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Preface

lir 3 mushell. sravissics is abour undersanding the sole thac varkabiline plays in drawing
conclusions based on daca. Tntreduction re Seatistice and Diter Anadysis, A" Edicien
Fifth Edition, develops this crucal understanding ol variahility through its focus on
the dam analysis process.

An Organization That Reflects the Data Analysis Process

Srudents are introduced eady to che idea thar data analysis 5 a proces that begins
with arcful planning. followed by dama collection, dara descriprian wsing graphical
and numerical summaries, dasa analysis, and finally interpreracion of resules, This
proces is described in desail in Chapeer 1, and the ordering of toples in the first ten
chapeers of the book mirrors this process: dara collection. then data descelprion, then
statisrical interence.

The logical order in the dara analysis process can be phetured as shown in the
following hygire,

Siep 11 Saup 2 Step X
Ackmow ledping Tesdritlng [rsing
Wanighiliy— Wartabiliy Concasine
Cuallectmg * ini the Duli— # ina Way Thai
Dty Semaihly Chscaipitive Reognizes
§larsics Vanublay in
the Cania

il

Unlike many introductory texts, Frtroduction fe Seamitics and Dara Awalysis,
Fifth Edition, ks organized i 2 manner consistent with de nanural erder of the dara
analysis process

KW
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I The Importance of Context and Real Data

Sratiscics i& not abour numbers it i abowr dosm—oumbers in conrexe, Teis the contest
thar make: a pmhhm meaninghul and .\Dm!th.‘ll:lE worth considering, For mmplt.
erercises that ask students o compure the mean af 10 numbers o to construce o
dorplot or boxplot of 20 numbers wirthour context are arichmetic and graphing exer-
cises. They hecome smatistics problems only when a conzexe gives them meaning and
allows for incerpretation. While this makes for 2 text that may appear “wordy” when
compared 1o craditional mathemarics texts, it is a critical and pecessary component af
a modern scarisrics vexr.

Examples and exercises with overly simple sertings do noc allow: stwdenes o prac-
tlce interpreting resules in authendc siiuarions-or give students the experience neces
sary to be able o use sratisrical methods in real sertings, We believe thar the exencises
and exantples are a panicular strength of this rexr, and we invite you 1o compare the
examples and exercises with those in other Introducrory stacistics Texts,

Many ssudents are skeprical of the relevance and importance of suristics. Con-
rrivedd prohlem siruarions and arrificial dars often reinforce this skeptlclem. A straregy
thar we have emploved successhully g motvate snadents is m present examples and
exercises thar Involve dats extracted from journal articles, newspapers, 2nd ather pub-
lished sources, Most examples and éxercises in the book are of this nature; they cover
a very wide range of disciplines and subject areas. Thisse inchude. but are nor limired
to. health and fimness, consumer research, psychology and aging, environmenral re-
search, law and criminad justics, and entertainment

I A Focus on Interpretation and Communication

Most chaprers include a section titled *Inserpresing and Communicaring the Resulrs
of Staristical Anzlyses.” These secrions include advice on how o bess commusnbcare
the results of a statistical analvsis and also consider how to Incerprec staristical



(HAPTER 1

The Role of Statistics

and the Data Analysis Process

o b= o)l e Tl | s

WE- encounter data and make conclusions based on
data every day. Statistics is the schentific discipline that
provides methads 1o help ws make sensa of data, Statistical
msthads, used intefligently, offer a set of powerful tools for
gaining insight inte the world around ws. The widespread
use of statistical analyses in diversa fields such as business,
medicine agriculture, social sclences, natural scences, and
enginesring has led to incréased recognition that statist-
cal liveracy—a familiarity with The goals and methoas of
statistics—should be a basic companent of 8 well-raunded
educaticnal prograrm,

The field of statistics helps vl to make inkelligent jucds-
ments and informed decisions in the presence of uncer-
tairvty amd variateon. In this chapter, we consider the nature
and rale of variability in statistical settings, introduce some
basic terminology, and look at some simple graphical dis
plays far summarizing daca

Chapter 1: Learning Objectives

STUDENTS WILL UNDERSTAND

& the steps in the data analysis process.

ETUDENTS WILL BE ABLE TO::

& distinguish betwesn 3 population and 3 sample.

# distinguish between categorical, discrete numerical. and continuous

nurnercal data

# construct 3 frequency distribution arnda bar chast and describe the
distributon ol a :alt'-5|-::-|i|: Al variabie,
® constrsct a datplet and describe the distribwtion of a numerical variable.




2 « Chapter1 The Roleof Statistics and the Data Aralysis Process

1.1 Why Study Statistics?

Thete s an old saying that “without data, you are justanother person with an opinion.”
wWhile anecdotes and cotneidences may make for Interesiing stories, you wouldn's want tn
miake Imporant decisions on the basis ol anecdotes alone, For exapnghe, us beciuse @
friened ol a friend ale 16 apricocs and :hmc:!pcnmdr_di:ffmm jmint paln dosgn's mean
thu (s i 2l you meed 1o kmew 1 bl one of vour parents choose & meateent for arhritis!
Belore recomumending apricots, you would definfrely want 1o consider relevant Gau—shal
|5, -data that weonld allow you i mveatizate the effectiveness of apricots as a Leatment for
arthriiis:

It 15 dtfficuls i function in todays workd without 4 besic undersanding of siatistics, For
example. here are jisr 3 fow headlines from arrickes that dew conclusions hased on-data
that all sppeared aver twio days in USA Today (December 19and 20, 20134

® The articie "American Attitades Toward Global Warming” summarzes data [ i nation-
wide sarvey of adilis, A variety of graphs and charts provide mformasicn ea epliions
regarding the existence of global warming, the impact of giobal warming, and wha
actions should be tken tn response 12 global warming,

» “Smndardized Testing Fails Coege Students” 15 the nre of an article descrbing Lhe use
al standardized 1eats to place cotlege students into approprise caflege mathematics
courses, The aricle concludes that many studers are ney aware of the importance of
thiese s and de mot prepare for them, This reswls in mary students being placed
iy developmininal mathemanis cuurses that slow their progress toward gerting their
degree.

- The aiticle “Shoppers Say Ho-Hum to Discounts” describes conclusions drawn from
a stuidy of how consumess Tezpond 10 e-mail adveryiing campnigns that offer
discourits. The anicle comeludes that this practice has become so widespread thas
shuppers latgely ygnore these e-matls and delete thess without even reading them.
This i information that retillies shiosld comsider when planning future advemising
CAMpOLEHS.-

e “Oider Americans Could Opt Out of Bload Pressure Meds” is the nitle of an article describ-
mg a stady of the effesy of high hlood pressure on heahh for thise cver age B0, Do
Froen this seudy lead 1o the conclusion thae for older Americans, there is oo [urther
benefit i reducing blood pressire below 15090, This is of Interes o doctors becduse 1
the previows tecomumuendarion was that bliood pressure should be 14000 or kower.

» The article "College Coaching Gander Gap Persisss” repored data from a snxdy ol col-
leges n six Jarpe NCAA sparts conferences. The study tound that enby 39.6% of the
coaches of womens sports teams in 2013 were women, which 1s even Tenwie than in

revlous years. The asticle concluded that although Title TX increased opportumities
particlparion of women in collegiae sports, it has Bot vel resulied in increased
pppartunitkes for women as ooaches.

Studving statistics will also eriahle you 1o collecs dam in o sensible way and then use
the dats 1o answer guestions of injerest. [ addinion, stchyimy satisties will allow o o
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critically evaluate the work of others by providing you with the tools you need to make
informed judgments.

)

5 Dsawmn lusions, maheﬁaﬁ;imﬁ.hndasqes; the mkgggn incorrect decision.
These are the steps Irrﬂwd:ata aﬂaiysmp{mmesé steps will be considered in-

We hope that this textbook will help you 1w understand the logic behind statistical rea-
soning, prepare vou to apply statistical methods appropriately, and enable you to recognize
when statistical arguments are faulty.

1.2 The Nature and Role of Variability

Understand the context |

Consider the data )

Statistical methods allow us to collect, describe, analyze, and draw conclusions [rom data.
1f we lived in & world where all measurements were identical for every individual, these
tasks would be simple. Tmagine a population consisting of all students at a particular uni-
versity Suppose that every student was enrolled in the same number of courses, spent
exactly the same amount of money on textbooks this semester, and lavored increasing stu-
dent fees 1o support expanding library services. For this populatlon, there is no variability
in number of courses, amount spent on books, or student opinion on the fee increase. A
researcher studving students from this population in order o draw conclusions about these
three variables would have a particularly easy task. It would net matter how many students
the researcher studied or how the students were selected. In fact, the researcher could col-
lect informarion on number of courses, amount spent on books, and opinion on the fee
mcrease by just stopping the next student who happened to walk by the library. Because
there is ne variability in the population, this one individual would provide complete and
accurate information abour the population, The researcher could draw conclusions with
no risk of error.

The situation just described is obviously unrealistic: Populations with no variability are
rare. Tn fact, variahility is-almost universal. We need to undersiand variability 1o be able wo
collect, describe, analvze, and draw conclusions [rem data in a sensible way,

Examples 1.1 and 1.2 illustrate how describing and understanding variability are important.

EXAMPLE 1.1 If the Shoe Fits

The graphs in Figure 1.1 are examples of 2 type of graph called a histogram. {The con-
struction and interpretation of such graphs is discussed in Chaprer 3.) Figure 1.1(a)
shows the distribution of the heights of female basketball players whe plaved at a par-
ticular university between 2005 and 201 3. The height of each bar in the graph indicates
hew many players” heights were in the corresponding interval. For example, 40 hasketball
plavers had heights between 72 inches and 74 inches, whereas only 2 players had heighis
between 66 inches and 68 inches. Figure 1,1(b) shows the distribution of heights for
members of the womens gymnastics team. Both histograms are based on the heights of
100 women
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The kest histesgram showes that the hielghss of fetmale baskesbal] plavers vared. with fpst
heights fafling betwess; 58 inches and 74 inches. Tn the second histozram we'see thue the
heights of Emale gymnass ales vared with tos heights in rthe range of a0 Ifthes 10
72 inches. 1t &5 also chear that there s more vanatiof In the beights of the gymmats than
tn the Teights of the haskerhall players, because the gymnas RiSbogram spreads oul mee
abaut i1s center than does the haskethall histogram.

Mow stsppase thint & tall woman (5 feey 1] inches) falis vou she i locking for her sister
wha 1 practicing wirh her team a1 the gym. Wold you direct her b whese the haskerball
P 14 praciteing or te where the EYOUINARLCS feam i practicimg? What resoning would
¥l use to dectde? 11 v found g pair of size 6 shoes lef in e locker oam il v
Brst tey b eturn them by checking with members of the baskerball team o he Ennastics
1eaen?

Tou probably answered thar on wonild send the womman Irokitig for her sise
e ti1e baesbeetiall practice and that vou would iry To-retorm the shoes 1o 2 gymnestics team
membet, To reach these concliusions, vay informally used sarsyeal reasoning thal cam
bined yeur own knoadedge of the relatiotiship betwoen heights of sihlings and herween
shoe size and height with the infarmasion abour the distrbutions of heighis preseriled in
Figuire 1.1, You mighr have ressaned that aeighis of siblings tend 1o be similar and that g
helght as great as 5 foet 11 inches, altheugh mot mmipoasible, woabd be ustisual for a gym-
Mast Chn the other hand . 2 Nedght gs tall as 3 fes 11 inches wiuld be o common necurmence
for a baskeshall player

Stnilarky, you might have repsoried tha tall pecpie tend o hove bagger feet ind thar shre
people tend o have smaller feet. The shines found wars A stttal] size. 5o it is more likely thar
they belong 12 0 gymnes than 10 a basketbal] player. becauge small heights are usual far
myminasts and unusoat for buskerbal] plavers [ ]

EXAMPLE 1.2 Monitaring Water Quality

As part of ity regular wazer qualiry emitoritg effors, = enid-
renmental conrol board sebeces fve wager specimens from a par-
ticilar well egch day The concentration of comiarminants in pums
per milllion {ppm) s messured fae each of the. five specimens,
ared then the dverage of the five measirenenis & calealazed. The
nastogrm in Figure 1.2 summarizes the SVETALE Comiamiration
vaites for 200 days.

Now: suppose thas a chemieal spill has occurred ar g TThATLE-
Iacruring plans 1 voile from the well. 1t 5 nee ke whither a
spill of this nature would contaminae groundywater in the amg

L T T TRy
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g& cantamination

penirakicn (in parks pee midiong
maasumd pach day for 200 diyy

Interprat the resulis |

1.3 Seatistics and the Dats Aralyeis Procesy = 5

of the zpill and. #f sy, whether & spifl this distanoe from the well would affeet the quality
af well water

One month after the spill, fve water specimens ate collecied from the well, and the
aversge contamination is 135 ppn. Considering the variarion betore the spill, wonild you
interpret 1his 45 convimeng exidence that the well water was affected by the spill] Wha
il the cleulated average was 17 4 ppm? 22.0 ppma? How (5 wour reasoning relaceid w the
histogram it Figure 1.27

[ IR TN e EMN I S 'S b 1 | O i j ¥ S )
AvEApd coMAmmEtio

Before the spill, the average conaminant concemration voried from day 1o day Anaver-
ige of 13.3 ppm would not have been an unusual vakoe, soseeing an average of 15.5 pi
afér the spill 130t necessarily un indication that comaminaton has inoreased. On the other
liard, an average as large as 17 4 ppmyis less commoty and an average a5 large as 32.0 ppm
b5 mi et all gyepical of vhe pre-spill values, In shis ease. we would probably conclode that the
well contamirsation leved has nceeased L

Tn these bwoeanples, reaching 3 conclusion required an understanding ol varlabilicy
Undersianding vartabilitg allows us 1o lsinguish berween wsual and unusual values. The
ahility to recognize unusual values n the presence of varability (s an insportant aspect of
meost- satistieal procedures: [z slse enables vs w-quantfy the chance of being incorrect
whien a conchieslon s bated on date. These concepts will be developed [unher in sibse-
quaent chapiers

1.3  Statistics and the Data Analysis Process

Statisties involees colleciing, summarlzing, snd snabyzing data. All three tasks ane entical
Withour summarizstion and analysls, raw daca are of little vahye Even sophisticated
analyses cant produce meaningful iformation {rom date that wene nat collected in 2
sepsible way

Sratiatieal sudies gre underaken to answer questions about ourworld, 1s.a new
fu raccine elective i preventing liness? 15 the use of bicyele helmets on the rse?
Are injuries thas result feom Bicvcle acoidents less severe for riders who wear helmeis
than for those whe do not? Do engineering students pay morg lor wenboaks than
psychology students? Data collection and analysis allow researchers to answer such
guestLons:.

The dats arialysis process can be viewed a2 2 sequence of steps that lead from planming
te dara collecrian to making inlommed conchwsions based on the resulnng data. The process
can be organteed (im0 st sreps descnibed in the following box.
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‘The Data Analysis Process

b2

. Understanding the nature of the problem, Effecrive dam analvsis

requines an undecstanding of the research probicm, We muse know the
goal of the research and whar questions we hope 1o answer. It is importan:
by have 3 clear direcoion before gathering daes o ensure thar we will be
zhle to answer the questions of intsress sing the dara collecred.

Deciding whas to measure and how 1o measure in, The next step in the pro-
cess is deciding whar informarion & nesdod o answer the questions of intenest.
In sprme cazes, the choscs b obwious. For example; ina study of the relationship
berween the weight of a Division | foarhall plaver and paosition played, vou
would need o coflect dam on piaver weighr and posdtlon: Inacher cases the
cholce af information is not as straighrforward. For example, in a study of the
relarionship berween preferred learming srvle and frelligence, how would you
define learning sovle and measure it? What mensure of intellzgence would you
use? It s important o carefully define the variables to be studied and o develop
appropriate methods for determining thetr valuss.

Drara collection. The data collection stepis crucial. The ressarcher mus
first decide whether an existing data source is adequare or whesher new dam
miist be collecred. IFa declsion i made to use exisring dara. iv is imparant
o understand how the data were collecred and for whar purpose, so thar
arry restleing limitathons are 2lse fully undersrood, [Frew dats are 1o be
callected. a careful plan must be developed, becanse the vpe of analysis thar
s approgrizes and thesmbsequent conclishois tar can be-drawn depend

e how tlie duisa are collected.

Drara summarceation dod preliminany-amabysis, Afver the dars are colleced.
the next step is wswally 2 preliminary snalysis thar inchides summarizing the
duta graphically and numerically, Thes initial analysis provides insight inco
importans characteristics of the dara and can provide goidance in selecring
appropriate methods for furrher analysis

.- Formal data analysis. The dars analysis siep requires the sesearcher o

selecr and apphe starisrical methade Much of dhis cexibook i devoied o
methods thar can be wsed o carry our this seep,

Interpretarion of results. Several questions should be addresied in this fnal
step, Some axamples ares Whaocan we leam from che da? ket condustons
can be drawn from the analysisf How cin our resoles guide furiee research? The
interprecation sep aften |ewds o the femulation of new resesnch guesions.
These new questions lead back to the brse step. In chis way, good data analbysis
is e an dtenaive process;

Tar |lhiS1se these sbeps, congide ihe ollowimg examiple. The admissons ditector &t a
larye unrverssty mighs be mterested m learming why sume applicenss who were acvepted [of
the fall 2004 seren Tailead 10 enroll of the universzy The pupulﬂ[l:‘lﬂ ol mievest 2o the direcior
eonsists of all zecepred apobicans whodsd nat ensoll in the £l 2014 term. Becanse L|'||:|.]'-:I|J
wiation &= large snd v ray be difficols tocontact sll the indisidusls, the dinecter might decide
- collect data fram only 300 zelected srndents. These 300 students constitule 8- sample

DEFINITION

Population: The sntire collection of individuals ar ohjacts about which
infermation & desired |5 called the 'pnglﬂltl:bn of interest,

Sampla: & nmph:—sa sumai:iﬂmmﬂﬁm salcted for stuely,



Understand the cantesxd |

interpret the resutts |

1.3 Statsvcs and the Data Analysks Process = 7

Dreciding how 1o sebece the 300 gudents.abhd what date should be collected from each
stisclent e sleps 2 and 3 4o the dars analysts process. Sep- 4 dn-the process ibvolves
organfzmig and simmarizing data. Methods for crganizing and suemarizing daca, such
ue ihe use of iables, graphs. or numerical summasies, weike up the banch of sotsis
cialbed descriprive staristics. The sscond major hranch of statzics, inferential statistics,
fnvaives genemlizing from a sample to the pepubiion from which 8 was selecied. When
wee pereralize in This way, we tun the risk of sn ncostect conchusion, becanse 2 tonchussan
aboat the populationds hased on incomiplese informntion. An importam ospect 0 the devel-
epmient alinirential echnrigues involves quanailying the change of an incorrect conclusion

:IFFI"JI""IIH

e | bt .;'i i

SE ﬁ:ﬁ-»w‘rﬂﬁh::l'

? A
i 3

4 ramiber ol srudies have seachied (e concluston thay stimulasing menal gctivisies can lead
ter impreved memory ind psychobogical wellness miolder adubis. The arnicle “a ShoeTarm in-
tervention to Enhance Cognitive and Alfective Fusictiaming in Cider Adults” Ulavmal of Aglag ord
Hemith [3004): 562-585| descnbes o sudy Lo invesigate whiether maining moacing hues stmlar
henefics. Acting requires a persan 1o consider the goals of the clarsaes n thesiary, 1o -
premnber Hnes of diakogue, 1o move o swage a5 scnpted, amd w doall of thas at the sme tine,
The seseamchers conduaing the sudy wante] 1 see il pamicipation in this tvpe of complex
multirasking would lead to an improvermeny in the abiliy to funcrion ndependenthy

Participas in the sady were assgned o one of three growps. Cne group sook part in
an acting elass for 4 weeks. Ome group speni g simifsr amount of dme ina-class on visusl
arts The thivd group wes a compatisen group Lcalled the “no-treatment groap ™ thar did
Tt ke either glass: A total of 124 adiles age 60 o 88 parucioaed in the study

At the beginning of the 4-week sudy period and agaio at the end of the $week sudy pe-
riod, each pamicipan ixks several e desgned L imsewe probdeo-selvisg abiliy, memory
span; sell-esteem, and prvchologenl well-being. Alter analyzing the daea lsem thes sady; the
researchirs concheded that thiose inthe seting group shewed greater gains than both the visual
a1 grorgs and 1he Bo-tresment groug in boeh problem salving and prrchological well-being

Several new areas of research weresuggested m the discussion that kdlowed the analysis
The rezsanchers wondered whether the effect of swidying wriring & muisks would be stmilar
b what was ohserved for zcting and deseribed plans o fnvestigane this further. They also
misted that the participants in this stody wers generally well efucated and recommended
stucly of 8 moae diverse groop bedore an'h:.r:v_ cusselugtons aboe the benefiss of siwdy-
ing acting 1o the rper populazion of all older adulis

This sudy (lustrates the nature of the datp analyss process. A clearly defined research
guestion snd as appropnace choice of how to measure the variables of interes (the 12318
insepd 1o tneasure problem solving, memery span, seli-esteern, and pevchological well-beimg)
preceded the data collection. Assuming rhat o reasonable methiod wos nsed o collecr the
data (we will see how this can be evaluated i Chaprer 21 and that appropriace metdods of
anabysis were employed, the investgaters pesched the concluzten thar the stiedyof seting
shimwed prommize. However, they recognized the fimiibons of the ssudy, which in turm led
{03 piams Tor funher ressarch, 4 = ofien the vase, the dataanalysis cvcle ke w new research

guestons. and the orocess began again, ]




Chapter 1 The Role of Statistics and the Data Analysis Process

EXERCISES 1.1 - 1.11

1.1

1.2

13

Give a brief definition of the terms descriptive statistics
and inferential statistics.

Give a brief definition of the terms population and
sample.

The following conclusion from a study appeared
in the article "Smartphone Nation" [AARP Bulletin,
September 2009); “1f you love vour simart phone,
vou ate not alone. Half of all boomers sleep with
their cell phone within:arm’ length: Two of three
people age 50 to 64 use a cell phone to take
photos, according 1o a 2010 Pew Research Center
report,” Are the given proportions (hall and two of
three) population values, or were they calculated
from a sample?

Based on a study of 2121 children berween the
ages of 1 and 4, researchers at the Medical College
of Wisconsin concluded that there was an associa-
tion between iron deficiency and the length ol time
that a child is bottle-fed (Milwaukee Journal Sentinel,
November 26, 2005). Describe the sample and the
population of interest for this study

The student senate at a university with 15,000 stu-
dents is interested in the propertion of students who
favor a change in the grading system to allow for plus
and minus grades (e.g.. B+, B, B—, rather than just
B). Two hundred students are imterviewed 1o deter-
mine their attitude Loward this proposed changs.

a. What is the population of interest?

b. What group of students constitutes the sample in
this problem?

The increasing pepularity of online shopping has
many consumers using Internet access at work to
browse and shop enline. In fact, the Monday after
Thanksgiving has been nicknamed “Cyber Monday™
because of the large increase in onling purchases
that occurs on that day. Data from a large-scale
survey by a market research firm (Detroit Free Press,
November 26, 2005) was used to compute estimates
of the percent of men and women who shop online
while at work. The resulting estimates probably won't
make most employers happy—429% of the men and
32% of the women in the sample were shopping
online at worlg!

Are the estimates given computed using data from
a sample or for the entire population?
The supervisors of a rural county are interested in the
proportion of property owners who support the con-
struction of a sewer system, Because it is too costly
to contact all 7000 property owners, a survey of 300

1.8

1.9

1.11

owners is undertaken, Describe the population and
satnple for this problem.

A consumer group conducts crash tests of new
model cars. To determine the severity of damage to
2014 Toyora Camrys resulting from a 10-mph crash
intaa concrete wall, the research group lests six
cars of this type and assesses the amount of dam-
age. Describe the population and sample for this
problem.

A building contractor has a chance to buy an odd lo
of 3000 used bricls at an auction. She is interested in
determining the proporiion of bricks in the lot that
are cracked and therefore unusable for her current
project, but she does nor have enough time to inspect
all 53000 bricks. Instead, she checks 100 bricks 1o
determine whether ¢ach is eracked. Describe the
population and sample for this problem.

The article “Brain Shunt Tested to Treat Alzheimer's”
{San Francisco Chronicle, October 23, 2002) summa-
rizes the findings of a study that appeared in the
journal Neurology, Doctors at Stanford Medical
Center were interested in determining whether
a new surgical approach to treating Alzheimer’s
disease results in improved memory functioning,
The surgical procedure invelves implanting a thin
tube, called a shunt, which is designed to drain
toxins from the fluid-filled space that cushions the
brain. Eleven patients had shunts implanted and
were followed for a year, receiving quarterly tests of
memory funcoon. Another sample of Alzheimer's
patients was used as a comparison group. Those in
the comparison group received the standard care
for Alzheimers disease, After analyzing the dara
from this study, the investigators concluded that the
“results suggested the treated patients essentially
held their own in the cognitive tests while the pa-
tients in the control group steadily declined. How-
ever, the study was toa small to produce conclusive
statistical evidence ”
a. What were the researchers wying to leamn? What
questions motivated their research?
b. Do you think that the study was conducted in
a reasonable way? Whart additional information
waould vou want in order to evaluate this study?
{Hint: See Example 1.3}

Tn a study of whether taking a garlic supplement
reduces the risk of getting a cold, participants were
assigned 1o either a garlic supplement group or

to a group that did not take a garlic supplement

Bold exercises answered in back @ Daa st available online

W Video Solution available
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{"Garlic far the Cammon Cold” Cochrane Database a. "What were the ressanchens teving bo learm? "Wt
af Systematic Reviows, 2008) Based on the study; it quessions motvated their research?

was concluded thar e progartion of peeple b, Do vou think that the sady was conduceed in
iaking & garllc supplement who gera cold 12 lower i Tessorable way? Whas addion] niommasion
than the praportion of thase ret twking o garlic would you want in ordet 1o evaluate this sridy?

supplement whi get 2 oold

Boild pxrrcers anverered] 6 Dack @ Duils st gedilabils ombsg  WVdeo Selumon quitlsble

1.4 Types of Data and Some Simple Graphical Displays

Every discipline bae is omm parmcalar way of using comtnon weeds, and saclstics i no
exception. Yeu will recognize some of the werminology from previous math. and science
conrses, it rmach of the Bngiaee of statlswes will Be new 1o vou, In this sctian, you will
learn some of the lurru.lm:\]nﬂ' used bo deseribe data

Types of Data

The individaals or objects tn any paricular population typically posdess many characser-
istics that milght be siodsed. Consider & groap of stedenis currenthy enmotled i o statisises
course al & particulay college. Ome chanciensic of the sivdenis in ihe popalmicn i the
brand of caleulater cwmed (Casto, Hewln-Packard, Sharp, Texss Instrumienis, and 50 om);
Anather chamcleristic is thee amecher of 1extbooks purchased thai sermester; and vei another
is the distance from the college to sach swdests permanens: residenice. A variable s any
charavieristic whose wafue may change from one dividial o ebecs to another. For ex-
ample, calmelarar brand is avarabls, and se are nomirer of texrbanks michased amd distance
the coflege. Data result fom makang observations either on 8 single varkwbée or sinultane-
cusly o twio OrmoTs yanahles

s on one or more variables. =

& unizariate: dats sef consssts of chervanons oo o-gngle varlable made on indivdy-
als tn a sample or populaton. There are two (vpes of unnarise din sete categorical and
numerical. ln the previens exampse, oalmlater b is o ctegorical variable, because each
students response to the guerty, “What brand oloslculator do you oan?” iz a category: The
collectian of redponses [rom all these students forms o cmegoneal dam mee The oher twa
variables, manmmhers of textboohs pusthased and disimce o the college, g bah oumerical in
natwre, Determingng the vwihse of such a numerical vartable Lhy counting or measuring) for
rach smadeot resulis in 2 oumerscal data set

DEFINITION

BBV FR It el 0 S BN M i
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Understand the conpest |

Cunaidinr the cancest b

Understand the cantext |

Cansider the data )

B Cam 5=t avalaoie onbne

EXAMPLE 1.4 College Choice Do-Over?

The Hagher Educarion Besearch Inshitute as LDELA sarvels over 10,0k college senboes each
vear. One question on the 2008 survey asked seniors the followang question: If yoa could
miakee vour college chebes over, would v stll choase 1o enmll 31 vour current college?
Passible responses were defintrely yes (DY), progably yes (FY), probably no (PN}, and def-
wibely iy (D). Responses for 20 mudénts were

BY PN DN DY OBY PY PHOPT OBPY DY
BY A oY DY BY O T B -PN DY

[These data are josta small subset of the daia From the survey. For a descrigion al the Full
dnta set, see Excreise 118} Because the mesponses 10 the guestion about coliege chedos 18
cawegorical, this & a urivariabe cagoricol data sl [ ]

I Exarnpie | 4, the data st consisied of observatons on 2 simgle variahle (collegs chotce
respoitse], =0 this is o unbarine dad ser. In some mudics, siention [Douses simulame-
ausly on vws different charactetistics, For example, both height {m inches) and weght (m
potnds) might be recorded for each indlvidual in a growp, The tesulting daa set consiss
of puics of numbers, soch as (68, 148). This i ciled o blvariate data ser: Multivariaie
data result from chialning a category or vatue for each of twg or mone attributes (o -
variare dats are 4 speclal case of mulivariate dasal. For example, multivarate data would
resuli from detenminbng height, weght. pulse e, anel sysralic blood pressure for ench
individual i & group, Example L3 lizsmaces 5 hivanaws data sa

EXAMPLE 1.5 How Safe Are College Campuses?

& Consider the sccontpanyifng daca on violent crime o colbege-canipuses m Flosida duars
lng 3013 hetpowrwewfhgov!

Mumber of Vicient Crirmes
LntmtsirCalege Srudent Enmlimen ‘Reported ir 213
Ecdron State Cobaga 7.0 A
Forids ASM Universoy 1 ia
Ferids Aflirgic Linharsy e i
Florida GuH Coasr Unharsiny &85 3
Floride Inbernakinal Uriveriey BLR16 g
Flarida Stare Undsersity AL057 i
Memw Codlage of Flonda Bas ]

Benapcsls Stme Collogn 11,531 3
Lanta Fe College 15.44% 1
Tallghpazee Comenuinity Collegs 15001 2
Lirwgesity of Cntest Hofds LLELLY

Urvrersity of Firicla EER L 18
Lsreersiby of Miorth Florica 11548 i
Unmrereity of South Florida 4311 i
Unibeerdity ol Wiem Florica TR ]

Here b varidbies—tudent enrolinent and mumberof vialent cimes reporied—avere reconded

for edch of the 15 schools. Becatse this data set consisis of values of pwo vartables for each
schoal, i1 i hivariate dats ser Bach ol the: teo varables commdered here 18 nEmersal
Crather than cakegnricall n




FIGURE 13
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Gasitibe values of  variibis:
Frwmber of courses:
poaping time.
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Two Types of Numerical Data

Tlere are twn different types of numentaal Aaia: discrete and continuaus: Consider o oom-
ber tine (Figure 1.3] [oclovating values ol the numerical vanahiz being sudied. Esch possl-
ble number (2, 3125, 812976, et} corresponds Lo exacily one polit on the member fine

Suppese thar thie varkable of miesest & the number of courses in which a siudent 15 en-
rolled: 1T no stadent s ennglled in more than eighr soorses, the passihle valaes ane 1, 2,
34036, 7, nd 8. These valoes are idenuilied in Frgure 1.4(a) b the doiz ai the peims
marked 1, 2.3, 4, 5 6,7, and 8. These possible values are solaked from éae incaher an
the tumber line. We can place an interval around any possible value thar 1= small enough
thdt v ather possible value 15 mchaded 10 thie Bterval. On the ceher hand. the Hne sep-
menl in Figare 1.30] ideniifbes 5 pisusible s of possible values for the tmwe Om seconds)
It tthes for the hrss kernel in a bag of microwiave popeoth 1o pep. Here the possible vaiues
tiatke up an entire intervad om 1 nudber Lise, and no possible value 1= isolated from other
possible values

— | |
] i ] | ] ] 1 L
- = = | Qi i | L]
| | ] | | | | ] |
] T T 1 1 1 ] ] ]
0 i 4 & ] il I i 1] 40
il 1]

Drscrete ducz ysually nnse whin olservarions are determined by counting (Far example, the
numier ol roorimares o stueent his or the numiber of peiats on & Dower)

® The number of rexr messages sent on d particulat day bs recorded for each of 12 gudents
The resulting data cér =

23 0 4 13 15 0 @& 8 0 40 41 32

Possible values for the variahle nember of Jest mesiges sent are &, L, 2,3, . . These ae
isplatesd points on the number line, so this data ser consiss-of diserere numerical datg
Suppese thar insiead of the mumber of text messages seny, the fime apend feating
hindt been rbeorded, Even though time spent oy have bees reported rounded ro the neares
mibmure, the sctual dme spent conld beve been & minutes; 6.2 mimstes. 628 minaes, of
iny uther valwe in an entire el S, I'ELI.'II'dLﬂE srtbues of Hime s fening waould result
if continuous da |

In general, datn are continnous when obserations imeolve making measurements, as
oppessd to countimg, In prociice. measuring matruments do nol have infinlte aecuso: so
piasible measured values, ﬁ:l‘]-tl]:.'ipeak.ing. da not farm 7 comtmiaum ob the ssmber line
Fiesaever, any number in the continnom could be o value of thie vaslable The distinction
besween discrese and contintous data will be fmportans in sur discussion al prohahility
mideds in Chapeer 6.
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Frequency Distributions and Bar Charts for Categorical Data

Ap approphiale graphical or iabutar display of data con be an plfetive way 10 summarize
and communicate information. When the data set is categonicsl, 2 common way 1o presend
e itz is-in the form of a abie, called 2 frequency cdlistribution.

Frequency distribution for categorical data A table that disptays the possible
wluglmmlheaﬁdmﬁhnmnﬁﬁ andior relatve frequancies.
Frequency: The fraquency for a particular category fs the rumber of times the
categary appears in the data st

Relative frequency: The rolative frequency for & particular category 15
calculatedas.

: = frequency
re’lﬂh-eﬁ'cqmnq:—wmﬂ Eervarion I the data set

The relative frequency far a particular categary i the proporton of the Sbseria:
tions that befong o that category. _
Relative frequency distribution: & frequency distribution that indludes relathve

EXAMPLE 1.7 Muotorcycle Helmets—Can You see Those Ears?

Understand the contexs]  The L5 Departient ol Transpoation sstablishes sandards for motoroyele hetmets. To
prysume 4 ceman degree of safiety; helmets should reach thie botiom of the monoreyclists ears.
The Tepor “Matoreyce Helmar ae in 2045 _Overall Aesubts® (Hational Hightway Trafhc Safety
Aecienim|stratlon, Augisst 2008] summarzséd data collected it June of 2003 by observing 1700
motoreyclists nationwide at sehicied recdwy docariong. Each Ume a raotancyclisn passed by,
the ahserver notec whether the rider was wearing no helmey, 4 pefcompiianr helmet, ora
catnpliant helmet, Using the cocing
MH = pomeomplians helies
CH = compliant kelmet
W = s helmet
Consider the data) & few of the ahseTvations Welr
CH N CH.OMNH M CH tH 4 N R
There were dlzo 1860 dditional observanons, which we didnt repraduce here. In patal,
vhare were 711 riders whi wore noheloet. 153 whio wore 2 nencomphiant helmer, and 81L&
whi weorne a compliant belmet

The corredporiding [requency dismmbution 15 given in Table 1.1

pothewaork]  TABLE 1.7 Fraguency Distribution for Helmet Use

el imat L Ciiagary Fraguancy Relatrae Fioquenty
Mo nifreal 731 53 - TH D
rorcomplians belmet 153 {1 ey = 1T
Comollant helmet =48] =)
| 0G
. 1"]0:"\‘
T narme o Kol it i drai e
Bl k33T JeFECTHD R D

gy =¥ dos
Fangig




fnterprat the results )

Understand the contet )

-
=

Stag-my wteg techrcogy
Fritna ke gawlable
cid-ra

Consider the data |

FIGURE 15
Bar chart of halmes Uik

1.4  Types of Data and Some Simple Graphical Displays = 13

From the frequency distribusion, we can see that a large peroen inge of riders (3397 were
At treartng A hetmer, but most of thass who wore 3 helmet were weaning one that met the

[TIRE
Departmens of Tramsportation safeny sandand u
A chq'.l-m-.':-' distribuation d_;g!g':l; a data 2or 1o & mhle b8 nl=o. conmmeon |:.|'FF'IH:-

categorical darq graphically. A bay char is ane of the most widely ussd types af graphical
dlzszayss for caregorical dota
Bar Charts

A bar chart is o graph of a freqpeency datriburion of cavegorical data, Each canegory Iy th:
frequenicy distribution s represented by a bar o rectangte, and the phomre is consricted
in such & way that the area of sach bar 15 propontenal o the coricsponding tequency of
relasive freouen

When to Use  Carcgorical dam

How to Construct

1. Diaw a horizonal axis, and wrire the category names or labels below the
line at reguiarly spaced nmerali.

2, [raw a verticsl axis, and label the scale using either freguency or relarve
frequency.

3, Place a rectangular bar above zach cacegory Iabel. The helghe is determined
by the categoiy’s feequency or relative frequency. and all bars should have
the same width. With the same widtly, both the hesght and the area of the
bar are propartonal o frequency and selative frequency.

What to Look For
* Frequentdy and infrequencly eccurring caregones.

EXAMPLE 1.8 Revisiting Motorcycle Helmets
Example 1.7 tsed data om helmet use from o samiple of 1700 mivorycliss to condtrucr 3

frecuersy distribution {Table 1.11 Figare L3 shows the bar charnt cormrespanding o this
frequency distibation.

Feryliciy

o
STTE
i f=
fl._l_.l -
500 -
1
2=
Tid) -
-
[
i Rl

Somormpliam k=l Comphian) bl

Hefmud Ve Calegory
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inb=rpren 1he resulis )

Undesstand the conext )

Corsider the data ]

B Do aet emlabibe aning

The b chiant provides a visual sepresentation of the information in the frequency digriby-
thon. From the har char, it i5 sasy 1o see that the compliant helmet use category oecurred
miosr often in the data sex. The bar for compliant helmets i about five times as tall tand
therefore has Fve dmes the oreal as:the har for aoowotaplind helmets hecsise pproxi-
mutely’ five times as many tororcyclists wore complint helmets than wore noneampliant
bl L]

Dotplots for Numerical Data

A dotplot 5 o smple way e display mumerici] datn when the deta ser s rensonably sl
Fach chservation {3 pepresented by a dotabese the locanian cormespanding Le itz vahas om 2
Horrencal messiireient soale. When a value pocurs miere than orves, there B i dot for each
occurmence and these dats are macked vercally,

When to Use  Soall numerical dasa sets.

How to Construct
1. Deaw 2 horlzonmal line and mack it with an appropriate measurement scabe.
2. Locate cach value in the dara sex along the measurement scale, und repre-
sent it by a dot, If there ane vwo or more chservations with the same value,
stack the dors vertically,

What to Look for
Diotplets convey information about:
- A represenrative or typical value in the dara ser.
» The extent 1o which the data values spread out,
» The nature of the distribution of values along the number line.
* The presetice of unusial values in the dara sec

EXAMPLE 1.9 Making It to Graduation , ..

& The article *Keaping Scors Whan It Counts: Graduation Success and Academit Progress Rates
for the 2073 NCAS Mar's Division | Basketball Tournament Teamns" {The Institute far Diveralty and
Ethics In Spoet, University of Cendral Florida; March 201 3] comprared gradustion rates of bashes-
hall players 1o those of afl stisdent shletes for the universities and colleges thar sent teams
1o the 2013 Disiston | playolls. The graduarion mies i the soompanying tble epresen
the percentoge of athieies who started college in 2006 who had: graduared by’ the end of
2012, Also shown ave the diferences between the gradustion w18 Fee all sudent aahlbetes
aind the grduaticn rae for askethall studert arklees

Minitab, o commpitter sofware package for stisiical analysis, was e Lo COMSLITCT A
dotpbor of 1he gr.‘liv.z:'.-::t: sares for basloethall players {see Figure 1A, Fronethis dorplin,
we see that baskethall gradusion fies varied = great deal from schowd 1o schosd, ranging
freri-o boww ol 17% toa ligh ol 1O

W i 4150 s that the graduarion rates seeim tochester in several groups, denatsd by the
coloned avals that have beers added 1 tue dotploe: There are quite a few schools with gradu-
atiom rates al 100% {fexceliem!) and anather growp of 17 schools with graduation raies tha
are higher than medr. The majoriny of schools are in the large cluser w ith graduation rates
Froary bt 0% boaboue T6%. And ther theme is that botae group ol [aur schosds with
ermbarrassingly bow graduion mes for hasketball plavers: Universtey of Flosida (17%]
North Carolina A& T (25%}, Southern Unbrersiny {2750 and New Mexioo State (239%)
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Figure | 7 shows two denplotd of gradustion rates—one for basketball phiyers and one
for all student athletes: Thers are some sieiking dilferences thaz are easy 1o see when the
dota s displayed in this way. The graduatinn mzes for all stwdens athletes tend 10 be higher

tirc] wo vary kese [rgam schoo] to school shan the graduanion fages for beskethall players.
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Interpret the results )

FIGURE 1.8
Detplot of graduation rate
differences (all athietes — basketball

players).

The Role of Statistics and the Data Analysis Process

The dotplots in Figure 1.7 are informative, but we can do even better. The data given
here are an example of paired data. Each basketball graduation rate is paired with a gradu-
ation rate for all student athletes from the same school. When data are paired in this way,
it is usually more informative to look at differences—in this case, the difference between
the graduation rate for all student athletes and for basketball players for each school. These
differences (all — baskerball) are also shown in the data table.

Figure 1.8 gives a dotplot of the differences. Notice that three differences are equal 1o 0.
This corresponds to schools for which the basketball graduation rate is equal to the gradu-
ation rate of all student athletes. There are 20 schools for which the difference is negarive,
Negative differences correspond to schools that have a graduation rate for basketball play-
ers that is higher than the graduation rate for all student athletes.

The most intetesting features of the difference dotplot are the very large number of posi-
tive differences and the wide spread. Positive differences correspond to schoels that have a
lower graduation rate [or basketball players, There is a lov of variability in the graduation
rate difference from school to school, and one school has a diflerence that is noticeably
higher than the rest. (In case you were wondering, this school is the University of Florida
with a difference of 65%.)

=10 0 10 20 30 40 50 i) 70
Defference in graduation rutes (all athietes=basketball players) ]

=30

=20

EXERCISES 1.12 - 1.31

1.12 Classify each of the following variables as either cat-

1.14 For the following numerical variables, state whether

1.13

egorical or numerical. For those that are numerical,
determine whether they are discrete or continuous.

a. Mumber of students in a class of 35 whoturn in 8
term paper before the due date

b. Gender of the next baby born at a particular hospital

¢. Amount of fluid (in cunces} dispensed by a
machine used to fill bottles with seda pop

d. Thickness of the gelatin coating of a vitamin E capsule

e. Birth arder classification (only child, firstbom,
middle child, lasthorn} of 2 math major

Classify each of the following variables as either cat-
egorical or numerical. For those that are mumerical.
determine whether they are diserete or continuous.

a. Brand of computer purchased by a customer
b. State of birth for someone horn in the United States
. Price of a textbook

d. Concentration of a contarninant (micrograms per
cubic centimeter) in a water sample

e. Zip code {Think carefully about this one.)
f. Actual weight of coflee in a 1-pound can

1.15

each is discrete or continuous.

a. The number of insufacient-funds checks received
by a grocery store during a given month

b. The amount by which a l-pound package of
ground beef decreases in weight (because of mois-
ture loss) before purchase

¢. The number of New York Yankees during a given
vear who will not play for the Yankees the next
year

d. The number of students in a class of 353 who have
purchased a used copy of the textbook

For the [ollowing numerical vanables, state whether

each is discrete or continuous.

a. The length of a 1-year-old rattlesnake

b. The alritude of a locarion in Califomia selected
randomly by throwing a dart at a map of the
state

¢. The distance from the left edge at which a 12-inch
plastic ruler snaps when bent sufficiently Lo break

d. The price per gallon paid by the next customer to
buy gas ar a particular station

Bold exercizes answered (n back @ Da ser available online
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116 For each of the following sitwations, give a set of pos- 1.19 @ The article “Feasting on Protein” {AARP Bulletin,

sible data values that might arise from making the September 2009) gave the cost (in cents per gram) of
observaticns destribed. protein for 19 common fvod sources of protein.
a Thc manufaciurer for s:m.:h ﬂi.LhE next l[!'_aummo— T e o
biles to pass through a given imersection is noted.
b. The grade point average for each of the 15 seniors 2 3 W{g“” o
in a statistics class is determined Salmaon 58 Wil 13
. The number of gas pumps in use at each of 20 gas Titrkey k5 Pea i
statlons at a particular time is determined, Soybeans 31 Tafu &8
d. The actual net weight of each of 12 bags of fertil- Roast beef 27 Cheddarcheese 36
izer having a labeled weight of 530 pounds is Comage cheess 3 Muts 532
determined. Ground beef i3 Eggs 57
¢. Fifieen different radio starions are monitored Ham 21 Peanut butter 1.8
during a 1-hour period, and the amount of nme Lentils 13 lce cream 53
devoted 1o commercials is derermined for each, Sk 29
117 lnazurvey of 100 neople who had recently
purchased motoreycles, data on the following a. Construct a dotplot of the cost data. (Hinr: See
variables were recorded: Example 1.9.)
Gender ol purchaser h. Locate the cost lor meat and peultry items in
Brand of motoreyele purchased vour dotplot and highlight them in a different
Number of previous motoreyeles owned by purchaser color. Based on the dotplot, do meat and pouliry
Telephone area code of purchaser items appear to be a good value? That 15, da they
Weight of motoreyele as equipped at purchase appear o be relatively low cost compared to other
e TRINR C 1. L R C | sources of protein?
e YW IRILEL AP RS WAE) SRR i qul-'\-bl-ll-llrﬂ-ln J- J"J . EDY DfElcf 'h-qa o kv.lw.baxu[ﬁcemoju com} lra':ks
b. Which of these variables are discrete numerical? = e ol b LR
. movie nolker sales. Ticket sales Un millions of dollars)
¢: Which tvpe o.f grgphical display would bc_an ap- for each of the top 20 movies in 2007 and 2008 are
proptiate choice for summarizing the gender data, shown in the accompanying tahle.
d bar chart or a dowplor?
d. Which type of graphical display would be an Morvle [Z007] 2007 Sales (millions of dollars)
appropriate choice for summarzing the weight Spider-Man 3 3365
data, a bar chart or a dotplor? Shrek the Third 3227
1.18 The report "Findings from the 2008 Administra- Translormers 1192
tion of the College Senior Survey” (Higher Education : P O 07 SE
Research Institute, UCLA, June 2009) gave the following World's End
relative [requency distf‘lbutll:ln summarizing student Harry i 2030
responses o the question “If you could make your the Phosnix
:filege choice Lm*:ir]. wc;.lnlr:f. vou still choose to enrall | A Legend S
POLLE CLLMENL College:!
s i The Bourne Ultimatum 2275
Response Relative Frequency Mational Treasure: Book 2200
of Secrets
Definitely yes 0447 _
S P, Alvin and the Chipmunks 2173
P:‘Oh t:llg"I y ﬂI!34 2 s
i i ,[,r...., n;uqa Ratatouille 206.4
itely no
i The Simpsons Movie 183.1
a. Use this information 1w construct a bar chan for Wild Hogs 1633
the response: data, Knocked Up 148.8
b. 1l you were going to use the response data and the Juno 1435
bar chart from Part (a} as the basis for an article Rirsh Haur3 140.1
for your student paper, what would be 2 good Live Erae ar Dis Harel 1345
headline for your article? contimucil

;_Iﬂ]! exercises answered i back @ Divg sel avialable online W Video Solution avatlable
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Movie (2007} 2007 Sales (millions of dollars)
Fantastic Four: Rise of the 1318
Silver Surfer
American Gangster 1302
Enchantad 1278
Movie {2008) 3008 Sales imillions of dollars)
The Dark ¥night 5333
Iron Man 1184
Indiana Jones and the 77
Kingdom af the Crystal Skull
Hancack 2278
WALL-E 2238
Kung Fo Panda 2154
Twilight 1928
Madagascar: Escape 2 Africa 180.0
CQuantum of Solace 1684
Dr. Suess Harton Hears a Whao! 154.5
Sex and the City 1528
Gran Toving 148.1
Mamma Mia 1441
Mariey and Me 143.2
The Chranickes of Narmnia: 1416
Prince Caspian
Slumdoy Millignaire 1413
The Incredible Hulk 134.8
Wanbed 1345
et Smart 1303
The Curipus Case of Benjamin 127.5
Button

4. Canstruct a dotplot of the 2008 ticket sales data.
Comment on any interesting [eatures of the
dotplot. (Hint: See “What Lo Look For™ in the
Dotplots box on page 140

b, Construct a dotplot of the 2007 ticket sales data.
Comement on any interesting leatures of the
dotplat.

¢, Tn what ways are the distributions of the 2007 and
2008 ticket sules ohservations similar? In what
ways are they different?

1.21 @ About 38,000 students attend Grant MacEwan

Callege in Edmonton, Canada. In 2004, the college
sutveyed non-returning students to find out why
they did not complete their degree (Grant MacEwan
College Early Leaver Survey Report, 2004). Sixty-three
students gave a personal (rather than an academic)
reason for leaving, The accompanying frequency
distribution summarizes the primary reason for
leaving for these 63 students.

Primary Reason for Leaving Frequency
Financial 19
Health 12
Employment 8
Famnily issues &
Wanted to take a break 4
Moving 2
Travel Z
Other personal reasans 10

a. Summarize the reason [or leaving data using a bar
chiart,

b, Write a few sentences commenting on the most
commot reasons [or leaving,

122 Figure EX-1.22 is a graph similar to one that

appeared in USA Today (June 29, 2009). This graph is

rheant to he a bar graph of resporses to the gquestion

shown in the graph.

a. Is response to the question & categorical or nu-
merical variable?

b. Explain why a bar chart rather than a dotplot was
used to display the response data.

¢ There must have been an error made mn construct-
ing this graph, How can you tell that the graph is
not a cotrect Tepresentation ol the response data?

48 %

5 If you were given
e 1 $1,000, what
'UQUI 2% would vou do?

e - .
&

Ealalud
1 'i_l"ﬂ__ !

Pul it in Payoff  Putitin  Use it for Pt
aeneral credit children’s  health tonward
savings curd debt  education  care vacation

fund EXPENEES

Soime Btk of Ameris Cotusime Parchusisg ol Savinge
Habird sprvey of T sl 17 and alder. AEpin of e

Gueaci LA oty June 20 2008

4 uealage PO

FIGURE EX-1.22

1.23 @ The enline anicle “Social Networks: Facebook Takes

Over Top Spot, Twitter Climbs” (Compete.com, February 3,
2008} included the accompanying data on number of
unique visitors and total number of visits for January
30009 for the top 23 online social network sites. The data
ot total visits and unigue visitors were used ta compute
the values in the final colurn of the data table, in which
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@ Dizis s=1 available online

w Video Solution available




1.4 Types of Data and Some Simple Graphical Displays = 19
i ! — ental visits
visits per unique visitor = Visits
P 1 number of unique visicors s e
Inirpue Uinime
Site Visitors Tetal Visits Wiskror
Visits per 360 yahoo.com 1,499,057 5,198,702 34686
Lnique Unigue
St Visitors Tatal Visits Visktar arkut.com 484 464 5,081,235 10,2762
facebook.com 58,557,534 1,191,373,330 123772 urbanchat.com ErLRey 2,861,250 80996
myspace.cam S8 555,800 B10,153 536 13.8356 fulbar.crm 452,080 2170315 A RO0G
tuirter com 5,979,052 54,218,731 50681 asiantown.net B1.245 1,118,245 13.7639
fiwtarcom 7645423 53,380,974 £.0H33 tickle.com 96,155 109492 1.1387
linkedin.com 11.274.160 42744438 37974 o _ _
a. A dotplot of the rotal visits data is shown in
tagoed.com 4,448,915 39.630927 8.9080 Figure EX-1.23a. What are the most obvious
- ] i -
PPy prp 17,266,524 35219310 20382 features of 'Lht'..‘ dotplot? What dqcs EIIIEH you
about the enline social nerworking sites?
1 1 1 i
iyt Sedlnde = R I b. A derplet for the number of unique visitors 1s
livejournal.com 4,720,720 25,221,354 53427 shown 1 Figore EX-1.23h. In whar way 15 this
: 0,047,481 . —_— dotplot different from the dotplot for total visits in
o ’ e ’ Pare (a)7 Whar does this tell yvou abour the enline
reunion.com 13,704,990 20,278,100 14796 social m_-l.wc-rking sites?
ningcom 673,549 19517 682 34301 . A dotplot for the Visits per unique visitor data is
shiown in Figure EX-1.23¢. What new inflormation
I:lla:ckpianetcnm 1, 530,329 190,173,322 BhalsE ﬂbm'l[ lh[‘ UnlfﬂE’ H]Ciﬂl nctwnrks i5 pm‘-‘idﬁd h’}“
beba.com 2,957,929 9,849,137 32853 this dotplot?
- —— Fo— S 1.24 Heal the Bay is'an environmental organization that
L ! A=r G releases an annual beach report card based on warer
yukucom 1,117,551 9,358,960 7.1033 quality (Heal the Bay Beach Report Card, May 2009). The
e LEAT %G o - 20049 ratings [or 14 beaches in San Franeisco County
Tl ; : ® during wet weather were:
friendstercom 1,568,439 7,279,050 45410 At C B A A+ A+ A A+ B DC DFF
AT L0, 1.831,376 7009577 3.8275 a. Would it be appropriate to-display the vatings data
continued usitg a dotplot? Explain why or why not.
:
sss
ae9) . .
I I I I I I 1
0 0000000 00000000 S00.000,000 200,000,000 1000000000 1, 200,000,000
FIGURE EX-1.232 Todal visits
:
E : E'I -8 : - - . - - -
1 i | 1 I I I I
0 10,000,000 20000000 30000000 40000000 SO000.000 60000000 70.000,000
FIGURE EX-1.23b Ulnigue visitoss
T L . w .- v = T - L. - : - L] : - :
(i 5 10 15 0

FIGURE EX-1.73¢

Wisils per unigue visitor
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b. Summarize the wet weather ratings by
constructing a relative frequency distribution and
a bar chart.

¢. The dry weather ratings for these same beaches
were;

ABEA+ AFAAAAAABA
Construct a bar graph for the dry weather ratings.

d, Do the bar graphs from Parts (b) and (c} support
the statement that beach water quality tends 1o be
better in dry weather conditions? Explain.

1.25 @ The article "Going Wireless” (AARP Bulletin, June 2009)
reported the estimated percentage of households
with only wireless phone service (no landline] for the
5() states and the District of Columbia. In the accom-
panying data 1able, each state was also classified into
one ol three geographical regions—West (W), Middle
states (M), and East (EX:

Wirelass % Region State
13.9 ] AL
1.7 W AR
189 W AZ
226 M AR

50 w ca
6.7 W cQ
5.6 E CN
57 E DE
20.0 E DC
6.8 E FL
16,5 E GA
8.0 W Hi
22 W D
165 M IL
138 M 1M
22.2 ) 1A
168 ] KA
214 (] KY
150 M LA
134 E ME
160.8 E mD
2.3 E BAA
163 M M
continued

1.26

Wireless % Regicn State
174 M MiM
8.1 M M5

2.8 W Mo
8.2 W MT
232 M ME
108 W Ny
16.9 M ND
1.6 E MH
2.0 E MJ
1.1 w N
1.4 E MY
16.3 E NC
14.0 E OH
2332 M QK
17.7 W OR
10.8 E FA
78 E Rl
204 E s5C
64 i sD
03 i T
209 M T
255 W uT
108 E VA
5.1 E VT
163 W WA
11.6 E Wy
15.2 M Wil

114 w WY

a. Display the data graphically in a way that makes it
possible to compare wireless percent for the three
geographical reglons.

b. Does the graphical display in Part (a} reveal any
striking differences in wireless percent for the
three geographical regions or are the distributions
of wireless percent observations similar for the
three regions?

® Example 1.5 gave the accompanying data on

violent crime on college campuses in Florida during
2012 (from the FBI web sitel:

Bold exercises answered in back @ Datd ser available enline W Video Solurion available
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b, Write o shiort paragraph thar could be used bs-pari
of 3 mevwspaper article oo Hight delays that sould
sccompany the dopiot of rhe rare per 10,002
Hlighss daza

| 28 The report “Trends in Ediscation 20710 Commumity

L9

Cofleges” (www.collsgeboardcomdtrends} included
the sccompanying mnlommsiicn on sdent debt far
students gradidarng with oo AA degree from a pobls

cornrumity college in 2004
Dett Rk Frecrsmcy
Hane UL
Less than STO.000 i3
Deivesen 5700000 and at
520000
Maorg than 520000 alliL ]

g Ulse the given Informadon to comstnact o bar ohan

b Wrine a lew senrenices COMMIENTINE 00 SEWEen
debi fior publie community college graduvares

The anicle “Where College Studants Buy Tantboaks”
(LS4 Today, October 14, 20101 gave data on whers
atuiclents purchased Books, The aceompanying
Frecueency table summarizes atd [roads semple of
1452 full-time college sudents

Whare Bouks Puichased Fracusncy
Campui bookasinme 378
Campud bookdbon web d 48
Cinline biokymere gibsr than 240
camous bootshoes
(Mf-campus booksiore 16l
Remed fexthooks L
Purchased mastly eooks 12
Dhicin't bagy any testbocks 71

& Censtmact a bar chan o summanze 1he dua
distibution

130

1.3]

b Wiriie a few seritences commienting ph where
stuiclents ane buying testhoeis,

¥ The amicle “Americans Drowsy on the job and the
Road” iAssociated Press, March 28, 2001} summatized
clas [poa Che 2001 Sleep in Amserica pall, Each
indevidual in 5 nThFI.: ol 1004 adules was asked
guestions abaut his or her aleep habizs, The anlcs

sinles that

"0 pereenz of these surveyed sy they per sleepy on
the job and their work guffers o =2t g (e duys =pch
mianch, while 22 percemn szad the aroblenss cooar o ew
days each week. And ¥ perceniz say aleepine=s an the
Jed 15 a dutly cocuarrerie,”

Asgaming that everpone elze reponed thar sleepiness
imt the job was noi a problest, semenarize the given
information by consrucumg 4 relarive frequency bar
char

*Crzzie and Hamigt Dot Live Mene Anymone” (5an

Lyis Gbigpa Tribung, February 26, 2003 is the title of
an aribcle that looked ai the changing malkeup of
Amencal subarks, The amele stares thul ponlamily
hiruseholds {for example, homes hesded by a-zngle
peclesstanal or an eldedy sidow) noow aurmamber
imarried cauples with childsen i suburbs of the
natiom’s largesr metropalitan areas. The arilcle goes.
om Loy stale:

In the mation’s 102 largest melrapeditan ares. nenals
malies” comprised 3 pezoent ol himaseholids 0 2000
ug from 27 pereentin 1990 Whils the quinker off mr-
risd-withi-claldeen hoenss grew oo, the share did oot
keep pace. |r declived from 28 percent o 27 peroent.
Sarried {l,:l_||_:iﬁ witkoaur ohildren at hoee live inoan-
mner 29 pereein i auburtan houthokls. The remem-
ing 15 percent mre smgle-pame homes,

Use the given mbormauon on type of housshold m
2000 e comariuct & Fequency distribation snd a bar
chaart, (Be carefl Lo extract the 2000 percentages fmm
the glven hiformmadan).

Bakl serciaes anmmened m Back W Titd aet avallahle godips . W Vidse Zolunion aeplahly

ACTIVITY 1.1 H

Materials needed: Eacl tesm wll nedd 0omeasninng rape.
For this aetisity, you will work b tebme of 0wy M0 peope.

1

L

Designate a peum leader for your wam by chocslng
the person. on your team whio celebesed his o ber
[ast birthelay miost ecently

The team leader should mensure and record the fead
sizg Umexsured as the cimumiennce al the widesi

part of the foréhesd) of each of the schier members of
s o her 1Eam

Tecord the head sizes [orthe individuols on your
team s mersured by the edam [zader

Wexl, each mdimidos| on 1he lewm shoald measee
the head size of the team lsader. Do non shiine you
measurement with the other ieam membery umil



all v ereermbers e messnred (the team leaders .
head size
After al! teamn members have meagured the eam
aders fiead. record the dilferens team leadier hiead
mize messurements ohealned by the imdividuals on
WOIT (At
Lizing the data Irom Seep 3, constrocr o docploy of the
e leddiers meastitemenns of team hesd 23 Then,
slng the same scale, consimuct & sepne dorplot of
the dilferent measwrements of the tear leaders head
size Lrom Sigp 5).

st e oailable nfeommion e answer the following

guEsHion:

T, Doyou chink the weam leaders heatd size changed
in berween messuretenis O not, explain why the
mieasrementts of the ream kaders head slze dre not
all the zapne.

Acthdities « 23

Which dawa ser s miote variable—head size mea-

-surements &f te dillerem Individuals on your eam

or the different meastremenis of the team leader’s
hesd size? Explaim the basis {or voor cheice,
Consider the followang scheme (you dort actually
have 1oy cary this ow: Suppose thata groap of

10 peeple measured head stzes by st assigning
each person in the group o number berween L amd
10. Then person | measuted person 2's hesd size,
persin 2 measuted person s head size_and 56 on,
with perscn 10 fnally measisting person 1's head
sze: Do yow think that the resa|ting heid size mea-
suremenss wirld he more vanable, less variahle, o
shiew abour the same ameunt of varssbilety 2s a serof
10 measurements resulting rom a single individual
macasuring the hirad sizz of all 10 people In the group?
Explaln.

- Cotstruct an activity sheet that comeists of @ wahle
that hag 6 colymng and 10 sews. Label the columns
of the tabie with the followsng six headings:

(1] Shape, (2} Esimabed Size, (35 Actuial Size,

(41 Dilference (Estimased — Acoal), (5) Absolaie
Difference. and (2 Squared Différénce. Enfar the
nismbers from 1 010 {0 the “Shape” column.

< Mext you will be wisoally estimating the sizes of the
shapes in Figure 1.9 Size witl e described as rhe
numizer of sguares of this size

u

Ut wonddd At n the shape. For example, the shape

=
]

ilfwsiraied by

Yo shotild now quickby visially estimang the sizes ol
the shapes i Figure 1.9, Do aot draw on the figure—
these ane to be gricovisug] esimaves. Record vour es-
Mimates in Lhe “Estimared Stze® column of the acLivity
sheet;

Your instracior will provide the acual szes for the
10 shapes, which ghould Be entered inoo the “Acrual

wauld be pize 3o

Saze” column of the scuviy sheet. Mow complere the
“Difference” cobarnm by sublrscring thie actoal value
fram gruse eatimate by ench ol the 10 shapes,

What would cause a differenoe 10 be negative? Whar
werdd cavse g difference to be posithve?

Wintld the sum of the differences tell yau of the
esttmaies ind sctual vahies were in close sgreermenm?
Doz asum of 0 for the differences indicsie that all
the estimmates were equal wo the acrunl value? Explain
Compare your estitnates with those of another person
in the cliss by companng the sum of the-ahsaluse
vitlues o the-dilferemoes between estimaies and corre-
spoading acrinl values, Who was better at estimating
shape sizes™ How can you tell?

Use the last column of the activity sheet 1a recond
the sguared difereroes Cor exemple. i the difference
for shiape 1 was —3, the squamed difference woubd be
(—3F = 9. Explain why the summ of the squared dil-
ferences cam also be wsed 10 nssess how acrutane vour
shape estimates were

For this siep, work with three or four other stodents
from your class. For each of the 10 shapes. loem o
mew 5i2e estlinate by computing the average of the
slze catimstes bor that shape made by the indiadials
In your group. s this new st of esimates mone
accurate than your own individual estimases wene?
How con vy tell?

Dhoes yeaze answer [iom Sep & surprise vou? Explain
wity o why nat.
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e T e T e, e e

SUMMARY Key Concepts and Formulas

Continaaus numarical

TEEM ON FONMULA COMMENT
- Popaulaticn Tha enting fobadtion of indhvicals or
Wik Fsmerty about which Indcrmation
s diayired,
Sampla A part of e popaation sehectad for stuty,
D_unhﬂ'—.ﬂmhﬂu Kumesicol, graphical, and ibular mathaods
far arganizing-and sumiman fing dage
Inferentisl stabistics Methads for generalizing from & sample o
4 populatian.
Categorical data Individhiial abservations sre categorical
repEan e [nonrumerical),
| H!._ﬂ |hh |Ingivicual cliservations am mussicl
(opancsasiew] innature,
 Discrate numerical Passiole values are isolabed peints s
o e murmbsar line

Porsdbn wlbisms formm sn mntine ivhereal
Honeg ther umber line.

TER REVIEW Drercses 152137

- 132 ® The report “Testing thee Warbers 20097 fwwwnrdc.org)

intlucled wlsrmation on the water qualiny at the

R2 most popular swamming beaches iy Caliloreia,
Thiry-cight af these beaches are i Los Angeles
County, For each bieach, waver gquality weas ested
weelly and the data below ar the percent of the tesis
i 3008 that fatled Lo meet water quality sandards.
Los Angeles County

X 4 =] = 4 ¥ 4 3I¥. I8 X
19 13 11 14 4 1 1& 23 1% 18
. I i .= . R e

TR S L G- B B

17 6
hther Connties
0 Bz S E SE oaf B ORY g oF
15 B -1 % 0 S % 03w 1
3 AL 1 A R, PR o S s e
o & K B o[BS« I P 3 T
o 40 3

23 IH3 AR

TERAM an FORMULAL COMMENT

Umivariate, bivariate, fach obseration cansists of one

and multhvariate data  Janbqramel, two (b late), or twio or mons
frnulivarine] peiponses o values.

hmﬁhﬁdﬂl Jotable that displays frequiencies, and

for :lhghrl-ul data sovnetimes relative racudncie, for mach
ef thi poaslble valuas off & citegerics
wirisble.

Bar chart & grapdh of a fregusesy disirbeanion i
A cabeger o dote sel Ench catmgory i
repredafiltad by a bar, and the area of the
bar & praportiona b iha comespanding
Trecusiicy 0r mistye frequency.

Dotplot A graph of numarical data in which asch

133

abgonaian [ regragented by s dot gnoor
sboree @ hatteontal measuement scale.

& Conaracs & docplon of the sercent ol 1ests
Ealling 14 et water quallay standards for
the Les .ng:lﬂ Coumy beaches, Write o few
senilences describing any mreresting fearnres of

the doiplot,

b Congtpact o dotplot of the percens of tescs ailing
i meet waier qualisy sandards Tor the beaches
oeher counties, Wrise & fow sentences deseribing
ATy irmerestirg fearures ol the dotplot.

c. Based on the twa dorplots from Parts tndand
{h), dexcribe how the percent of fo5t5 that fail
1o meel waler quallly stanclards for beaches in
Las Angebes Couney differs from those of athir
crHintes

The U5 Deparvmens of Education repormed that

14% of adulis were classhad & being belaw o basie
breracy level, 20% were Classibed as belng a8 basic
Hreracy Tevel, 44% were Classified as being at an
Interraedinie Blerey level, aod 13% were classified &
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