video guides you
through each step in the example and solution
and provides additional explanation when you

need it.

Even with the clusters, the overall
direction is still positive. In some
cages howevper the anints ins ciustor

Example: Old Faithful and fertility

Deseribe e relationship in each af the following contests.

B L L LT 8 T T e pnan

=t eruptian Jin
athrat cuating 2

2 minutes within
has durations argf
(b) There is a modera
between average
is a country outs
$30,000 and a fl

The SOLUTION
is presented in a
special font and
models the style,
steps, and language
that you should use
{o earn full credit on
the AP® Statistics
exam.

=

:(G

Caffeine and pulse rates

EXAMPLE

How random assignment works

PROBLEM: A total of 20 stndents have agreed Lo parlicipate
in an experiment comparing the effects of culleinated cola and
caffeine-free cola on pulse rales, Deseribe how von wonld
randomly assign 10 students Lo each of the two treatments:

ta) Using 20 identical slips of paper

(b1 Using technology

(e} Using Table D

. SOLUTION:
" (a) On 10 slips of paper, write the letter “A”; on the remaining

10 slips, write the letter "B Shuffle the slips of paper and
hand out one slip of paper to each volunteer. Students who get
an "A” slip receive the cola with caffeine and students who get
a “B" slip receive the cola without caffeine.

Label each student with a different integer from 1 10 20. Then
randomly generate 10 different integers from 1 to 20. The
students with these labels receive the cola with caffeine. The
remaining 10 students receive the cola without caffeine,

When deécrihing a methed of random

| gets which treatment.

258 Sl

assignment, don't step after creating the
groups. Make sure to identify which group

When using a random number generator or a
table of random digits to assign treatments,
make sure to account for the possibility of
repeated numbers when describing your method.

Label each student with a different integer from 01 to 20. Go to a line of Table D and read two-diaft aroups
moving from left to right. The first 10 different labels between 01 and 20 identify the 10 students who

THE VOICE OF THE TEACHER.
Study the worked examples
and pay special attention to
the carefully placed “Teacher
Talk” comment boxes that
guide you step by step through
the solution. These comments
offer lots of good advice—as if
your teacher is working directly
with you to solve a problem.

receive cola with caffeine. The remaining 10 students receive the caffeine-free cola. Ignore groups of digits

from 21 to 00,

FOR PRAGTIGE, TRY EXERCISE 63

XX

The blue page number icon next
1o an exercise points you back
to the page on which the model

example appears.

63. Layoffs and “survivor guilt” Workers who survive a
{79 251 § layoff of other employees al their location muy suffer
‘ﬂt) from “survivor guill” A st
effects nsed as subje

an oppaerlun
proofreading. Kach subje

cle as another student, who was an accomplice of the
experimenters, Al a break midway througl the work,

Iy of survivor guilt and ils
students who were offered
eourse credit by doing
worked in the same cubi-




EXERCISES: Practice makes perfect!

Start by reading the SECTION SUMMARY to be sure that
you understand the big ideas and key concepts.

* A scatterplot displays the relationship between two quantitulive variables

measured on the same individuals, Mark values of one variable on the hori- Practice! Work the EXERCISES
zontal axs (x avis) and values of the olther variable on the vertical axis [y axis). x
Plot each individual’s dala as a point on the graph. aSSIQne'j by your teacher. Cﬂmpal’e

e Ifwe think that a variable x may help predict, explain, or even eause changes your answers to those in the
inanother variable y, we call x an explanatory variable and y a response vari- Solutions appendlx at the back of the

able. Always plot the explanatnry variable on the x uxis of a scatterplot. Plot

the response variable on the y axis. book. Short solutions fo the exercises
*  When dcscrihing a scatterplot, look for an overall pattern (direclion, form, numbered |n red are 10Und in the

strength) and denarbires from the nattern (nnnsnal features) and alwave A

answer in cot appendlx‘

= Direetic
variable

1. Coral reefs and cell phones Identify the explanatory Track and Field team."" Describe the relationship
palE variable and the response variable for the following between height and weight for these alhleles.
o the exercises are paired, meaning : ;ﬁla :x:ll:\limn.-hli;m\ ifpo:siblc]. Lixplain your l.ea]suninf. =
8 it 2 (a} The weighl gain of corals in aquariums where the
“ﬂ. and even-numbered exercises test the water temperabire is conmolled at different levels 00 =
skill or ConCEDt- If you answer an aSSIQned (b) The number of text messages sent and the number of = 20—
nEE incgrrecﬂy’ try to ﬁgure out your mistake. | phone calls made in a sample of 100 siudents = |
o 5o 200 =
P : . 2. Teenagers and com yield Identify the explanatory 3

see if you can solve the palred EXErcise. variable and the response variable for the following # 0
. Dbk s s B R S relationships, if possible. Fxplain your reasoning, |
10n -
(a} The height and amm span of a samiple of 50 lenagers 4

50 e -

i (b) The vield of corn in bushels per acre and the amounl S . L P .

Look for ICONS that appear of rain in the growing scason Height {in.)

next to selected EXERCISES 3. Heavy backpacks Ninth-grade students at the Webb 6. Starbucks The scatterplot shows the relationship
I ; i 5 g rofEE SChG_O]Is goon 1)5ac.k1)ackin|,r rip c.‘.:l{_']\ fall. Htud_t'nts hetween the amount of fat (in grams) and number
They will gl."de you to :m\(- are divided into hiking ﬁ";l'll-“ of size ? by Sl'h‘?'hlﬂf—s' of calories in products sald at Starbucks,"! Describe
names from a hat, Before leaving, students and their the relationship between fat and ealories for these
s the Example that models backpacks are weighed. The data here are from one products. :
H hiking group. Make a scalterplot by T that shows
the exercise. : how backpack weight relates to body weight, #010)
L ] - - - —
VIfJEDS that pro\nde Step by Body weight (Ib) 120 187 109 103 131 165 158 116 500
step instructions for solwng Backpack weight (Ib) 26 30 26 24 20 35 31 23 i

-

Putting success How well do profussional golfers putt
from various distances to the hole? The data show ~
various distances to the hole (in feet) and the percent
of pulls mad I £ T T

Make a scatll - Multipte Ghoice: Select the best answer for Lixercises 71-75.
of putts mad

the exercise.

Calories
=
=

K

71, Which of the following is not a characteristic of the
Distance (ft) leastsquares regression line? |In |'; 0 2z an s
Eant (e}

Exercise: Heavy Backpacks

{a) The slope of the least-squares regression line is always

Rk a sattorbon by furd that thows how backpack walght relates to between =1 and 1,
Loy welgh.
(b} ‘The least-squares regression line always goes through
the point (%, 7).
i | (&) The least-squares regression line minimizes the sum of
‘L_J. stpuared residuals,
e E R R i A I
T {d) ‘The slope of the leastsyrares regression line w

always have lhe same sign as the correlation. Recycle and Review

79. Fuel economy (2.2) T its recent Fuel Economy Guide,
the Environmental Pretection Ageney (EPA) gives
data on 1152 vehicles. There are a munuber of outliers,
mainly vehicles wilh very poor gas mileage or hybrids
with very good gas mileage. IFwe ignore the outlicrs,
however, the combined city and highway gas mileage
of the other 1120 or so vehicles is approximately
MNormal with mean 18.7 miles per gallon (inpg) and

le

The least-seuares regression line is nol resistan
ontliers.

Various types of problems in the Section Exercises let you

practice solving many different types of questions, including standard deviation 4.3 mpg.
® gl - i - (a) The Chevroalet Malibu with o four-cylinder engine
AP _Styl-e mu“lple Ghﬂ]ce and free response' Thehnecycle i has a combined gas mileage of 25 mpg, What pereent
and Review exercises refer back to concepts and skills learned  § i mene g mlmke i e
4 Malibuz




REVIEW and PRACTICE for quizzes and tests

Study the CHAPTER REVIEW to be sure that you
understand the key concepts in each section.

Chapter 3 Revi'ew

Section 3.1: Scatterplots and Correlation

In this seetion, vou learned how o explore the relabanshin
hetween two quantitative variables. As wilh distributions
aof a single variable, the first step is always 1o make a graph,

A seatterplot is the appropriate tvpe of graph Lo investigate
relationships hetween twe quantitative varialiles. To describe
a scatterplot, be sure to diseuss Tour clurscledistics: direc-
tion, form, strength, and umusnal features, 'The direction ofa

What Did You Learn?

Related Example

I_.t_a_arning Target on Page(s)

Relevant Chapter Review
Exercise(s)

Use the WHAT DID YOU LEARN?
table that directs you to examples
and exercises to verify your mastery
of each LEARNING TARGET.

Diztinguizh hetween explanzlory and response vaniables for e
o 3 a4
quzntitative cata. il

R34

Idake a eeatlerplol 1o disolay the refationship between two
quantitative variables

158

SUMMARY TABLES in

Chapters 8—12 review

important details of each

inference procedure, including

conditions and formulas.

Gomparing confidence infervils for proportions

Confidence interval for py — p;

Twwo-sample zinterval for gy — o
{2-PropZint)

+ Random: The data rome from two independant random
gamphas or from fwo groups in a randomized experiment,
o 10%: When samling without replacement,
m < 0100 and ny < 0.10AL
= Large Counts: The counts of “successes”
and *failures” in each sample or group—
tigdhy, M{1— ), Ma iz, R (1 — o j—are all at least 10.

(h-pyer” 2
\

before you take the practice test? Watch the
Chapter Review Exercise Videos.

Confidence interval for p
Name One-sample zinterval for p
(TI-83/84} {1-PropZin)
Conditions + Random: The data come from & random sample from
the population of interest,
o 10%: When sampling without replacement,
n< DADN
= Large Gounts: Both nf and m1 — §) are at leasl 10,
That is, the sumber of successes and the number of
failures in the sampla are both at least 10.
Formul [rm
armula fust (=8
¥ oa
These exercises are designed to kel you review Lhe important
ideas and methods of the chapter, an A B
R3.1 Born to be old? Is there o relalionship between the el
@ gestational period {Hme from coneeplion to hirth) of e
“  an animal and its average n? The figure shows s 3
a scatterplot of the gestational period and average life i 2 e
span for 43 species of animals,™ & s s A
T8 i i i
Tackle the CHAPTER REVIEW EXERCISES  f-—0 i setting;
] 3 B0 T
for practice in solving problems that test )
concepts from throughout the chapter, Need
more help or just want additional insights

Review Exercise: Late bloomers?
(b} Use technology to calculate the correlation and

the equation of the least-squares regression line,
Interpret the slope and y intercept of the line in this

The correlation is v = =0.85,

The equation of the LSRL is § = _3:3_._1_.2_ = 4.69x,
where § represents the predicted number of days and
x represents the average March femperature.
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and the AP® STATISTICS EXAM

Chapter 3 AP® Statistics Practice Test

2itseeetidily

Section I: Multiple Choice Select the best answer for each question.

T3.1 A school guidance counselor examines how many
extracusricular activities students participate in and
their grade point avernge, The guidance counselor
says, “The evidence indicates that the correlation
between the number of extracurricular activities a sti-
dent participates in and his or her grade poinl aver-
age is close 1o 07 Which of the following s the mest
appropriate conclusion?

{a) Students involved in many exmcumicular activities
tend to be students with poor grades.

(b

Students with good grades tend to be students whio are

not involved in many extracurricular activities,

(e) Students invelved in many extmacurricnlar activitios are
just s likely to get good grades as bad grades,

() Students with good grades tend to be students whe are
involved in namy extracarricnlar aclivities.

(¢} Mo conclusion should be nade based on the

corrclation without looking al a scatterplot of the data.

Questions T3.3-T3.5 refer to the following selting,
Seientists examined the activity level of 7 fish al different
temperatures. Fish activity itedd omat seqle of O {no
ity to 10U (maxinal activity). The temperature
was measared in degrees Celsius, A computer

regression printout and a residual plot are provided.
Motice that the horizontal axis on the residual plot is
labeled “Vitted value,” which means the same thing as
“predicted value”

;W

15

Res

Each chapter concludes with an
AP® STATISTICS PRACTICE
TEST. This test includes about
10 AP®-style multiple-choice
questions and 3 free-response
questions.

Cumulative AP® Practice Test 1 __

Section |: Multiple Choice Choose the best answer for Questions AP1L1-APIL 14,

AP1.1 You look at real estate ads for houses in Sarasota,

AP1.2 A child is 40 inches Lall, which places her at the 90th

Morida. Many bouses have prices from $200,000 to

pereentile of all children of similar age. 'The heights
for ehildren of this age form an approximately I
mal distribution with a mean of 38 inches. Based on
this information, what is the standard deviation of
the heights of all children of this age?

400,000, ' The few houses an the water, however,
have prices up to $15 million. Which of the fol-
Towing statements best describes the distribution of
home prices in Sarasota?

Four CUMULATIVE AP® PRACTICE
TESTS simulate the real exam.
They are placed after Chapters 4,
7,11, and 12. The tests expand in
length and content coverage as you
work through the book. The last test
models a full AP® Statistics exam.

{a) The distribution is most likely skewed to the left, and
the mean s greater than the me

() 0.20 inch

A0 (b 031 inch

(B} The distribution is most likely skewed 1o the left, and
the mean is less than the median.

{¢) 0L.65 inch

x et

(e} The distribution is roughly semelric with a few high {d) 1.21 inches

oulliers, and the mean is approximately equal to the {e) 1.56 inches
median.

(d) The distribulion is maost likely skewed to the righl, and |

the mean is greater than the median,

=

i The distribution is most likely skewed to the right, and |
the mean is less than the median. |

The following peoblem is modelad after actual APY Statistics exam (a) Briefly deseribe the association shown in the
free responss questions, Your task is 1o generats a complete, con-
cige response in 15 minutes.

scatlerplol.
(b} The equation of the leasl-squares regression line
for these data is § = T80.8  15.8x, Interpret the

Directions: Show all your work, Indicate clearly the meth-
slope of the line in the contest of the study,

ads you wse, becanse you will be scored on the correctness
of your methods as well as on the aceuraey and complete- (e
ness of your results and exflanations,

Calenlate ane interpret the residual for the lower
thal had 2 tablespoons of sugar and looked fresh
for 204 hours.

Learn how to answer free
response questions successfully
by working the FRAPPY!—the
Free Response AP® Problem,
Yayl—that begins the Chapter

Twa statistics students went to a flower shop and ran-
dumly selected 12 carnations. When they got home, the
shudents prepared 12 identical vases with tly the same
amount of water in cach vase. They pul one tablespoon of
sugar in 3 vases, two tablespoons of sugar in 3 vases, and
three tablespoons of sugar in 3 vases. Tn the remaining 3
vases, they put no sugar. After Ihe vases were prepared,
the students randomly assigned 1 carnation to cach vase

{d} Suppose that another group of students con-
ducted a similar experiment using 12 flowers, but

included different varieties in addition to cama
tions, Would you expect the value of #° for the
seoond group's dala to be greater than, less than,
ot about the same as the value of 7 for the first
group’s data? Fxplain,

and observed how many hours each flower continued to
loak fresh, A scatterplol of 1he data is shown below,

240
230

20 il

After you finish, you can view two example solulions on the book's
wehsite (highschool. bfwpub.com/updatedipsBe). Determing
whether you think each solutfion is “complete,” “substantial,®
“developing,” or “minimal."” If the solution is not complete, what
improvements would you suggest to the student who wrote i?
Finally, vour teacher will provide you with a scoring rubric. Scare
ol resnanze and note what §f aovibiog, wou woidd do dlfferentiy

Wrap-Up in every chapter.




Use TECHNOLOGY to discover and analyze

3. Technologv'ﬁqfrn COMPUTING NUMERICAL SUMMARIES

TI-Nspire and other fechnology instructions are on the book's website at highschool bfwpub.comiupdatedipste.

Lets lind numerical snmmaries for the boys" shoes data from the

HOEFAL FLUAT AUTO REAL RADIAN WP
example on page 64. We'll starl by showing you how to compute —

sunnary statistics on the TI-83/84 and then laok at oulpul from I ?211-6

computer software, | Ix=233

I. Ome-variable statistics on the T1-83/54 g:;?igiﬁsgazz
I Enter the data in list L1 . ﬁ;g- 10500852
2. I'ind the summary stalistics for the shoe data. il

401=6.5

Press [STAT] (CALC); choose 1-VarStats.
OS 2.55 or later: In the dialag hox, press [2nd] [A1(L1) and
[ENTER] 10 specity L1 as the List. Leave

[MURHAL FLEAT AUTO REAL RADIAR HP

List blank, ' :
i '

v Ty
Arrow dovn to Calculate and press |lEj\I_TEFLi.

-Use technology as a tool for discovery and analysis.
TECHNOLOGY CORNERS give step-by-step
instructions for using the TI-83/84 calculator.
Instructions for the TI-Nspire and other calculators
are on the book’s Student Site (highschool.bfwpub.
com/updatedips6e) and in the e-Book platform.

Technology Corner videos are also available
to walk you through the key strokes needed to
perform each analysis.

T5%x=9.421559822
Older OS: Press [2nd]| [1]{1.1) and [ENTER]. ox=9. 183000599
* Press to see the rest of the one-variable stalistics. ::ﬁgm‘
1. Output from statistical software We used Minitab statistical gé;i'gs
software to caleulate descriptive slatistics for Lhe boys' shoes data. | ga=11.5
Minital allows vou to choose which numerical summaries are | max¥=38
ineluded in the output.
Degcriptive Statistics: Shoes
Variable N Mean StDev Minimum @, Madian @, Maximum
Shoes 20 11.65 9.42 4,00 5.25 9.00 11.75 38.00

Note: The TI-83/84 gives the fivst and third quartiles of the hovs' shoes distribution as Q) = 6.5 und
O =115 Minitab reports that Q) = 6.25 and Q5 = 11.75. What happened? Minitzb and some other sofi-
ware use slightly different rules for Jocating quartiles. Results from the warious rules are usially close Lo cach
other. Be aware of possible differences when calenlating quartiles as they muy affect more than just the 10R.

Although the Technology

4:PlotsOff
S:PlotsOn

Corners focus on the TI-83/84
graphing calculator, output
from multiple programs—

including Minitab and JMP—is |
used in the book’s Examples |
and Exercises to help you

become familiar with reading

3.2 Technology Gorners

highschool bfwpub. comiupdatedipste,
9. Calculating least-squares regression lines

Tl-Nspira andf other technology instructions are on the book’s website af

and interpreting many
different kinds of statistical

10. Making residual plots

Find the Technology Corners easily by
consulting the summary table at the

fanei end of each section or the complete

Page 187

fable at the back of the book.

summaries.

Acthvitias and
[ree Dates S'a:_‘pes._Tabor

Resources

< 4

£
Grades

N

Settings

Upcoming Assignments & Events

There are no URCEMINg assignments or events

Student Resources

ok fr the Aanatates Tearher's Edition and 7

Course 1t from students, Fiease refer to our Supgion Co

Management

ULL Version

These resources (e an

Student Resources  «..

Read, practice, access the
resources, and do homewaork
assignments online with the new
Online Homework and e-Book
Platform that may be purchased
1o enhance your learning

—
Practice.
Statistics

experience.




OVERVIEW:
What Is Statistics?

Does listening to music while studying help or hinder leaming? If an athlete fails a drug
test, how sure can we be that she took a banned substance? Does having a pet help peo-
ple live longer? How well do SAT scores predict college success? Do most people recy-
cle? Which of two dicts will help obese children lose more weight and keep it off? Can
anew drug help people quit smoking? How strong is the evidence for global warming?

These are just a few of the questions that statistics can help answer. But whal is
statistics? And why should you study it?

Data arce usually numbers, but they are not “just numbers.”

' Data are numbers with a context. The number 10.5, for
example, carries no information by itself. But if we hear
that a family friend’s new baby weighed 10.5 pounds at
birth, we congratulate her on the healthy sizc of the
child. The context engages our knowledge about the
world and allows us to make judgments. We know that

a baby weighing 10.5 pounds is quite large, and that a

¥ human baby is unlikely to weigh 10.5 ounces or 10.5 kilo-

grams. The context makes the number meaningful.

In your lifetime, you will be bombarded with data and statistical information.
Poll results, television ratings, music sales, gas prices, unemployment rates, medical
study outcomes, and standardized test scores are discussed daily in the media. Using
data effectively is a large and growing part of most professions. A solid understanding
of statistics will enable you to make sound, data-based predictions, decisions, and
conclusions in your career and everyday life.

istockphoto

[t is tempting to base conclusions on your own experiences or the experiences of
those you know. But our experiences may not be typical. In fact, the incidents that
stick in our memory are often the unusual ones.

Do Cell Phones Cause Brain Cancer?

Italian businessman Innocente Marcolini developed a brain tumor at age 60. He
also talked on a cellular phone up to 6 hours per day for 12 years as part of his job.
Mr. Marcolini’s physician suggested that the brain tumor may have been caused
by cell-phone use. So Mr. Marcolini decided to file suit in the Italian court sys-
tem. A court ruled in his favor in October 2012.

Several statistical studies have investigated the link between cell-phone use
and brain cancer. One of the largest was conducted by the Danish Cancer Society.

Bloomberg via Getty Images
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Over 350,000 residents of Denmark were included in the study. Researchers com-
pared the brain-cancer rate for the cell -phone users with the ratc in the general popu-
lation. The result: no statistical difference in brain-cancer rates.’ In fact, most studies
have produced similar conclusions. In spite of the evidence, many people (like Mr.
Marcolini) are still convinced that cell phones can cause brain cancer.

[n the public’s mind, the compelling story wins every time. A statistically literate
person knows better. Data are more reliable than personal experiences because they
systematically describe an overall picture, rather than focus on a few incidents.

Are You Kidding Me?

e iR Lt L P B R EE R P IASETTRE 3 3+ PR T TR et ER TR

The famous advice columnist Ann Landers once asked her readers, “If you had it to
do over again, would you have children?” A few weeks later, her column was head-
lined “70% OF PARENTS SAY KIDS NOT ' WORTH IT.” Indeed, 70%
of the nearly 10,000 parents who wrote in said they would not have

children if they could make the choice again. Do you believe that
70% of all parents regret having children?

You shouldn’t. The people who took the trouble to write
to Ann Landers are not representative of all parents. Their
letters showed that many of them were angry with their chil-
dren. All we know from these data is that there are some

unhappy parents out there. A statistically designed poll,
unlike Ann Landers’s appeal, targets specific people chosen in
a way that gives all parents the same chance to be asked. Such a
poll showed that 91% of parents would have children again.

Where data come from matters a lot. If you are careless about
how you get your data, you may announce 70% “No” when the
truth is close to 90% “Yes.”

istockphoto

Who Talks More—Women or Men"

RELATE AR TR AT TR TR ALEIRRS

According to Louann Brl/cndme 'mthor of ihe Femafe Bram wormen say nearly 3 times
as many words per day as men. Skeptical researchers devised a study to test this claim.
They used electronic devices to record the talking patterns of 396 university students
from Texas, Arizona, and Mexico. The device was programmed to record 30 seconds of
sound every 12.5 minutes without the carrier’s knowledge. What were the results?
According to a published report of the study in Scientific American, “Men showed
a slightly wider variability in words uttered. . . . But in the end, the sexes came out just
about even in the daily averages: women at 16,215 words and men at 15,669.”2 When
asked where she got her figures, Brizendine admitted that she used unreliable sources.?




The most important information about any statistical study is how the data
were produced. Only carefully designed studies produce results that can be trusted.

Yogi Berra, a famous New York Yankees baseball player known for his unusual quotes,
had this to say: “You can observe a lot just by watching.” That’s a motto for learning
from data. A carefully chosen graph helps us describe patterns in data and identify
important departures from those patterns.

Do People Live Longer in Wealthier Countries?

The Gapminder website, www.gapminder.org, provides loads of data on the health
and well-being of the world’s inhabitants. The graph below displays some data from
Gapminder.* The individual points represent all the world’s nations for which data
are available. Fach point shows the income per person and life expectancy
for one country, along with the region (color of point) and population (size
of point).
We expect people in richer countries to live longer. The overall pat-
tern of the graph does show this; but the relationship has an interesting
shape. Life expectancy riscs very quickly as personal income increases
and then levels off. People in very rich countries like the United States
live no longer than people in poorer but not extremely poor nations.
In some less wealthy countries, people live longer than in the United
States. Several other nations stand out in the graph. What's special
about each of these countries?

Hongqi Zhang/Alamy
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Individuals vary. Repeated measurements on the same individual vary. Chance
outcomes—Ilike spins of a roulette wheel or tosses of a ¢oin—vary. Almost everything
varies over time. Statistics provides tools for understanding variation.

Have Most Students Cheated on a Test?

Researchers from the Josephson Institute were determined to find out. So
they surveyed about 23,000 students from 100 randomly selected schools
(both public and private) nationwide. The question was: “Iow many
times have you cheated during a test at school in the past year?” Fifty-one
percent said they had cheated at least once.’

If the rescarchers had asked the same question of all high school
students, would exactly 51% have answered “Yes”? Probably not. If the
Josephson Institute had selected a different sample of about 23,000 stu-
dents to respond to the survey, they would probably have gotten a different
estimate. Variation is everywhere!

Fortunately, statistics provides a description of how the sample results
will vary in relation to the actual population percent. Based on the sam-
pling method that this study used, we can say that the estimate of 51% is
very likely to be within 1% of the true population value. That is, we can
be quite confident that between 50% and 52% of all high school students
would say that they have cheated on a test.

Because variation is everywhere, conclusions are uncertain. Statistics
gives us the tools to quantify our uncertainty, allowing for valid, data-
based predictions, decisions, and conclusions.

Commercial Eye/Getty Images
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2 CHAPTER 1 DATA ANALYSIS

Rudy Sulgan/Corbis Documentary/Getty Images

il Statistics: The Science
and Art of Data

LEARNING TARGETS sy the end of the section, you should be able to:

o |dentify the individuals and variables in a set of « Classify variables as categorical or quantitative.
data.

We live in a world of data. Fvery day, the media report poll results, outcomes of
medical studies, and analyses of data on everything from stock prices to standard-
ized test scores to global warming. The data are trying to tell us a story. To under-
stand what the dah are saying, you need to learn more about statistics.

DEFINITION Statistics

Statistics is the science and art of collecting, analyzing, and drawing conclusions
from data.

A solid understanding of statistics will help you make good decisions based on
data in your daily life.

Organizing Data

Every year, the U.S. Census Burcau co]lu.tx data From over 3 million households
as part of the American Community Survey (ACS). The table displays some data
from the ACS in a recent year.

SRR

Time in

Number dwelling Response Household Internet

Household Region  of people  (years) mode income access?
425  Midwest ] 2-4 Internet 52,000 Yes
936459  West 4 2-4 Mail 40,500 Yes
50055 Northeast 2 10-19 Internet 481,000 Yes
592934  West 4 2-4 Phone 230,800 No
545854  South 9 2-4 Phone 33,800 Yes
809928  South 2 30+ Internet 59,500 Yes
110157 Midwest 1 59 Internet 80,000 Yes
999347  South 1 24 Mail 8,400 No

Most data tables follow this format—each row describes an individual and
each column holds the values of a variable.




Sometimes the individuals in a data DEFINITION Individual , Variable
set are called cases or observational An individual is an object described in a set of data. Individuals can be people,
. animals, or things.

A variable is an atiribute that can take different values for different individuals.

For the American Community Survey data set, the individuals are households.
The variables recorded for each houschold are region, number of people, time
in current dwelling, survey response mode, houschold income, and whether the
dwelling has Internet access. Region, time in dwelling, response mode, and Inter-

net access status are categorical variables. Number of people and household
AP® EXAM TIP ol T e peop

Imcome are quantitative variables.
If you learn to distinguish Note that houschold is not a variable. The numbers in the household cohimn of the
categorical from quantitative data table are just labels for the individuals in this data set. Be sure to look for a column
variables now, it will pay big of labels—names, numbers, or other identifiers— in any data table you encounter.
rewards later. You will be
Sxpected to analyze categorical DEFINITION  Categorical variable, Quantitative variable
and quantitative variables : ; ] s : ;
correctly on the AP® exam. A categorical variable assigns labels that place each individual into a particular

group, called a category.
A quantitative variable takes number values that are quantities—counts or

measurements.
% Not every variable that takes number values is quantitative. Zip code is one
example. Although zip codes are numbers, they are neither counts of anything,

nor measurements of anything. They are simply labels for a regional location,
making zip code a categorical variable. Some variables—such as gender, race,
and occupation—are categorical by nature. Time in dwelling from the ACS data
sctis also a categorical variable because the values are recorded as intervals of
time, such as 2-4 years. If time in dwelling had been recorded to the nearest year
for each household, this variable would be quantitative,

To make life simpler, we sometimes refer to categorical data or quantitative
data instead of identifying the variable as categorical or quantitative.

Census At School
Individuals and Variables

PROBLEM: Census At School is an 1nternational project that collects
data about primary and secondary school students using surveys. Hun-
dreds of thousands of students from Australia, Canada, Ireland, Japan,
New Zealand, South Africa, South Korea, the United Kingdom, and
the United States have taken part in the project. Data from the sur-
veys arc available online. We used the sitc’s “Random Data Selector”
to choose 10 Canadian students who completed the survey in a recent

year. The table displays the data.

Garry Black/Alamy
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CHAPTER 1

DATA ANALYSIS

Number of Wrist

languages Height circumference Preferred
Province Gender spoken Handedness  (cm) (mm) communication
Saskatchewan  Male 1 Right 175.0 180 In person
Ontario Female 1 Right 162.5 160 In person
Alberta Male 1 Right 178.0 174 Facebook
Ontario Male 2 Right 169.0 - 160 Cell phone
Ontario Female 2 Right 166.0 65 In person
Nunavut Male 1 Right 168.5 160 Text messaging
Ontario Female 1 Right 166.0 165 Cell phone
Ontario Male 4 Left 157.5 147 Text messaging
Ontario Female 2 Right 150.5 187 Text messaging
Ontario Female 1 Right 171.0 180 Text messaging

(a) Identify the individuals in this daia sct.

(b) What are the variables? Classify each as categorical or quantitative.

SOLUTION:

(a) 10 randomly selected Canadian students who participated in the

Census At School survey.

(b) Categorical: Province, gender, handedness,
preferred communication method

Quantitative: Number of languages spoken,

height (ecm), wrist circumference (mm)

We'll see in Chapter 4 why choosing
at random, as we did in this example,
is a good idea.

There is at least one suspicious value in the data table.

We doubt that the girl who is 166 cm tall really has a wrist
circumference of 65 mm (about 2.6 inches). Always look to be
sure the values make sense!

FOR PRACTICE, TRY EXERCISE 1

There are two types of quantitative variables: discrete and continuous. Most dis-

crete variables result from counting something, like the number of languages
spoken in the preceding example. ( ontinuous variables typically result from
measuring something, like height or wrist circumference. Be sure to report the
units of measurement (like centimeters for height and millimeters for wrist cir-
cumference) for a continuous variable.

DEFINITION Discrete variable, Continuous variable

A quantitative variable that takes a fixed set of possible values with gaps between
them is a discrete variable.

A quantitative variable that can take any value in an interval on the number line is
a continuous variable.

The proper method of data analysis depends on whether a variable is categor-
ical or quantitative. For that reason, it is important to distinguish these two types
of variables. The type of data determines what kinds of graphs and which numer-
ical summaries are appropriate.

ANALYZING DATA A variable generally takes values that vary (hence the name
variable!). Calegorical variables sometimes have similar counts in each category
and sometimes don’t. For instance, we might have expected similar numbers of



Introduction Statistics: The Science and Art of Data

males and females in the Census At School data set. But we aren’t surprised to
see that most students are right-handed. Quantitative variables may take values
that are very close together or values that are quite spread out. We call the pattern
of variation of a variable its distribution.

: Al DEFINITION Distribution
The distribution of a variable tells us what values the variable
‘g 1 takes and how often it takes those values.
E
‘E 7 Let’s return to the data for the sample of 10 Canadian students
E from the preceding example. Figure 1.1{a) shows the distribution
Z 14 of preferred communication method for these students in a har
I graph. We can see how many students chose cach method from
01— : S the heights of the bars: cell phone (2), Facebook (1), in person
Cell phone  Facebook  In person Text %o - : 3 1y :
- (3), text messaging (4). Figure 1.1(b) shows the distribution of
(@) Preferred communication method number of languages spoken in a dotplot. We can sce that 6 stu-
. dents speak one language, 3 students speak two languages, and 1
: " student speaks four languages.
‘ . : : Section 1.1 begins by looking at how to describe the distri-
1 2 3 1 bution of a single categorical variable and then examines rela-
) Nursher:of Inngeages soken tionships between categorical variables. Sections 1.2 and 1.3 and
FIGURE 1.1 (a) Bar graph showing the distribution all of Chapter 2 focus on describing the distribution of a quan-
of preferred communication method for the sample titative variable. Chapter 3 investigates relationships between
of 10 Canadian students. (b) Dotplot showing the two quantitative variables. In each case, we begin with graphical
distribution of number of languages spoken by displays, then add numerical summaries for a more complete
these students. description.

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

e Start with a graph or graphs. Then add numerical summaries.

This process of exploratory data analysis is known as descriptive statistics.

CHECK YOUR UNDERSTANDING

Jake is a car buff who wants to find out more about the vehicles that his classmates
drive. He gets permission to go to the student parking lot and record some data.
Later, he does some Intemet rescarch on each model of car he found. Finally, Jake
makes a spreadsheet that includes each car’s license plate, model, number of cyl-
inders, color, highway gas mileage, weight, and whether it has a navigation system.

L. Identify the individuals in Jake’s study.
2. What are the variables? Classify each as categorical or quantitative.

3. Identify each quantitative variable as discrete or continuous.
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DATA ANALYSIS

From Data Analysis to Inference

Sometimes we're interested in drawing conclusions that go beyond the data at
hand. That's the idea of inferential statistics. In the “Census At School” example,
9 of the 10 randomly selected Canadian students are right-handed. That’s 90%
of the sample. Can we conclude that exactly 90% of the population of Canadian
students who participated in Census At School are right-handed? No.

If another random sample of 10-students were selected, the percent who arc
right-handed might not be exactly 90%. Can we at least say that the actual pop-
ulation value is “close” to 90%? That depends on what we mean by “close.” The
following activity gives you an idea of how statistical inference works.

AR ILARR @8 Hiring discrimination—it just won’t fly!

ChojaJGe_tty Images

An airline has just finished training 25 pilots—15 male and 10 female—to
become captains. Unfortunately, only eight captain positions arc available right
now. Airline managers announce that they will use a lot-
tery to determine which pilots will fill the available posi-
tions. "The names of all 25 pilots will be written on identical
slips of paper. The slips will be placed in a hat, mixed thor-
oughly, and drawn out one at a time until all 8 captains
have been identified.

A day later, managers announce the results of the lot-
tery. Of the 8 captains chosen, 5 are female and 3 are
male. Some of the male pilots who weren’t selected sus-
pect that the lottery was not carried out fairly. One of these
pilots asks your statistics class for advice about whether to
file a grievance with the pilots’ union.

The key question in this possible discrimination case seems to be: Is it plausible
(believable) that these results happened just by chance? To find out, you and your
classmates will simulate the lottery process that airline managers said they used.

L. Your teacher will give you a bag with 25 beads (15 of one color and 10 of
another) or 25 slips of paper (15 labeled “M” and 10 labeled “F”) to repre-
sent the 25 pilots. Mix the beads/slips thoroughly. Without looking, remove
8 beads/slips from the bag. Count the number of female pilots selected.
Then return the beads/slips to the bag.

~J

- Your teacher will draw and label a number line for a class dotplot. On the
graph, plot the number of females you got in Step 1.

W

- Repeat Steps 1 and 2 if needed to get a total of at least 40 simulated lottery
results for your class.

4. Discuss the results with your classmates. Does it seem plausible that air-
line managers conducted a fair lottery? What advice would you give the
male pilot who contacted you?

Our ability to do inference is determined by how the data are produced.
Chapter 4 discusses the two main methods of data production—sampling and

—



Introduction Exercises

expeniments—and the types of conclusions that can be drawn from each. As the
activity illustrates, the logic of inference rests on asking, “What are the chances?”
Probability, the study of chance behavior, is the topic of Chapters 5-7. We’ll
introduce the most common inference techniques in Chapters 8-12.

R summary

®  Statistics is the science and art of collecting, analyzing, and drawing conclu-
sions from data.

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

® A categorical variable assigns a label that places each individual in one of
several groups, such as male or female. A quantitative variable has numeri-
cal values that count or measure some characteristic of each individual, such
as number of siblings or height in meters.

* There are two types of quantitative variables: discrete and continuous. A dis-
crete variable has a fixed set of possible numeric values with gaps between
them. A continuous variable can take any value in an interval on the num-
ber line. Discrete variables usually result from counting something; continu-
ous variables usually result from measuring something.

® The distribution of a variable describes what values the variable takes and
how often it takes them.

" Wnpilichan,

The solutions to all exercises numbered in red may be found in the Solutions Appendix, starting on page S-1.

1. Aclass survey Here is a small part of the data set 2. Coaster craze Many people like to ride roller coasters.
pgBl  that describes the students in an AP® Statistics class. Amusement parks lry to increase attendance by building
: W "The data come from anonymous responses to a exciting new coasters. The following table displays data on
i " questionnaire filled out on the first day of class. several roller coasters that were opened in a recent year.!
I - Homework Roller Height Speed  Duration
ﬁ Grade Children  lastnight  Android coaster Type (f) Design  (mph) (sec)
a Gender level GPA infamily  (min)  oriPhone? Wildfre ~ Wood  187.0  Sitdown  70.2 120
! F 9 2.3 3 0-14 iPhone Skyline Steel  131.3  Inverted 50.0 90
] 11 38 6 15-29 Android Goliath Wood 1650  Sitdown 720 105
)
I : M 10 31 2 15-29 Android Helix Steel 1345  Sitdown 62.1 130
| ' F 10 4.0 1 45-59 iPhone Banshee  Steel  167.0  Inverted 68.0 160
i . F 10 3.4 4 0-14 iPhone Black Hole  Steel 227 Sitdown 255 75
F 10 3.0 3 30-44 Android (a) Identify the individuals in this data set.
T A T & 2 15-29 Enone (b) What are the variables? Classify each as categorical or
i M 12 35 2 0-14 iPhone quantitative.
) (a) Identify the individuals in this data st. 3. Hit movies According to the Internet Movie Database,
(b) What are the variables? Classify each as categorical or ,‘k\fa?ar : mps%]fed,[(fll ! });))EOICFIICC r‘f(]’)‘illji_ ?&"f])l‘ld\’\{ld(:
quantitative. as of January 2017. The following table displays data

on several popular movies. Identify the individuals
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and variables in this data set. Classify each variable as
categorical or quantitative.
Time
Movie Year Rating {min) Genre  Box office (S)
Avatar 2009 PG-13 162 Action 2,783,918,982
Titanic 1997 PG-13 194 Drama 2,207,615,668
StarWars: The 2015 PG-13 136 Adventure 2,040,375,7956
Force Awakens
JurassicWorld 2015 PG-13 124  Action 1,669,164,161
Marvel's The 2012 PG-13 142 Action 1,519,479,547
Avengers
Furious 7 2015 PG-13 137 Action 1,516,246,709
The Avengers: 2015 PG-13 141 Action 1,404,705,868
Age of Ultron
Harry Potter 2011 PG-13 130 Fantasy  1,328,111,219
and the Deathly
Hallows: Part 2
Frozen 2013 PG 108 Animation 1,254,512,386
Iron Man 3 2013 PG-13 129 Action 1,172,805,920
4. Skyscrapers Here is some information about the tallest
buildings in the world as of February 2017. Identify the
individuals and variables in this data set. Classify each
variable as categorical or quantitative.
Height Year
Building Country (m) Floors Use completed
Burj Khalifa United 8280 163 Mixed 2010
Arab
Emirates
Shanghai Tower ~ China 632.0 121 Mixed 2014
Makkah Royal Saudi 601.0 120 Hotel 2012
Clock Tower Hotel Arabia
Ping An Finance  China 599.0 115 Mixed 2016
Center
Lotte World South 5545 123 Mixed 2016
Tower Korea
One World Trade  United 541.0 104  Office 2013
Center States
Taipei 101 Taiwan ~ 509.0 101 Office 2004
Shanghai World ~ China 492.0 101  Mixed 2008
Financial Center
International China 4840 118 Mixed 2010
Commerce
Center
Petronas Tower 1 Malaysia  452.0 88  Office 1998
5. Protecting wood What measures can be taken,

especially when restoring historic wooden buildings,
to help wood surfaces resist weathering? In a study

of this question, researchers prepared wooden panels
and then exposed them to the weather. Some of the
variables recorded were type of wood (yellow poplar,
pine, cedar); type of water repellent (solvent-based,
water-based); paint thickness (millimeters); paint color
(white, gray, light blue}; weathering time (months).
Classify each variable as categorical or quantitative.

6. Medical study variables Data from a medical study
contain values of many variables for each subject in
the study. Some of the variables recorded were gender
(female or male); age (years); race (Asian, Black,
White, or other); smoker (yes or no); systolic blood
pressure (millimeters of mercury); level of calcium in
the blood (micrograms per milliliter). Classify each
variable as categorical or quantitative.

7. College life A college admissions office collects data
from each incoming freshman on several quantitative
variables: distance from their home to campus, number
of siblings, how many books they have read in the past
month, and how long it took them to complete an online
survey. Classify each variable as discrete or continuous.

8. Social media A social media company records data from
each of its users on several quantitative variables: time spent
on the site, how many times they visited the site, number of
likes received, and how long since they created a member
profile. Classify each variable as discrete or continuous.

Multiple Choice: Select the best answer.

Exercises 9 and 10 refer to the following setting. At the Cen-
sus Bureau website www.census.gov, you can view detailed
data collected by the American Community Survey. The
following table includes data for 10 people chosen at ran-
dom from the more than 1 million people in households
contacted by the survey. “School” gives the highest level of
education completed.

Travel Income
Weight Age  towork last
(Ib) (vears)  (min) School Gender year ($)
187 66 0 Ninth grade 1 24,000
158 66 na High school grad 2 0
176 54 10 Assoc. degree 2 11,900
339 37 10 Assoc, degree 1 6000
g1 27 10 Some college 2 30,000
185 18 n/a High school grad 2 0
213 38 15 Master's degree 2 125,000
194 40 0 High school grad 1 800
221 18 20 High school grad 1 2500
193 11 n/a Fifth grade 1 0
9. The individuals in this data sct are
(a) households. (b) people. {c) adults.
(d) 120 variables. {e) columns.

10. This data sct contains

(a) 7 variables, 2 of which are categorical.
(b) 7 variables, 1 of which is categorical.
(c) 6 vanables, 2 of which are categorical.
(d) 6 variables, 1 of which is categorical.

(e) None of these.
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